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PREFACE

Alhamdulillahirabbil‘alamin, I would like to express how grateful we are to finished
“Proceeding of ISAE International Seminar 2017, Bandar Lampung, August 10-12, 2017 with
theme “Strengthening Food and Feed Security and Energy Sustainability to Enhance
Competitiveness”. We are here to communicate and gather dissemination of information and
research results in the field of agriculture as part of planning the development of agriculture in
the future towards food and biomass-based energy self-sufficiency. Through this proceeding,
we shared the problem, ideas, knowledge and technology to arrange solutions that
communicated and discussed at ISAE International Seminar, Bandar Lampung, August 10-12,
2017. This proceeding contains 118 papers that divided by 8 categories namely Agricutural
Engineering, Agribussiness, Agricutural Technology, Agricutural Science, Energy, Food, Natural
Resources, and Sistem and Agricultural Management from many universities and many
institutes in Indonesia.

[ would like to extend gratitude for all authors of the proceeding who communicated and
shared their research results, editorial team who work together to executed this proceeding,
Agricultural Engineering Departement of University of Lampung, Faculty of Agriculture of
University of Lampung, University of Lampung, PERTETA and committee members. Salutations
to Dr. Ir. Sam Herodian, M.S. as Profressional Staff of The Minister of Agriculture of Republic of
Indonesia; Ir. Sutono, MM as Regional Secretary of Lampung Province; Prof. Dr. Ir. Hasriadi Mat
Akin, M.P. as Rector University of Lampung; Prof Dr. Ir. Irwan Sukri Banuwa, M.Si. as Dean of
Agricultural Faculty of University of Lampung; Prof. Mikio Umeda from Kyoto University, Japan;
Prof. Dr. Ir. Irwandi Jaswir, M.Sc. from International Islamic University, Malaysia; Dr. S. D. Filip
To, PHD. PE from Mississippi State University, USA; Dr. Rosanna Marie C. Amongo from
University of the Philippines Los Bafios, The Philippines; Prof. Dr. Ir. Lilik Sutiarso, M.Eng. from
Universitas Gadjah Mada, Indonesia; and Prof. Raden Achmad Bustomi Rosadi, M.S. from
University of Lampung.

Last, we hope that you will have a great memories about the experience in Bandar Lampung
and the relationship that have managed at Seminar can become better in the future.

Best Regard,

Dr. Ir. Sandi Asmara, M.Si
Chairman of ISAE IS 2017
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ABSTRACT

The development of Pneumatic Conveying Dryer (PCD) or flash dryer for drying out high water-
containing flour materials can be implemented by continuously recycling the materials. The
recirculation process may increase the residence time of the materials, and reduce the length of drying
pipes (the dryer’s height) on PCD machine. In this research, the PCD machine had been developed into
Pneumatic Conveying Recirculated Dryer (PCRD) with LPG fuel. The objective of this research was to
evaluate the performance of PCRD machine in order to determine effects of drying process variable
variations on values of Effective Heat Efficiency (EHE), Heat Utilization Factor (HUF), and Coefficient of
Performance (COP) using mathematical and statistical analysis. The mathematical analysis result from
variation of drying process variable obtains HUF value of 70.383%, EHE at 78.819% and COP at
29.617%. The mathematical analysis result suggests that HUF value is greater than COP’s. It shows that
the use of heat in the dryer is considerably effective. The smaller the COP value, the better the dryer’s
performance. The results of statistical analysis with one-way anova test show that variable variations
significantly affecting EHE are drying air temperature (Tu3), the length of the recirculation or drying
pipes (Lp), the diameter of outlet pipe on recirculation cyclone (Dacb), and the blower’s air velocity on
recirculation cyclone (Vuab). Meanwhile, the variable variations significantly affecting HUF and COP are
Vu, Lp, and Dacrp. It demonstrates that PCRD machine has a good performance, making it suitable for use
in the drying process of flour materials with high moisture content.

Keywords : COP, EHE, flour, HUF, performance, pneumatic conveying recirculated dryer.

I. INTRODUCTION

The development of Pneumatic Conveying Dryer (PCD) or flash dryer for drying out high-containing flour
materials can be implemented by continuously recycling the materials. The recirculation process may increase the
residence time of the materials, and reduce the length of drying pipes (the dryer’s height) on PCD machine. The
research on Pneumatic Conveying Dryer (PCD) machine has been conducted by [1], [2], [3], [4], [5], and [6].
However, these studies do not involve the continuous materials recirculating process, such as the pipe’s length
and recirculated cyclone-shaped manifold. In this research, PCD machine had been developed into Pneumatic
Conveying Recirculated Dryer (PCRD) with LPG fuel. The analysis result conducted by [7] has obtained PCRD
machine performance based on the average value of gas fuel (Evbg) of 945.80 k], and electrical energy (Em) of
1074.24 K], which is used for 427.78 seconds (7.13 minutes). The required fuel gas power is 23.047 KkJ/s, with
dryer’sheat flow rate (qu) of 17.29 Kk]J/s. The analysis results show that the average values of Specific Energy
Utilization (SEU) and heating efficiency obtained on the PCRD machine are 10730.29 k] /kg and 76.73%.

The drying performance based on the values of HUF, COP, and EHE performed by [8] has evaluated the
performance of trolley dryer for drying up rice, [9] evaluated the performance characteristics of solar cooker cum
dryer, and [10] evaluated the performance of modified green house dryer. These results suggest that evaluation of
PCRD machine’s performance on HUF, COP, and EHE has never been done, making it a novelty in this research.

The objective of this research was to evaluate the performance of PCRD machine in order to determine effects
of variation of drying process variables on values of Heat Utilization Factor (HUF), Effective Heat Efficiency (EHE),
and Coefficient of Performance (COP).
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II. MATERIALS AND METHODS

A. Materials and Equipments

The materials used in this research were wet sago starch obtained from Tulung, Klaten, Central Java. Sago
starch mass used was 81 kg. The sago starch was produced from sago tree (Metroxylon sagus rottb or Metroxylon
rumphii Mart) through the process of size reduction and extraction process. The sago starch generally has a
moisture content of 45-50% wb. The main equipment used was the PCRD machine produced in this research. The
schematic illustration of PCRD machine can be seen in Fig. 1. The PCRD machine comprised of seven main
components (units), namely LPG-fueled heating stove, disintegrator (centrifugal blower with 3 phase electric
motor drive, 380V, 2 hp), input feeder (geared cylinder with 1 phase electric motor drive, 220V, 1 hp), recirculated-
shape drying pipe (vertical and horizontal), manifold (recirculation cyclone and materials separator, and
centrifugal blower with 1 phase electric motor drive, 220V, 1 hp), materials output cyclone, and control panel.
Meanwhile, others aids used were ESTICO manual hydraulic, Lutron TM 946 digital thermometer, Krisbow KW06-
291 digital hygrometer meters, Krisbow airflow meter, Lutron Tacho meters, OHAUS three-digit digital scales, and
Memmert electric oven. The various drying process variables on PCRD machine can be seen in Table 1. The varied
variables were 9. Each variable was put into variation 3 times, with 3 repetitions.
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Table 1. Variable and Variation Value on PCRD Machine

Variation of Drying Process Variables Symbol Value of Variation Units
Initial moisture content of materials Mib 21,31, 41 %wb
Drying air velocity Vu 15, 28, 31 m/s
Drying air temperature Tus 75,100, 125 oC
Resirculation pipe length Lp 9.38,11.38,13.38 m
Recirculation cyclone cylinder height Lscrb 0.27,0.54, 0.81 m
Outlet pipe diameter on recirculation cyclone Dascrb 0.1016,0.17, 0.22 m
Outlet pipe length on recirculation cyclone Lacrb 0.2,0.37,0.65 m
Blower’s air velocity on recirculation cyclone Vucrb 10.75,12.75,15.75 m/s
Materials input capacity Qib 0.00208, 0.00278, 0.00417 kg/s

B. Mathematical Analysis

The performance of dryer can be evaluated based on the values of Heat Utilization Factor (HUF), Coefficient of
Performance (COP), and Effective Heat Efficiency (EHE). HUF is the decreasing temperature ratio due to air cooling
during the drying, and temperature rise due to air heating ([8], [9], [10], [11], [12] ).

T.-T
HUF = % °° »100% 1)
ud ~ lling

where Tus is the dryer’s air temperature (°C), Top is the air temperature coming out of the dryer (°C), Tiing is ambient
(environment) air temperature (°C).

Coefficient of Performance (COP) is the difference of air temperature coming out of the dryer (Top) with ambient
temperature (Tiing) divided by dryer’s air temperature (Tus) and ambient temperature (Tiing). In the opinion of [11]
and [12], the relationship between HUF and COP is HUF = 1- COP, or HUF+COP= 1. In this research, COP value is
expressed by Equation 2 ([8], [11]).

T _T,
CcoP = Tpi'g x100% (2)

u3z = l'ling
where Top is the air temperature coming out of the dryer (°C), Tiing is ambient (environment) air temperature (°C),
and Tus is the dryer’s air temperature (2C).
Effective Heat Efficiency (EHE) can be viewed as sensible heat in drying air, as an effective heat for drying [11].
In this research, EHE values are calculated based on Equation 3 ([8], [11]).
Tiza—T
EHE = 37Tp x100% 3)

u3 wib

where Tus is the dryer’s air temperature (°C), Top is the air temperature coming out of the dryer (°C), and Twib is the
air temperature of wet bulb (°C).

C. Statistical Analysis

In order to determine effects of each variable’s variation on HUF, COP, and EHE, statistical analysis was
performed using one-way anova test and Duncan's advanced test. The assumption or hypothesis used is the initial
hypothesis (Ho): there is no difference on the average result of variable’s treatment on HUF, COP, and EHE. And
the alternative hypothesis (Ha): there is a difference of average result of variable’s treatment on HUF, COP, and
EHE, with the level of significance (a) 0.05. Anova analysis was also used by [13] to evaluate the performance and
use of impinging stream dryer energy.

III. RESULTS AND DISCUSSION

The mathematical and statistical analysis results using one-way anova testing on the effects of drying process
variables on PCRD machine on the values of HUF, COP, and EHE will be presented in Fig. 2, 3, and 4. The HUF value
obtained from the mathematical analysis using Equation 1 is 65-80%, with values of Top, Tu3, Tiing of 50-58°C, 75-
10009C, and 28-35°C, respectively. The graph of effects of variation variables of PCRD machine on HUF can be seen
in Fig. 2. Meanwhile, HUF value on several drying machines, such as trolley cum batch dryer is 52% (Alam and
Sehgal, 2014), solar cooker cum dryer is 0.1-0.57 or 10-57% ([9]), and the green house dyer is 0.12-0.53 or 12-
53% ([10]). In the opinion of [12], the HUF value is the ratio between the temperature drop due to air cooling
caused by the use of heat in the dryer, and the temperature rise caused by air heating during the drying process.
The HUF value is greater than the COP’s because it is the value of heat use in the dryer.

The graph of effects of variation variables on the PCRD machine on COP can be seen in Fig. 3. The graph
indicates that the COP value in the drying process using PCRD machine is between 20-25%. The value of COP is
obtained from the mathematical analysis using Equation 2 with Top, Tiing and Tu3 of 50-58°C, 75-100°C, and 28-

3
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359C, respectively. Meanwhile the COP value of several drying machines are: trolley-cum-batch dryer for drying
up grain is 51.5% ([8]), solar cooker cum dryer is 0.43-0.8 or 43-80% ([9]), and the green house dryer is 0.55-0.87
or 55-87% ([10]). According to [11], the smaller the COP value, the better the performance of a drying machine.
Itis because if the exitair temperature is equal to the ambient air temperature, the drying process is considered
good - as the entire heat exhaled from the incoming temperature can be absorbed completely by the dryer, sothat
its performance in utilizing heat will be good also. The sum of HUF and COP values equals to one.
The graph of effects of variation variables on PCRD machine on EHE can be seen in Fig. 4. The graph shows
that the EHE value of the drying process on PCRD machine is between 70-90%. The EHE value is obtained from
mathematical analysis using Equation 3 with values of Top, Twib and Tusof 50-58°C, 38.6°C and 75-1000°C,

respectively. The EHE value in trolley cum batch dryer is 40.4% ([8]). According to [11], EHE value considers the
sensible heat in the dryer’s air as the effective heat for drying.
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Fig. 4. Effect of drying process variable of PCRD machine on EHE
The significance level of each variation variable (Mib, Vu, Tu3, Lp, Lscrb, Dacrb, Lacrb, Vuerb, and Qib) of PCRD machine
on HUF, COP, and EHE values based on statistical analysis using anova test and Duncan's advanced test can be seen

in Table 2. Table 2 shows that the variables Mib, Lscrb, Lacrb, and Qib have no significant effect on HUF, COP, and EHE.

Table 2. Effects of Variation Variable on HUF, COP and EHE

Parameter of Performance on PCRD Machine Drying Process Variable
Mib vu Tus Lp Lserb  Dacrb Lacb Vuerb  Qib
HUF b a b a b a b b b
cop b a b a b a b b b
EHE b b a a b a b a b

Note: asignificant, P not significant

A. Effects of Initial Moisture Content of Materials (M) on HUF, COP, and EHE

The anova test result of Mi» effect on HUF shows that the probability value of significance is 0.388. As the value
is 0.388>0.05, Ho is accepted and Ha is rejected, which means there is no significant difference in average
treatment of Mip variation (21, 31, and 41% wb) on HUF. Based on the Duncan test, further test results show that
there is no different groups. The anova test result of Mipeffect on COP shows that the probability value of
significance is 0.388. As the value is 0.388>0.05, Ho is accepted and Ha is rejected. That is, there is no significant
difference in average treatment of Mipvariation (21, 31, and 41% wb) to COP. Based on the Duncan test, further
test results show that there is no different group. The anova test result of effects of Mix on EHE shows that the
probability value of significance is 0.222. As the value is 0.222>0.05, Ho is accepted and Ha is rejected. That is,
there is no significant difference in average treatment of Mi» variation (21, 31, and 41% wb) on EHE. Based on the
Duncan test, further test results show that there is no different group.

B. Effect of drying air velocity (vu) on HUF, COP, and EHE

The anova test result of vu effect on HUF shows that the probability value of significance is 0.036. As the value
is 0.036<0.05, Ho is rejected and Ha accepted. That is, there is a significant difference in average treatment of vu
variation (15, 28, and 31 m/s) on HUF. Based on the Duncan test, further test results show that there are two
different groups, i.e. vu 31 with 28 m/s, and vu 28 with 15 m/s. The anova test result of effects of vu on COP shows
that the probability value of significance is 0,036. As the value is 0.036<0.05, Ho is rejected and Ha is accepted.
That s, there is a significant difference in the average treatment of vy variations (15, 28,and 31 m/s) on COP. Based
on the Duncan test, further test results show that there are two different groups, i.e. vu 15 with 28 m/s, and vy 28
with 31 m/s. The anova test result of vy effect on EHE shows that the probability value of significance is 0.081. As
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the value is 0.081> 0.05, Ho is accepted and Ha is rejected. That is, there is no significant difference in average
treatment of vy variations (15, 28, and 31 m/s) on EHE. Based on the Duncan test, further test results show that
there are two different groups, i.e.vu 31 with 28 m/s, and v, 28 with 15 m/s.

C. Effects Drying Air Temperature (Tuz) on HUF, COP, and EHE

The anova test result of effects of Tuz on HUF shows that the probability value of significance is 0.064. As the
value is 0.064>0.05, Ho accepted and Ha rejected. That is, there is no significant difference of average treatment of
Tus variations(75, 100, and 125°C) on HUF. Based on the Duncan test, further test results show that there are two
different groups, i.e. Tuz 75 with 100°C, and Tu3 100 with 125°C. The anova test result of Tu3 effect on COP shows
that the probability value of significance is 0,064. As the value is 0.064>0.05, Ho is accepted and Ha is rejected.
That is, there is no significant difference in the average treatment of Tu3 variations (75, 100, and 125°C) on COP.
Based on the Duncan test, further test results show that there are two different groups, i.e. Tu3 125 with 100°C, and
Tuz 100 with 75°C. The anova test result of Tus effect on EHE shows that the probability value of significance is
0,028. Asthe value is 0.028<0.05, Ho is rejected and Ha accepted. That is, there is a significant difference in the
average treatment of Tus variation (75, 100, and 125°C) on EHE. Based on the Duncan test, further test results
show that there are two different groups, namely Tuz 125 with 100°C, and Tu3 100 with 75°C.

D. Effects of Recirculation Pipeline Length (Lp) on HUF, COP, and EHE

The anova test result of L; effect on HUF shows that the probability value of significance is 0,009. As the value
is 0.009<0.05, Ho is rejected and Ha is accepted. That is, there is a significant difference in average treatment of Ly
variation (9.38, 11.38, and 13.38 m) on HUF. Based on the Duncan test, further test results show that there are two
different groups, i.e. Lp 11.38 with 9.38 m, and Ly 13.38 m. The anova test result of effects of L, on COP shows that
the probability value of significance is 0.009. As the value is 0.009 <0.05, Ho is rejected and Ha accepted. That is,
there is a significant difference in average treatment of Ly variations (9.38, 11.38, and 13.38 m) on COP. Based on
the Duncan test, further test results show that there are two different groups, i.e. Lp 13.38 m, and L 9.38 with
11.38 m. The anova test result of L, effect on EHE shows that the probability value of significance is 0.036. As the
value is 0.036<0.05, Ho is rejected and Ha accepted. That is, there is a significant difference in average treatment
of Lp variations (9.38, 11.38, and 13.38 m) on EHE. Based on the Duncan test, further test results show that there
are two different groups, i.e. Lp 9.38 with 11.38 m, and L, 13.38 m.

E. Effects of Recirculation Cyclone Cylinder Height (Lscrp) on HUF, COP, and EHE

The anova test result of Lscrb effect on HUF shows that the probability value of significance is 0.386. As the value
is 0.386>0.05, Ho is accepted and Ha is rejected. That is, there is no significant difference in average treatment of
Lserbvariations (0.27, 0.54, and 0.81 m) on HUF. Based on the Duncan test, further test results show that there is no
different group. The anova test result of Lscb effect on COP shows that the probability value of significance is 0.386.
As the value is 0.386>0.05, Ho is accepted and Ha is rejected. That is, there is no significant difference in average
treatment of Lscrb variations (0.27, 0.54, and 0.81 m) on COP. Based on the Duncan test, further test results show
that there is no different group. The anova test result of Lsab effect on EHE shows that the probability value of
significance is 0.333. As the value is 0.333>0.05, Ho is accepted and Ha is rejected. That is, there is no significant
difference in the average treatment of Lscb variations (0.27, 0.54, and 0.81 m) on EHE. Based on the Duncan test,
further test results show that there is no different group.

F. Effects of Outlet Pipe Diameter on Recirculation Cyclone (Dacrb) on HUF, COP, and EHE

The anova testing result of Dacrb effect on HUF shows that the probability value of significance is 0.000. As value
is 0.000<0.05, Ho is rejected and Ha is accepted. That is, there is a significant difference on average treatment of
Dacrb variations (0.1016, 0.17, and 0.22 m) on HUF. Based on the Duncan test, further test results show that there
are two different groups, namely Dacb 0.17, 0.1016, and 0.22 m. The anova testing result of Dacb effect on COP
shows that the probability value of significance is 0.000. As the value is 0.000<0.05, Ho is rejected and Ha is
accepted. That is, there is a significant difference in the average treatment of Dacbvariation (0.1016, 0.17, and 0.22
m) on COP. Further test results show that based on the Duncan test, there are three different groups. Based on the
Duncan test, further test results show that there are two different groups, namely Dacrb 0.22, 0.1016, and 0.17 m.
The anova testing result of Dacrveffect on EHE shows that the probability value of significance is 0.000. As the value
is 0.000 <0.05, Ho is rejected and Ha is accepted. That is, there is a significant difference in the average treatment
of Dacrb variations (0.1016, 0.17, and 0.22 m) on EHE. Based on the Duncan test, further test results show that there
are two different groups, namely Dacrb 0.17 with 0.1016 m, and Dacrb 0.22 m.

G. Effects of Outlet Pipe Length on Recirculation Cyclone (Lacrs) on HUF, COP, and EHE

The anova testing result of Lacb effect on HUF shows that the probability value of significance is 0.933. As the
value is 0.933> 0.05, Ho is accepted and Ha is rejected. That is, there is no significant difference in the average
treatment of Lacb variations (0.20, 0.37, and 0.65 m) on HUF. Based on the Duncan test, further test results show
that there is no different group. The anova testing result of Lacb effects on COP shows that the probability value of
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significance is 0.933. As the value is 0.933>0.05, Ho is accepted and Ha is rejected. That is, there is no significant
difference in the average treatment of Lacb variations (0.2, 0.37, and 0.65 m) on COP. Based on the Duncan test,
further test results show that there is no different group. The anova testing result of Lacw effect on EHE shows that
the probability value of significance is 0.904. As the values is 0.904>0.05, Ho is accepted and Ha is rejected. That
is, there is no significant difference in the average treatment of Lacb variations (0.2, 0.37, and 0.65 m) on EHE.
Based on the Duncan test, further test results show that there is no different group.

H. Effects of Blower’s Air Velocity on Recirculation Cyclones (Vucrb) on HUF, COP, and EHE

The anova testing result of vucrb effect on HUF shows that the probability value of significance is 0.239. As the
value is 0.239>0.05, Ho is accepted and Ha is rejected. That is, there is no significant difference in the average
treatment of vuerb variations (10.75, 12.75, and 15.75 m/s) on HUF. Based on the Duncan test, further test results
show that there is no different group. Anova testing results of vucrb effect on COP shows that the probability value
of significance of 0.239. As the value is 0.239>0.05, Ho is accepted and Ha is rejected. That is, there is no significant
difference in the average treatment of vueb variations (10.75,12.75, and 15.75 m/s) on COP. Based on the Duncan
test, further test results show that there is no different group. The anova testing result of vucb effect on EHE shows
that the probability value of significance is 0.021. As the value of 0.021<0.05, Ho is rejected and Ha accepted. That
is, there is a significant difference in the average treatment of vuab variations (10.75, 12.75, and 15.75 m/s) on
EHE. Based on the Duncan test, further test results show that there are two different groups, namely vucb 10.75
with 12.75 m/s, and vuerb 15.75 m/s.

I Effects of Materials Input Capacity (Qi») on HUF, COP, and EHE

The anova testing result of Qi» effect on HUF shows that the probability value of significance is 0.573. As the
value is 0.573>0.05, Ho is accepted and Ha is rejected. That is, there is no significant difference in average
treatment of Qib variations (0.00208, 0.00278, and 0.00417 kg/s) on HUF. Based on the Duncan test, further test
results show that there is no different group. The anova testing result of Qi effect on COP shows that the probability
value of significance is 0.573. As the value is 0.573>0.05, Ho is accepted and Ha is rejected. That is, there is no
significant difference in the mean treatment of Qi» variation (0.00208, 0.00278, and 0.00417 kg/s) on COP. Based
on the Duncan test, further test results show that there is no different group. The anova test result of Qi effect on
EHE shows that the probability value of significance is 0.475. As the value is 0.475<0.05, Ho is accepted and Ha is
rejected. That is, there is no significant difference in the average treatment of Qi» variations (0.00208, 0.00278, and
0.00417 kg/s) on EHE. Based on the Duncan test, further test results show that there is no different group.

IV. CONCLUSION

The values of HUF, COP, and EHE obtained based on effects of variation variables on PCRD machine are 65-
80%, 20-25%, and 70-90%. The variables that significantly affect HUF and COP are vy, Ly, and Dacb. Meanwhile,
the variables that significantly affect EHE are Tus, Lp, and Dacb. It indicates that PCRD machine has proper
performance for use in the drying process of flour materials.

NOMENCLATURE

D diameter m
L length m
M moisture content %wb
Q capacity kg/s
T temperature °C
v velocity m/s
Greek letters
o the level of significance -
Subscripts

b materials p pipe

o cyclone r recirculation

i input s sylinder

o output u air
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ABSTRACT

Currently, the conversion rate of paddy fields to non-farm area in Java reaches 100,000 ha per year. On
the other hand, rice consumption of Indonesian people increases until 1-2% a year. If rice consumption
of Indonesian people is 135 kg per capita per year, there is a need of 38.49 million tons of rice per year.
The addition of this rice production amount can be increased by utilizing the potential of swamp land
(sub optimal land) which is spread over Sumatra, Kalimantan, Sulawesi, and Papua. The potential for
large swamps requires agricultural mechanization. Application of paddy combine harvester is one
solution to overcome the lack of labuor on harvesting. Development of harvesting machinery for tidal
swamp land should pay attention to the physical characteristic of the land conditions. BBP-Mektan has
developed a location-specific mini spot combine for tidal swamp land with a ground pressure value of
0.13 kg/cm? in 2015-2016. Combine engine performance test used SNI test method No. 8185:2015 with
the main performance test parameters including capacity, efficiency, speed of work, and slip. From the
research result, it was found that the prototype of mini combine rice harvesting machine for tidal swamp
land can operate well in Types B tidal swamp land. Prototype of mini combine paddy harvesting machine
for tidal swamp land had a capacity of 7.37 h/ha or equivalent to 0.14 ha/h, average working speed of
1.76 km/h, average slip of 0.63%, and the average working efficiency of 65.83%.

Keywords : performance test, paddy combine harvester, swamp land.

I. INTRODUCTION

The Ministry of Agriculture noted that the current rate of conversion of paddy fields to non-sawah in Java
reaches 100,000 ha per year. This depreciation rate is certainly not comparable with the addition of new paddy
fields of about 37,000-45,000 hectares per year. On the other hand, the increase of Indonesian people's rice
consumption reaches 1-2% per year. Assuming that rice consumption is 135 kg per capita per year, then 38.49
million tons of rice has to be provided annually. Technological innovation, production facilities, expansion of
planting areas, and development new paddy fields are examples effort to increase national rice production.

The remaining land for agricultural development is sub-optimal land that requires high inputs with low
accessibility, including dry land soils, dry climate dry lands, peat swamps, tidal swamp lands and degraded lands
(Masganti, 2013; Sawiyo, et al.,, 2000).

The addition rice production can be enhanced by developing the potential of swamp land (sub optimal land)
which spread over the islands of Sumatra, Kalimantan, Sulawesi, and Papua. According to Haryono (2013), the
area of swamp land that has been utilized for agricultural land is approximately 2.270 million Ha (23.8%), the
remaining 7.26 million ha (76.2%) has not been utilized. Some agricultural research have indicated that tides
processing in tidal fields can increase yield (Noorsyamsi and Hidayat, 1973 and Anwarham, 1989).

Tidal land is a land whose water regime is affected by sea or river tides, whereas Lebak is a land regime that is
affected by rainfall, either down in the local area or in the surrounding area and upstream of the river (Wayan,
2005).

The potential for large swamps requires the mechanization of agricultural machinery and equipment.
Mechanization contribution is expected to suppress working times (Umar and Linda, 2010). Application of
harvesting machines is one of solution to overcome the deficiency of labor harvesting. Some advantages of using a
harvesting machine are: (a) increasing the capacity and efficiency of harvesting, (b) reducing fatigue, (c) decrease
harvest costs, (d) reducing harvest losses, (e) improving crop quality. (Prabowo, 2011). Because the quality and
quantity of yield will decrease when the harvest is late (Junsiri and Chinsuwan, 2009).
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Development of agricultural machinery and equipment in addition to increasing the area can also increase
productivity and resource efficiency, reduce yield loss and increase product value-added (Jumberi and
Alihamsyah, 2005).

Combine harvester is a large-scale harvesting tool having capacity about 2 h/ha. The combine harvester
suppresses losses by up to 2.0% (Umar, 2014).

Development of combine harvester for tidal swamp land should consider to the physical characteristic of the
land. Low ground resistance due to the fragile soil texture due to continuous waterlogging can drown the engine
while operating on it. In addition to low ground pressure, the engine sink can also be caused by ground damage by
tread movement when turning (Book and Goering, 2000; Taghavifar and Mardani, 2013 in Mardison, 2015).

Harvest requires a work force of 30-50 man-days/ha whereas using a combine harvester machine only needs
1 driver and 2 assistants for combining grain pads and for collecting rice bag. Combine harvester machine has a
capacity of about 4-6 h/ha and in one day the machine is able to complete harvesting about 2-3 ha in average
(Anonymous, 2012; BBP Mektan, 2013). In addition, the harvest loss is less than 2%, lower as compared to about
3% of grain loss during traditional harvest, threshing and transportation (BPS, 2007). Production shrinkage from
traditional harvest reaches 11%, whereas using combine harvester machine is only 2% maximum (Prayoga, 2011).

The Agricultural Research Agency (through BBP Mektan) in 2012 to 2014 through a series of re-engineering
and modification process of existing combine engines has produced a prototype of rice harvesting machine called
Indo Combine Harvester with an advantage of low ground pressure (0.13 kg/cm?) and Mini Combine Harvester
with ground pressure of 0.11 kg/cm?2. Both prototypes are very suitable to the condition of the rice fields in
Indonesia. In the Year 2015 BBP Mektan has also produced a prototype of combine harvester rice for tidal swamp
land. This machine has the same ground pressure value with the Indo Combine Harvester 0.13 kg/cm?.

The prototype formed from the fabrication of combine harvester for tidal swamp land (activity of 2015) should
be analyzed its performance at a specific location in selected tidal rice field Indonesia. Therefore, the harvesting
machine test is very important. The purpose of this activity is to evaluate the performance of prototype of mini
combine rice harvesting machine for tidal swamp land.

II. MATERIALS AND METHODS

Testing of mini combine rice harvesting machine for tidal swamp land was conducted in September 2016.
Implementation of the test was conducted in the village of Sungai Batang, Sub-district of Martapura Barat, South
Kalimantan Province.

Equipment used is tachometer, grain moisture tester, sound level meter, cone penetrometer, thresher ability
gauge, fine scales, rough scales, measuring cylinders, gauge, slider, stopwatch.

The mini combine-type paddy machine tested has specifications as in Table 1 and Fig. 1.

Fig. 1. Mini Combine Harvest Machine for Tidal Swamp Land
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Table 1. Specification Mini Combine Rice Harvesting Machine for Tidal Swamp Land

Specification Value Unit

Prototype dimension

Length 3,535 mm
Width 1,730 mm
Height 1,800 mm
Ground clearance 190 mm
Reel guide
Diameter 590 mm
Width 1,200 mm
Cutter bar
Length 75 mm
Width 75 mm
Height 3 mm
Theoretical work width 1,130 mm
Threshing unit
Threshing drum dimension
-Diameter 375 mm
-Length 800 mm
Type Hexagonal
Threshing blade dimension :
-Diameter 8 mm
-Length 550 mm

Preparation testing of mini combine rice harvesting machine for tidal swamp land begins with the identification
and characteriation of swamp land located in the province of South Kalimantan. This step is performed to
determine the character of the swamp lands to be used as test grounds. Tidal swamp land is divided into four types
of overflow (Widjaja Adhi et al., 1992; Noor, 2004), namely: Flood type A, Flood type B, Flood type C, and Flood
type D. Each type of swamp land is limited by the extent of standing water. As the initial stage, identification will
be done for farm road, accessibility, traffic ability, bearing capacity.

The mini combine harvesting machine test for tidal swamp land is carried out by adaptation method at Tidal
swamp land Type B, this performance test is referred to SNI 8185:2015. The test parameters for performance test
of mini combine rice harvesting machine for tidal swamp land are: working speed of harvest, effective field
capacity, work efficiency, fuel consumption, and slip. In addition to the parameters of the performance of the
machine, the condition of the plant is also measured with the parameter of plants, among others: spacing, plant
density, plant height, plant length, the number of panicle, water content, puddle height, slope angle, and ratio of
grain.

Evaluation and technical analysis of the performance of the combine machine prototype is performed after the
adaptation test. Evaluation and analysis were performed to improve the performance of mini combine machine so
that it can be operated on various topology of tidal swamp land.

Effective field capacity (ha/h)

EFC = A/t (1)
where,
EFC = Effective field capacity (ha/h),
A =harvested area (ha)
t = harvesting time (h).
Working velocity
v="5%, @

11



Suprapto et al. : Field Performance of Rice...

where,

v = work velocity (m/s),

S = track distance (10 meter),

ti1= time to cover of distance 10 m (s).

Fuel Consumption

FC = ? (3)

where
FC = fuel consumption (1/h),
FV = used fuel volume (1)
t =harvesting time (h)
Field Efficiency

n = Z-x100% (4)

TFC = 0.36 w,v, (5)
where

n = field efficiency (%),

EFC = Effective field capacity (ha/h),
TFC = theoretic field capacity (ha/h),
wt = theoretic work width (m),

ve = unloading velocity (m/s),

0.36 = unit correction factor.

III. RESULTS AND DISCUSSION

From the machine specifications it can be seen that the prototype of the mini combine rice harvesting machine
for tidal swamp land has a ground pressure value of 0.13 kg/cm2. With these values mathematically and simulated
the prototype of this mini combine type of rice harvesting machine can be operated on swamp land that has a small
soil sigh.

Identification and characteristics of the land is done in South Kalimantan location. South Kalimantan is a
province whose territory is mostly swamp land in both tidal and lebak swamps, during the rainy season all the rice
fields are inundated, on the tidal swamp land in Batang River, average water level 13.6 cm and the average foot
sinkage depth of 10 cm so that the overall depth average of 23.6 cm, with the average depth of this tidal swamp
land into type B.

In the development of tools and harvesting machines, the selection of designs should be tailored to the
biophysical conditions of the land and the environment, among which are ground sanctions and high inundation
during harvest. Both of these factors greatly affect the mobility of the harvesting machine used. From the
measurement results using measuring instruments (Penetrometer) sanggah ground power in tidal swamp land of
Sungai Batang Village, kec. Martapura Barat, South Kalimantan at 1.19 kg/cm?.

The prototype of mini combine harvesters for tidal swamps has a ground pressure value of 0.13 kg/cm?2, with
a ground value of 0.13 kg/cm? and a sanggah value of 1.19 kg/cm? mathematically prototype harvesting machine
Mini combine type rice for tidal swamp land can operate on tidal swamp land at that location.

The performance test of mini combine rice harvesting machine for tidal swamp land is done on the tidal
swampland rice field located in Batang River Village, Sub district of Martapura Barat, South Kalimantan, with
maximum height of foot sink age and water is 300 mm, test site of tidal swamp land at that location is included in
type B swamp land.

Land conditions during the test were wet and inundated with water levels between 10-18 cm, and a foot sink
age depth of 10-20 cm, with ground sanction of 1.19 kg/cm?2 measured using a penetrometer. The condition of the
plant during the test is the height of the crop 847 mm, the average grain water content of 21.52%, the weight of
the average grain of 1.16 grams, with the average grain ratio of 35.3%, the complete data can be seen in Table 2.

From the field test results of the prototype of the mini combine rice harvesting machine for tidal swamp land
is done in three average land area measuring 600 m?, with RPM engine 2625 rpm. From the results of the field
tests obtained the value of test parameters, among others: 1.13 m average cut width, average total working time
of 26.51 minutes, the average working speed of 1.76 km/h, the average slip 0.63%, average working capacity of
7.37 h/ha or equivalent to 0.14 ha/h, average fuel consumption of 18 L/ha or 2.42 L/h, average efficiency of
65,83%, and average noise level 92,3 dB. The complete data can be seen in Table 3.
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IV. CONCLUSION

1. The prototype of mini combine harvesting machine for tidal swamp land has a ground pressure of 0.13 kg/cm?2.
2. The prototype of the mini combine harvesting machine for tidal swamp land can operate well in the type B tidal
swamp.

3. The prototype of mini combine rice harvesting machine for tidal swamp land has a capacity of 7.37 h/ha or
equivalent to 0.14 ha/h, average working speed of 1.76 km/h, average slip of 0.63%, working efficiency of the
machine is 65.83%.
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ABSTRACT

The research aimed at designing and modeling a tea picker machine with single reciprocating cutter.
There are two design of tea picker that is tea picker with collection bag (model 1) and tea picker with
collection box (model 2). The prediction model of work capacity, top tea qualified and top tea
unqualified was developed with dimension analysis approach based on design and operation. Variables
for model development are blade length (L), engine power (P), engine weight (W), container volume (v),
material density (p), rotation speed (), topography (S), picker speed (V) And shear modulus (E). Model
validation for the work capacity of the picker (K), the top tea qualified (MS) and top tea unqualified (TS)
results R2 value of 0.97; 0.65 and 0.65 for model 1 and of 0.97; 0.74 and 0.74 for model 2. Work capacity
test results of 146,69 kg / HKO, battery capacity of 2 hours, hanca petik of 0,11 man/Ha. Results of
dimensional analysis showed that mathematical correlation between output capacity of the heating and
the parameters that influence it, follow the equation:

5/2 1/2 2
K = 10041639 {(5—0,261879 (L /2xpY/ )-0.891788 ( Wxv )-0.835574 (L xPxW )—0,157720}
PN p3/2x pl/2 "N LxPxV '\ pxEZ?
L5/2y p1/2

2
— 1()-1,8566009 -0,0946831 -0,88132135 WXV 1-0,9005988 (L XPXW 09873221
MS =10 {es ) (o) o)

LxPxV p x E2
L5/2x p1/2

_ _ _ Wxv _ L2XxPxW
TS =10-1856601 {(S 0,094583 ( u3/2Xp1/2) 0,881321’( ) 0,900599’( )0,9373221}

LxPxV p x E2

Keywords : tea picking machine, reciprocating single cutter, dimension analysis, ergonomic aspects
I. INTRODUCTION

Various innovative technological developments continue to be developed to overcome the problem of tea
picker labor, one of the solutions is to increase the picker labor productivity that is by mechanical picking.
(Herawati and Nurawan, 2009). Mechanical picking using picked machine is divided into 2 types, first, tea picking
machine patrol power source and tea picking machine battery power source.

Tea picking machine with a battery power source has many advantages such as lightweight (ergonomic), easy
to operate, friendly environmentally (no fuel), easy to repair and cheap operational cost. The current development
of rechargeable batteries (rechargeble) is very rapid to have a high enough capacity to reach 34 Ampere hours on
the size of 18650 batteries, can be combined in paraller, so that it can be increased capacity many times.

Reciprocating single cutter was developed by Cesare Maglioni (2009) on his thesis entitled analysis of
reciprocating single cutter. Several studies have been done in the development of picking machine made by
Dibakar Sen (2013) developed a prototype design that tea picking of small diesel engine / petrol. This picking
machine was developed in tea plantations in India and applied to land with uneven topography.

The research was also developed by Sandeep et al (2010) who successfully developed a tea picking machine
resembling a tea pickup scissor and applied to the plantation in India. Small and lightweight quotes can be
performed by women workers with selective harvesting systems. Several other products have sprung up to
develop batik-powered tea machines such as electric picking machines from China consisting of several models.

Required development of design of tea picking machine with battery power source with several criteria that
can be operated on topography of hilly and bumpy, on various ability of picker especially woman labor and at tea

15



Kurniawan et al : Design and Modelling of Tea...

varieties which in Indonesia which have many kinds. The design should also be tested technically, ergonomically
and economically whether it is feasible to operate in tea plantations in Indonesia.

The research aimed at first, Conduct design of tea picking machine type reciprocating battery power source
utilizing dimensional analysis to increase work capacity of pickers, tea shoot qualified and lower tea shoots
unqualified. Second, Determining the mathematical equations of the working capacity of the pickers, tea shoots
qualified and tea shoots unqualified for the parameters of the construction, the process and the result of which the
passage affects, and Third, Applying a tea picking machine type reciprocating battery power source using selective
picking with ergonomic approach to female labor.

II. MATERIALS AND METHODS

The research was conducted in December 2016-March 2017 at Agricultural Energy and Machinery Laboratory,
Faculty of Agricultural Technology, Gadjah Mada University, Yogyakarta and Sambawa Tea Plantation, Megaraya
and Private Garden in Tasikmalaya. The tools used for the manufacture of tea picking machine reciprocating type
with a battery power source are: MLG Tools 7.2 Volt, Basket carrying, canvas (parachute), plate, battery, iron knife,
waring, battery charger, hand tool, analysis tray, soldier, Baked glue etc. Tools used for machine testing: stopwatch,
tachometer, texture analyzer brookfield, AVO meter, digital scales, meter and long run. Materials used are: iron
plate, plastic box, galvanized pipe, Li-lon MX]JO batteries, tea shoots and garden area of 31.14 ha.

Picking system by tea picking machine using a system of plucking a straight alternation pattern which is done
from the road in the form of a queue that is within 200 cm. Reachable fields that are affordable by the machine are
about 100-120 cm. To support the pattern of plucking is made a queue of 40 cm. The picking width is 30cm with
the standard 50 m - 100 m line length depending on the topography of the area and at each end it is made a shoot
container path (waring stored) also for turning around which is approximately 120 cm wide. High passage
cultivated 50-80 cm meters so easy in the process of picking (Abbas, 2013).

Concept design of tea picking machine reciprocating type with a battery power source (see Fig. 1) with a
combination of the concept of tea picking machine patrol powered with grass shear power batteries. Namely
picking is done by using a reciprocating single cutter system that consists of two blades that touch each other with
a static knife and a moving blade (Maglioni, 2009). The motor is used using a dynamo DC motor 7.2 volts driven
using a battery that has been modified by having 3 Ah. DC motor rotation is transferred using an eccentric gear to
the cutting blade so as to form an alternating motion pattern. Cutter comes with a collection, which is a container
shoot container that is adjusted with a knife, functioning to accommodate shoots before being inserted into the
waring. Then do used dimensional analysis of the tea picking machine reciprocating single cutter type of battery
power source and a collection box.

1. Machine Body

2. Reciprocating Single Cutter
3. Battery Pack

4. Excentric Cover

5. Swich on/off

6. Collection Box

7.Handle

Fig. 1. Concept of Tea Picking Machine Reciprocating Type With A Battery Power Source

Analysis of the work capacity and shoot quality of the pickers is done by determining the variables that are
considered to be influential can be seen in table 1.
According to Phi - Buckhingham theory the number of groups of dimensionless numbers to look for is:

Sh=8-3=5 (D
The number of m numbers sought is 5 ie 1, 2, 3, ™4, ©5.

KxPxWxuvxu3/2xvl/2
m = (2)

L1/2 x p x E2

16



Proceeding of ISAE International Seminar, Bandar Lampung, August 10-12, 2017

varians of area topography (L)

=S (3)
varians of motor rotation ()
L5/24 p1/2
3= W (4)
varians of speed of picker rate(V)
Wxv
= Pxv Q)
variasi shear modulus (E)
LZxPxW
L (6)

By entering the parameters m1, m2, 3, and m4 into the following equation:

KxPxWx Uxu3/2XV1/2 _ L5/2x p1/2 Wxv L2XPxXW ) (7)
L1/2 x p x E2 - ’ u3/2xp1/27 LxPxV ' pxEZ2

The function fis a constant C, so equation 7 becomes equation 8 :

KxPxWx UX|,13/2XV1/2 =C (S)a ( LS/ZXPl/Z)b ( Wxv )C (LZXPXW )d (8)
L1/2 x p x E2 - "\ w3/2xp1/2) '\ LxPxV ’ p x E2
The capacity of the picker equation :
K = Bxwx vx p3/2 x v1/2 (S)a,(Ls/szl/z)b'( Wxv )c'(LZXPXW)d 9)
L1/2 x p x E2 u3/2x p1/2 LxPxV p x E2
The qualified shoots (MS) equation :
b d
_ PxWx Uxu3/2XV1/2 a L5/2x p1/2 Wxv ¢ L2XPxW
MS=C L1/2 x p x E2 () ’( p_3/2xp1/2) '( LxPxV ) ’( pxE2 ) (10)
In the same way, The unqualified shoots (TS) equation :
b d
TS = C PxWx vxp3/2xvi/2 (S)a’(LS/ZxPl/Z) ’( Wxv )c,(LZXPXW) (11)
L1/2 x p x E2 ud/2x p1/2 LxPxV p xE2

Table 1. The variables that affect the performance of the design of the tea picking machine reciprocating single
cutter type of battery power source

No Variables Notations Units Dimensions
Construction
1 Length of Blades Cutter L M L
2 Power p Kgm/s ML2T-3
3 Weight w Kg.m/s? MLT-2
4 Volume of Collection Y m3 L3
Proccess
5 Motor Rotation 1 1/s T1
6 Topography S % -
7 Speed of Picker Rate Vv m/s LT1
Materials
8 Density of Passage P Kg/m3 M L3
9 Shear Molulus E N/m?2 ML-AT-2
Dependent
10 Picker Working Capacity K Kg/hour MT-1
11 Top Shoots Qualified MS %
12 Top Shoots Unqualified TS %
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III. RESULTS AND DISCUSSION

Design of tea picking machine type reciprocating with a battery power source collection bag and collection box
can be seen in Fig. 2.

Fig. 2. Tea Picking Machine Reciprocating Types With A Battery Power Source E-Tem MO01 7,2 Volt 3000 mAh
Collection Box

A. Picker Working Capacity
In the dimension analysis on the working capacity of machine the following equation is obtained:
- L3/2x p1/2  _ w _ L2XxPXW . _
K = 100416394 {(5 0,261879 ( X 1/2) 0,891788 ( Xv ) 0,835574 ( XTX ) 0,157720} (12)

ud/2xp LXPxV p x E2

The rotation of the motor or rotation per second (RPD) or by unit (1 / s) is the rotary electric motor of the
quoted machine as a source of the tea leaf cutting process. According to Rofarsyam et al (2012) who examined the
working capacity of soybean spinning machine (Glycine max L) rotary swivel system, that rotation has 75%
Influence between rotation to work capacity. The picking speed is converted from rpm to rpd, from 900 rpm to
78,50 rpd, 1100 rpm to 95,94 rpd and 1250 rpm to 109,02 rpd.

180,00 -
170,00 -
160,00 -
= 150,00 -
T 140,00 -
£ 130,00 -
(]

20 120,00 -
= 110,00 -
(=]
= 100,00 -

150,67

ty (Kg/HKO)

117,07

ki

78,5 95,94 109,02
rotation (rad/s)

Fig. 3. Comparison of Working Capacity Picker based on variation of rotation on model collection box

Topography (%) is one of the constraints on the mechanical process of picking, the uneven topography of tea
plantations in Indonesia causes the tea picking machine difficult to operate. Tea picking machine fuel power
imported from Japan requires 2 people with 1 to 2 operators as a helper. This makes it difficult for tea picking
machines to operate on hilly land, especially on slopes. Nevertheless, making the picking work path helps facilitate

the process of picking tea, research on the inclination of brand Kawasaki NP-60 machine was tested by Nugraha
(2003).
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Fig. 4. Working Capacity Comparison based on topographic variation on model collection bag
The picking rate is the picking speed in picking, how much distance per unit time to carry out the picking. The
use of tea picking machine influenced how fast the speed of an operator in the process of picking and seen the

effect on the work capacity. According to research Nugraha (2003) the influence of picking speed is inversely

proportional to the topography of plantation land, the more flat the land the faster picking speed, picking speed
will decrease in the increasingly sloping land.
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Fig. 5. Comparison of Working Capacity Picker based on variation of picker speed on model collection box

The shear modulus or cutting force symbolized by E, is the cracking power of the tea rod divided by the area of
the tree trunk. The unit of shear modulus is (N / m2), the trunk diameter is 0.4 m2. Mechanical picking process by
picking machine is influenced by several factors, such as tea material density (40 kg / m3), cutting knife area,
engine power, engine weight and shear force itself. The bigger the diameter of the rod, the faster the motor power
will affect the usage of the battery / fuel. Sampling is by differentiating into the type of tea snippet thatisp+1 /p
+2,p+3/b+2young>Db + 2young, stems and ceker.
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Fig. 6. Working Capacity Pickers based on tea varieties and shear forces on model collection box
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B. Analysis of Shoot Quality
The quality of shoots is divided into qualified shoots (pms) and unqualified buds (ptms), indicated by (MS) and
(TS), the percentage of top shoots will be inversely proportional to unqualified shoots.

1. Top Shoots Qualified
In the dimension analysis on the working capacity of machine the following equation is obtained:

L5/2x p1/2

2
MS = 10~18566009 {(S 00946831 ( T p1/2)—0,88132135’( Wxv )=0,9005988 (L XPxXW )0.9873221 } (13)

LxPxV pxE2

70,00 -
6500 | 6385 64,67
£ 60,00 -
& 55,00 - 52,52
= 50,00 -
45,00 -
40,00 .
78,50 95,94 109,02
rotation (1/s)
(a)
65,00 -
60,00 | ¢
& 55,00 - 5 5 .
£ 50,00 - 49,78 g
™ 45,00 - 42,87 I
40,00 - . — . . . . .
5 10 15 20 25 30 40 45 50
Topography (%)
(b)
64,00 - 70,00 -

65,00 | Klonal

62,00 - S
60,00 60,00 |
58,00 -
55,00 - Biji

56,00 -
54,00 - 20,00 -
52,00 - 45,00
50,00 . . |
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40,00 :
0,60 0,90

5,53 427 4,05
picker speed (m/s) shear modulus (N/m2)

(c) (d)

PMS (%)
PMS (%)

Fig. 7. Shoots qualify based on (a) rotation motor, (b) Topography, (c) picking speed, and (d) shear modules on
machine model collection box

2. Top Shoots Unqualified
The dimension analysis on the working capacity of machine the following equation is obtained:

L5/2x p1/2 Wxv LZxPxW
TS = 10—1,59507{ §—0,19371 1,16130 ~1,15365 1,01033} 14
( G i) A G e ) (14)
L5/2x p1/2

(15)

TSZC{(Sa,( Wxv LZxPxW d}

b [¢
p.3/2xp1/2) ( LxPxV )% ( px E2 )
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L5/2x p1/2 Wxv LZXPxW

log (TS) =logC+alog (S) + blog )+ clog(m)+ leg(pr (16)

u3/2x pl

Graphical results and unqualified topical counts are inversely proportional to top shoots. The
calculated/predicted (K-P) calculating work capacity, shoot compliant results/ predictions (MS-P) and shoots are
not eligible for predicted results (TS-P) used to find the energy efficiency predictive output value. The relationship
of energy efficiency observation (EP-0) Vs predictive energy efficiency (EP-P) can be read in Fig. 8.

__ 300
2
= 200
B &
= 100
o
= o . . v =0,9902x+2 7775
0 50 100 1sB =0.988% 2so
K-P (Kg/HKO)
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o 0 40 -
@ 40 - A " -
ED i _ ED ]
v =0,9233x+ 5,7799 v = 0,9079x + 4,7804
0 __R*=0,7447 . 0 . R? =0,7426
40 50 50 70 80 20 30 40 50 60
MS-P [36) TS-P (%)

Fig. 8. Comparison of K-P against K-O, MS-P against MS-0, TS-P against TS-O Model Collection Box

From the picture above itis concluded that the average predictive working capacity of the picker is K-P =163.55
(kg), while the average observer's work capacity is K-O = 165.83 (kg). The correlation between K-P and K-O yields
avalue of 0.98, thus the correlation between K-P and K-0 has a strong relationship. The average working capacity
of the average predictive picker is K-P = 143.34 (kg), while the average observer's working capacity is K-O = 146.69
(kg). The correlation between K-P and K-O yields a value of 0.98, thus the correlation between K-P and K-O has a
strong relationship. The average shoot for the average prediction is MS-P = 62.85 (%), while shoots meet the
average observation requirement is MS-0 = 62.87 (%). The correlation between MS-P and MS-O0 yields a value of
0.81, thus the correlation between MS-P and MS-0 has a strong relationship. The average shoot for the average
predictive picker is MS-P = 60,34 (%), while shoots meet the mean observation requirement is MS-0 = 61,49 (%).
The correlation between MS-P and MS-0 yields a value of 0.86, thus the correlation between MS-P and MS-0 has a
strong relationship. TS-P and TS-O values are the same as MS-P and MS-0 values.

IV. CONCLUSION

The conclusion of this research are:

1. The design of tea picking machine reciprocating type battery power source that uses two models of Model 1
(Collection Bag) and model 1 (Collection Box) using dimensional analysis has been successfully created and
can function continuously and more efficiently, ergonomically and economically in the process of
mechanically picking tea.

2.  With dimensional analysis approach, the parameters affecting the work capacity of the picker and the shoot
quality are the length of the cutting blade (L), power (P), weight (W), Collection volume (v), Motor rotation
(u), Topography (S) Speed of Picker Rate V), Material Density (p) Shear Modulus (E) to the picker working
capacity (K), qualified shoots (MS) and shoots does not meet the requirements (TS)
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5/2, p1/2 2
K = 100894589 ) (5 -0.298623 ( L3/2x PY/ )0671517 ( Wxv )-0,640523 (L xPxW )1.032865
TN ud/2x pl/2 "t LxPxV " pxE?
5/2 1/2 2
MS = 10—0,3164 (5—0,10899 ( L / xP / )—0,90958 ( Wxv )—0,90878 (L xPxW )0,989185
"N pd/2x pl/2 "t LxPxV "t pxE2
5/2 1/2 2
TS = 10—1,59507 (5—0,19371 ( L / xP / )1,16130 ( Wxv )—1,15365 (L xPxW )1,01083
"N u3/2x pl/2 "* LxPxV "t pxE2

3. The most important parameter relation on the working capacity of the picker is the rotation parameter (u),
because the increase of 3 value is followed by the increase of 1 value.

4. Tea picking machine can increase the need for labor of picker that is 10 per ha with hanca 0,11 ha so that
labor of woman picker (operator) can operate tea picker machine reciprocating type power battery source.
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ABSTRACT

The ditcher is the implement to produce a ditch or drainage channel. Saturated soil culture (SSC) is a
cultivation technology maintaining water depth constantly to make soil layer in the saturated condition.
Therefore, in the cultivation of soybean under SSC on tidal swamps urgently needs a ditch. The draft
force and power requirements are among the most important engineering specifications of a ditcher.
These requirements consider the soil parameters, ditcher parameters, and working speed parameter as
the inputs. A quick method of predicting forces was adopted using the theoretical force prediction
models of Godwin and O’Dogherty. The ditcher draft force and power calculator is created by entering
the equation model into the Excel software so that it simplifies the calculation. Furthermore, the soil
properties from tidal land consist of moisture content and bulk unit weight were measured for
laboratory test. A sliding frictional plate and a sliding frictional plate with fins were used to determine
the angle of soil internal resistance and cohesion, and soil-metal friction and adhesion. According to
the results of this study, the calculator produced acceptable draft forces. Moreover, draft force and
power requirements of a ditcher working under SSC on tidal swamps with the forward velocity of 0.7
ms-1 were 1.22 kN, and 0.85 kW. The equation can be used to calculate the draft force and power of the
ditcher with rational precision.

Keywords : calculator, ditcher, draft force, saturated soil culture

I. INTRODUCTION

Soybean is one of the main food commodities in Indonesia. Reference [1] shows that soybean production in
2015 is 963 thousand tons of dry beans. Increased production was only 0.86% compared with the previous year.
National soybean demand reaches 2.2 million tons per year [2]. The inability of production to meet domestic
demand has led to soybean imports increasing every year. Over 20 years, the soybean harvest area also showed a
significant decrease from 1.48 million ha (1995) to 614 thousand ha (2015) [3].

It is necessary to extend the soybean cultivation area by the utilization of marginal land such as tidal swamp
land. Indonesia has 20.1-25.8 million ha of tidal swamp land [4]. The productivity of soybean plants in tidal swamp
will exceed the average productivity of soybean in dryland if the cultivation use the saturated soil culture (SSC)
technology [5]. SSC is a cultivation technology maintaining water depth constantly to make soil layer in the
saturated condition (Fig. 1). The cultivation of soybean under SSC on tidal swamps urgently needs a ditch .
Currently, hoe is the most common primary tool in order to conduct the ditching. Ditching by hoeing is one of the
fundamental phases of soybean production under SSC. In addition, conditions in the field also show that the quality
of the ditch (the width and depth of the ditch, the number and location of the ditch) is not in accordance with the
recommendation [6].

Ditcher is one of the mechanization tools for ditching. For that reason, it is important to consider this implement
from an engineering perspective. Furthermore, draft force and power requirements of a machine are important
engineering specifications. Researchers have been trying to develop techniques for calculating the draft force and
power of a tillage tools ([8], [9], [10], [11], [12]). As reported previously [13], Development and evaluation of a
draft force calculator for moldboard plow using the laws of classical mechanics was conducted.

However, previous research has not concentrated on the ditcher yet. The experimental results on the soil physic
properties on the tidal swamp land as well as on the draft force calculation of the ditcher are presented and
discussed in this report. The objective in this paper is to determine the the draft force of the ditcher, engine power
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requirement and the tractive efficiency. The hypothesis of the geometry of lug wheel and its tractive performance
to pull the ditcher also discussed.

Fig. 1. The ditch on the soybean cultivation under SSC [7]
II. MATERIALS AND METHODS

A. Prediction Models

To develop a draft force calculator for the ditcher, it is hypothesized that the stuctural form of ditcher consist
a pair of moldboard those positions reflect each other with the mirrored angle of 180° (Fig. 2).

Mirror line
—_[—. —————————————— >—_—_

Reflection

Fig. 2. Ditcher formation: moldboard and its reflection along the mirror line

The method of predicting forces was adopted using the integrated soil tillage force prediction models of Godwin
and O’Dogherty for moldboard plow [14]. The model equations has resulted in some modifications to the original
model equations of [15]. The total horizontal force acting upon a moldboard plow body result from: cutting force,

soil turning force and drag effect [15]. The Fig. 3 shows the sub-components and the underlying principles used
for their estimation.

Horizontal force (H,)
1

¥ v ¥
Cutting force Soil turning force Drag effect
Point Share Direct horizontal Friction from
(H;) (H;) force lateral forces
iD 2D Momentum Potential Horizontal
cresent passive Change energy component
theory theory (Huwe) (H) of side forces
¥
. v v
Cutting side Moldboard Soil lateral
force(H.:) side force (Hu:) movement (Hz)

Fig. 3. Sub-components of horizontal forces acting upon a moldboard plow body result
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Considering the draft force components acting on a moldboard plow in Fig. 4, they can be determined by the
following equations.

Ht =Hp +Hg +Hme + Heg + Heg + Hpmg +H g (1

( N7/+Cdec)

= {Wp+0 55d —(m—l)/3)} sin(ap+5) (2)
+(;/v Nadp/g)(wp+0.33dp)
yds?N,, +cdgNg

Hg = 5 Wq sin(ozs +6)sinﬁ 3)
+7V"Nadg /g

2

(y/g)(wpdp +WSdS)V

Hme = (4)
{1—(l—sin ftan 6)0056}

He = Zy(wpd P +Wsds)ds (5)

2 2

ydg N;,+cdSNC+yv Nadg /9w,

Hes = (6)
sin(ag +8)cos ftan &

2

7/9)(wpd, +wedg v

Hmsz( )(pp SS) (7
sin@(1-sindtan 5)tan &

H s = 0.957 (wpd p +Weds ) tan 5tan & 8)
—Hos == He—H, 6 Point-"p

.i"f'-’”’“"w.'l' : Hp
Landside F
H,
— & H'—‘
Mouldb/oir‘df/,,-—»—'/
- )/ Hmc Share

L H,

= Direction of travel ——

Fig. 4. The draft force components acting on a moldboard plow [15]

The dimensionless factors N;, Nc and N.are dependent on the rake angle (a) and the soil friction angle (¢#) and
were calculated by reference [16] and published in graphical form for a range of values of a and ¢ for the soil-
interface friction angle () for § = 0 and 6 = ¢. The values of the N factors are determined by logarithmic

interpolation for intermediate values of § between 0 and ¢.
The total draft force on the ditcher (Ha) will be duplicated from one moldboard. Noting that there is no other
interaction factor in the force analysis, it can be determined by the following equation.

Hy =2H, (9)

25



Mushoffa et al. : A Draft Force Calculation...

The specific draft force of the ditcher can be determined by the following equation.

0.1Hd

SHd =

(10)
dw
The drawbar power requirement of the ditcher can be determined by the following equation.

P, =H,v (11)
Moreover, if the power transmission efficiency ([17], [18] is 75% so the minimum net engine power requirement
of the ditcher can be determined by the following equation.

Ne =1.813F (12)

Soil surface

Travel direction

Fig. 5. Working forces on the lug wheels

When the ditcher is pulled trough the soil, the power of two-wheel tractor must overcome draft forces created
by soil resistance in order to move forward (Fig. 5), then:

Hy <H (13)

pull
H pull =W (14)

As reported in [19], the maksimum tractive efficiency of the lug wheel is about 60%.

The main purpose of lug wheel is to support the weight of the two-wheel tractor while mowing with minimum
amount of resistance over the soil surface. To do this, the lug wheel must rearrange the soil particles so as to give
the soil enough shear strength to support the weight as well as generate forward motion. Shear strength is a
measure of the force needed to deform the soil and is expressed as kNm-2 (Fig. 6). Soil derives its shear strength
from a combination of internal friction and cohesion. The traction is obtained by means of increasing the contact
area between lug wheel and soil . The characteristic of the soil reaction forces on the lug was studied at lug
inclination angles, lug slippage and lug sinkage [20].

Left wheel

Right wheel

Fig. 6. Lug wheel-soil contact area and ditcher-soil cutting area

In practical terms this means traction on agricultural soils is most likely to be obtain by increasing the contact area
between the lug wheel and soil, it can be determined by the following equation.
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wd = 2W|d| (15)

B. Soil Condition

The soil data were collected on a tidal swamp field in Jabung Timur, Jambi, Indonesia, on August 20, 2016. Rice
(Oryza sativa L.) and soybean [Glycene max (L.) Merr.] are the major crops, and rice-soybean rotation are the main
cropping systems. The texture of soil (0-25 cm) is silty clay soil, it was performed using Soil Texture Calculator
program on NRCS-USDA website. The soil properties were listed in Table 1.

Table 1. Properties of the Soil

Particle Size Distribution (%) Consistency Limits (%)
Clay Silt Sand Liquid Limit  Plastic Limit  Plasticity Index
48 47 5 67.22 35.14 32.08

The 0-25 cm soil profile was divided into five layers; 0-5, 5-10, 10-15, 15-20, and 20-25 cm. The soil samples to
determine soil moisture content and soil bulk unit weight were collected with intact soil sampler. The cone index
was measured with a standard cone penetrometer and the soil parameters of cohesion, angle of soil-soil friction,
adhesion and soil-metal friction angle were measured with direct shear test apparatus. The soil conditions are
listed in Table 2.

Table 2. Soil Conditions
Soil Moisture Content Bulk Unit Weight Cone Index Cohesion Angle of Soil- Adhesion  Angle of Soil-metal

(% d.b.) (kNm-3) (kPa) (kPa) soil Friction (kPa) Friction
@) @)
66.7 1.4 129 239 37.2 7.3 12.9

C. Ditcher Geometry
The ditcher geometry will be based on the design concept already stated in the conceptualized design section
(Table 3).
Table 3. Ditcher Geometry
Point Depth Share Depth Point Width Share Width Share Edge Moldboard Mean

(m) (m) (m) (m) Angle Angle
) )
0.0178 0.2 0.0075 0.1425 35 30

III. RESULTS AND DISCUSSION

Consider the method as presented in [13], to simplify the required calculations, the derived equations were
entered in the Excel software, and the finalized spreadsheet was utilized as the ditcher draft force and power
calculator (Fig. 7). The working condition considered fixed were the forward velocity of 0.7 ms-1, working depth
of 0.2 m, and working width of 0.3 m. The draft force and power requirement of the ditcher were 1.22 kN and 0.85
kW respectively. The power source was determined 8.5 HP two-wheel tractor with lug wheel. Its weight is about
300 kg. From the net engine requirement of 1.55 HP, with the forward velocity of 0.7 ms- the pull force
requirement was 1.63 kN., then:

1.22 kN < 1.63 kN (16)

The tractive efficiency of the lug wheel should be about 55%. Consider the experiment as presented in [21],
the traction efficiency of 55.5% could be obtained by the normal lug (280 mm) with 40° lug spacing with 25% slip
wheel.

Reference [22] stated if the draft force in paddy field about 100 kgf, then at a forward speed of 0.7 ms-1, the
engine power which can be converted to a draft power is less than 12%. Accordingly, the net engine requirement
for the ditcher would be 1.02 HP. It appears that the 8.5 HP two-wheel tractor will be able to meet the net engine
requirement. however it is highly dependent on the tractive performance of lug wheels. If the ditcher-soil cutting
area is 0.06 m? the sum of contact area between the lug wheels and soil at least equal to it. The tractive
performance could be achieved by using the movable lug wheel [19] and the opposing circumferential lug wheel
[21].
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INPUT
Notatson Value | Unsts
bulk unit weight Y 1343 |iN'm'
angle of soti~metal incticn é 1290 |*
S0 [ eohesion c | 3551 [
Paramaters =3
sou-soil angle of fnction 5, | 3718
adhesion ¢. 733 |KN'm'
pomt depth d, | 00178 |m
share depth d, 020 |m
Ditcher [posnt width w, | 0.0075 |m
Geomatse | share width w, | 0.1425 |m
Paramaters [ ngle a 30 |
angle of share edpe to direction of motion s 35 |°
mean angle of moldboard to direction of motion | & 30 |*
N factor - [bulk densaty factor N. 110 |-
graphucal |cohesion-adhesson factor Ne| 051
&= |inertia factor N: 220 |-
0] rupture distance ratio ” 205
N factor. |bulk density factor N, 145 |-
graphical | cohesson-adhesson factor Ne 1.55 |-
&= |insrtia factor N, 270 |-
37.18 |ruptore distance ratio bl 3N
N factor - |bulk densaty factor N, 1.2 |-
mtermadsate | cohesion-adhesion factor Ne| 087 ).
&= |inertia factor N, 2.37 |-
1290 |rupture distance ratio ™ 243
Operating | working spead v 0.70 |m's
Condition |acceleration of sawvity 2 951 |m's®
OUTPUT
Notation Value | Units
point draft force H, | 001 [EN
share draft force H, | 028 |kN
moldboard so1l momentum change and friction components of draft force H_. | 000 |kN
moldboard soil potential energy components of draft foree H, | 013 [EN
draft due to friction from lateral force at share H,, | 008 (KN
draft due to friction from lateral force at moldboard H_, | 000 (KN
draft due to friction from lateral forces at moldboard due to sodl lateral movement Hg 006 (kN
total draft force H, | 061 |kN
total draft force on the ditcher H, | 122 [N
power requirment of the ditcher P, | 083 |EW
specific draft of the ditcher 5H, | 2.14 |Niem®
efficiency enpine to drawbar power 7 |73%
net engine power requirment Ne | 133 |[HP

Fig. 7 The draft force and power calculator of the ditcher
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IV. CONCLUSION

Considering the results of this study, the use of the draft force and power calculator of the ditcher is
recommended for a practical purpose. However, it is necessary to put side by side to the other prediction models.

NOMENCLATURE
14 bulk unit weight kNm-3
c cohesion Pa
o angle of soil-metal friction °
Ny N¢, No dimensionless numbers
dp point depth m
ds share depth m
Wp point width m
Ws share width m
B angle of share edge to direction of motion °
0 mean angle of moldboard to direction of motion °
O soil-soil angle of friction °
Hyp, Hs point and share draft forces kN
Hmc moldboard soil momentum change and friction components of draft force kN
He moldboard soil potential energy components of draft force kN
Hcs, Hms draft due to friction from lateral forces at share and moldboard kN
Hfs draft due to friction from lateral forces at moldboard due to soil lateral movement kN
H. total draft force kN
Ha total draft force on the ditcher kN
SHd specific draft force of the ditcher Ncm2
Ha total draft force on the ditcher kN
d working depth of the ditcher m
w working width of the ditcher m
Pa drawbar power requirement kW
1% working speed ms1
Ne minimum net engine power requirement HP
Hpuil pull force requirement kN
We vertical load supporting by the wheels kN
Nt tractive efficiency %
di working depth of a lug wheel m
wi working width of a lug wheel m
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ABSTRACT

Fertilizer application is one of the most important activity for oil palm plantation, especially in the early
stage of vegetative growth. However, the main problem of fertilizer application for young oil palm
before its production stage is the canopy of leaf still very low where the applicator machine cannot enter
the field without breaking the leaf midrib. To overcome this problem a special purpose prime mover
was design to operate fertilizer applicator for young oil palm. This prime mover was equipped with leaf
lifter mechanism to allow prime mover enter the oil palm field without breaking the leaf or leaf midrib.
Field performance of the prime mover was tested in the oil palm plantation where the age of oil palm
about 4 years old. Performance test was conducted with engine speed at 2000 rpm. and forward speed
in second gear transmission. It was revealed that forward speed and leaf lifter speed was 0.53 m/s and
0.54 m/s respectively. There were no forwarding and slashing movement of the leaf midrib, means that
the forward speed is as synchronous as the leaf lifting speed. In general, the prime mover can easily
enter the field without breaking the leaf midrib and it was revealed that the leaf lifting mechanism could
lift upward 91.38% of leaf midrib, however it was found that the percentage of damaged midrib was
8.62%. The percentage of the damaged leaf was 3.53%, which was caused by the stuck of leaves inside
the lines of lifter transmission system.

Keywords : prime mover; fertilizer applicator; oil palm; leaf midrib.

I. INTRODUCTION

Oil palm is the most important industrial plant in Indonesia where more than 50% of world palm oil production
is produced in more than 14 million ha of Indonesia oil palm plantation [1]. On farm activity in oil palm plantation
includes land clearing and block preparation, planting, crop maintenance, harvesting and transportation. Crop
maintenance from planting until the plant starts producing fruit is the most critical activity in oil palm plantation.
Among crop maintenance activity, fertilizer application for young oil palm is very important because during
vegetative growth period the nutrient sufficiency will affect the plant health and fruit production [2],[3].

Fertilizer application of young oil palm is mostly done manually by spreading granular fertilizer around oil
palm tree. So far, there is no machine is used for fertilizer application of young oil palm tree due to the difficulty of
machine to enter among plant row. The high of leaf canopy of young oil palm tree is still very low, therefore they
are covering the machine to enter between row. The objective of this research is to design a prime mover machine
for fertilizer application especially for young oil palm tree. This research paper deal with the design of prime mover
and especially will focus on the discussion of leaf lifting mechanism that enable the machine to enter oil palm row
without breaking leaf midrib.

II. MATERIALS AND METHODS

The method of this research follows typical machine design procedure including problem identification,
formulation of design criteria, design analysis, design simulation, design engineering drawing, prototyping, and
performance test of the prototype [4].

Problem identification was done in oil palm plantation belongs to private company which is located in Riau
province. In this stage, all information for design criteria were collected and measured including technical
characteristics of oil palm tree, plantation block layout, soil structure and bearing capacity. Design analysis and
fabrication of prototype was done in the Department of Mechanical and Biosystem Engineering Bogor Agricultural
University.
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The materials used in this machine design are mainly construction carbon steel which is available in local
market. Engine, gearbox and other machine elements are also bought from local market. This is important to fulfil
high local content of the machine as well as to allow easy maintenance and spare part availability.

III. RESULTS AND DISCUSSION
Design criteria of prime mover for fertilizer applicator was formulated as follows: self-propelled machine: low

ground clearance and total high, 1.5 m maximum width, low ground pressure, and be able to carry 1(one) ton
maximum load. To fulfil the design criteria a crawler type self-propelled prime mover was selected where its

design is shown in Fig. 1.

XNV R WwN R Z

ote:

Under carriage
Gear box

Main chassis
Guide frame
Engine

Operator seat
Lifting device frame
Control lever
Lifting chain
Lifting shaft
Operator back rest
Lifting chain cover
Cabin roof

Fig. 1. Design of prime mover for fertilizer applicator

Main part of the prime mover chassis or mainframe, engine, transmission, undercarriage, and leaf lifting

mechanism.

D. Chassis

The chassis or main frame was designed to hold other machine parts all together. The chassis was made from

U shape 5x10 cm steel bar as shown in Fig. 2.

Fig. 2. Chassis (main frame)

E. Engine

Base on design analysis, the prime mover need engine power at least 6 hp. For this purpose, a 11.5 hp water
cooled diesel engine was selected to provide enough power backup for the prime mover to operate fertilizer
applicator which will be attached to the prime mover. Diesel engine was selected because it has good torque and

low engine speed.
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F. Transmission

Transmission was designed to transmit power from engine to undercarriage, lifting mechanism as well as to
the PTO for operating fertilizer applicator. Hand tractor based transmission gear box was selected for this prime
mover. This type of gear box is applicable for crawler type traction device because it has steering clutch that allows
power engagement-disengagement for left and right axle separately. The gear has three position of forward speed
and one reverse gear. Italso has PTO shaft which was used to operate leaf lifting mechanism.

G. Undercarriage

The prime mover was equipped with crawler type traction device in order to provide high traction but
generating relatively low ground pressure [5]. This undercarriage was specially designed to fit with selected gear
box. The track link was made from attachment chain and the track shoe was made by casting carbon steel. The
under carriage parts is shown in Fig. 3.

Fig 3. Track link and roller of undercarriage

H. Ledf Lifting Mechanism

Leaf lifting mechanism was specially designed with the purpose of lift the oil palm leaf midrib when the
machine entering row between oil palm tree. By this mechanism, the prime mover machine can enter oil palm tree
row without breaking its leaf as it is illustrated in Fig. 5. The horizontal speed of lifting mechanism is synchronise
with forward speed of the prime mover to perform lift up action without pushing forward. Leaf lifting was made
by using attachment chain with lifting finger as shown in Fig. 4.

Fig. 4. Construction of leaf lifting mechanism
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Fig. 5. lllustration of leaf lifting mechanism

I Field Performance Test

Leaf lifting mechanism is very important conditions in this prime mover design, because it will indicate
whether this machine can operate between oil palm tree without crushing the oil palm leaf or not. Prime mover
forward speed and horizontal speed of leaf lifting mechanism should be equal to perform leaf lifting movement
without pushing forward the leaf. Otherwise, the leaf will be pushed forward and might be broken or crushed.
Field performance test of leaf lifting mechanism was conducted in the same oil palm plantation for problem
identification. The parameter which were measured are actual forward speed, horizontal speed of leaf lifting
mechanism, and leaf condition after passed by the prime mover. Prime mover was set in the 21 gear, and engine
speed was 2000 rpm. The result of speed synchronization without load (without lifting the leaf) is given in Table
1. From this results, it is confirm that actual average forward speed of prime mover and horizontal speed of leaf
lifting mechanism are almost equal, than mean it is already synchronized.

Test performance of leaf lifting mechanism was took place at the field of 4 years old oil palm tree. The leaf
canopy of oil palm tree still covering the area around tree trunk as shown in Fig. 6.

Measurement and analysis of actual forward speed of prime mover and horizontal speed of leaf lifting
mechanism with load in the field was done by mean of time motion analysis using video editor software as shown
in Fig. 7.

Test performance was done at the field of 4 years old oil palm tree. Based of time motion analysis, it can be seen
from Fig. 5 that the actual forward speed of prime mover when working on load and lifting the leaf was found to
be 0.530 m/s, while the horizontal speed of leaf lifting mechanism was found to be 0.544 m/s. In view of the fact
that both speeds are almost equal, it can be said that it is already synchronized, which mean that the oil palm leaf
will be lifted upward without pushed forward by the prime mover.

The performance of leaf lifting mechanism was also evaluated in term of percentage of broken leaf after passed
by prime mover. The analysis was done based on 13 sample of oil palm trees in the same block. It was revealed
that the leaf lifting mechanism could lift upward 91.38% of leaf midrib, however percentage of broken leaf midrib

34



Proceeding of ISAE International Seminar, Bandar Lampung, August 10-12, 2017

still comparatively high that is 8.62%. Main reason of broken leaf midrib is due to the position of leaf midribs were
too low to be cached and lifted by the lifting mechanism, then

they were pushed upward by prime mover body. It is also found that the percentage of broken of individual leaf
was 3.53%. Therefore, it can be said that design of the finger of leaf lifting mechanism was proper and do not
crushing the individual leaf of oil palm tree.

Table 1. Speed synchronization between forward speed of prime mover and horizontal speed of leaf lifting

mechanism
Replication Forward speed of Prime Mover  Horizontal speed of Leaf Lifting Mechanism

(m/s) (m/s)

1 0.561 0.586

2 0.573 0.572

3 0.568 0.569

4 0.555 0.582

5 0.559 0.582

6 0.561 0.586

7 0.551 0.593
Average 0.561 0.581

Fig. 7. Time motion analysis of speed synchronization

IV. CONCLUSION

Through this research, a prototype of prime mover for fertilizer applicator was developed and its performance
was tested and evaluated accordingly. The advantage of this prime mover is that this machine has leaf lifting
mechanism that enable the machine to enter and pass through between young oil palm three without destroying
the leaf. The results of field performance test revealed that the machine could satisfactorily perform leaf lifting
function with very small breakage of the leaf.
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ABSTRACT

Cherry tomatoes (Lycopersico esculentum var. cerasiforme) are categorized as high value agricultural
product. However, its marketability were influenced by rapidly declining quality due to postharvest
ripening. Therefore, it's necessary to select a specific treatment that can maintain the quality by delaying
ripening. High electrostatic field (HEF) pretreatment, a non-chemical and low energy techniques, was
known to be a viable method to delay fruit ripening. The present study aimed to evaluate the effect of
field strength and exposure time of HEF pretreatment on postharvest quality of cherry tomatoes during
storage. The fruits were treated by direct current HEF of 1, 2, or 3 kV/cm for 1 or 2 hours in a parallel
plate electrode system. Then, the fruits were stored at 13 °C, 85-90% RH for up to 21 days and regularly
measured for respiration rate and quality. The results showed that HEF was able to maintain high level
of total soluble solids (TSS), despite the field strength and exposure time had no significant effect. HEF
pretreatment also capable of reducing fruit weight loss 1.2-1.9 times and the effect increases with
increasing field strength. Fruit softening percentage became lower when the field strength and exposure
time increased. Climacteric peak was successfully postponed for 3 days in all HEF treatments and the
most reduced respiration rate was at 2 kV/cm for 2 h pretreatment, indicating that it has the ability to
inhibit metabolism. Finally, the greater field strength and longer exposure time used (2-3 kV/cm, 2 h)
lead to a more sustainable cherry tomato quality during storage. Further research should be
recommended to evaluate the mechanism maintaining the quality of cherry tomato by high electrostatic
field, especially in its effect on electric field-dependent calcium-inhibited ethylene biosynthesis and
signal transduction.

Keywords: high electrostatic field, postharvest quality, cherry tomato.

I. INTRODUCTION

Tomato fruit is the second most consumed vegetable after potatoes that has per capita consumption volume in
fresh and processed form of about 20.2 kg/year in 2011. On a global scale, tomato production reached 163.7
million tonnes with a value of 96.3 billion dollars, acounting for 0.61% of the total or equivalent to 7.1 trillion
rupiah produced in Indonesia [1]. It increased from four previous years which only 152.9 million tons.
Unfortunately, losses of up to 50% can be recorded between the harvesting and consumption stages of the tomato
distribution chain in tropical countries [2].

According to a report by [3], small and sweet cherry tomatoes are the most preferred type of tomatoes for fresh
consumption. However, the shelflife is quite short around 5-7 days at room temperature which is marked by the
occurrence of decay due to overripening. During ripening, there may be also losses in quality through many
biochemical changes such as pigmentation, cell wall and carbohydrate metabolism, ethylene biosynthesis, and
signalling tranduction. The delay of ripening in cherry tomato allowing it to be consumed in optimal condition for
longer time.

Harvesting at breaker stage (<10% non green) for cherry tomato is usually done in order to restrain their losses
caused by physical damage during transport and storage and are then allowed fruit to ripen just prior to or during
marketing. Cold storage of breaker stage tomato fruit at 12.5-13 oC was also used to delay deterioration for up to
4 weeks [4]. However, their combination with other methods was considered capable to optimized the
suppression of deterioration.
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High electrostatic field (HEF) has been reported to be an effective treatment in keeping fruit quality longer by
suppressing the respiration rate, as in apple [5], mature green round tomato [6], cranberry [7], and persimmon
[8]. The treatment utilizes electric field exposure effects from high-voltage installations >1000 Vrms AC or >1500
VDC (IEC 60038: 2002) on the modulation of fruit cell physiology processes. It is reported that electric field can
affect cells via interaction with charged molecules and proteins in the cell membrane that alters the flow of ions
through the ion channels or redistribution of the membrane receptors, as well as direct field penetration inside
the cell that then interact with charged entities in the cytoplasm. There are several advantages to HEF treatment,
including: simple equipment, safety, no vestiges, and low energy consumption subsequently minimised economic
constraints.

The use of HEF along with cold storage may be able of maintaining quality of cherry tomato better. However, it
is not yet known clearly which configuration is most appropriately applied to cherry tomatoes. According to [9],
improper use of HEF configurations, such as less exposure duration and field strenght, did not significantly retain
the fruit quality associated with delayed ripening. Therefore, this study aims to evaluate the effectiveness of HEF
pretreatment and to investigate the effect of field strength and exposure duration on quality of cherry tomato
during cold storage. This paper further reports the effects of HEF configuration on the respiration rate, weight loss,
fruit softening, and total soluble solids of cherry tomatoes.

II. MATERIALS AND METHODS

A. Plant Material

Breaker mature cherry tomatoes (Lycopersicon esculentum var. cerasiforme) were obtained from local
farmland in Pamijahan, Bogor in March 2016. Fruits harvested on the morning were transported to Laboratory of
Postharvest and Energy, Bogor Agricultural University within 2 hours. They were washed with chlorinated water
(3.4 mmolL-! NaOCl) and stored temporarily. Uniform fruit based on shape, size, and absence of wound selected
for experiment.

B. HVEF Pretreatment

The HVEF pretreatment was performed using modified equipment based on [6]. It was consisted of an high-
voltage electrostatic generator (Spellman RHSR30PN60) lead to the generation of electric current into the two-
tier copper plate had a shelf spacing of 10 cm. The output voltage between the cathode and the anode is adjustable
resulting in different electric field strengths. Cherry tomatoes were placed between the two electrodes and the
electric field was passed through the fruit. In this experiment which use of parallel plate configuration, when the
output voltageis 10, 20, or 30 kV, the electric strength between the electrodes will be 1, 2, or 3 kVecm-1, respectively.
The treatment were conduct for 1 or 2 h and there was no electric field passes through the control fruit. After
treatment, all fruit were stored in a refrigerated room for 21 days at 13 °C, 85-90% RH and each indicators were
analyzed every three days.

C. Respiration Rate

Respiration rate is measured based on CO2 evolution rate. About 500 g of cherry tomato was inserted into a 3.3
L closed jar and incubated for 2 hours at 13 °C per treatment slot. The results of CO: level measurements by
continuous gas analyzer (IRA-107, Shimadzu) were used to calculate respiration rates as in [7].

D. Weight loss

Tomato fruit were weighed before pretreatment and at the end of each storage interval. Weight loss is
calculated as a percentage on a fresh weigh basis and determined as the ratio of difference between initial and
final fruit weight during that storage interval to initial fruit weight.

E. Fruit Firmness

Fruit firmness was determined by measuring the amount of force (1 Kg = 9.81 N) to puncture a hole on the
equatorial region of fruit, using a rheometer (CR-300, Sun Scientific Co.Ltd, Japan) with a flat round 5 mm diameter
head. The machine was set for maximum compression with a speed of 10 mm/min and maximum load of 10 kg.
Softening is calculated as a percentage on fresh firmness basis and determined as the ratio of difference between
initial and final fruit firmness during storage interval to initial firmness.

F. Total Soluble Solid

The TSS of cherry tomato were determined at room temperature using a handheld refractometer (PAL-q,
Atago, Japan). The cherry tomato for each treatment were finger pressed to extract a couple of drops of juice that
were placed on the refractometer prism. The TSS (°Brix) of the juices was measured directly from the instrument.
The readings were averaged for each replication value.
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G. Statistical Analysis

Data collected were subjected to Analysis of Variance (ANOVA) under a Completely Randomized Factorial
Design with 2 factor and a separate control using IBM SPSS version 23 and mean separations were done using
Duncan Multiple Range Test (DMRT) at 5% level of significance. To evaluate the effectiveness of HEF pretreatment,
the combination of the treatment was compared with control using orthogonal contrast test at 5% level of
significance.

III. RESULTS AND DISCUSSION

A. Effect of HVEF on Respiration Rate

The respiration rate of control fruit reached a peak after 9 days of storage then decreased rapidly (Fig. 1).
Meanwhile, there was a lower respiration rate in HEF-treated fruit compared to the control fruit in less than 9
days. Generally, the higher the CO2z evolution rate, the shorter the storage life. By HEF, the peak of CO2 producing
was delayed by 3 days and the value of the peak was smaller than control fruit significantly. It was tested that HEF
could restrain the respiration of cherry tomato which may subsequently result in longer storage life and consistent
with earlier reports [6], [10].
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Fig. 1. Changes in respiration rate (mlCOz kg1 h'1) of cherry tomato fruits treated by different pretreatment
conditions during cold storage

Fruit exposed to HEF for 2 hours has a lower CO2z production rate than that of an hour (Table 1). This result is
consistent with [5], [8] that the longer the exposure time the lower the COz production of the fruit. In addition, the
2 kVcem ! treatment relatively provides the most suppression on climacteric respiration rates among field
strengths.

The mechanism of how HVEF influences the respiration of the postharvest fruit was not yet clearly known.
However, during exposure to an external electric field, the side of the cell facing the anode is reported to have
hyperpolarization while the near side of the cathode is depolarized. To compensate for that, the cell minimizes the
dimensions of the surface exposed perpendicular to the electric field by converting the shape into a spindle. On
the depolarized side, the inflow of Ca2+* cations through ion channels increases and drives the increase in
intracellular calcium ion concentrations [11]. As the concentration increases at least 1uM, intracellular calcium
will be bound by calmodulin and form a calcium-calmodulin complex that modulates many of the physiological
processes. With the reaction mediated by the complex, calcium ions may inhibit the pathway of ethylene
biosynthesis by limiting the activity of the ACO enzyme catalyzing the formation of ethylene from ACC [12]. This
inhibition is also reflected in the other report [6] that fruit subjected to HEF produces lower and delayed ethylene
peak production. This may subsequently affect signalling transduction from ethylene receptors to ripening-related
gene expression including delay and decrease in climacteric respiration.

B. Effect of HVEF on Weight Loss

The percentage weight loss increased during storage to differing degrees depending on the treatments. The
weight loss of the HEF-treated fruit increased from the range of 2.12-2.72% to 10.85-17.2% on the 3 and 21 days
of storage, respectively. Meanwhile, there were more increase in the control fruit from 4.52% to 20.70% on the 3
and 21 days of storage, respectively. Reference [13] reported that maximum acceptable weight loss values of
tomato to remain salable range from 6 to 7%. In this study, the weight loss values of all samples used were found
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higher than those suggested. However, the final weight loss of HVEF-treated fruit 1.2-1.9 times lower than that of
control indicates that there is a protective effect of HEF on weight loss of tomatoes in storage as stated by [8]
previously.
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Fig. 2. Changes in weight loss (%) of cherry tomato fruits treated by different pretreatment conditions during
cold storage

About 3-5% of the postharvest weight loss was caused by COz evolution from the cells and the rest was due to
the transpiration process. As described previously, HEF was able to suppress the respiration rate which affected
to the limitation of carbohydrate conversion to CO2 and water vapour. HEF also has ability to suppress
transpiration by stabilizing the cell membrane and giving more hardness to the cell wall. It appeared that the outer
skin surface of HEF-treated cherry tomato tended to harden whereas control fruit experienced premature decay.
Similar conditions were also reported in apples treated with HEF 3-4 kVcm 1 [5].

The weight losses between HEF-treated fruits at each interval period of storage differed significantly due to the
influence of field strength factors (Table 1). It was obvious that the 3 kVcm-! treatment was the most effective field
strength in suppressing weight loss up to 21 days of storage. These results were consistent with [5] which states
that the greater the field strength of HEF, the lower the weight loss of fruit.

C. Effect of HVEF on Fruit Firmness

During storage, the value of fruit firmness tended to decrease from an initial value of 26.25 N to 11.57-16.93 N
indicating a softening. Softening is an indication of the easier separation between cells due to decreased pectin gel
cohesion. This softening may occur as the cell wall becomes increasingly hydrated and pectin in the middle lamella
is modified and partially hydrolysed by the activity of pectinesterase (PE) and polygalacturonase (PG) enzymes.

30 -

e
»
w
]
£ 101 & 1kvemi2h
—4—2kVecmi2h
5 A 3kVem?2h
=% Control
0 T T T T T 1

0 3 6 9 12 15 18 21 24
Time, Days

Fig. 3. Changes in firmness (N) of cherry tomato fruits treated by different pretreatment conditions during cold
storage
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It was obvious that control tomato had the lowest firmness or highest softening among all treatments at 3, 6,
12, and 15 days of storage. At the end of storage, fruit softening in control tomato was also significantly 7% higher
than that average in HEF-treated tomato (Table 1) indicated that cherry tomato tissue exposed to HVEF is
relatively more intact. This result was consistent with the previous studies [6], [8] stated that HEF can retain fruit
firmness and delay softening during storage. Lower softening percentage on HEF-treated cherry tomato may be
due to HEF's ability in limiting the activity of both PE and PG enzymes either directly or via ethylene signalling.
This is further supported by the other study reported that HEF 6 kVcm-! pretreatment can suppress PE activity in
persimmon.

Among the HVEF treatment levels, the percentage of fruit softening tends to be the same but shows significant
differences in the end of storage period. This difference occurs due to the influence of field strength, duration of
exposure, and interaction of both (Table 1). The 3 kVcm-1 field strength treatment for 2 hours resulted in the lowest
softening (35.49%) followed by 3 kVcm-! for 1 hour (40.60%) and 2 kVcm-! for 2 hours (45.21%). According to
[14], fruit hardening is usually associated with weight loss control. In this study, cherry tomatoes subjected to
HVEF 3kVcm! treatment with the lowest weight loss also showed the lowest softening. Insufficient softening is
required to give the edible fruits and the release of cell content when chewed for olfactory perceptions of aroma
and taste. According to the final tomato firmness limit criterion [15], ie 1/3 of the initial firmness or maximum
softening equivalent of 66%, all samples in this study were considered to be viable and not too soft.

D. Effect of HVEF on Total Soluble Solid

Total soluble solids of cherry tomatoes increased during observation with a slight decrease toward the end of
storage period (Fig. 4). Increased TSS during ripening was due to the degradation of limited polysaccharides into
simpler soluble sugars. Meanwhile, the decrease of TSS toward the end of the storage period was due to the
ongoing use of sugar as a substrate in the fruit respiration process. The highest TSS values during observation (5.1
°Brix) occurred in control and 2 kVcm-1 for 2 h HEF-treated fruits on 15 and 18 days of storage, respectively.
Nevertheless, the final TSS value in the control sample was significantly 10% lower than that average in HVEF-
treated sample (p <0.05). It was indicated that HEF treatments can maintain TSS at a higher level than that of
control. These findings were also consistent with past research [10], [16].
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Fig. 4. Changes in TSS (°Brix) of cherry tomato fruits treated by different pretreatment conditions during cold
storage

Table 1. Quality parameter values of cherry tomato for various pretreatment conditions
Pretreatment Conditions

Quality Parameters

Field Exposure Respiration rate Weight Loss . .

?l'il\‘/ecr;ﬁ?; Tirr;e (h) (mlr()l 02kg hl) %% ) Softening (%) TSS (°Brix)
1 1 10.16 £+ 0.60 b 15.18+1.03a 53.30+198b 4.60+0.36a
2 9.60 £ 0.33 ¢ 17.20+1.32a 5592+135a 433%0.29a
5 1 9.42+0.51c 14.24+085b 49.69+2.06c 4.60+0.36a
2 8.90+0.28d 1298+ 0.88b 45.21+131d 4.70+£0.10a
1 11.72+043a 11.35+0.68c 40.60+1.63e 4.60+0.17a
3 2 10.16 £+ 0.63 b 10.85+0.70c 3549+212f 4.23+0.21a
Mean of HEF 9.99+097y 13.63+240y 46.70x7.78y 4.44+0.25x
Control 13.46 £ 0.53 x 20.70+1.25x 50.31+326x 4.03+0.21y

Description: The number followed by the same letter in the same column was not significantly different at the 5% test level
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Inhibition of changes in TSS values by HEF could be the result of the HEF's ability to suppress respiration rates
and the activity of polysaccharide degrading enzymes. This result supported [17] that reported the effectiveness
of 1.75 kVecm ! HEF treatment in suppressing the activity of amylase enzymes in kiwi fruit during storage. The TSS
values of all samples on 6 day of storage look much lower than the former and latter period of storage. It may be
caused by a measurement error that can be derived from an instrument error at that time.

In all HEF treatments, the tested field strength and exposure did not cause significant differences in the TSS
end value ranging from 4.23-4.7 °Brix. Similar results were also reported by [7] stated that the treatment of HEF
2, 5,8 kVem1 for 30, 60, or 120 min did not significantly differentiate the cranberry fruit TSS values. In contrast,
apples subjected to HVEF of 1 kVcm ! had significantly higher TSS values compared with 0.5 kVecm [10].

IV. CONCLUSION

HEF pretreatment applications are effectively able to inhibit the rate of climacteric respiration, weight
shrinkage, softening, and loss of TSS value in breaker mature cherry tomatoes. Longer HEF exposure (2 hours)
proved to further suppress the increased rate of repiration and softening of cherry tomatoes. In addition, the use
of higher field strength (2-3 kVcm-1) has a greater ability to limit weight loss and softening. However, differences
in field strength and duration of HEF exposure did not affect the TSS value of cherry tomatoes. Further research
needs to be focused on the HEF mechanisms in influencing signaling transduction and ripening-related gene
expression in climacteric fruit, especially in cherry tomatoes.
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ABSTRACT
A separation machine of seeds and pulp of mangosteen fruit has been developed, However the capacity
was low and the quality of the pulp was below the standard. The objectives of this research were 1) to
analyze and obtain the best mechanisms for separation of seeds and pulp of mangosteen fruit, and 2) to
manufacture and test a prototype of the separating machine. Research procedure includes identification
of physical characteristic of mangosteen seeds, development and evaluation of mechanisms for
separating pulp and seeds of mangosten fruit, engineering design, manufacturing, and performance
testing. Three mechanisms were developped and analyzed in order to separate the seeds and pulp of
the mangosteen fruit: 1) a horizontal cylinder mechanism with a rotating brush, 2) a mechanism of a
vertical cylinder with a rotating brush, and 3) a vertical cylinder with a stationary brush. The evaluation
result using Analytic Hierarchy Process showed that the horizontal cylinder mechanism with a rotating
brush was the best mechanism for separating process to be implemented. A prototype of a separating
machine using the mechanism was made and tested. The test result showed that the prototype can
separate pulp and seed of manggosteen fruit with the capacity of 157.3 kg/hour without broken seeds.

Keywords : pulp, machine, manggosteen, seed, separation colon.

I. INTRODUCTION

Mangosteen (Garcinia mangostana L.) is one of Indonesia's main fruit commodities. Since the 1970s until now
export demand has been continuing to increase, so it can be said that the mangosteen fruit is a leading export that
became the mainstay of Indonesia. The contribution of mangosteen fruit exports is enormous in order to increase
the country's income and farmer's income (Qosim 2007 in Qosim 2013). In 2008 the export volume reached 6
million tons of mangosteen fruit worth US $ 3 611 995. But the number is considered not to 10% of total production
(Yatman 2012). In 2014 mangosteen production reached 114 755 tons with an average of 7.55 tons / ha
(Directorate General of Horticulture Ministry of Agriculture 2015). The mangosteen production rate from 2010-
2014 experienced to 13.82% (Ministry of Agriculture 2015).

Mangosteen fruit consists of many components such as fruit seeds, fruit flesh (pulp) and fruit peel. Utilization
of mangosteen flesh is quite plentiful, among them as raw material for making syrup, juice, jam, jelly, and puree
(Utami, 2008). Examples of high-value processed products include: mangosteen juice (US $ 20 per liter); Extract
mangosteen (US $ 12.64 per 60 tablets); Mangosteen tablet (US $ 3.59 per 30 tablets); And mangosteen xanthone
rich (US $ 12.98 per 60 tablets) (Kastaman 2007).

Separation of seeds and pulp in general has not been done mechanically and systematically. In fact, if we look
further, there is a need for a separation system of flesh and pulp to produce mangosteen juice that can be consumed
and has high economic value. The nutrient composition of the mangosteen pulp per 100 grams includes 79.2 grams
of water, 0.5 grams of protein, 19.8 grams of carbohydrates, 0.3 grams of fiber, 11 mg of calcium, 17 mg
phosphorus, 0.9 mg of iron, 14 IU of vitamin A, 66 mg vitamin C, vitamin B (thiamine ) 0.09 mg, vitamin B2
(riboflavin) 0.06 mg, and vitamin B5 (niacin) 0.1 mg (Kwatiningsih 2009).

The need of mangosteen processing machine is important considering the widespread of creative industries
processing mangosteen fruit is more profitable than just selling the fruit. Through the optimum fruit and
mangosteen separator machine is expected to grow the creative industries of the producers of household
mangosteen juice. Thus, the mangosteen fruit is no longer consumed in the form of fresh fruit that produces waste
and is exported in the form of raw materials, but can already be processed into high-value processed products.

Separation of seeds and mangosteen pulp became one of the problems to increase the development of
utilization of mangosteen fruit for household industries scale. One of the innovation for solving this problem is the
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presence of pulp and seed mangosteen separator machine. Difficulties of separation of seeds and mangosteen pulp
caused by the characteristics of the flesh that is attached to the seed of the mangosteen fruit. The separator
machines are still producing broken seeds in the process of separation. This will decrease the quality of the
resulting pulp. Therefore, a mechanism capable of separation seeds and pulp mangosteen is required without
damaging the seeds of mangosteen fruit and high yield. The objectives of this research were 1) to analyze and
obtain the best mechanisms for separation of seeds and pulp of mangosteen fruit, and 2) to manufacture and test
a prototype of the separating machine.

A machine for separated mangosteen seed and pulp was created, but it still has several aspects to be developed
including low capacity and in the process of separation of mangosteen seeds and pulp still contained high
percentage of broken seeds. The existence of the broken seeds mixed the pulp will reduce the quality and content
of pulp nutrients. Therefore, it is necessary to find a better mechanism for the separation of pulp and seed of
mangosteen, which can be obtained by design of separator machine which has best performance.

II. MATERIALS AND METHODS

A. Place and Time
The prototype testing process was carried out in Agricultural Mechanization Workshop and Laboratory of Food
Processing and Agricultural Product of Bogor Agricultural University.

B. Materials and tools

The material used in this research was the machines of seeds and flesh of mangosteen fruit (Garcinia mangostana
L.). Test materials were obtained from fruit merchants in Fruit Market, mangosteen fruit farmers, and mangosteen
fruit processing industry in Bogor Regency. Mangosteen fruit used in this study has been ripening. The maturity
level of mangosteen fruit is observed based on the color. The selected mangosteen fruit was the mangosteen fruit
with reddish and purple. The selected mangosteen fruit grade is a large group of mangosteen fruit with fruit
diameter> 6.5 cm; Fruit weight> 140 and medium group with fruit diameter 5.5-6.5 cm; Weight of 70-140 grams
of fruit.

C. Research Procedure
1. Separation Concept

The concept of the design of the separation mechanism was carried out to determine mechanisms can be used
in the process of separation of seeds and mangosteen flesh. There are several basic concepts that can be taken into
consideration in the design such as Pulping Machine (Sharp et al. 1946), Summer Squash Seed Extracting Machine
(Al-Gaadi et al., 2011), Fruit Presses, Treeshade pulper, and Pinnaple Crusher (Fellows 2004 ), Wild Pulper
Machine (Dikson 2015), Machine For Cold Pulping of Tomato (Husain et al., 2010). From the various basic
concepts, obtained three design concepts of the mechanism of separation of seeds and mangosteen fruit flesh. The
three concepts were 1) horizontal cylinder with rotary brush, 2) vertical cylinder mechanism with rotary blade,
and 3) vertical cylinder mechanism rotating with silent brush blade.

The best model was selected by using Priority Estimation Tool (Priest) software for decision making using AHP
(Analytic Hierarchy Process) method. The criteria used in decision making using AHP are 1) power used, 2)
manufacturing time, 3) complexity, 4) manufacturing cost, and 5) pulp percentage. Weighting on AHP is done on
a scale of 1-5. Weight of 1 means equally important, weight 3 means a little more important, weight 5 means very
important, and weight 2 or 4 is adjacent assessment.

2. Design analysis

Design analysis was carried out on the best concept that combined the expected design criteria. The design
analysis consisted of functional design analysis and structural design. Functional design is the decomposition of
the engine functions and selection of alternative components or mechanisms to perform functions, both main and
support functions. The main function of the machine designed is to make the process of separation of seeds and
flesh of mangosteen fruit without damaging the seeds. In addition to functional analysis, structural analysis will
be carried out in the form of technical analysis that aims to take into account the shape, size, and materials of each
component so compile the criteria of function, and strength.

3. Methode of testing the prototype performance

The testing process was carried out by inserting the material, with variations of 1 kg, 2 kg, 3 kg and 4 kg, and
measuring : 1) the length of time required for the separation process, 2) the yield of the pulp and seeds produced.
Each treatment was tested with three repeatations. The separation capacity was obtained by measuring the weight
of the material and the time. The equations used to calculate the separation capacity as follows:

KP= BBT/tp (1)

where,
KP = Separation capacity (kg/hour),
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BBT = Total of material weight (kg),
Tp =time (hour).

The yield of this separator can be obtained from the data of the total of material used and the resulting output
of the equation:

n- Wt
~ BBT (2)

where,

n = Rendement (%)

Wt = Weight of material produced (kg)

BBT = Weight of material before treatment (kg)

The efficiency of separation (E) is calculated by the formula:

n n

Ef — —awal __akhir . 1000 (3)
n

awal

III. RESULTS AND DISCUSSION

A. Performance Evaluation of Three Design Concepts

The three mechanisms performed by the test were 1) The horizontal mechanism with the blades of the brush
spinning, 2) the vertical mechanism with the blade of the rotating brush, and 3) the vertical mechanism with the
static brush blade. The third images of the separation mechanism can be observed in Fig. 1. The analysis using the
AHP method includes manual separation power, manufacturing time, complexity, manufacturing cost, and pulp
percentage using 1 kg of mangosteen. The data used to perform the analysis was presented in Table 1.

Table 1. Comparison of the three concepts of separation

Model Power Contruction time  Complexity Cost Pulp
(day) (Rp) (gram)

1 127.6 7 6 500000 12.6

2 126.0 15 8 1000000 11.4

3 90.6 13 9 800000 13.4

From the results of analysis using AHP found that the mechanical separation horizontally with spinning brush
blade is the best mechanism of the three existing models. It was expressed as a percentage of 66.6% for the
mechanism. The results of AHP analysis can be observed in Fig. 2.

s

Fig. 1. Mechanism of separation a) horizontal brush rotating mechanism, b) vertical mechanism with rotary
brush, and c) vertical mechanism with static brush
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Fig. 2. The results of analysis using Priest software.

B. Machine prototype

The process of making a prototype began the construction of the framework as the support of other
components. Installation of the separating cylinder and the pulp output door was carried out with an angle of 20°
for the output of seeds used 40° slope. The separator cylinder was designed to be covered by 0.25mm diameter
holes. So that automatically the seeds of mangosteen fruit sized more than 0.25mm will be directed to the special
output of seeds and pulp mangosteen will come out through the spare-hole and out through output door. The
cylinder separator design process was carried out by considering the physical properties of the mangosteen fruit
in terms of the specific gravity of the mangosteen fruit and the size of the seed. This was done in order to perform
the design of the total capacity of the separator and the cylinder diameter holes enveloped separator cylinder.
Based on previous research it is known that the weight of mangosteen fruit of 1.508 gram / cm3. Thus the separator
cylinder was designed with a diameter of 20 cm and length of 75cm. So the total capacity of the mangosteen fruit
in the cylinder can be of 15 kg. The mangosteen fruit seed size will determine the design of the door inside the
cylinder output seed separator and the size of the vent holes that covered cylinder separator. The physical
properties such as grain size was obtained based on the results of the literature which was the average length of
seeds ranged between 2.26cm-2.48cm with an average width ranging between 1.5-1.68cm seed (Qosim et al.,
2011). Therefore, the separator cylinder must be covered by the vent holes with a diameter smaller than 1.5 cm.
The cylindrical image of the separator can be observed in Fig. 3.

Fig. 3. Separation cylinder

Separator cylinder made of stainless with a thickness of 0.2 cm. The thickness of the stainless cylinder
combined with the diameter of the small holes surrounding it will affect the remaining mangosteen pulp on the
sidelines of the hole. The cylind separator material using stainless steel was intended to keep food safety from
corrosion. Another component that played an important role in the separation process is the brush. Brush serves
to separate the seeds and flesh of mangosteen fruit. Brush assembled on the shaft. There are two brush blades
installed opposite.

The driving force used was an electric motor with the power of 1,5 HP, rotation of 1410 PPM, and voltage of
220 volt.
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The selection of the motor will be closely related to the desired rotational speed to move the engine. The motor
with 1410 PPM rotation selected to be assembled with a 1 cm diameter, 2 pulley having a dimension of 15 cm and
a gear with 10 and 40 gears, so the resulting rotation speed for turning the equipment engine axis was 141 PPM.
Based on the measurement in the field, it was known that the resulting rotation speed was 148 PPM from 3
repeatations. Transmission systems used pulleys and v-belts that have an economical advantage over transmission
systems using chains and gears. The downside of the pulley transmission system and v-belt was the possibility of
slippage greater than the use of chain and gear transmission systems. The gear transmission system was selected
to make changes to rotate direction. From the previous direction with the engine rotation, using the rotation gear
can be directed of the shaft rotation.

C. Machine Performance

The mangosteen pulper machine successfully separated the seeds and the mangosteen pulp. This separation
process took place due to the friction between the mangosteen and the inside of the separating cylinder and the
friction between the brush and the mangosteen fruit. The machine successfully produced the mangosteen pulp
through separation of seeds and mangosteen pulp. The mangosteen pulp passed through small holes in the
separating cylinder and exit through the output door which has been designed for the mangosteen pulp. For the
seeds of mangosteen fruit pushed toward the output door which was designed for the seed of the mangosteen
fruit. The separation data can be observed in Table 2.

Table 2. Result of separation process in kg unit

Testing 4 kg 3kg 2 kg 1kg

Pulp 2.371(59.27%) 1.762 (58.73%) 1.407 (70.35%) 0.706 (70.60%)
Seed 0.585 (14.62%) 0.186 (06.20%) 0.381 (19.05%) 0.117 (11.70%)
Seeds in the cylinder 1.044 (26.10%) 1.052 (35.06%) 0.212(10.60%) 0.177 (17.70%)
Efficiency 40.72% 41.26 29.65% 29.4%

From Table 2 it can be observed that the pulp generated from the separation process has a value> 50%. The
highest percentage of pulp was produced at the time of separation by using the material of 1 kg obtained
percentage of pulp of 70.6%. The resulting pulp can be observed in Fig. 4.

Fig. 4. Pulp of mangosteen fruit of separation results

The seeds of mangosteen fruit separation were divided into two results, namely the seeds are perfectly clean
and the seeds are still covered with pulp. In this separation process there were no seeds. This affected the
increasing quality of the resulting pulp. The percentage of pulp which is still covered by pulp of 62% while the
perfect clean pulp of 38%.

IV. CONCLUSION

1. Mechanism of separation of seeds and mangosteen fruit flesh managed to process the separation of seeds and
mangosteen fruit flesh.

2. The process of separation of seeds and flesh of mangosteen fruit successfully done without the existence of
seeds.

3. Engine separation capacity of 157.3 kg/hour

4. The seeds are retained in the cylinder and brush separator for >3kg working process is >1 kg.
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ABSTRACT

Seed germination is quite difficult, because the seeds have a thick and hard shell and dormancy. To
accelerate germination, it is necessary to shell removal for seed germination. The objective of the
research is to machine design for the shell removal of palm seed.. Cracking of shell palm seed required
a force of 0.8-3.0 kN. The working mechanism of the palm kernel shell crusher applies to the
compressive force. The force is produced from two cylinders rotating in opposite directions. The oil
palm seeds are divided into 3 parts based on the size of oil palm seed in 3 dimention of large, medium
and small. The testing of cracker machine is a loose shell of the kernel, the kernel is not defective and is
mechanically defective. The result of this cracker testing is that the shell still attaches to the kernel for
small, medium and large seed sizes of 30%, 23% and 20%, no kernel at shells of 52%, 61% and 64% and
defective kernels of 18% 14% and 16%. Kernels that can be germinate with small, medium and large
seed sizes are 70%, 77% and 80%. The cracker testing for one cylinder are that the shell still attaches
to the kernel 10%, damage kernel 4% dan whole kernel 86%.

Keywords : shell, cracking, seed, germination, and kernel

I. INTRODUCTION

The planting of oil palm crops in general still uses seed from plant breeding. Palm oil seeds can not be directly
germinate after harvest, because the palm kernel is dormant. According Farhana, et al. (2013) the process of
germination of oil palm seed is quite difficult because the seed has a hard shell that is dormant. The existence of
this dormancy condition causes the seeds to be treated to break the dormancy. The process of seed germination
of high quality oil palm takes about 3 months with dry heating method at 40 °C.

Drying of palm kernels is intended to prevent palm kernels from being attacked by microbes. Due to the drying
of palm kernels, there will be a cavity between the kernel and the palm kernel shell. This happens because the
kernel shrinks when it is dried. Depreciation of kernel volume is higher than shrinkage of shell volume. This is
because the kernel water content is higher than the water content of the shell.

Palm kernel can germinate, then the kernel content of palm kernel seed must reach 25 - 30%. There are two
things that inhibit water up to the kernel inside the shell that is, a) hard palm kernel shell, so the water is rather
difficult to enter through the shell to get to the kernel. B) there is a cavity between the kernel and the palm kernel
shell, this will inhibit water from the shell to the kernel. C) The thickness of palm kernel shell and seed size are
also not uniform. This will cause the water time to go through the seed shell and get to the kernel takes a long time.
To achieve a 25-30% kernel moisture content for the germinated kernel requirement requires timeout. As a result
germinate become not uniform. It is also found that there is a decrease in the germination of seeds that have been
stored for 5 months, if it is germinated by konvensional. To solve this problem for quick germination of palm
kernels can be done by solving hard shells of palm kernels.

The principle of the palm kernel shell breaker is the seeds are pressured with a certain style. Only the shell is
under heavy pressure, while the kernel inside the shell gets a light pressure. This happens because the seed is dry,
between the kernel with the shell there is a cavity. This cavity allows the kernel not to experience mechanical
stress. Constraints faced is the size of the shell is not uniform. So in practice, before the shell in peel, the shell first
separated in 3 levels of size, namely large, medium and small. Peeling is also done with 3 types of distances
between rollers that are adjusted to the size of the shell.

A. Seed of Palm 0il

Anonymous (2012) states that good seeds require high quality sprouts (germination and high levels of
uniformity) so that oil palm crops planted in the field will be of high quality. This means that the nursery process
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can affect the quality and production of oil palm crops in the future. A good seed and legitimate comes from a clear
and superior breed.

B. Imbibition

Imbibition is a very important first stage in seed germination, because it causes an increase in the seed water
content required to trigger biochemical changes in the seeds so that the seed germinates (Asiedu et al., 2000). If
the process is inhibited then germination will also be inhibited. According Widyawati, et al. (2009) inhibition of
imbibition cause germination of the seeds of palm sugar long enough and when germination is not simultaneously.
In the cultivation of palm trees, it causes inefficient nursery processes both in terms of funding, energy allocation,
time and place use and cause viability in seedling growth. To overcome this required various ways done to break
the dormancy of seeds, so the seeds can germinate. Seed generally have dormant period before germinating for
finish his life. (Soerodikoesomo,1994).

The cracking machine of oil palm shell in patent on behalf of Sun Y. Kim. Drawing of the machine sketch as
follows:
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Fig. 1. Sketch of a hard peeler

The working mechanism of this machine in general is a rotating cylinder with the outer surface of the cylinder
having a breaker. The machine is equipped with a static plate as contribute to suppress the hard seed. The
curvature of the static plate is equal to twice the curvature of the cylinder. Hard seeds that are between the
cylinders with the plate will break.

There are many types of palm kernels crusher. One of them is a ripple mill (Fig. 2). The peeling result of this
machine is kernel and palm kernel shells. Getting the kernel in one piece is one of the determinants of quality to
produce quality palm kernel oil, as more and more of the palm kernel is intact, the palm kernel losses are getting
smaller. To know the ripple mill to work to the performance maximumly, it is necessary to check on the output
ripple mill is like mixed shell with kernel.

SV o 4

Fig. 2. Riple mill machine (Anonimus, 2013)
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II. MATERIALS AND METHODS

The research was conducted from February to June 2017 at Agricultural Engineering Workshop, University of
Lampung.

The research threat to compare with two cylinder cracking machine with one cylinder cracking machine.
Drawing sketch for cracking machine of oil palm shell two cylinder can be seen at Fig. 3 and 4. This machine test
to know the machine performance from cracking machine two cylinder with one cylinder. It is used 50 - 100
seed for testing machine per experiment unit. Itis observated for shell crack, but sticky shell with kernel, damage
kernel, whole kernel and seed pass. Data is analysed by average, grahp and percentace.
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Fig. 3. Drawing sketch for cracking machine of oil palm shell two cylinder

Slippery Flat

Fig. 4. Drawing sketch for breaking of palm oil seed one cylinder

III. RESULTS AND DISCUSSION

A. Measurement of hardness of palm kernel

Hardness of palm kernel is measured using Compression machine 2000 KN. This tool uses a compressive force
with a hydraulic principle working mechanism. The oil-shaped liquid is pumped into the chamber plate of the
upper steel plate and the bottom plate is compressed, so the palm kernel is compressed. Press with a certain style,
then the palm kernel shell will break.
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Palm seed

Fig. 5. Compression machine 2000 kN

The level of hardness of palm kernel ranged from 0.7 to 3.4 kN equivalent to 70.2 - 345.5 kg load, Palm seed
hardness level due to varying shapes, the level of seed shell thickness and the size of palm kernel. The results of
the measurement of the level of hardness of palm kernel as in Table 1 below :

Table 1. Level of hardness of palm kernels in kN
Shortest dimensions of palm kernel

Number sample of palm kernel

14,2 mm (small) 17,4 mm (midium) 20,7 mm (big)
1 1,3 3,5 1,9
2 0,9 1,7 2,3
3 0,8 1,1 0,8
4 0,7 1,3 2,4
5 0,8 1,4 2,7
6 3,0 1,3 2,2
7 0,4 1,9 2,2
8 1,1 0,5 3,2
9 1,2 2,9 0,9
10 0,8 1,7 1,2
average 1,1 1,7 2,0

B. Manual splitting

Manually splitting palm kernels using mechanical press (Ragum). The working principle of similar tools of
ragum used to press the palm kernel to shell crushed palm kernel is using a system of leverage. Manually break
the shell of palm kernel like in the Fig. 6.

Palm kernel

Fig. 6. cracking of oil palm seed manually
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By using ragum can break the 100 seeds for 55 minutes. For a more careful solution, the breakdown capacity
is lower for 100 palm kernels for 70 minutes. Seed were damaged 1-2% when it breaks by manual. Damage to this
seed can be reduced by doing the breaking carefully.

C. Break machine of palm seed
Palm seed shell crusher using 2 rollers rotating opposite direction. But both rolls of this tool are static or can
not shift when breaking the palm kernel. This tool uses 8 hp. mechanical breaker machine can be seen in Fig. 3.
The results of mechanical testing of two rollers in breaking the shell of palm kernel can be seen in the following
table:
Table 2. Test result to cracking performance of oil palm shell (%)

Breaking criteria dimension
small Medium Big

1 2 3 1 2 3 1 2 3
Breaking shell> 50% 10 8 12 8 6 2 12 12 10
Breaking shell < 50% 24 16 20 6 6 4 16 20 12
Whole kernel 44 64 48 72 72 76 60 62 68
cracking kernel 4 6 12 4 6 0 6 2 2
Breaking Kernel 18 6 8 8 10 14 6 6 4
Passing seed 0 0 0 2 4 4 0 0 4
Time(minute) 3.1 3.7 3.0 1.5 1.5 1.5 2.0 1.3 1.5

Testing masin in breaking palm kernel shells using three sizes, namely small, medium and large. The shortest
dimensions of palm kernel with small, medium and large that is 14.2, 17.4 and 20.8 mm. The shortest dimension
of palm kernel is used as a guide in determining the distance between cracking rolls of palm shell (clearance). If
the clearence rollers exceeds the length of the diameter of the palm kernel, the palm kernel will pass, or the palm
shell is not broken. Conversely, if the size of the diameter of palm kernels is too large from the clearence size, the
shell of palm kernel is difficult to break. Clearence of palm kernel crusher with small, medium, and large size of
12.14 and 16 mm respectively.

The results of the breaking of palm kernel seeds as in Table 2. Palm oil seed shells are still stickyto the kernel
is high enough, it is because some shells are still sticky with the kernel, so the kernel is not separated from the
shell. Another reason is the shape or structure of unbroken palm kernel, because partly irregular, so when pressed,
then there is only partial breaked of palm kernel.

Breaked seeds and cracked seeds are also encountered during the breaking of the oil palm shells. Breaked and
cracked seeds are also the impact of sticky kernels with shells. Because the kernel is sticky with the shell, some
kernels are carried by the shell. breaked and cracked seeds are also caused by improperly mounting the beater on
the cylinder, so that the position of the beater presses the palm kernel like in Fig. 7, but shifts a few mm, so that

the kernel can be compressed by a beating iron.
-
Force F=700-3500 N

Gaya aksi

Fig. 7. Seed oil palm position will be crack for two cylinder
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The breaked results show a whole peeling above 70% and breakage or crack reaches 6-22%. Damaged or
cracked seeds can not be germinated, because the seeds will be attacked by fungus for a few days when they are
germinated To improve the seeds are not damaged, it is necessary to modify the peeler with one cylinder
accompanied by slippery plate as a pressure barrier from the rotating cylinder. Modification of the machine with
the working principle as in the picture will be able to reduce damaged seeds or bruises. Prototype of a two-cylinder
coconut shell crusher with opposite direction of rotation as shown in Fig. 8 and Fig. 9 and prototipe of one cylinder
to breaked palm oil seed as show in Fig 10.

Fig. 9. Craking machine used big pulley

Crushing palm kernel with one cylinder equipped with slippery sloped plate will condition the mechanism of
this machine as follows; If the diameter is large, the palm kernel shell will be split at the top, because the clearence
is quite large, if the size of the small palm kernel, the palm kernel will be split at the bottom, because the clearence
on the bottom is small. Modification of palm kernel breaking machine can be seen in Fig. 10 below:
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Rotating
cylinder

Hopper

Matering
device

Material
curve for

Fig. 10. Modification of breaking machine of palm seed shell

Plat licin

force F=700 - 3500 N
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Fig. 11. Cracking machine Skecth for one cylinder

Table 3. Results of machine breaking of palm oil shell with one silinder for 100 seeds at average time 5,2 minute

in percent
N replication
No Criteria 1 2 3
1 Part cracking shell 8 9 11
2 Damage Kernel 4 3 5
3 Whole kernel 88 88 84
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IV. CONCLUSION

1. The result of this cracker for two cylinder testing are that the shell still attaches to the kernel for small, medium
and large seed sizes of 30%, 23% and 20% repetively, no kernel at shells of 52%, 61% and 64% and defective
kernels of 18% 14% and 16%. Kernels that can be germinate with small, medium and large seed sizes are 70%,
77% and 80%.

2. The cracker testing for one cylinder are that the shell still attaches to the kernel 10%, damage kernel 4% dan
whole kernel 86%.
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ABSTRACT

The quality of dried tea depends on the condition of raw materials and processing methods. The
problem in the tea processing is the mixture of crushed stalks and leaves. This research aims to examine
the performance of tea shoots chopping machine to obtain optimum stalks and tea leaves separation
based on the aerodynamic properties of the material. The chopping machine designed referred to the
physical and mechanical properties of tea shoots. The design concept of the chopping machine is a
vertical type chopper with five main components: hopper and output units, chopping blade, power
source, transmission system, and the frame. The performance of the chopper was assessed by
calculating the chopping effectivity and determining three physical appearances of chopped tea shoots,
namely: a) chopped leaves, b) tea shoots which not chopped properly, and c) chopped stalks. The
combination of three different blade spacings (6 mm, 8 mm, and 10 mm) and three different blade
rotation speeds (450 rpm, 630 rpm, and 950 rpm) in the chopping machine performance test resulted
that the most optimal combination of the chopping process was 8 mm blade spacing and 630 rpm blade
rotation where the effectiveness of the chopping process obtained was 88.05%.

Keywords : tea shoots; chopping machine; chopping effectivity.
I. INTRODUCTION

Tea (Camellia sinensis) is one of the main commodities of Indonesian plantation. In 2011, Indonesia was in the
eighth position as a tea producer in the world, with a market share of 3.24%. In addition, Indonesia is also the
world's ninth largest tea exporter with a market share of 2.40% [1]. However, over the past ten years, the
performance of Indonesian tea agribusiness has declined. This was indicated by the decline in tea plantation area
by 2.02% per year, followed by a decrease in production by 2.49% [2].

The main problems facing tea plantations today are quality degradation, increasing costs and decreasing
quantity of tea produced. Ref. [3] shows the condition of technological components (technoware, humanware,
infoware, and orgaware) owned by Indonesian tea industry is in medium category. The strategies that can be done
to improve the quality of tea product are: 1) Produce product according to customer's wishes, 2) Technical
response or production process priority: handling quality of tea bud, withering, and roll-milling, 3) Application of
ISO 9001 management system [4].

The quality of tea product is strongly influenced by the potential of its own shoots quality as well as its
processing method and technology. Tea product in Indonesia is divided into three classes, first grade (generally
distributed for export market), second grade (generally distributed for domestic market) and off grade (generally
distributed for domestic traditional market) [5]. Hence the quality improvement becomes one of the critical factors
in the effort to save the national tea industry. Ref. [6] suggests that if a company lacks the capability of process and
product innovation, it must at least have the ability to implement incremental changes to existing technologies
according to consumer demand.

Efforts to improve the quality of tea product to obtain more objective results are conducted through analysis
of physical and chemical quality of tea products. Physical quality analysis of tea was conducted through image
processing application ([7]-[10]), analysis of chemical quality especially aroma with application of electronic nose
sensor ([11], [12]), and artificial intelligence application using Fuzzy logic ([13]-[15]). But the application of these
technologies was only implemented on the final product of tea, so there is no effort to repair and improve the
quality of tea on the first step of tea processing technology.

The weakness in the tea processing is the mixing of stalks and tea leaves. The mixing of the stalks and tea leaves
can decrease the quality of the end product of the dried tea. This is because the main product of high-quality
processed tea comes from tea leaves, while the stalk is more functioning as an impurity when the stalk skin is

57


mailto:dtm_cyber@yahoo.com
mailto:kensutrisno@yahoo.com
mailto:w_hermawan@ipb.ac.id
mailto:desrial@ipb.ac.id

Sutejo et al. : Design and Performance of Tea...

released. The advantage of separating the stalks and tea leaves is the increased quality of the final tea product. The
quality of tea derived from the leaves will increase the selling value of the product. But if the stalk of tea leaves is
not detached the skin, it will be processed into a special high quality tea.

The first step before separating the stalks and tea leaves is by designing a crusher machine capable of crushing
the stalks and tea leaves into certain sizes for proper edible use. This research aims to design and examine the
performance of withered tea shoot crusher machine for the first step of tea stalks and tea leaves separation system.

II. MATERIALS AND METHODS

The research was conducted with design and fabrication and was continued testing the performance of the
chopping machine to ensure the machine is running well.

A. Design of the Chopping Machine

The design of this machine was made with 200 kg/hour chopping capacity. The power source was designed
using an electric motor. The chopping machine was designed per part. There are four main parts of the machine,
include hopper and output unit, chopping blade, frame, motor, and transmission system.

Input

]

N

Fig. 1. Conceptual design vertical type chopper with static blades (Na) and clockwise rotating blades (Ns)

The design criteria of the chopping machine refers to the output of the final product where the stalks and tea
leaves are should be separated easily. Criteria of the chopping machine, including: 1) stalks and leaves should be
separated or not tied to one another; 2) There is no friction between the blades when the chopping takes place.

To meet the desired design criteria, the design concept of the chopping machine is a vertical type chopping
machine with a series of rotating blades and a series of other static blades (Fig. 1). A series of blades rotates
clockwise. This mechanism aims to overcome friction between the blades, because the gap between the blades is
quite tight.

B. Chopping Machine Performance

To ensure the chopper operate in accordance with the objectives and criteria to be achieved then the
performance test conducted as much as ten replications. The combination of chopping rotation speeds (450 rpm,
630 rpm, and 950 rpm) with three different blade spacings (6 mm, 8 mm, 10 mm) is expected to produce optimal
chopping system for stalks and leaves separation. From the two factors, then obtained the treatment combinations
as follows :

Table 1. Treatment combination on chopping machine performance test

Blade space (mm) Rotation speed (rpm)
450 (A) 630 (B) 950 (C)
6 6A 6B 6C
8 8A 8B 8C
10 10A 10B 10C

The material used in this performance test is withered tea shoots with water content 68.68% obtained from
PTP Nusantara VIII plantation, Gunung Mas, Bogor, West Java. Measurement of stalk and leaf yield from tea shoots
chopping was conducted to determine the velocity of the airflow to suck the tea leaves and as a reference to the
separation capacity criteria. Yield of stalks and tea leaves of the chopping was measured by a randomly sampling
method. 200 gram chopped tea shoots snippet randomly, and separate into several parts, namely: chopped leaves,
chopped stalks, and not chopped properly. Each of these sections is then weighed and the proportions are
calculated using Equation 1, 2, and 3.
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R, = %x 100% (1)
Ry = “tx 100% )
R = =2 100% (3)

The chopping effectivity is determined by calculating the percentage of chopped material to the overall weight
of the material as follows
Ws+ W)
w

E= x 100% (4)

III. RESULTS AND DISCUSSION

A. Chopping Machine Design
1. Hopper and Output Unit

Hopper was made of stainless steel plate 304 with a thickness of 2 mm. This hopper is shaped like a rectangular
inverted prism with a beam-shaped buffer that is also a hopper holder. Hopper is removable that aims to simplify
the process of cleaning the chopping blades. Hopper can be seen in Fig. 2. Chopping capacity is calculated based
on hopper volume and cutting speed. Capacity is planned at 200 kg/hour.

Fig. 2. Hopper and ouput unit

2. Chopping Blade

There are two axes as a holder of rectangular polygon chopping blades. The space between the blades on the
shaft is 0.8 mm. A series of cutting blade rotates clockwise and the other is a static cutting blade, accordingly the
stalks and leaves coming into the chopper blades will be squashed and cut off. The Chopping blade design is shown
in Fig. 3.

3. Machine Frame
Machine Frame was made of UNP50 steel. There are two main holder position, at the top is used as a holder for
chopping blade and hopper while at the other side as a power source holder.

Fig. 3. Chopping blade
4. Power Soucre and Transmission Systems
There was 1 HP electric motor with initial rotation speed of 1400 rpm used as power source. Power transmitted
from electric motor to chopping blade by pulley and belt trasmission system. The motor will drive the pulley 1
which is directly connected to the motor shaft. The belt which is connected to the pulley 2 directly drive the main
chopping blade shaft. The diameter ratio of pulley 1 and pulley 2 is 1:2. Pulley 2 will rotate the shaft of the main
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chopping blade with clockwise rotation. The arrangement of frame, power source, and power transmission is
shown in Fig. 4.

Fig. 4. Power source and transmission system on machine frame

The design of each part was assembled to arrange prototype of chopping machine which main function of
chopping the withered tea shoots as shown in Fig. 5.

Note :

1) hopper;

2) transmission system;
3) chopping blades;

4) electric motor;

5) output unit;

6) bearing;

7) chopping blades shaft;
8) frame

Fig. 5 Design of the tea shoots chopping machine, Results of Chopping Machine Performance

The results of the chopping machine performance test focused on the capability of the machine in chopping the
stalks and tea leaves perfectly. Thus, the proportion of tea shoots which not chopped properly was expected to be
as small as possible. Fig. 6 shows the result samples of the chopping machine. There are three physical appearances
of chopped tea shoots, namely: chopped leaves, not chopped properly, and chopped stalks.

The results in Fig. 7 shows that at 6 mm and 8 mm blades space, the character of the chopped tea shoots is not
significantly different at 450 rpm, 630 rpm, and 950 rpm blade rotation respectively. This is indicated by the
proportion of each fraction which value is not much different. Nevertheless, on 6 mm blade spacing test, congestion
due to both friction between the chopping blades and the excessive feeding caused the material squashed between
the blades.

Testing with a 10 mm blade spacing resulted in a smaller proportion of chopped stalks and chopped leaves,
while for the proportion of tea shoots which not chopped properly was much greater than that with a blade spacing
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of 6 mm and 8 mm. In an experiment with a 10 mm blade spacing, the difference in rotation of the chopping blades
showed different results of cuttings. The higher blade rotation, the higher proportion of tea shoots which not
chopped properly.

The difference was caused by the wider space of the blade, allowing the material just missed, especially if the
position of the material perpendicular to the arrangement of the blade at the time of feeding. In addition, the higher
blade rotation caused the material to pass quickly through the chopping blades and more potentially to not being

chopped properly.

a b c

Fig. 6. Physical appearance of chopped tea shoots, (a) chopped leaves, (b) not chopped properly, and (c) chopped

stalks
100.00
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S 70.00 A =GB
€ 6000 - i
2 5000 =6C
S 40.00 -
.:. 30.00 mSA
T 20.00 1 =SB
0.00 : ] 3
Chopped Chopped  Not ®10A
tealeaf teastalk chopped =10B

properly
wloC
Physical appearance

Fig. 7. Chopping yield proportion of each performance test treatment
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Fig. 8. Chopping effectivity of each performance test treatment
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Fig. 8 shows the chopping effectivity. From the histogram, the highest chopping effectivity is 88.05 %. This
score was obtained from the test with a blade spacing of 8 mm and 630 rpm blade rotation. This combination is
expected to be the most optimum result in tea shoots chopping before the proper separation of tea stalks and tea
leaves pneumatically.

IV. CONCLUSION

The prototype of the tea shoot chopping machine has been manufactured with a vertical cutting system. The
main components of the chopping machine are: hopper and output unit, chopping blade, power source,
transmission system, and the frame. The results of machine performance testing shows the optimal combination
of the chopping process is 8 mm blade spacing and 630 rpm blade rotation where the effectiveness of the chopping
process obtained for 88.05%.

1]

= o

SRR
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NOMENCLATURE
Yield proportion of chopped stalks %
Yield proportion of chopped leaves %
Yield proportion of tea shoots which is not chopped properly %
Overall weight of chopped tea shoots g
Weight of chopped stalks g
Weight of chopped leaves g
Weight of of tea shoots which is not chopped properly g
Chopping effectivity %
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ABSTRACT

National paddy production in 2015 was reached 75.39 million ton harvested from 14.12 million ha of
area. Each ton of paddy produced, in shape of dried milled rice (GKG), was need 17.5 kg of nitrogen (N),
3 kg of fosfor (P) and 17 kg of kalium (K). Fertillising can be done manually or mechanically. This
research was aimed to test fertillising performance by using hand granular spreader and compared with
performance of manual fertilization. Performance test was conducted in closed room to determined
fertilizer distribution and in paddy field to determine fertilization capacity. Parameters used as
spreading effectiveness included (1) effective spreading width, (2) rate of applied fertilizer, (3) field
capacity, (4) optimum walking speed and (5) fertilization cost. Research was conducted on 4 spreading
method based on spreader structure included (1) 10-opening spreader (B1), (2) 7-opening spreader
(B2), (3) 4-opening spreader (B3) dan (4) manual spreading (B4) done in angular speed of hand 70-80
rpm and walking speed in accorting to field condition of second fertilization while handle of feed
position was kept fixed on center position. Result of this research show effective spreading width for
B1, B2, B3 and B4 are 4.67 m, 3.89 m, 2.96 m and 1.55 m, respectively. The biggest rate of applied
fertilizer is 159.55 kg/jam was reached in B1 treatment and walking speed of 0.63 m/s. The biggest field
capacity is 1.53 ha/jam was reached in B1 treatment and walking speed of 0.91 m/s. The optimum
walking speed for B1, B2 and B4 are 0.36 m/s, 0.13 m/s and 0.57 m/s, respectively. The lowest
fertilization cost is Rp 616,642 /ha was reached in B1 and walking speed of 0.86 m/s.

Keywords : fertilizing, spreader, granular, Tasco GS-10, optimal cost.

I. INTRODUCTION

Paddy production in form of dried milled rice (re: GKG) in 2015 was 75.39 million ton have been rising since
2014 where production only reached 70.85 million ton (BPS, 2016). Every ton of those GKG requires 17.5 kg
nitrogen, 3 kg phosphor and 17 kg kalium. So that mean the more GKG to produced the more fertilizer it needed.
Paddy categorized as annual plant that has life term as much 3 month so cultivation can be done 3 times per year.
With these number of cultivation soil could loss much nutrient and cannot recoveried so fertilizer need to be added
to replenish plant nutrient need. Provision of fertilizer is done on a scheduled basis based on growth phase 7 days
after planting (re: HST), 21 HST and 42 HST (BPPadi, 2016). Fertilizer is also added into paddy field before it is
planted or commonly called the basic fertilizer.

There are three factors related to rice productivity, i.e. fertilizer, seed and labour (Maulana, 2004). According
to BPS (2016) data, the cost of paddy production per hectar for a single planting period is 12.7 million with details
for each factor aforementioned are 1.3 million, 0.4 million and 4.5 million, respectively. The good fertilization
practice is the one that meet the nutrient need while minimized production cost.

Based on the survey of fertilizer using in Cikarawang, Bogor regency show the majority of paddy farmers applied
fertilizer in form of granular. There are three ways of fertilization using granular fertilizer that is spread, placed
between the run and placed on the plant hole. Fertilization in paddy field done by spread because paddy planted
at a dense distance, high doses and high solubility of fertilizer. Granular fertilizer can be spread manually or by
mechanically using spreader. Musyarofah (2014) conducted research about granular spreading manually in paddy
field showed that there are 11 different spread pattern done by farmer and in one trajectory of fertilization farmer
tend to used combination of different pattern spread. Those combination of spread pattern resulted in ununiform
distribution of fertilizer so for some part of field lack of nutrient and the other part overdoses. Manual fertilization
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consumes more time than mechanical one so the cost of labour is greater. This paradigm was exist on majority
farmer and would be answer in this paper.

The mechanical granular fertilizer spread has been using equipment commonly known as spreader.
Fertilization using spreader is believed could increase fertilization performance. The spread patterns of
mechanical fertilization teoritically are uniform and steady so it eases to meet the amount of fertilizer to throw as
regard of fertilization doses. There are two kind of spreader based on the power and tools its used, namely semi-
otomatic spreader and otomatic spreader. Capacity of otomatic spreader are higher than semi-otomatic. For small-
size field it is better to use semiautomatic spreader because of lesser operational costs. Agricultural cencus data
of 2013 on the number of farming households (re: RTP) by area of field controlled shows from 26.13 million RTP,
73.37 % were farmers with area of land controlled under 1 ha. Those farmers have no economic power to buy or
even rent spreader, especially otomatic spreader. Tasco as spreader producent have been producing semi-
otomatic spreader such as hand granular spreader Tasco GS-10. This spreader address to farmers with area land
of controlled less than 1 ha to a better fertilization performance compared with manual fertilization.

There are 3 kind of spreader based on spread mechanism namely gravity spreader, rotary spreader and
pneumatic spreader. Hand granular spreader Tasco GS-10 works according to the rotary spreader mechanism.
The quality of fertilization using rotary spreader is based on the distribution of fertilizer on field surface which is
influeched by 3 factors namely the structure and the way spreader operation, the physical characteristic of the
fertilizer and the effect of external condition (Przywara, 2015). On this research, fertilizing utilized compound
between urea and NPK relating on second fertilization for paddy plant so the characteristic of the fertilizer is a
blend from both of urea and NPK. Testing was conducted in laboratory (closed hall) so there was no effect of
surrounding weather such wind and in paddy field to determine spreading capacity. This spreader have equipped
with opening adjustment for setting the amount of spread and direction adjustment for directing the spread
distribution.

The purpose of this research was testing the performance of fertilization by manually and mechanically using
hand granular Tasco GS-10, specifically purposed for:

1. Determined effective spread width fertilization using granular fertilizer.

2. Determined rate of applied fertilizer and field capacity of fertilization using granular fertilizer.

3. Calculated optimum walking speed and optimum fertilization cost manual and mechanical fertilization.

4. Compared performance of mechanical fertilization using hand granular spreader Tasco GS-10 and manual
fertilization.

II. MATERIALS AND METHODS

Spreader structure and the way it's operated, characteristic property of fertilizer, and effect of external
condition are some factors influenced spreding quality according to Przywara (2015). Those factors become the
basics of treatment conducted on this research. Firstly, this spreader equipped with opening adjustment as much
10 kind of different opening range from 1 to 10, eventhough in this research only involved 3 different opening
namely 10-opening (B1), 7-opening (B2), 4-opening (B3) and plus fertilization conducted manually as a extra
treatment relating to structure of spreader. Fig. 1 show spreader output capacity in kg/hour of each opening of
spreader. The flowing of granular fertilizer only exists from 4-opening until 10-opening. That why there were only
3 ways of opening as treatment to represent big opening, medium opening, and small opening for B1, B2 and B3,
respectively. This spreader also equipped with direction adjustment that have 3 kind of direction that are left,
middle and right. This adjustment worked by change the position of feed orifice. Even though this research only
conducted in a way of middle position.

Tasco GS-10 is a mechanical spreader powered by human so the operation of fertilization related to walking
speed and hand angular speed. Fig. 2 shows walking speeds in paddy field for phase of second fertilization (21
days after planted) are ranging from 0.63 m/s to 0.91 m/s. The walking speed was carried out in paddy field with
15-30 cm mud depth without puddle. The hand angular speed is set steady at 70 to 80 rpm as accordance to the
tool usage instruction shown on the body of spreader.

Secondly, the flow of fertilizer is influenced by characteristic of the granular fertilizer. Table 1 shows the
physical characteristic of urea, NPK and urea plus NPK combined with ratio of 1 to 3 as relating to the second
fertilization dose as much 200 kg/ha.

Thirdly, the effect of external condition such as different depth of paddy field could affect walking speed and
temperature could change the physical characteristic of fertilizer. The actual fertilization in paddy field showed at
4 opening there was no fertilizer coming out of the spreader due to a blockage. The effect such sunlight and heat
caused the fertilizer to melt then triggered the blockage.
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Fig. 1. Output capacity for each opening of spreader

_L40 + Paddy field
E 1.20 \\ ® Plain soil
g 1.00 -
2 1
2 0.80
24
= 0.60 , : -
1S. 20,00 2500  30.00 35.00
Time (8)

Fig. 2. Range of walking speed different field condition

Table 1 Physical property of granular fertilizer
Kind of Fertilizer

Property

Urea NPK Phonska Urea + NPK (1:3)
Large diameter (cm) 1.97 4.89 -
Small diameter (cm) 1.58 3.90 -
Mass density
* 82141 605.93 787.87
(kg/m?)
400 Effactive spread width
330
300 §
% 250
g 2.00
L
g 1%
1.00
0.50
0.00

Fig. 3. Graph of effective spread width

Standardisation of spreader testing has not been performed so the performance test was refered to the
standard of granular fertilizer applicator issued by Philippine standardization agency (PNS/PAES 166:2011).
There were two kinds of testing that is indoor testing and outdoor testing. Indoor testing to determined fertilizer
distribution that measured parameter of effective spread width (re: LPE) using testing tool of patternator. Data
obtained in the form of fertilizer weight that is accommodated on each tray during 20 second of fertilization. The
data then inserted into the overlapping graph, Fig. 3, to created original curve. The original curve could be shift
left or right to produce some overlapping curves. The selection of an overlapping curve was based on the smallest
CV value obtained by the following equation:
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_ |zi-?
SD = /—n_l (1)

Outdoor testing was aimed to determine throughput capacity, optimum walking speed and optimum
fertilization cost that required this parameter of rate of applied fertilizer and field capacity to determined first.
Some of the equations used are:

KO = (Wi - Wo) / t (2)
KLE =1x v x 3600 / 10000 3)
KT=KO / KLE (4)
BO =(BT+BTT)xKLE (5)

Fertilization cost be affected by fixed cost and unfixed cost. Fixed cost included depreciation cost for 5-year
economic year and cost of capital interest. The others factor such as tax and warehouse cost did not count in
determined fixed cost. Unfixed costs entirely are operational cost included labour cost and fertilizer consumption
cost. Data was measured on outdoor testing included amount of applied fertilizer, fertilization time and length of
1 fertilization trajectory.

III. RESULTS AND DISCUSSION

Fertilizer distribution pattern of manual and mechanical fertilization are differ, Fig. 4, 5, 6, and 7, respectively,
In every openings of mechanical fertilization, the majority of granular fertilizer distributed toward left side from
the center of spreading than the right side. The mechanical fertilization shaped curve with only one peak, where
from the center of spreading curve decrease ramp toward left side while decrease steeply toward right side. In
manual fertilization distribution of fertilizer also ununiform, dominant in one side. Manual fertilizing done using
right hand with direction of spread toward three times as many so the majority fertilizer distributed toward the
right side. Manual fertilization curve consist of two peaks due to ununiform distribution of fertilizer.
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Fig. 8 show the effective spread width of fertilization, where the bigger the opening of spreader so the bigger
the effective spread width. Generally effective spread width of mechanical fertilization is bigger than manual
fertilization with 10 opening is the biggest one. The effective spread width of fertilization is not affected by walking
speed.

The rate of applied fertilizer mechanically, 10-opening even 7-opening were higher than done by manually.
Performance of mechanical fertilization affected by condition of paddy field. When walking on field paddy the
position of spreader change intermittently while moving along. The change of spreader position affected opening
of spreader. When the position of spreader are rectangular to field so the flow of fertilizer are high and decrease
relating to change of position toward left or rigt side afflicted by walking on field paddy.

Determination coefficient (Fig. 9) of curve, relation between rate of applied fertilizer and walking speed are
low, indicate the rate of applied fertilizer can be vary. Fig. 9 shows rate of applied fertilizer mechanically higher
than manually, with 10 opening are the highest. The slower the walking speed the higher the rate of applied
fertilizer. Fig. 9 indicate that both of method manual and mechanical has ununiform distribution of fertilizer.
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Mechanical fertilization field capacity is higher than manual fertilization. The measured field capacity in

this research conducted for one trajectory. The higher the effective spread width the higher the field capacity,
while the faster walking speed produced higher field capacity.
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Good fertilization practice marked by the precision of amount of applied fertilizer toward dose of fertilizer
required. Second fertilization required granular fertilizer of urea as much 50 kg/ha and NPK as much 150 kg/ha.
Throughput capacity is a parameter to know amount of fertilizer distributed to a certain area. Fig. 11 shows
throughput capacity manually is higher than mechanically, include 10-opening or even 7-opening. The slower the
walking speed the higher the throughput capacity. In one trajectory of both mechanical and manual fertilization
carried out with walking speed condition of paddy field for second fertilization, its throughput capacity was below
the second fertilization dose. Table 3 show the optimal walking speed to achieve throughput capacity equal to dose
of second fertilization for each treatment.

Table 3. Optimum walking speed for throughput capacity equal to dose

Fertilization method 10-opening 7-opening Manual
Throughput capacity, (ha/hour) 200 200 200
Regression equation y =-242.68x + 286.81 y=-156.16x+ 220.24 y=-213.99x+ 322.58
Walking speed, (m/s) 0.36 0.13 0.57
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Forward walking speed (m/s)

Fig. 12. Fertilization cost mechanically and manually

Fertilization costs are shown in Fig. 12 where the cost of 10-opening is lower than 7-opening and manual
fertilization. The operational costs of manual fertilization and 7-opening are actually larger than 10 opening, but
the field capacity of 10 opening higher than both of its.

IV. CONCLUCION

1. The effective spread width of 10-opening is 4.67 m higher than 7-opening, 4-opening and manual fertilization
respectively of 3.89 m, 2.96 m and 1.55 m.

2. Therate of applied fertilizer on 10-opening is the highest for mechanically as much 159.55 kg/jam was reached
on walking speed of 0.63 m/s.

3. The highest mechanically field capacity is 10-opening as much 1.53 ha/hour was reached on walking speed of
0.91 m/s.

4. The fertilization cost of 10-opening as much Rp 331605.93 /ha was reached on optimum walking speed of 0.86
m/s is the lowest cost.

REFERENCES

[BBPadi] Balai Besar Padi. 2017. Pemupukan pada Tanaman Padi [internet], [downloaded 2017 Jan 7]. Tersedia pada:
http://bbpadi.litbang.pertanian.go.id/index.php/berita/info- teknologi/content/226-pemupukan-pada-tanaman-padi.
[BPS] Badan Pusat Statistik. 2017. Impor Beras menurut Negara Asal Utama Tahun 2000 - 2014 [internet]. [downloaded 2017
Jan 7]. Tersedia pada: https://www.bps.go.id/linkTabelStatis /view/id /1043

Buckmaster DR, Goering CE, Rohrbach RP, Srivastava AK. 2006. Engineering Principles of Agricultural Machines. Texas (US):
ASABE.

Field HL, Solie ]B. Introduction to Agricultural Engineering Technology. Oklahoma (US): Springer.

69


https://www.bps.go.id/linkTabelStatis/view/id/1043

Pramuhadi et al. : Fertilizing Performance by Using Hand...

Musyarofah N. 2013. Analisis Sebaran Pupuk Butiran pada Berbagai Metode Penebaran Pupuk di Lahan Sawah secara Manual
oleh Petani [skripsi]. Bogor (ID): Institut Pertanian Bogor.

Octiasari. 2011. Hubungan Penguasaan Lahan Sawah dengan Pendapatan Usaha Tani Padi [skripsi]. Bogor (ID): Institut
Pertanian Bogor.

Pratama NA. 2012. Rancangbangaun Rangka Unit Penebar Pupuk Butiran Laju Variabel [skripsi]. Bogor (ID): Institut Pertanian
Bogor.

Przywara A. 2015. The Impact of Structural and Operational Parameter of the Centrifugal Disc Spreader on the Spatial
Distribution of Fertilizer [internet]. [downloaded 2017 April 5]. Journal of Agriculture and Agricultural Science Procedia.
7(2015):215-222. Tersedia pada: http://www.sciencedirect.com/science/article/pii/S2210784315300218.

Sinaga DR. 2009. Kapasitas Lapang, Efisiensi dan Tingkat Pelumpuran Pengolahan Tanah Sawah di Kelurahan Situ Gede,
Kecamatan Bogor Barat, Kota Bogor [skripsi]. Bogor (ID): Institut Pertanian Bogor.

70



Proceeding of ISAE International Seminar, Bandar Lampung, August 10-12, 2017

A11

MODIFICATION OF CORN (Zea mays L.) SHELLER
BY ELECTRIC MOTOR POWER SOURCE

Omil Charmyn Chatib?, Santosat?, Oggi Alif Riyandaz

1 Lecturer at Agricultural Enggineering, Andalas University, Padang 25163, Indonesia
2Laboratory of Production and Management of Agricultural Equiprment and Machenary, Agricultural Enggineering,
Andalas University, Padang 25163, Indonesia

E-mail : omilcharmynchatib@gmail.com

ABSTRACT

Corn (Zea mays L.) is a the one of strategic plant to be cultivated, because it is not only can be substitute
material of rice but also can be used for animal feed and industrial raw materials. This study aims to
modify the sylinder corn sheller by using rubber as the gear sheller and the electric motor as the
resource. This research uses modification method, then test the modification to know the performance
of machine. The parameters observed were moisture content, work capacity, yield damage, percentage
of isolated, unspoiled percentage and loss rate. The best result obtained is the level of damage of corn
snack obtained by 0 %. By using of rubber material as the gear sheller can decrease the damage level of
the result because rubber has a good elasticity value.

Keywords : Modification, Sylinder corn sheller, Corn, Rubber sheller.
I.INTRODUCTION

Corn (Zea mays L.) is one of the great commodities as a source of carbohydrates. According to Firmansyah et.al
[1], The proportion of corn as one of the producers of carbohydrate is 16.6%, while rice 55.5%, and the rest is
occupied by cassava, sweet potatoes and others. The utilization of corn not only as a substitute material of rice but
also for animal feed and industrial raw materials.

The increasing of corn production through improved cultivation technology can be quite successful. However,
the it hasn’t been followed by good postharvest handling, one of them in the Sheller process. The occurrence of
damage to the seeds of corn in some of the process of pinched due to corn size mismatch with the pemmer.

Corn sterilization in home and small industries is mostly done in traditional and semi-traditional ways. With
that way is used a long time and the power used is big enough. According to Hariyono [2], Adult women can shave
the corn by hand in 2-9 kg/hour. For manual type sharpener (TPI type) can shave it in 20-30 kg/hour, and for car
tire sheller model can shave it in 40 kg/hour. For industrial scale screwers have a very large working capacity and
use a large power. For example, the capacity ranges from 1-2 tons/hour and power used by 6 HP. These machine
have large dimensions, so the cost of producing this class of corn sheller is certainly huge. Mislaini el al [3] also
said that, For industrial scale has capacity ranges from 1-2 tons/hour and the power used by 6 HP.

Aswanda [4] had modified corn sheller machine uses a material that almost entirely uses iron, including the
cylinder shrinkers made with bolt as gear shrink. The proccess of snacking generate an average percentage of
damage of 6.1 %. The factors that cause the occurrence of such damage is the gear pemmeril on the cylinder
sharper made of bolts, thereby allowing the occurrence of damage to the results of corn poultry process. It is
necessary to modify the corn sheller cylinder, so it can reduce the percentage of damage results.

Based on the background, modifications to the existing corn sheller cylinders in the hope of decreasing the
percentage of corn damage during the process of peppering. The tool that will be modified is designed to have a
difference with the previous. The difference is on the cylinder sheller by using rubber as the gear sheller. Because
rubber has a cost of manufacture and maintenance is relatively cheap and easy to operated.

This study aims to modify the corn sheller cylinder with electric motor power source.

II. THE MATERIALS AND METHODS
A. Time and Place

This research was done from August to October 2016 at Laboratory of Production and Management of
Agricultural Equiprment and Machenary, Agricultural Engineering Study Program, Andalas University, Padang.
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B. Material and Tools

The material used in this research such as iron plate and iron strip with thickness 3 mm, nut, bolt, rubber and
250 kg of corn with varieties BIMA 20. The tools used in this research are drill, hammer, key Combination, welding
equipment, hacksaw, stopwatch and scales.

C. Research procedure

This research was conducted by using modification method with stages of preparation of tools and materials.
In conducting the research, the corn was dried to 14%, 18%, and 22% moisture content, and the rpm of the sheller
cylinder was adjusted to 400 rpm, 500 rpm, and 600 rpm. The electric motor used power of 0.5 HP. Data retrieval
was performed in 5 repetitions at each treatment.

D. Observation
The parameters observed were the measurement of corn water content, work capacity, percentage of yield
damage, percentage of collected corn, percentage of uncollected corn, and loss rate.

1. Water Content

The water content of corn was measuring with Grand Mousture Tester. According to Bintoro et al [5], water
content of corn used has ranging between 17-20%. While corn is based on SNI 3920-2013, maximum water
content is 17% [6].

2. Work Capacity
The equation To measured the work capacity using :

we = 2= (1)

3. Percentage of Yield Damage
To calculated the percentage of yeald damage using equation :

WBC
- 0,
YD = ¢ < 100 % (2)
4. Percentage of Shelled Corn
To calculated percentage of shelled corn using equation :

wcc

SC=—rr—
WCC +WUC

x 100 % (3)

5. Percentage of Unshelled Corn
To calculated percentage of unshelled corn using equation :

WwucC

UC= 7 —
WUC + WCC

x 100 % (4)

6. Loss Rate
To calculated percentage of uncollected corn using equation :

_ WAC- WCC- WUC
- WAC

LR x 100 % (5)

III. RESULTS AND DISCUSSION

Based on the research that has been done in the Laboratory of Production and Management of Agricultural
Equiprment and Machenary, the focus of testing discussion such as water content, work capacity, yield damage,
percentage of isolated, unspecified percentage and loss rate.

After modifyed the components of the corn shepper machine that is on the teeth sheller then obtained the
specification of the tool can be seen in Table 1.

Table 1. Tool Specifications

Component Information
Cylinder Sheller Iron Strip 3 mm
Gear Sheller Rubber
Motor Power Pulley @ 3inch, @ 4 inch, @ 5 inch
Sheller Pulley @ 10 inch
V-belt 58 mm, 59 mm, 60 mm
Bearing @ 1 inci
Engine Electric Engine 0,5 HP
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The Cylinder of corn sheller was modified on the gear of the pemmer. It made from rubber tires. The picture of
the gear of cylinder sheller can be seen in Fig. 1.

n

Fig. 1. Gear Sheller

In the process of making the cylinder of corn sheller by cutting of iron strip, pipe iron and rubber tire. [ron
strips and rubber tires are drilled using a drill to facilitate the installation of such components when the sheller
cylinder has been put together. The components are incorporated using welding techniques using an electric
welding machine. Then, the cylinder shaft is paired with a 10-inch diameter pulley, and is paired with two bearings
and joined to the main frame. The cylinder gear can be seen in Fig. 2.

Cx?
Fig. 2 .The Cylinder of Corn Sheller

A. Water Content Measurement

The measurement of the water content of the corn was carried out using a previously calibrated Grand
Mousture Tester tool. The measurement of water content of corn was done in 5 repetitions using samples from 5
corns that have not been sheller. The aims to measured it was to see the percentage of water content contained
and become a reference for measuring different levels of corn water with different percentages. The measurement
of moisture content of corn can be seen in Table 2.

Table 2. Water Content measurement

No Water Content (%)
1 29,0
2 30,0
3 29,5
4 32,0
5 31,0
Sum 151,5
Average 30,3

Table 2 shows the average value of corn water content of 30.30%. According to Firmansyah et al [7], the survey
results show that moisture content of corn harvested during the rainy season is still high. It was between from 25-
35%.

After the initial water content is obtained, then the water content decrease by oven. At this observation, the
water content is lowered to 14%, 18% and 22%, it cause to the time of excision the resultant damage can be
avoided. Compared with damage to yields obtained by Aswanda [1] of 6.1%, the damage to the results obtained
after modification is obtained at 0%. It was cause influenced by the treatment of different water content and the
gear sheller made of rubber material. Decrease in moisture content using oven can be seen in Fig. 3.

Fig. 3. The Process of to Decrese Water Content Using Oven
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B. Work Capacity

Working capacity is obtained from the division between the weight of the corn and the time needed to split the
corn. After doing the observation, rpm and time of panning have an effect on the work capacity. Table 3 shows that
the higher the rpm value the greater the working capacity, this is due to the rapid rotation of the cylinder spin
causing the shortest corn in a short time, so that the process of panning can be solved quickly and produce a lot of
corn. For each rotation frequency of the shipping machine, it is applicable that if the higher the water content the
poultry work capacity increases. Graph of the working capacity of the corn sheller machine can be seen in Fig. 4.
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Fig. 4 Grafic of Work Capacity

If compared with the work capacity by Aswanda [1] (45.50 kg), work capacity obtained after modification is
higher than before. Because the influenced by the treatment of RPM and different water content. So that the value
of the higher work capacity is obtained.

C. Persentage of Yield Damage

The percentage of yield damage is the ratio of the weight of damaged corn to 200 gram of the sample from the
weight of the corn in one repetable. Water content will give affect the level of damage during the process of
separation of corn kernels from the cob, especially if the water content of corn to be released the seeds are high.
Then the kernel of corn will be difficult to release and suffered. According to Handerson and Perry [8], before the
process of corn pelleting is needed the drying process to avoid the occurrence of broken seeds. Therefore, the seed
moisture content should be lowered to 20%. The Persentage of yield damege in this reaserch show in Table 3.

Table 3. Persentage of Yield Damages

RPM WC (%) YD (kg) __ CC (kg) YD (%)
14 0,00 10,36 0,00
400 18 0,00 11,06 0,00
22 0,00 11,34 0,00
14 0,00 11,60 0,00
500 18 0,00 12,20 0,00
22 0,00 12,54 0,00
14 0,00 12,30 0,00
600 18 0,00 12,42 0,00
22 0,00 12,74 0,00

Table 3 shows the result yield damage by 2 factors, in example RPM and water content. In that table also the
average percentage of yiled damage is 0%. It is cause of the proccess removing the corn kernel is done at the water
content standart (14% and 18%). So no one corn seeds are broken. Other wise, not only in water content standart
but also corn with moisture content of 22% having damage percentage 0% . This lower damage caused by the gear
of cyllinder sheller was made from rubber. As we know, rubber more elastic than iron.

At proccess of removing korn kernel from cob, the rubber shrinking gear will follow the texture of the corn. So
that corn can be isolated without damage. In contrast to iron-shaped teeth with low elasticity, the teeth exert great
pressure during the process of shaking. So the process causes friction and collisions that cause corn kernels to be
damaged. The results of the poccess can be seen in Fig. 5.

Fig. 5 The Result of Corn after using Corn Sheller
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D. Percentage of Shelled Corn

To get the percentage of shelled corn has done by comparing the weight of shelled corn with sum of shelled
corn and unshelled corn. In Fig. 6 states that the higher the RPM used will be the higher the percentage of the corn

shelled. The grafic of Percentage of Collected Corn show in Fig. 6. It couse of in high RPM give a high power to
shelled the corn. So many of korn kernel released from the cob.
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Fig. 6. The Grafic of Persentage Collected Corn

E. Persentage of Unshelled Corn

The percentage of unshelled corn is obtained by dividing the unbroken corn by the weight of the unpolished
corn plus the weight of the corn that is split and multiplied by 100%. The unshelled corn in this observation is the

kernel corn that is still attached to the cob. This value is inversely with the persentage of shelled corn. Graphic
percentage of unsheller corn can be seen in Fig. 7.
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Fig. 7. The Grafic of Percentage of uncollected corn

Fig. 7 shows that water content also gave affects for the shelled process. Because high water content made corn

dificult tu released from the cobs. So the gear of cylinder corn sheller will be difficult to worked. Unshelled corn
can be seen in Fig. 8.

Fig. 8 The Unshelled Corn

F. Loss Rate

The loss rate in this result cause of when the shelled process many corn kernel throw out from the cylinder,
not went out in outlet. The loss rate shows that if the water content was low, so the loss rate will high. This is
caused by the lower water content made the corn kernel harder to shelled. Not only that, the high rotation of the
cylinder corn sheller causes the corn with low water content spill out and not entirely out of the outlet. That made
the loss rate higher. The graph of loss rate can be seen in Fig. 9.
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Fig. 9 The Grafic of Loss Rage

IV. CONCLUSION

1. Has been modified the corn sheller machine in the cylinder corn using electric motor power source with
specifications :
a. Gear sheller made from rubber.
b. The sheller Cylinder pulley with 10 inch.
¢. Motor Power pulley with 3, 4, dan 5 inch.
d. Transmision using V-belt with 58, 59 dan 60 mm.
Persentage of yield damage was 0 %.
NOMENCLATURE
LR Loss rate %
SC Percentage of shelled corn %
T time hour
uc Percentage of unshelled corn %
wc Work capacity kg/hour
wcc Weight of collected corn kg
WAC Weight all of corn kg
WBC Weight of broken corn kg
WCC Weight of collected corn kg
WwucC Weight of uncollected corn kg
WT Water Content %
YD Percentage of yeald damage %
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ABSTRACT

Hand tractors are very useful in the territory of Indonesia which was famous as an agrarian country. Its
location on the equator lane brings its own advantages for soil conditions in Indonesia. Land in
Indonesia can be processed into agricultural land so that agriculture can become the main livelihood of
Indonesian people in general, especially in Nagari Tanjung Bonai Kabupaten Tanah Datar . Nagari
Tanjung Bonai was one of the areas of horticultural crop development, where people really need a tool
to cultivate the land. However, cultivating the soil in farming manually will be more difficult for farmers.
For that, farmers need a tool or machine to facilitate their work in cultivating their plantation land. One
of them was by using hand tractors. The results of soil treatment using hand tractors are influenced by
the depth of tillage and the speed of the tractor works, while the depth of tillage and the speed of work
will affect the working capacity and fuel requirements. The purpose of thwas research was to calculate
the amount of fuel requirement and the working capacity of hand tractor with the ground tool of steel
claw plow with variation of soil preparation, depth of tillage and speed of work. The soil cultivation
pattern was carried out by varying the back and forth pattern and the pattern of traveling. Research
method used was Randomized Complete Block Design (RCB) with factorial arrangement. The first factor
was the depth of the plow conswasting of 2 levels of treatment that were: 20cm and 30 cm plow depths.
The second factor was the speed of the tractor conswasting of the gear speeds of 0,25 m/sec and 0,5
m/sec. The parameters measured were the fuel consumption and hand tractor working capacity for
each pattern of soil treatment. The results showed that the average fuel requirement at 20-30 cm depth
of tillage and the working speed of V1 on the alternating pattern was 1,35 L/hour, in the circular pattern
0,99 L/hour and at velocity V2 on the alternating pattern was 1,48 L/hour and the circular pattern was
1,35 L/hour. The average working capacity at 20-30 depth with velocity V1 in the alternating pattern
was 10,65 hour/ha and the circular pattern was about 7,65 hour/ha, and at velocity V2 the alternating
pattern was 9,85 hour/ha and the circular pattern was 5,5 hours/ha

Keywords : Working Capacity, Fuel Consumption, Pattern of Soil Preparation.

I. INTRODUCTION

In Indonesia, horticulture cultivation was still done conventionally using human (manual). Therefore, the use
of soil-preparation machines was very important to increase production. Thwas was caused by the lack of
knowledge of the farmers on technological developments that make more prioritize the preparation of land
manually (Haerani, 2001).

Hand tractor was the equipment used by human, working system that was needed by hand tractor impulse,
and of course using human. Handtractor serves to cultivate the soil, has a high efficiency because the reversal and
cutting the soil can be done at the same time. Thwas two-wheeled tractor was a versatile tractor because it can
serve as a driving force for other tools such as water pumps, processors, trailers and others (Sutrwasno, 1999).

Agricultural tractors are now an integral component of agricultural and rural development. Residents have
benefited from the use of tractors to do land-grinding work quickly and many have switched to picking tractors
rather than using animals or muscle power for the same job. Thwas was because they can compare that it turns
out to be treating the soil with a tractor more profitable than any other way. The same thing was done by the
farmer community of Tanjung Modang Nagari Tanjung Bonai Kecamatan Lintau Buo Utara Kabupaten Tanah
Datar. Farming communities have very large antuasias with the use of hand tractors, especially for dry land. When
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viewed in terms of economic use of hand tractors compared with human labor was very more efficient, can
produce greater capacity and fewer working hours.

The pattern of tillage using a hand tractor was closely related to the time lost due to bends during tillage. Based
on thwas the pattern of preparation should be determined to minimize turning time because at the time the tool
was not working.In order to see the efficiency of hand tractor usage, it was necessary to test the hand tractor of
steel claw hand tract with some soil preparation pattern so it was expected to produce the best alternative soil
farming pattern to help farmers to increase production, farmer income and reduce production cost and improve
farmer's welfare.

The principle of construction of thwas small tractor conswasts of: drivingforce motor drive, landing chaswas
and body, power successor components, tires wheels, implements soil preparation equipment. As for the
preparation in the use of hand tractors before operation so that thwas tractor can work smoothly and
economically, that was to prepare the clothes of the operator, conduct inspection, check the clutch, the tractor
must walk straight, check the tire pressure, check the parts that need to be lubricated (Hardjosentono, 2002).

Soil preparation was the hardest part of the entire cultivation process, where it consumes about one-third of
all the energy required in agricultural cultivation. How to cultivate the land will affect the results of preparation
and energy consumption (Mundjono, 1989).

Mardinata and Zulkifli (2014), Patterns of soil preparation are closely related to time lost due to bends during
tillage. The pattern of treatment should be chosen in order to minimize as much as possible the removal of the
apparatus to reduce as much of the time as possible because at the time of removal the device does not work.
Therefore it should be cultivated plow or rake keep working during the operating time in the field. The more app
removal at turns, the lower the efficiency of the work.

The speed of vehicles and fuel consumption has a strong relationship. The faster the tractor goes, the more fuel
consumption will increase. High speed tractor because pwaston burn more fuel. The more fuel that was burned
the more banyk power generated so that the faster the vehicle moves.

II. MATERIALS AND METHODS

The experiment was conducted by using factorial randomized block design (RAK) on the land with the pattern
of back and forth back and forth. The research was conducted in the farmer's group Sago Lestari Jorong Tanjung
Modang Nagari Tanjung Bonai Kecamatan Lintau Buo Utara Tanah Kabuapten Tanah Datar June 2017. Research
using a Quick hand tractor with a steel claw tillage tool. The size of the land plot used was 20 x 20 m. The first
factor was into the plow (D) conswasting of two (2) levels of treatment that was within 20 cm and a depth of 30
cm. The second factor was the speed of the tractor (V) conswasting of velocity 1 ie gear 1 (0,25 m/sec) and velocity
2 using 2 gear (0,5 m/sec).

Research procedure: before the tractor engine was turned on it was ensured that all supporting equipment or
tractor components are fitted perfectly. The fuel tank was fully charged before the tractor was run. The cultivation
of the land begins with a velocity of V1 and a velocity of V2 at a depth of 20 cm, 30 cm for a pattern of back and
forth arranging the field. After completing the preparation of one tractor machine the hand was turned off then
the fuel tank was fully charged and record how much fuel was added to the tank. The land treatment was done 3
replications for each treatment and land treatment pattern.

Calculation of fuel consumption and working capacity can be used the following formula:

Added Volume

Fuel Consumption (1 / hour) = Working fime

(1)

Working time

Working Capacity (hour / ha) = (2)

Land area

III. RESULTS AND DISCUSSION

Observation of the results of research with the pattern of land preparation back and forth tightly and around
as shown in Table 1.

Table 1. Result of Observation of Fuel Consumption and Working Capasity

Treatment Parameter
Depth Speed Pattern Back and Forth Pattern Around
KBBM (1/hour) KK (hour /Ha KBBM (1/ hour) KK (hour /Ha)
20 em V1 (0,25m/sec) 1,27 9,4 0,94 7,2
V2 (0,5 m/sec) 1,43 9,2 1,30 4,9
30 em V1 (0,25 m/sec) 1,43 11,9 1,05 8,1
V2 (0,5 m/sec) 1,53 10,5 1,40 6,1
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Seen in Table 1, the highest fuel consumption was at a velocity of V2 at a depth of 30 that was 1,531 /hon a
pattern of back and forth groundwater treatment. The lowest consumption was seen at a depth of 20 cm, velocity
V1 in the pattern around 0,94 1 / h. The highest work capacity was seen at 4,9 hours/ha on the inside of 20 cm in
the circular pattern.

Mardinata and Zufkifli (2014), in the use of hand tractors fuel consumption factors and work capacity are the
main factors seen in tractor selection. Tractors that consume small fuel for the same mileage are the options to be
achieved. Meanwhile, for the work capacity of tractor with the largest working capacity becomes the choice.

The results show that the fuel consumption in the surrounding pattern was smaller than the fuel consumption
of the back and forth pattern. The depth of tillage also gives more influence in tillage also requires greater fuel. For
work capacity using velocity V2 indicates higher capacity than velocity V1 and depth factor also affect work
capacity, the deeper the tillage the smaller work capacity.

A. Fuel Consumption (L/Hour)
The results show the fuel consumption on soil tillage and different depth as shown in Table 2.

Table 2. Result of Fuel Consumption Analysis

Soil Preparation Pattern Depth Speed
V1 (0,25m/sec) V2 (0,5 m/sec) Average

Pattern Back and Forth 20 cm 1,27 1,43 1,34
30 cm 1,43 1,53 1,48
Average 1,35 1,48 1,41
Pattern Around 20 0,94 1,3 1,12
30 1,05 1,4 1,23
Average 0,99 1,35 1,18

The average fuel consumption based on the speed of the tractor was found that the highest fuel consumption
was at the speed of tractor 2 and the alternating treatment pattern was 1,48 1/hour. While the average
consumption of the lowest fuel was at the speed to 1 that was 0,99 1/hour in the preparation of land pattern. The
average consumption of fuel based on the depth of soil preparation found the highest fuel consumption was at a
depth of 30 cm that was 1,48 1/hour on the preparation of land back and forth meetings. While the average
consumption of the lowest fuel was obtained on soil preparation around 20 cm depth of 1,12 1/hour.

Djoyowasito (2002), the deeper the depth of the soil the speed of work was lower. Thwas phenomenon occurs
because the wheel slip was very high at the time the tool works and also the number of weeds that are cut off and
chunks of large-scale soil, so that the time to travel the dwastance determined to be long.

Tractor fuel consumption will be greater if the penetration of the soil was greater. Penetration of land will be
greater if the depth of the soil deepens. The deeper the tillage the slower the tractor will run because the required
tractor power will be greater. As a result the greater the power required to move the tractor. Tractor power was
generated from rotation of pwaston in cylinder. The more cylinder pwaston rotation, the more fuel will be spent.
The results also show the longer the length of tractor dwastance.

Yuswar (2004), speed was one method to increase the work capacity of agricultural equipment that was by
increasing the speed of the tractor means to increase the working capacity of the soil preparation equipment
without having to increase the weight and the number of propulsion units that burden the soil.

The results of thwas study showed the higher the speed of the tractor the more fuel needed and the more deeply
preparation the soil also the fuel needs. According to Pramuhadi (2004), the addition of tractor power requires
greater combustion so that the tractor fuel consumption was also greater than that the penetration of soil
penetration also affect the fuel consumption.

B. Working Capacity (Hour/Ha)
The results show the working capacity of the soil preparation for alternating velocities and the circular pattern as

shown in Table 3.

Table 3. Results of Work Capacity Analysis (Hour/Ha)

Soil Preparation Pattern Depth Speed
V1 (0,25m/sec) V2 (0,5 m/sec) Average
Pattern Back and Forth 20 cm 9,4 9,2 9,3
30 cm 11,9 10,5 11,2
Average 10,65 9,85 10,25
Pattern Around 20 7,2 4,9 6,05
30 8,1 6,1 7,1
Average 7,65 5,5 6,58
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The capacity of the average hand tractor work based on the speed of the tractor was found that the highest
working capacity was at the speed of the tractor 2 and the circular of 5,5 hours/ha. Meanwhile, the lowest average
hand tractor work capacity was at the 1st speed of 10,65 hours / ha on the backyard pattern preparation. The
average hand tractor work capacity based on the depth of soil preparation found the highest working capacity was
at a depth of 30 cm ie 6,58 hours / ha on the preparation of ground around. Meanwhile, the lowest average hand
tractor work capacity of the fuel was found on alternating soil treatment at 30 cm depth at 11,2 hours / ha.

The average work capacity of tillage speed treatment has an effect on the work capacity. The faster the tractor
works the greater the work capacity of the tractor. Rizaldi menurur (2006) work capacity of a preparation
equipment was influenced by several factors, namely: 1) size and shape map; 2) topographic area; 3) the state of
the tractor; 4) the state of vegetation at the soil surface; 5) soil condition; 6) operator skill level; And 7) land
treatment pattern.

The soil treatment pattern will affect the working capacity of the tractor used. The soil tilling pattern gives the
best capacity because at the time of operation with the alternating pattern it will take time to turn so that the work
capacity will be smaller. Thwas was in accordance with the statement (Suastawa et al, 2000) the pattern of soil
preparation was closely related to the time lost due to curves during the preparation of the soil. The pattern of
treatment should be chosen in order to minimize as much as possible the removal of the apparatus, since at the
time of removal the device does not work, the more the apparatus was removed at turn time, the lower the working
efficiency. The results showed that the difference in speed and depth of soil preparation gave effect to the fuel
consumption and the working capacity of the tractor during the preparation of the soil.

IV. CONCLUSION

A. Conclusion

1. The average fuel requirement at a tillage depth of 20-30 cm and at the working velocity of V1, for the
alternating pattern was 1,35 L/hour, and for the circular pattern was 0,99 L/hour. At the working velocity of
V2, for the alternating pattern fuel requirement was 1.48 L /hour and for the circular pattern fuel requirement
was 1,35 L/ hour.

2. The average working capacity at a tillage depth of 20-30cm, at the working velocity of V1, for alternating
pattern was 10,65 hours /ha and for the circular pattern was 7,65 hours /ha. At the working velocity of V2, for
the alternating pattern working capacity was 9,85 hours /ha and for circular pattern working capacity was 5,5
hour/ha.

3. Based on the efficiency of fuel consumption and working capacity, the circular pattern was the best soil tilling
method.

B. Suggestion
In the preparation of land by hand tractor using a circular pattern of traveling around with a speed tractor
V2 with a depth of 20 cm.
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ABSTRACT

Kanum tribesman in Yanggandur village besides gardening they are also hunt. The hunted area of the
Kanum Tribe is a Savanna, a forest overgrown with bus trees and others with a very wide swamp with
the abundant Gastor (Channa Striata) fish. The existence of the village is quite isolated, the position of
the village of Yanggandur about 4 km from the highway and 49 km from the city of Merauke. There is
no special transportation that connects Yanggandur village with the city of Merauke. With the conditions
mentioned above then the hunting area and the deep gardens in the forest of Kanum tribesman are very
difficult to sell the yield hunts and fish catches. The purpose of this study, the first is to design a meat /
fish curing tool so as to extend the age of consumption desirable hunting and the catchment of the
villagers. Secondly to the dependent villagers can increase their income by selling the hunt and catch,
thirdly, the citizens can process the hunt and catch as soon as possible and be guaranteed cleanliness.
The target of this program is the village community who daily in their living needs are gardening,
hunting deer, cassowary and kangaroo and catch fish. At the beginning of the dry season the catch is
very abundant. The method in this research is the making curing tool that made of iron elbow, stainlees
steel sheet with tool dimension 60 cm length, width 60 cm and height 80 cm, test the tools and
application in society by doing comparison of economic value obtained between the sell of the hunt
directly with curing first. It is expected that the results of curing of meat and fish have a longer
consumption-worthy time.

Keywords : Curing Tool, Hunting Result, Tribe Kanum

I. INTRODUCTION

Merauke Regency is one of 29 districts in Papua Province located in the Southern part which has the widest
area among districts in Papua. Geographically the location of Merauke Regency is between 1370 - 1410 BT and
600 - 900 LS. Merauke Regency is the easternmost of the archipelago with the following limits: 1). North side by
Boven Digoel Regency and Mappi Regency, 2). East by the State of Papua New Guinea, 3). South by the Arafura
Sea, and 4). The west is bordered by the Arafura Sea (Anonymous, 2006).

Merauke district has Wasur National Park. Wasur National Park is a national park in wetland form, and this
wetland is the most widespread wetland in Papua or Irian Jaya but Wasur National Park has little disruption due
to human activities. Wetlands in Wasur National Park are wetlands with many important functions such as
wetlands providing enough food for valuable ecosystems such as crabs, shrimp and fish. Besides this wetland also
serves as a refuge for the ecosystems in it.

In the Wasur National Park there is the Rawa Biru area. The Rawa Biru area is the savanna of life. In a swampy
expanse of approximately 4,000 hectares, the Kanum tribe, Marind sub-sub-district, in Merauke District, Papua,
they are put their live at there. Hunting and gathering is performed every day by four large families (settlers) who
live in the village located in the area of Wasur National Park, namely clans Dimar, Banggu, Maiwa, and Sanggra.

Hunting life is thick in Kampung Rawa Biru inhabited by about 60 families or 248 Kanas. Grown men, even boys
of primary school age, hunt animals every time. Savannah overlay, swamps and trees bus habitat for kangaroo
land, roomy kangaroo, deer, pigs, fish, and little crocodile. Since childhood Kanum tribe has been familiar with the
"mercy" of nature. By their parents, the children are taught how to support themselves through hunting or
gathering.
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Usually, one time in hunted, people travel through kole-kole (small boat from tree Bus) to the location along
the swamp. One trip takes 6 hours and they have to stay in the forest 1 - 2 nights. Hunting by Kanum people is
more driven by economic factors.

Problem that arise until now is the people of Kanum tribe still sell their game without processed first. To retard
the damage of meat, they hunted out the organs in the hunted animals and then stacked on wood (Picture 4). Often,
the community to preserve their prey by burning it on fire so untill it is dark brown or black. The problems that
arise are:

1. Not guaranteed of freshness of meat and fish.

2. Because meat or fish thata placed or hung in open places will be damaged or rotten. Meat and fish belong to the
most perishable foods group.

3. Meat or fish that burned, looks less attractive so that consumers are reluctant to buy it.

According with the problems then there should be a solution to overcome. It needs a tool to secure the game,
one of them is meat and fish sauce.

II. MATERIALS AND METHODS

The method used in this research: (1) Designing meat and fish sauce. (2). Conduct a test run of the tool. (3).
Observing the fumigation results with the observed indicator is the temperature of curing, the duration of curing.
The final temperature of the smoked material. (4) Comparing observations with traditional fumigation results,
especially for temperature and time. The parameters observed in the design of this tool are tool length, tool width,
and tool height.

The research stages are as follows.

Specifications of the smoker are:

1. The framework of the smoker is made of hollow iron so it is strong enough to withstand the load.

2. The frame cover is made of an aluminum plate to avoid other rust with the same thickness of aluminium
lighter than the steel plate.

Curing shelves made with 3 shelves to be able to load the material to be smoked quite a lot.

Curing tool can be removed with the aim can be moved in accordance with the required maturity.

Curing device made with Knock Down system for easy disassembling so easy to carry it,

Size of the curing tool is length 125 cm, width 100 cm height 150 cm. Meat sauce is made with these sizes
so that one clan can use it together.

7. The tool designed is equipped with thermo control that serves to determine the temperature of meat / fish.

oUW

Fig. 1. Design of Curing Tool

III. RESULTS AND DISCUSSION

A. Description of Curing Tool

Meat and fish curing tool’s is divided into three spaces, namely the furnace room, curing room / space as much
as 3 space products, and the vented chamber (chimney) (Picture 1). With an overall size of 60 x 60 x 80 cm shaped
box with a frame made of iron rods with a diameter of 1 cm and a wall of stainless steel plate with a thickness of
3.5 mm, and the top of the truncated pyramid-shaped with a height of 40 cm and a flue section has a door set
Smoke exit.

On the inside there is a curing room consisting of 3 shelves. This tool is made by minimizing the gap so that the
smoke can be trapped inside so that the curing process runs perfectly although the amount of fuel is relatively
small. This tool is made with knock down system with the intention to be easily taken to the hunt.
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The working principle of this curing tool is similar to the working process of other curing tools, but the
difference lies in a tool that is easily dismantled and reassembled. The purpose of the tool is made with the system
knockdown is easier to take it to the hunting place and more concise in its storage and easy to clean.

Fig. 3. Installation of Curing Tool

B. Temperature and Humidity of Curing Room

The results of the curing test show the air temperature in the curing chamber at the beginning of fogging is
1650 C. The initial process of smoke formation is used twigs sufficiently and 8 pieces of coconut coir from 2
coconuts. Coconut husk works to produce a considerable amount of smoke.

Fig. 4. Measuring The Temperature

C. Smoke Volume

Furthermore, Leksono et al., (2009) states that factors that may affect the amount of fuel used for fumigation
include: duration of fumigation, cubic chamber capacity or the number and size of smoked meat and fish, as well
as the desired water content of meat or smoked fish. The smoke volume in the curing process is also strongly
determined by the fuel conditions. The setting of the flame affects smoke formation. To make enough smoke first
make fire from twig to burn coir.

D. Organoleptic Quality of Smoke Fish

To know the quality of smoked fish, conducted organoleptic analysis that is favorite test. The results of the
analysis show that the panelists give a fairly good appreciation of the meat and smoked fish produced, ie the
average organoleptic value above 3 (like). Appearance of smoked fish and chicken meat slightly golden yellow
gives a high rating. This condition is closely related to the smoke and smoke formation process. The smoke
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produced at the beginning of fogging will be attached when the meat and fish are still in wet conditions. Coupled
with a fogging design that allows the smoke to spread evenly. Smoke with various chemical substances especially
phenol will react with fat and fish protein to form a golden yellow color’s.

Phenol and carbonyl compounds act to give flavor to smoked fish (Martinez et al.,, 2007). Specific volatile
compounds, especially phenolic compounds, can influence the sensory characteristics of smoked fish (Cardinal et
al,, 2006). Some phenolic compounds such as guaiacol and siringol are very distinctive compounds in smoked fish
(Jonsdottir et al., 2008). Coconut shells including hardwoods that can produce a good volume of smoke will affect
the organoleptic value of smoked fish (Marasabessy 2007). The reaction between the carbonyl and protein
compounds generally affects the formation of color on the surface of the smoke product, while the phenolic
compounds absorbed into the product act to produce flavor and aromatic of the smoke product (Kjallstrand and
Petersson, 2001).

IV. CONCLUSION

This meat and fish sauce has advantages:
1. Extend the age of consumption of meat and fish.
2. The process of curing meat and fish only takes 75 minutes with an initial temperature of 1650° Celcius.
3. The appearance and taste of smoked meat or fish is much more attractive and healthy than when burned.
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ABSTRACT

Chili is an important commodity in Indonesia because of its high economical value especially in several
celebration days such as Ramadhan Month, Chrismast, Eid Day, also in rainy and transition season.
However, the planting of chillies in Indonesia are conducted in manual way by farmers. The activity is
conducted using farmer’s hand in squatting or bending over condition in a long time. That kind of
activity could give a negative impact such as muscle injuries, back pain, joint pain, etc. The objectives of
this research were to examine the chillies planting tool using tugal mechanism that would increase
planting area and to analyze ergonomics aspect using Rapid Upper Limb Assessment (RULA) method
that would increase the speed and reduce the risk of chillies planting activity. This tool can form a
planting hole with diameter around 105,56 mm and depth around 85,196 mm. Beside that, this tool also
increase the speed of activity around 24-27 seconds faster compared with manual method and the
efficiency of planting activity was 88%. Through RULA analysis, the risk of potential injury with final
score 5 (medium injury risk) using manual method could be lowered to final score 2 (low injury risk),
so this tool can be applied to communities.

Keywords : Chili, ergonomic, planting tool, RULA, tugal mechanism
I. INTRODUCTION

Chili (Capsicum annuum L.) is an important horticultural plant, generally consumed freshly or through a
postharvest process [1] and the most consumed vegetable in the world [2] including Indonesia [3]. Chillies are
widely cultivated, which are large Chili and curly peppers, which belong to C. annuum species whereas cayenne
pepper belongs to C. frutescens [4]. Global production has grown on average by 3,9% per year during the last
decade [5].

The needs of chili in Indonesia reach 150 thousand tons per day. The three types of chilli in Indonesia and each
contribution e.g large chili contributes 20% of the total production and the price is relatively stable, the curly chili
contributes 50% of the total production and the price is slightly fluctuating and the cayenne chili contributes 30%
of the total production and the price fluctuates. The curve of chilies’ price form the letter U because the price will
be low during drought due to the chili harvesting time in almost all production centers. This can be overcome by
setting the pattern of planting, production and supply chain. Chili production centers are located in several areas,
which are Java. Sumatera, Sulawesi which contributes 51%, Sumatra 17%, Sulawesi 4%, respectively and several
other areas.

One of the factors that influence in the production or cultivation of chili is during the seeding activity, then
proceed with planting the seeds. One of the obstacles of farmers in Indonesia is the process of planting the seeds,
because it is conducted conventionally by planting the seeds manually using soil piercing tool and planting the
seeds without piercing the soil. This conventional seedling activity is potentially cause a muscle injury or majority
of the musculoskeletal symptoms [6], because the activity is conducted in a hunched or squatting position
continuously.

A solution for the handling problem is through the design development of seedling tool with tugal mechanism.
Tugal mechanism is a way to perforate the soil, then put the seed into soil. It is expected to have an increasement
in the speed of chili seed planting, improve the crop quality, and pay attention to the ergonomic factor/human
factor [7].
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The objective of this study was to test the performance of chili planter and to evaluate the work posture while
using tools compared with the conventional seedling method.

II. MATERIALS AND METHODS

A. Vanue and Times
The implementation of design was conducted in March until May 2016 in Agricultural and Food Machinery
Engineering, Graduate School, Bogor Agricultural University.

B. Tools and Materials

Protactor and digital vernier caliper were used to measure the dimensions of chili seeds, the dimensions of
several observed components. Stopwatch and digital camera were used to determine the working time and
documentation of each planting activity, tool’s operation and the material testing. In the ergonomic analysis part
(work posture), the used equipment was Computer Aided Design (CAD) CATIA.

C. Specifications

The cropping tool in this research is shown in (Fig. 1) which show the design with the cone mechanism which
open into two directions. The cone dimensions is conical with the angle of repose is #30° designed with radius 8
cm (adjusted with the polybag diameter) and able to plant the chili seed with the depth of soil penetration of 3-5
cm.

where:
1 Seed hopper

2 Tool grip

3 Pulllever

4 Wire towing

5 Cone (making hole)

Fig. 1. Engineering drawings of chili planter

For height frames of the tool used a size of 60 cm drawn from ergonomic data on CATIA software using the
Japanese population on the 50th percentile with an average height of the legs to the elbows is 91,7 cm [8]. The
average height of the beds was 20-30 cm so that the overall height of the tool is approximately 75 cm.

The planter is divided into four important components, which are :

1. Seed hopper: a part that used to move the chili seed, this hopper consist of a cilinder tube where the seed pass
through into the media.

2. Tools grip: a part that used to grip the tool and transmiting the force from the user through cone to the soil to
make a hole planting.

3. Levers and Wires: part that used to pull the levers that is connected to the cone for lifting mechanism.

4. Ground cover: a conical part that can be pulled through the pull lever, so that the chili seed goes to the plant
media and when the tool is lifted, the ground (plant media) automatically covered with soil.

Table 1 shows the spesification of chili planter which is known from the mathematical calculation of the
design.

Table 1. Chili Planter Specifications

No Components Symbols Scales Dimensions
1 Diameter D 80 mm
2 Radius R 40 mm
3 Height T 160 mm
4 Hypotenuse s 16,62 mm
5 Angle 0 38,65 degree
a 15,705 degree
6 Wide of conical blanket L 31,41 mm?2
80,3 cm?

D. Performance Testing
Soil that was used in this research was latosol soil, that is grained, have a gray to black color, and the textur is
clay, in contrast, the soil structure is crumb with the consistency of crumbly. The chili planting was conducted with
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60 cm x 40 cm spacing, that the space between rows is 40 cm and the space between plant is 60 cm. The heights
of beds is 20 cm, wide is 100 cm, and the space between beds is 40 cm, the length of a beds is 20 m, and in one
beds can be planted 10 chili seeds.

Chili seeds used have a planting age ranging from 5-7 weeks. This study examined two conventional methods
that are often conduct in Indonesia, namely by planting the seeds manually using the tool of perforation of the soil,
and planting the seeds without using perforations of the soil. The performance of these two conventional seedling
methods will be compared with the method of planting seedlings using the tool. The tests were repeated five times.

There are two parameters that become the focus in the performance testing, which are the work speed and the
quality of chili seed which well stand after planted.

E. Ergonomic Analysis

Ergonomic analysis in this reseacrh was to evaluate the work posture using Rapid Upper Limb Assessment
(RULA) method [9] that was conducted using CATIA software [10]. RULA observation is method for posture
analysis that focusses in the upper body, but includes the lower body [11].

III. RESULTS AND DISCUSSION

A. Physical and Mechanical Properties of Soil

The physical properties of the soil is one of the important things to note because this data analysis is used as a
consideration in designing the falling distance of the seeds from the top of the seeds into the hole. In planting chili
seedlings using this planting tools need to be given water when going to planting. This step is conducted to
facilitate removal of seeds from polybags.

Table 2 shows the value of physical properties of soil at different depths that can be calculated to determine
the required cutting strength of the soil.

Table 2. Soil physical properties

Depth of soil Bulk density Porosity Saturated water conductivity
(cm) (g/cm?) (%) (10-3cm/s)
0-10 1.16 £ 0.04 56.74 + 4.22 441 +1.60
10 - 20 1.18 £ 0.02 52.18 +0.23 3.10 + 0.59

B. Performance of Chili Planter

Chili planter works in a simple way, the farmer only prepare the ready planting seedling, then plugged the cone
into the ground (the process of making the planting hole), pressing the lever puller (lever pulled cone opening),
insert the seeds into the hopper, pull the chili planter to the soil and the seed will enter the planting hole through
the sleeve of the planting tool. Fig 2. Shows how the planting tools penetrate above ground level and the process
of planting chili.

Fig. 2. Planting mechanism using tools

The next activity is enough to pull the handle up, immediately the ground will cover the rooting of the seeds,
and the seeds embedded perfectly. The process of closing the planting hole is conducted by utilizing the gravity
force so that when the tool is lifted then the ground on the outer surface of the cone will fall and cover the planting
hole that has been planted seeds. If the seeds are not planted properly then simply step on the ground around the
seedlings slowly without having to use hands and bend.

Based on the observations made the average of hole diameter is 105,86 * 5,80 mm and the average of depth is
85,196 * 4,56 mm so that the chili seedlings can be planted.

Fig. 3 presented the performance of chili planter that was analyzed based on the work duration. The
performance of chili planter while planing the chili seedlings is more quickly than the conventional which using
perforation tools that has an average work duration of 8,1 seconds cropping, seeding method without using
perforation of 8,42 seconds per plant, while using the chili planter is so much faster is 5,7 seconds per plant, so
every single planting using this tool can save working time 24-27 seconds per plant.
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Fig. 3 Duration of work performance of chili planting tools

Performance of the quality of chili plant that well stand after planted using chili planter presented in Table 3.
From the data, the performance presentation of chili planting equipment works effectively, with the successful
presentation of chili seed planting reaches 88%, 10% of the plant is not fully embedded, and only 2% of plants are
not planted.

Table 3. Quality of plant stands

Seedlings
Repetition  Time (second) Seeds embedded embedded Seeds are not
perfectly sloping embedded
position
1 60 9 1 0
2 54 8 2 0
3 58 10 0 0
4 55 9 1 0
5 58 8 1 1
Average 57
Percentage (%) 88 10 2

C. Ergonomic Analysis

Stages of work posture analysis was conducted by converting the user image into corners formed between the
motion made into the mannequin form. In (Fig. 4a), a mannequin with planting position manually is shown, and in
(Fig. 4b), the mannequin with planting position using chili planter.

(b)

Fig. 4. Mannequin of chilli planting (a) manual posture (b) posture using tools

From Fig. 5 we got the results of the RULA value of 5, which indicates that the conventional chili planting position
is dangerous, and if it is still conducted continuously, it will cause an injury in farmers. If the final score is 5, it is
recommended to investigate the work positions and immediately making a changes [9].

The position of the body that must be repaired when planting the chili conventionally are wrist, arm, neck,
trunk, and leg because in that position get score > 3 which indicate that the body part is high potentially get a
muscle injury. While wrist, especially on the muscle, has a score < 3 but if the position is conducted continuously,
it can lead to a high potential injury, this is known from the red indicator on the program.
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Fig. 5 Example of an unacceptable low-resolution image

Fig. 6 shows the results of RULA analysis obtained using CATIA software with the final result is 2. The score
indicates that by using chili planter, the farmer's work posture is considered safe when applied in the field. In this
analysis used weight loading of 1 kg in the right hand and do the work continuously or more than 4 times treatment
in one minute.

The highest detail score can increase to the potential injury when using the tool in the forearm, the forearm has
a score of 2 but with a yellow indicator. Studies suggest that musculoskeletal disorders or muscle disorders, joints
and tendons [12] may occur due to abrupt interruption caused by severe activity or unexpected movements.
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Close
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Fig. 6 Example of an image with acceptable resolution

From both of the results above obtained that planter indicates a smaller value compared with the manual,
analyzed from the ergonomic aspect using RULA analysis method.

IV. CONCLUSION

By planting the chili seedlings using this chili planter, farmers can save planting time of 24-27 seconds per
plant, because the conventional methods have been replaced. The chili planting activity is easier. In additiion,
through the analysis of posture, planting chili seedlings using chili planter is able to reduce the potential injury
obtained when farmers continue to plant using the conventional methods.

This tool can be made a new breakthrough on chilli planting technology in Indonesia, but of course the
application of technology is not easy. Therefore, it is suggested that there is synergy between universities,
stakeholders, farmers, manufacuring, and the government to develop this chili planting technology.

89



Renjani et al. : Performance and Ergonomic Analysis...

ACKNOWLEDGEMENT

This research was fully funded and supported by Department of Mechanical and Biosystem Engineering, Faculty
of Agricultural Technology, Bogor Agricultural University (IPB).

90

REFERENCES

S. Rokayya and E. Khojah, “Physical-mechanical Estimation of Pepper ( Capsicum annuum L.) Fruit Varieties,” J. Northeast
Agric. Univ., vol. 23, no. 3, pp. 61-69, 2016.

V. C.S. Rao and G. V. K. Rap, “An Insight Into Chilli Cultivation and Risk Management Procedures with Special Reference
to Karnataka & Andhra Pradesh,” Int. J. Bus. Adm. Res. Rev., vol. 2, no. 3, pp. 144-155, 2014.

M. Rahul, P. V Unakal, and C. Gopinath, “Design and Development of a Pepper Plucking Equipment to Facilitate Pepper
Harvesting,” vol. 11, no. 2, pp. 74-81, 2012.

S. H. Hidayat et al., “OCCURRENCE OF CHILI VEINAL MOTTLE VIRUS ( CHIVMV ) IN INDONESIA AND RESPONSE OF CHILI
GERMPLASMS TO CHIVMV INFECTION,” vol. 18, no. 2, pp. 55-61, 2012.

J. Mariyono, “Impacts Seed Technology Improvment on Economic Aspects of Chilli Production in Central Java- Indonesia,”
vol. 17, no. 1, pp. 1-14, 2016.

L. Yuan, “Reducing ergonomic injuries for librarians using a participatory approach,” Int. J. Ind. Ergon., vol. 47, pp. 93-103,
2015.

J. R. Wilson, “Fundamentals of systems ergonomics/human factors,” Appl. Ergon., vol. 45, no. 1, pp. 5-13, 2014.

M. F. Syuaib, “Anthropometric study of farm workers on Java Island , Indonesia, and its implications for the design of farm
tools and equipment,” Appl. Ergon., vol. 51, pp. 222-235, 2015.

L. McAtamney and E. Nigel Corlett, “RULA: a survey method for the investigation of work-related upper limb disorders,”
Appl. Ergon., vol. 24, no. 2, pp. 91-99, 1993.

B. Deros, N. Hassanil, H. Hassan, D. Darina, and L. Daruis, “Incorporating Malaysian ’ s Population Anthropometry Data in
the Design of an Ergonomic Driver’ s Seat,” Procedia - Soc. Behav. Sci., vol. 195, pp. 2753-2760, 2015.

S. Dockrell et al,, “An investigation of the reliability of Rapid Upper Limb Assessment ( RULA ) as a method of assessment
of children’ s computing posture,” Appl. Ergon., vol. 43, no. 3, pp. 632-636, 2012.

E. Valero, A. Sivanathan, F. Bosché, and M. Abdel-wahab, “Musculoskeletal Disorders in Construction: A Review and a
Novel System for Activity Tracking with Body Area Network,” Appl. Ergon., vol. 54, pp. 120-130, 2016.



Proceeding of ISAE International Seminar, Bandar Lampung, August 10-12, 2017

A.15

ANALYSIS OF BLADE FROM PORTABLE CHOPPER MACHINE FOR PALM OIL
FROND USING FINITE ELEMENT METHOD

Ramayanty Bulant, Safrizal?, T. Saiful Bahri3

1Department of Agricultural Engineering, Syiah Kuala University, Banda Aceh, 23111, Indonesia
2Department of Agribusiness, Syiah Kuala University, Banda Aceh, 23111, Indonesia

E-mail: Ramayantybulan@gmail.com ; Rizal_oct@yahoo.com ; tsaifulbahri@gmail.com

ABSTRACT

As an agrarian country and the world's largest producer of palm oil, Indonesia has problem with palm
frond waste. A portable chopper machine is required for handling palm frond waste. Engineering design
analysis required before manufacturing process. Finite elemen method (FEM) in modern engineering
has been used as one of the methods in the analysis of engineering design. The objective of this study
was to analysis of portable chopper machine blade for palm oil frond through FEM approach.
Engineering drawing and FEM of portable chopper machine used SolidWorks software. Simulation FEM
was conducted to know the strength or the ability of material to receive the load, its can support
engineering design analysis. The material blade is using Carbon steel sheet (SS) 1023 which modulus
elastic 205 Gpa and tensile strength 425 Mpa. The results show that the minimum shaft diameter is
34.56 mm. The length, width and thickness chopper blade is 120 mm, 40 mm, 4.55 mm, respectively.
The power needed of portable chopper machine is 13.16 hp. The result of simulation consist of
maximum stress value, yield strength and displacement value on the index bar. The maximum stress on
the index bar used to evaluate the design is secured.

Keywords : FEM, blade, portable chopper, carbon steel sheet, palm oil.
I. INTRODUCTION

In tropical region, Oil Palm (Elaeisguineensis) is one of the plantation crop which develop very fast [1]. Palm
oil plantations in addition to producing fresh fruit bunches (FFB), it's also produce waste in the form of palm frond
or palm stems. The palm stems waste can be utilized as organic fertilizer. One of the machines required for the
produced of organic fertilizer made from palm stem is the chopper machine. Area of oil palm plantations in
indonesia (11.6 milion ha (2016) [2]) require chopper machine that have high mobility (portable). The main
components of the chopper machine consist of a blade, transmission, engine and frame.

Finite Element Method (FEM) is used as the methods in the analysis of engineering design [3]. FEM based
designing approaches give more effective, efficient labor costs and its can minimize errors in manufacturing
processes[4]. Static simulation based using software SolidWorks was conducted to know the strength or the ability
of material to receive the load. The aim of this paper is to analysis of blade portable chopper machine through FEM
approach. The minimum shaft diameter and dimension of chopper blade is to analyzed using the law of classical
mechanics approach.

II. MATERIALS AND METHODS

The methodology of this research took care of the design analysis of the portable chopper machine (FEM and
laws of classical mechanics approach), material selection for each component designed and engineering drawings
of the portable chopper machine.

A. Research Prosedure

The research begins with a review of former research on the characteristics of palm frond. The physical and
mechanical properties (Table 1) of the palm stem are used to determine mechanism of the portable chopper
machine. The laws of classical mechanics are used to analyze the dimensions of the chopper blade, the dimensions
of the machine shaft and power needed. The result of analysis are verified using the static simulation to obtain
visual design quality. The component that have the right design criteria are then drawing to become the conceptual
design of a portable chopper machine.
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Table 1. Some physical and mechanical properties palm frond

Parameter Size Unit Source
Weight of leaf sandfrond 5.7-83 kg [5], [6]
Width of frond area cutting 15-20 cm [6]
Area of cutting frond section 41.25-62 cm? [5], [6]
Length of per leaf 7.0-9.0 m [6],17]
Amount of leaves 200 -320 leaf [6],17]
Friction coeficient 0.39 - [6]
Cutting Force 5.25-7.90 N/cm? [8]

B. Laws of Classical Mechanics Analysis

Analysis to determine the dimension (thickness) of the chop-per blade is using laws of classical mechanics
approach [9], [10]. Resultan forces will be determine the maximum bending moment (M, N.mm) on the chopper
knife (Fig. 2). The maximum bending moment is then used to calculate the cross section modulus (Z, mm?3) using
Equation 1. The type of blade used is carbon steel sheet (SS) 1023 with tensile strength (i) 425 Mpa. Model of the
chooper knife is a rectangle. The thickness of the counting blade (b, mm) is determined by Equation 2.

S M_FR (1)
b (‘ihzjy )

The analysis for determining the shaft diameter of the portable chopper machine using laws of classical
mechanics [4]. The maximum bending moment (M, N.mm) is determined by the resultant forces on the machine
shaft. Equation 1 is used to calculate the cross-sectional modulus (Z, mm?3). The type of shaft material used is
carbon steel sheet (SS) 1023 with tensile strength (oi) 425 Mpa. The diameter of machine shaft (d, mm) is
determined using Equation 3.

J_ (SZZY 3)

T

The required power of palm frond chopper machine (P, Watt) is determined using Equation 4 [9]. The power
requirement of chopper machine is based on the maximum engine rotation speed (n) of diesel that is 2400 rpm.
Cutting force of palm frond (TP, N/cm?) is used as the force to be achieved by the machine (F, N).

60

P

C. Finite Elemen Method

Finite Elemen Method was conducted to know the strength or the ability of material to receive the load, its can
support engineering design analysis. Its drawn with Solidworks software helped. Solidworks is one of CAD
software to create engineering drawing and do some simulation. One of simulation can be done by solidworks is
load static simulation. The design has been analyzed and right in accordance with the engineering design criteria
then its called the conceptual design. After that, its generate in the form of detailed engineering drawings. Table 2
is used as material characteristic in FEM simulation.

Table 2. Characteristics carbon steel sheet (SS) 1023

Characteristics Size Unit
Elastis modulus 2.045 x 1011 N/m?
Poisson's ratio 0.29 -
Tensile strength 4.250 x 108 N/m?
Yield strength 2.827 x 108 N/m?
Mass density 7858 kg/m3
Hardenign factor 0.85 -

III. RESULTS AND DISCUSSION

A. Construction Portable Chopper Machine

The construction of the chopper blades is shown in Fig. 1. Portable chopper machine is use impact cutting
method with engine rotation speed at 2400 rpm. The engine rotation speed of portable chopper machine was
suggested by Persson i.e 20 - 40 m/s [11]. It is a good cutting for impact cutting method. The count of knives in a
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circle is 3 units. Feeding rate portable chopper machine based on research of Bulan is 0.5 m/s [5]. Chopped palm
frond will be shredded to a size of < 0.5 mm. The chopped coefficient of chopper machine is 85%. The requirement
analysis of the portable chopper machine knife is presented in Table 3.

Machine

Transmision

Pillow block

Front wheel
Fig. 1. Portable Chopper Machine

Table 3. Construction of portable chopper machine blade

Parameter Size Unit Equation
Amount cutting knife (Ac) 1176.47 cutting/second _Vx10°
S xK,
Total blade choper machine (T¢) 30 unit T A, x60
¢ n
Total blade choper machine in line (T5) 10 unit T - T
T A

Total of blade in portable chopper machine is 30 units with revolutions at 0.33 clockwise. The blade is consists
of 10 blade in rows with 3 blade every single circle. Spacing of thr blade in a row is 25 mm. The length of the blade
is 120 mm with a width of 40 mm. The thickness of the blade is above 4.55 mm with the material of Carbon steel
sheet (SS) 1023. The blade is made with angle 45° and length 80 mm. Length of shaft machine is 270 mm.

Shaft Pillow Block Blower Plat

Blade of
chopper
machine

Outlet

Fig. 2. Blade of Portable Chopper Machine

The result of load stress simulation on the chopping blade is shown in Fig. 3. The simulation results show that
the stress that occurs in the chopping blade is in the range of 10.1 kPa to 110 Mpa (Table 4). These results indicate
that the chopper blade design is within safe limits for the Carbon steel sheet (SS) 1023 type material which
modulus elastic 205 Gpa and tensile strength 425 Mpa. The maximum strain and displacement occurring in the
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chopper knives is also at a very low level at 4.2 x 10-* and 0.4 mm, respectively. At the end of the blade is a plate
mounted plate that serves as a blower with the number of plate 4 units. The length, width and thickness of the
plate is 95 mm, 50 mm, 2 mm, respectively.

Table 4. Results of blade simulation in portable chopper machine

Parameter Type Min Max Unit
Strain (Fig. 3a) ESTRN: Equivalent Strain 2.15x108  4.20x10+* -
Stress (Fig. 3b) VON: von Mises Stress 1.01x10% 1.10x108 N/m?
Displacement (Fig. 3c) URES: Resultant Displacement 0 0.40 mm

The classical mechanics law approach indicates that the minimum diameter of shaft chopper is above 34.56
mm using carbon steel sheet (SS) 1023 material. The resultant force in the shaft is 9765 N. The resultant force is
the total force acting on the blade of the chopper. The result of load stress simulation on chopper shaft is shown in
Fig. 4. The simulation result shows that the stress maximum that occurs on the chopper shaft 171 Mpa (Table 5).
These results indicate that the design of the chopper shaft is within safe limits for the carbon steel sheet (SS) 1023
type material which modulus elastic 205 Gpa and tensile strength 425 Mpa. The maximum strain and displacement
occurring on the counter shaft is very low level at 7.85 x 10-4 and 0.46 mm, respectively.

Table 5. Results of blade simulation in portable chopper machine

Parameter Type Min Max Unit
Strain (Fig. 4a) ESTRN: Equivalent Strain 3.6x10-11  7.85x10+ -
Stress (Fig. 4b) VON: von Mises Stress 0 1.71x108 N/m?
Displacement (Fig. 4c) URES: Resultant Displacement 0 0.46 mm

B. Power Requirement

The results of the analysis show that the portable chopper machine needed power of 13.16 hp with engine
rotation speed at 2400 rpm. The greatest power is used to pass the cutting style of palm stem. The rotating speed
of the chopper with the blade radius 120 mm will be produce a linear velocity of 30.14 m/s. This is in accordance
with the cutting method suggested by Persson [11] which states that the cutting impact cutting method requires a
linear velocity of 20-40 m/s.

C. Center of gravity

Center of gravity of the portable chopper machine in the coordinates of X, Y, Z is -432 mm, -146 mm, 0 mm,
respectively. The value is based on the distance from the center of point drawing. Determination of center of
gravity using Solidworks software. Center of gravity of chopper machine on X axis inclined to front. This enables
the chopper to be more easily to move. Center of gravity on the Y axis shows that the portable chopper machine is
stable to stand while operating. This is because the center of gravity on the Z axis tends to lower. Center of gravity
on the Z axis tends to be right in the center of the simentris of the portable chopper machine. This indicates that it
will be stable during operation.

D. Conseptual Design Portable Chopper Machine

The conceptual design of the portable chopper machine has been successfully designed. it has length, width
and height of 880 mm, 572 mm, 919 mm, respectively. Conceptual design of a portable chopper machine uses five
wheels. One wheel works for steering and 4 wheels that function to withstand the load of the chopper machine. It
aims to support the mobility of the portable chopper machine in order to reach all area of the oil palm plantation.
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Fig. 3. FEM display on the blade (a) strain analysis (b) stress analysis (c) displacement analysis
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Fig. 4. FEM diplay on the shaft (a) strain analysis (b) stress analysis (c) displacement analysis

IV. CONCLUSION

The engineering analysis (FEM) of the chopper blade obtained the length, width and thickness is 120 mm, 40
mm, 4.55 mm, respectively. The total blade portable chopper machine is 30 pieces with 3 pieces per circle and
10 row.

The shaft portable chopper machine using the type of material carbon steel sheet (SS) 1023 with a minimum
diameter above 34.56 mm.

Power recruitment portable chopper machine is 13.16 hp with engine rotation speed at 2400 rpm.

Center of gravity analysis shows that the portable chopper machine has a good stability to operate be-cause
the center of gravity is at a safe level.

NOMENCLATURE

: Computer aided design

: Bending moment (N.mm)
: cross section modulus (mm?3)
: Tensile strength (Mpa)

: Steel sheet

: Thickness blade (mm)

: Force (N)

: Radius (mm)

: Height (mm)

: Diameter (mm)

: Phi (3.14)

: Power (watt)

: Cutting Force (N/cm?2)

: Rotary speed (rpm)

: Amount cutting knife

: Linear speed (m/s)

: Chopped dimension (mm)

95



Bulan et al. : Analysis of Blade from Portable...

K.
T.
Ts
An

: Chopped coefficient (%)

: Total blade portable chopper machine

: Total blade portable chopper machine in line
: Total blade chopper per cycle

X Y, Z :Cartesian coordinate
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ABSTRACT

The purpose of this research is to develop the electric mulching tool using heat conduction principle,
while the benefit is by using plastic mulch mulching tool can to simplify and speed up the process of
perforating plastic mulch. The method used is a tool design method and then tested a series of tools that
have been engineered to determine the performance of the tool. Tool design methods have 3 stages:
identification of problems that occur in farmers when perforating mulch, associated with the use of tools
that heat energy is reduced and the use of a relatively long time. This electric mulch plastic piercing
device can be used by operators with a fairly heavy category workload level with a power demand value
of 0.0543 kW. This tool has been able to perforate effective plastic mulch with effective capacity of 218
hole / hour, with damage yield of 8.13% and perfect perforated percentage of 91.88%. And has an
inverter with efficiency 82% and load power on appliance using inverter is 328 Watt with electricity
cost equal to Rp. 985,608 / day with battery power 0,54 kW and working time 1,35 hour / day.

Keywords : Modification, holer tool, Plastic mulch, Electric heater.

I. INTRODUCTION

Generally, mulch is often used in the cultivation of hortilkultura and vegetable crops. Giving mulch is intended
to minimize The competition of plants with weeds, suppress weed growth, reduce evaporation, prevent erosion,
and maintain soil structure, temperature, and humidity. According Purwowidodo [1], the basic ingredients and
way of making, mulch can be grouped into three, namely organic mulch, inorganic mulch, and synthetic mulch.
Organic mulch is derived from agricultural residues such as straw and leaves. Inorganic mulch is derived from
rock material in various shapes and sizes such as gravel, and synthetic chemical mulch comes from plastic
materials such as black silver plastic mulch.

Synthetic mulch derived from plastic materials such as black silver plastic mulch that has been entrenched in
cucumber, tomato, strawberry and cabbage flower plants. Black silver plastic mulch has two faces and two colors,
the first face is black and silver second face. The black color to cover the ground surface, the silver color as the top
surface where plant a cultivated plant. According to Fahrurrozi et al. [2], the use of black silver plastic mulch that
is considered good in the subtropical region is a black color with a thickness of 50 microns. However, in the tropics,
the effect of plastic mulch on the activity of microorganisms (as a result of rising rhizosphere temperature)
contributes greatly to the growth and yield of plants through increasing the concentration of carbon dioxide in
planting zones.

According to Bhella [3], benefits of using mulch are improving yields, controlling weeds, reducing fertilizer
losses due to leaching and maintaining the temperature and humidity that support plant growth.

II. MATERIALS AND METHODS

The method used in this study is a tool design method and then tested a series of tools that have been
engineered to determine the performance of the tool. Tool design methods have 3 stages: identification of
problems that occur in farmers when perforating mulch, associated with the use of tools that heat energy is
reduced and the use of a relatively long time. Next is an inventory of ideas to solve existing problems. In the third
stage there is a design that can solve the problems that arise.
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A. Design of Holer Tool for Plastic Mulch
1. Identification of Problems

Problem identification was done to find out the problems that existed on the farmers, the problem that existed
at the farmers today is when punching the mulch is still using the manual by using cans. Perforation by using cans
that contain embers will take a long time, and hot energy quickly run out.

2. Inventory Ideas

The design idea of this tool arises after knowing the problems that exist in the farmers who take a long time in
perforating the mulch in a manual way, by converting electrical energy into heat energy with the help of electric
heating, electrical energy from the dry battery to be streamed through the inverter to the electric heater to Then
converted into heat energy. The use of electric heaters is expected to increase the work capacity of farmers in
perforating mulch and reducing working time. Therefore the authors adapted the heating system and applied it to
the design of electric mulch plastic mulching device.

3. Design Concepts

Data collection aims to analyze existing issues and gather problem-solving ideas that take into consideration
some related aspects. Subsequent activities are formulated to produce some functional and structural design
concepts equipped with sketch drawings, technical analysis, theoretical field capacity estimate, prasarat and
systems that support the operational effectiveness of field tools, it aims to obtain a tool that has a relatively light
weight and Has a dimension that is not too large that is easy to move.

4. The Working Principle of the Tool

The working principle of the tool begins with the installation of mulch in the bed. Furthermore, the inverter is
turned on until the heater reaches 80 °C, then the mulch is hollowed by pressing the mulch mulch into mulch
plastic until finished.

5. Functional Design Analysis
A functional design analysis is performed to design the function and location of components required for
mulching tools.
Frame, serves to support batteries and batteries inverter
Stick Punch, serves to grip the hole in the mulch.
Inverter, serves to change the current DC to AC current.
Accumulator (battery), serves as an energy source.
Cable, serves to conduct electric current.
Heater, serves to convert electrical energy into heat energy.
According to Hurt[4], design is the ability to combine ideas, scientific concepts, sources and results into solving
a problem.

SRR

6. Structural Design Analysis
a. Main Frame

Frame bag of this tool serves as a place of the inverter components and dry batteries. The frame is made of pipe
iron with size 1.5 cm and 18 cm x 11 cm elbow. The frame shape can be seen in Fig. 1.

Fig. 1. Main Frame
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b. Stick Punch

Hole punches made of iron pipe with a length of 100 cm, diameter 2.5 cm. The use of pipe iron is aimed at
hollowing out plastic mulch as holder and iron pipe which is 7 cm in length, 12,7 cm in diameter which mounted
heater to punch hole plastic mulch. The piercing can be seen in Fig. 2.

Fig. 2. Stick Punch

¢. Inverter

Inverter is a circuit that serves to convert the input voltage direct current (DC) into a voltage output voltage
back and forth (AC) a large voltage and frequency can be adjusted as desired, Saragih [5]. The inverter is used to
convert electrical energy from DC 12V to AC 220V which is connected with a cable mounted heating element on
the piercing wand. Inverter can be seen in Fig. 3.

Fig. 3. Inverter

d. Accumulator (battery)

The working mechanism of the inverter is connected to a battery that enables a supply of energy that can
convert electrical energy to heat through a heater. Specifications of the battery have a voltage of 12 V, DC current,
weight 7 kg and 45 Ah. The battery can be seen in Fig. 4.

Fig. 4. Accumulator
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Calculation of electric power used to support the implementation of heater on the piercing baton that utilizes
the energy on the battery. Technically the effect on the availability of energy covered by the battery, the technical
approach can be seen in the following calculations :

Heater load =400 Watt
Total load =400 Watt
Battery =12V, 45 Ah
P=VxI (1D
where :
P = Electricity with unit Watt (W)
\Y = Voltage with Unit Volt (V)
I = Electric current with Ampere unit (A)
So, The battery current is:
I =400 watts +12V
I =33.33A
So long battery life on the battery can be calculated by the formula:
t=Is/1Ib (2)
where :
t = time (hours)
Is = Accumulator Flow Capacity (Ampere Hour)
Ib = Load Current (Ampere)
So, The durability of energy is:
t = (45 Ah) / (33.33 A) = 1.35 hours

After instrument testing, the remaining energy is measured with a voltmeter and calculates the power
efficiency of the inverter.

e. Cable
The cable used 2 meters and connect from the inverter to the heating element on the piercing rod.

f Heater
Heater used for heater is a heater type barrel band that has a diameter of 12.7 and 400 Watt power.

g. Switch
Switches are used for circuit breakers and current connectors from current sources on batteries and inverters.

B. Testing Tools

The test of the instrument is done three times replication of the plastic mulch is installed on three beds
according to the length of the bed is 5 meters. The process of perforation of plastic mulch is done with a distance
corresponding to the pattern of plants to be planted. The stages of observation of the test work tool is as follows:

1. Percentage of Submitted Results
Percentage measurement results perforated by dividing the perfect perforated plastic mulch (perforated in
diameter) with the whole hollowed mulch multiplied by 100%. Mathematically can be written by the equation:

= MS
HTK = 1= x 100% (3)

where :

HTK = Percentage of hole results (%)

MS = Number of perfect perforated plastic mulch
MK = Number of plastic perforated holes

2. Percentage of Result Damage

Measurement of the percentage of damage to the result can be determined by dividing the hollowed out plastic
mulch (not according to diameter, perforated holes and not perforated) with the plastic mulch wholly perforated
multiplied by 100%. Mathematically can be written with the following equation:

KH = MR / MK x 100% 4)

where :
KH = Percentage of result damage (%)
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MR = Number of broken plastic mulch perforated
MK = Number of mulch Plastics perforated

3. Effective Capacity of Plastic Mulching Tool
Measurement of the effective capacity of the tool by dividing the perforated plastic mulch by the time of
perforation or can be written by the equation:

Ke=MS/t (5)
where :
Ke = effective capacity (Holes /hour)
MS = Hollow plastic mulch (hole)
t = Time required on mulching process (hour)

4. Operators

Operation power can be determined by using operator heart rate to measure the weight of the workload. Heart
rate observed at rest and after working with 5 repetitions. Heart rate sensitivity to changes in body loading
received by the body is quite high. Heart rate can be calculated by using stopwatch, then note the operator heart
rate per minute. The recorded heart rate per minute was then matched on the workload level table by Christensen
(Wanders)[6] based on per minute heart rate in humans aged 20-50 years.

Results of the category of heart rate per minute operator then calculated interpolation, interpolation results
multiplied by the human thermal efficiency of 0.15 kW obtained the results of operator power required.
Interpolation can be written by the equation:

Y=Y1 + (X-X1) / (X2-X1) (Y2-Y1) (6)

where :

Y =Required power requirements (kW)
Y1 = Minimum power requirement (kW)
Y2 = Maximum power requirement (kW)
X = Heart rate at work per minute

X1 = Minimum heart rate per minute

X2 = Maximum heart rate per minute

5. Electric power and inverter efficiency
Calculation The electrical power and efficiency of the tool can technically be written by the equation:
a. Battery used

W=VxA (7)
where :
w = Power (Watt)
\ = Voltage (Volt)
A = Current (Ampere)
b. Inverter Efficiency
H = (P battery) / (P inverter) (8)
where :
H = Efficiency of inverter
Battery = Power on battery (Watt)
Pinverter = Power on Watt inverter)
¢. Load power on the appliance
P=P_alatxn 9)
where :
P = Power load on tool (Watt)
Palat = Power required by tool (Watt)
n = Efficiency of inverter
d. Electricity cost
L = P X K (10)
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where :

L = Electricity cost

P = Power (Watt)

K = Price per kWh (Rp 1.352 / kWh)

III. RESULTS AND DISCUSSION

The design result of plastic mulch mulching tool consists of piercing rod made of pipe iron, dry battery, inverter,
skeleton made of pipe iron and elbow iron. The description of the design result of plastic mulch piercing tool can
be seen in Fig. 5.

This plastic mulch mulching device uses its energy source dry energy. Energy from dry batteries is used to
convert electrical energy into heat energy in the heating element to the material until it is perforated.

Fig. 5. Design Results of Plastic Mulch Hollow Tool

A. Testing Tools

The test of this plastic mulching tool is electrically performed with five replications, with each repeat using a 5
meter long plastic mulch and 30 cm spacing between holes. Prior to the testing of plastic mulch mounted on a bed
with a length of 5 meters. After that is cooked the edge of plastic mulch with bamboo so that plastic mulch is tense
and not loose. The first test is done by placing a plastic mulch along the 5 meters and then plastic mulch at mark
the distance between the holes to facilitate the test. Subsequently the switch on the inverter and the piercing wand
switch are turned on during the hot time ie for 2 minute until the temperature is constant on the electric heater.
The plastic mulch is perforated on the first side of 16 holes and the second side 16 holes with a distance of 30 cm
between the holes, so the total holes in a single hole 32 holes and continue in the second, third, and so on in the
previous way. The data of the plastic mulch mulching testing process using five replicates can be seen in Table 1.

Table 1. Plastic Mulch Plastic Testing Data

Re Number of plastic perforated Result Damage Perfectly Performed Effective Capacity
hoops (hole) (%) Results (%) (hole / hour)
1 32 9.38 90.63 181
2 32 9.38 90.63 223
3 32 6.25 93.75 250
4 32 9.38 90.63 223
5 32 6.25 93.75 214
Total 160 40.63 459.38 1092
Mean 32 8.13 91.875 218
SD 0 1.71 1.71 25

In Table 1 it can be seen that the average damage of imperfectly perforated results is 8.13% and perfect
perforated results 91.875%. To perforate plastics an average of 32 holes has an effective capacity of 218 holes per
hour.

1. Percentage of Perfect Perforated Results
Based on the research that has been done, the percentage of perfect perforations is 98.87%. The percentage of
perfect perforated plastic mulch results can be seen in Table 2.
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Table 2. Perfect Perfected Percentage of Results

Perfectly Hollow Plastic Mulch Number of plastic perforated hoops

Rep Submitted Results (%)

(hole) (hole)

1 29 32 90,63

2 29 32 90,63

3 30 32 93,75

4 29 32 90,63

5 30 32 93,75
Total 147 160 459,375
Mean 29.4 32 91.87

SD 0.55 0.00 1,71
CV(%) 1.86 0.00 1,86

In Table 2 it can be seen that the percentage of results that are perfected perfectly in replication show different
results. This is due to repeat 1, repeat 2 and repeat 4 beds where the texture of the soil is still in the form of chunks
that cause damage to the results. The picture of the perfect perforated plastic mulch can be seen in Fig. 6.

Fig. 6. Perfectly Performed Results (a) repeat 1, (b) repeat 2, and (c) repeat 4

2. Percentage of Results of Hollow Plastics is Not Perfect

The magnitude of the percentage of perforated plastic mulching results can be calculated by dividing the
broken plastic mulch by hollowing out the whole plastic mulch multiplied by 100%. Based on the results of
research that has been done, it is found that the percentage of broken hole mulch perforated on plastic mulch
piercing device is equal to 8.13%. The percentage of broken hollow mulch results in mulch piercing tools can be
seen in Table 3.
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Table 3. Percentage of Improperly Performed Results

Rep Results of Damaged Plastic Mulch Number of Hollow Plastics Mulch Result
Hollowed (holes) (hole) Damage (%)
1 3 32 9.38
2 3 32 9.38
3 2 32 6.25
4 3 32 9.38
5 2 32 6.25
Total 13 160 40.63
Mean 2.6 32 8.13
SD 0.55 0 1.71

The results of plastic mulch are categorized perforated is not perfect ie the results of holes that do not fit the
diameter, half perforated, and not perforated. The resulting image of the unplanned plastic mulch damage can be
seen in Fig. 7.

Fig. 7 Results Not Perfect Holes

3. Effective Capacity of Plastic Mulching Tool

The effective capacity of the tool is obtained by dividing the hollowed plastic mulch with the time required for
the perforation process. The result of the research has been found the effective capacity of plastic hole mulching
tools 219 holes / hour. The value of the effective capacity of the tool can be seen in Table 4.

Table 4. Effective Capacity Tool

Number of Hollow Timing Perforation Perfectly Effective
Re Plastics Mulch Hollow Plastic  Capacity (hole
i (hole) Second Hour Mulch (hole) P hf,ﬁf) /
1 32 571 0.16 29 181
2 32 465 0.13 29 223
3 32 445 0.12 30 250
4 32 465 0.13 29 223
5 32 495 0.14 30 214
Total 160 2441 0.68 147 1092
Mean 32 488.2 0.14 29.4 218
SD 0 50 0.014 0.55 25
CV(%) 0 10.2 10.16 1.86 11.31

The capacity of this plastic mulching tool is influenced by several factors: electrical energy required, electric
heater, bed, plastic mulch installation, plastic mulch probe time and operator power. The average time gained in
the testing tool is 0.14 hours. So 0.14 hours of time is needed to puncture 218 hole plastic mulch.

4. Operator Power

The workload of the operator can be known by the pulse or heart per minute of the operator. This heart rate
can be measured using a stopwatch, as using the operator's heart rate stopwatch in minutes can be recorded. After
getting the heart rate at rest and work then matched with the workload level table by Christensen (Wanders)[6]
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based on the human heart rate per minute aged 20-50 years. Based on observations and calculations of physical
work levels based on heart rate can be seen in Table 5.

Table 5. Physical Work Rate Based on Heart Rate per Minute
Heartbeat Per Minute

Rep Break Work
1 85 100
2 81 102
3 76 104
4 86 107
5 84 105
Mean 82.4 103.6

Based on the data in Table 5 it can be concluded that the mulching process is included in the rather heavy
category with a power requirement of 0.0543 kW. With a power requirement value of 0.0543 kW, this tool is
capable of being operated with human power.

Sembiring [7], the human working ability is generally 7-10 kg m / s and for continuous work can produce 8 kg
m / s or about 0.1 HP, while for short period of time can produce 0.4 HP. Generally the magnitude of the force that
can be generated human average 1/10 of his body weight.

B. Equipment specifications
The end result of this tool is with the specification of manufacture and testing tool which can be seen in Table
6.

C. Electrical Power and Inverter Efficiency

After performing the plastic mulch mulch testing, the remaining power remaining on the battery tested using
avoltmeter is 22.34 Ah and the battery time runs out for 0.68 hours. The inverter efficiency test is technically 82%
and the load power on the appliance using the inverter is 328 Watt.

D. Electricity cost
The cost of electric mulching device plastic this type of carrying his cost is Rp. 985,608 / day with battery power
0,54 kW and working time 1,35 hour / day.

Table 6. Specifications Punch Tool Plastic Mulch

Parameter Description
Frame Bags: 23 cm x 18 cm x 38
Tool Dimensions Stick Punch:
High: 90cm
Diameter: 12.7 cm
Number of operators 1 person
Work Tool Capacity 219 hole/hour
Percentage of results perforated 91,87 %
Construction of the frame Iron Pipe and Iron Elbow
Weight tool 12 kg
Materials tested Plastic Mulch

IV. CONCLUSION

Based on the research that has been done can be concluded that:

1. This electric mulch plastic piercing device can be used by the operator with the workload level rather heavy
category with a power demand value of 0.0543 Kw.

2. Plastic punching device with electric heating type generated from this research has been able to perforate
effective plastic mulch with effective capacity of 218 holes / hour, this plastic mulching tool has a damage of
8.13% and the percentage of perfect perforated results of 91, 88%.

3. Plastic punching mulch with electric heater has an inverter with 82% efficiency and the load power of the
appliance using inverter is 328 Watt.

4. Plastic punching mulching device with electrically heating type has electricity cost Rp. 985,608 / day with
battery power 0,54 kW and working time 1,35 hour / day.
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ABSTRACT

The problem arising in the processing of traditional candy is that the temperature process is high and
not exact controlled. The process in high and uncontrolled temperature make the nutritional content
come be damaged. This process will reduce the sensory quality of the candy as well. In order to improve
the nutritional quality of milk candy products, the processing is done by using the vacuum evaporator.
The working principle of a vacuum evaporator is that the pressure of evaporator chamber is below 1
atmosphere so that the boiling point of water is below 100 °C and the process of thickening process
occurs at low temperatures. This research was conducted with candy processing using a double jacket
vacuum evaporator in which the process can be controlled at a low and specific temperature so that
there was no caramel in the product and the nutrient content can be maintained. The raw material for
produce milk candy contained 1 liter of milk, 200 grams sugar, 2 grams of margarine, 1 ml of vinegar
food. In order to enrich the content of vitamin C, the dough was coupled with dragon fruit extracts. All
raw materials are put into the chamber of vacuum evaporator, heated and mixed with mechanical
stirrer. The temperature and stirring speed was controlled with Fuzzy logic-based coding. The
temperature was set at 85 °C and a stirrer rotation was set at 150 RPM. The product of candy was
analyzed and compared with conventional process. Energy input for production of milk candy was
relatively high. The quality of milk candy production with vacuum evaporator is better than the quality
of milk candy production with conventional processing but the energy input is higher than the
conventional processing.

Keywords : Double jacket vacuum evaporator, low temperature process, dragon fruit-milk candy.

I. INTRODUCTION

The problem of traditional candy processing is that the temperature is not be able controlled. It cause over
heated on the material and decrease the nutrient content and sensory quality of the candy. In order to improve
the process it was used Double Jacket Vacuum Evaporator. The processing chamber of this machine has double
jacket. Between inner and outer jacket has fluid for transferring heat that there is no over-heating on the interface
of product and inner jacket. This evaporator is also completed with vacuum system, that the water is able to be
evaporated in low temperature. With the lower and constant temperature of evaporation, the degradation of
nutritions is minimum and the candy will be better quality. The processing with vacuum evaporator maintain the
quality of agricultural materials (Muhlisin et al., 2015).

Milk contains essential nutrients and balanced substances i.e. protein, fat, carbohydrates, minerals, and
vitamins (Saleh, 2004). On the other side the high nutrients on milk is as the ideal substrate for growing and
developing of the microorganism as well. The microorganism degrade the quality of milk. The processing of milk
to be milk candy prevent and inhibit the degradation of milk nutrients, increasing the shelf life and improving the
add-value. Milk candy is a kind of candy made using diary ingridients and sugar with caramelize system for
changing into amarphous form (Hendrawan et al, 2016). Milk candy is also diary products which populer
especially for the childrens, so the diversification of this product is useful. Diversification of milk candy can be
made by substitution with other materials such as fruits or vegetables to improve the nutrition and taste of milk
candy. One of the potential fruit for substitution of milk candy is dragon fruit (Hylocereus costaricensis).

Dragon Fruit (Hylocereus costaricensis) is one of the tropical fruits that is classified as cactus family (Cactaceae)
(Hardjadinata, 2010). It has a red-purple flesh with many small black seeds, pleasant texture and good taste (Le
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Bellec and Vaillant, 2011). Many studies are reported that the red flesh of dragon fruit varieties, including H.
costaricensis have a rich sources of nutrients and mineral such as vitamin C (ascorbic acid), water-soluble fiber,
protein, lipid, sodium (Jeronimo et al., 2015), thiamin (Vitamin B1), riboflavin (Vitamin B2), niacin, Vitamin B3,
lycopene, carotene, calcium and zinc (Halimoon and Hasan, 2010). It is also rich in phytoalbumin which are highly
value for their antioxidant properties (Choo and Young, 2011). Futhermore, H. costariciensis rich in betalain
pigmens such as the betacyanins and betaxanthin (Wybraniec et al., 2007). Betalains are used as natural food
colorants in various areas of food industry (Choo and Young, 2011).

Candy is produced traditionally by evaporating the materials in an open pan and heated using a wood fired
stove until it becomes concentrated. The problem of traditional candy processing is the temperature is not able to
controlled. It caused over heated on the material and decrease the content of nutrient and sensory quality of the
candy. In order to improve the process, it was used Double Jacket Vacuum Evaporator (DJVE). The processing
chamber of this machine has double jacket. Between inner and outer jacket has fluid for transferring heat so that
there is no over-heating on the inner jacket. This evaporator is also completed with the vacuum system, so that the
water is able to be evaporated in low temperature. With the lower and constant temperature of evaporation there
is no degradation of nutrition contents and the candy will be better quality. The processing with vacuum
evaporator can be maintain the quality of agricultural materials (Mubhlisin et al.,, 2015).

This research was conducted with candy processing using DJVE in which the process can be controlled at a low
and specific temperature that there was no caramel in the product and the nutrient content is able to be
maintained. The vacuum pressure make the water evaporate at the temperature lower than 100 °C as well as the
temperature of the processing of milk candy. Thus, the nutrients, especially vitamin C can be maintained or the
level of the damage can be minimized.

II. MATERIALS AND METHODS

The DJVE prepared for the processing of milk candy. System vacuum is generated by jet-ejector system with
temperature and rotation is controlled by the Fuzzy logic-based coding. . The temperature was set at 85 °C and a
stirrer rotation was set at 150 RPM. The raw material sample contained 1 liter of milk, 200 grams of sugar, 2 grams
of margarine, 1 ml of vinegar food and 100 ml of extract of dragon fruit. All raw materials are put into the chamber
of DJVE and then turn on for processing of 100 minutes. The dough was homogenized by stirring during the
cooking process. The dough concentrated with high viscosity because of water contents evaporation. The process
is stopped at 100 minutes processing or when the agitator is not enough power to work because of the high
viscosity of the dough. The hot dough was molded with a size of 3 cm x 3 cm as sample of experiment and wrapped
with aluminum foil.

A. Determination of the Chemical Properties

The protein content and vitamin C content of the candy product was measured. The protein content of milk
candy was analyzed with semi micro Kjeldahl method and the content of reducing sugars was analyzed with Luff
Schoorl methods. Vitamin C was measured with titration using a 2,6-dichlorophenolindophenol sodium salt
solution. The intensely colored extracts was determined with chloroform (Fardiaz, 1984). Ash Content of the
sample was measured with ash total based on National Standard Agency (NSA, 1992). In order to determine the
water content, the sample of milk candy was heated in the oven at 105 °C. It was heated until the weight was
constants. The water contents is obtained by calculating the difference between initial weight and the constants
weight divided by initial weight.

B. Determination of Specific Energy
The energy input for processing of milk candy using double jacket vacuum evaporator using equation (1) and
(2) respectively.

E=Pt (D
E
Ese = E (2)
where,
P = Power of double jacket vacuum evaporator (k]J/s)
t = Time of Process (s)
Mp = Mass of Product (kg)
E = Energy (k])
Esc = Specific energy for milk candy processing (k]/kg)
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III. RESULTS AND DISCUSSION
A. Chemical Properties
Chemical properties of milk candy using conventional and vacuum processing observed was protein, vitamin

C, reducing sugar, ash content and water content shown in Tabel 1.

Table 1. Chemical properties of milk candy

Processing Method Conventional  Vacuum NSA™)
Protein (%) 5.15% 4,74 -
Vitamin C (mg/100g) 2,61-2.799 14,04 -
Reducing Sugar (%) 9,259##) 15,52 Max. 20
Ash Content (%) 1,603% 1,49 Max. 2
Water Content (%) 9,615##) 8,95 Max. 7,5

Source : #Himma (2015), ## Meylinda (2015), JIslam et al. (2012), ™)
Result of this research, ™) NSA (2008)

B. Protein Content

Indonesian National Standard SNI 01-3547-1994 does not provide the minimum protein content requirement
of milk candy, but the protein is one of the important of nutrient. Table 1. shows that the protein content using
vacuum processing was lower (4.74%) than that the processing with the conventional processing. It was caused
by the initial content of fresh milk so the protein content affect the final result on milk candy. The protein content
of fresh milk is between 3-5% (Saleh, 2004). The content of protein is not so high is caused by the denaturation of
milk proteins during processing.

Denaturation of protein is a change or modification to the structure of secondary, tertiary, and quaternary of
the protein molecule without breaking covalents bond (Winarno, 2008). The treatment of milk at temperature of
80-100 9C can damage the proteins (Purba, 2012). Swastawati et al. (2013) reported that changes in protein
caused by processing with high temperature. The protein content can be decreased due to protein denaturation
and the heating process.

C. Vitamin C

Table 1. show that vacuum processing produce milk candy with higher content of vitamin C (14:04%)
compared with the conventional processing conducted by Islam et al (2012) that produced of 2.61-2.79% C
vitamin. Dragon fruit is used as a raw material in this study. The fruit has a high content of vitamin C, so the
products of milk candy also have a high content of vitamin C. Vitamin C will begin to break down at a temperature
of 40 ° C and the total damaged at a temperature of 80 °C. Although the temperature the process was set at 80 °C
but the real temperature of the dough will not reach that temperature. The temperature setting of 80 °C is the
temperature that occurs at the interface between the inner wall and the dough. Therefore, the degradation of
vitamin C can be blocked because in this process using a vacuum evaporator, where the process undergo at low
temperature. Pantan (2012) stated that in the process of vacuum processing food nutrients will be relatively
maintained. Food or vegetables are processed with vacuum method will be produced products which contain
nutrients such as protein, fat and vitamins remain intact.

D. Reducing Sugar

Reducing sugar is an important parameter in determining the quality of candy. Indonesian National Standard
3547.2 (NSA, 2008) signaled maximum of reducing sugar contained in milk candy is 20% and the milk candy. The
results of the research still fulfill the standards. Table 3 also shows a reducing sugar candy with vacuum processing
(15.52%). This content in this research was higher than that the content with the conventional processing
(9.259%). The difference value due to the long process of making different candies. In conventional processing by
Himma (2015) a time of processing for making candy is 80 minutes, while in this study the time processing is 100
minutes. The longer the processing time can increasing reducing sugars are formed. Gaewchingduan and
Pengthemkeerat (2010) stated that the increase in heating times have a positive influence on reducing sugar. The
longer the heating time can increase the hydrolysis process that will increase the levels of reducing sugars. Similiar
statment was also delivered by Trissanthi and Susanto (2016) that reducing sugar of syrup “alang - alang”
increased with increasing duration of heating. It's caused the longer of heating time, more sugar (sucrose) inverted
into glucose and fructose.

E. Ash Content

The ash content show a total minerals in foodstuffs that in the combustion process will be not burned like
organic component. The degradation of organic material during the process make the ash content be high. The
process at high temperatures damage the organic material so the percentage of mineral content will be higher.
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Consequently the ash content is high. Tabel 1. show ash content of milk candy with vacuum evaporator processing
was lower than that the processing with open pan heating. Risky et.al (2014) state that the ash content in food is
influenced by the initial minerals in the raw materials. The greater the ash content in a food ingredients showed
the higher the mineral content contained in these foods. The ash content in this research is higher than the
conventional process. It indicates that the process with vacuum evaporator is able to maintain the organic matter
content compared with conventional process because the process undergoes at low temperature. The results of
ash content of this study was already fullfil the requirements of Indonesian National Standard 3547.2 (NSA, 2008)
where the ash content for soft candy maximum is 2.0%.

F. Water Content

Tabel 1. show the moisture content of milk candy using conventional processing was higher than that the
processing using evaporator vacuum. The rate of evaporation depend on surface area, temperature, pressure and
superheated levels (Susilo and Dwi Argo, 2010). The superheated level is most important factor affecting the
evaporation rate. The superheated level is the difference between the real temperature of vapor and the boiling
point at the same temperature. The boiling point of water at gauge pressure of - 70 cm Hg or absolute pressure of
6 cm Hg is 41 °C. If the process undergo at - 70 cm Hg and temperature of 80 oC, the superheated level is 29 °C. It
is high level of superheated condition. The consequence is that the evaporation rate is high and the product has
low water content.

On the other hand the conventional process undergo in high temperature, but the boiling point is of water is
high as well so the superheated level is not as high as the processing with vacuum evaporator. In addition the
process at high temperature causes the forming of caramel so the water trapped in the caramel and causes
evaporation is inhibited. The temperature of conventional processing is not controlled that the maillard browning
reaction occurs perfectly. Winarno (1994) stated that browning mechanism on Maillard reaction and
caramelization are the carbonyl group of the sugar reacts with the amino group to produce N-glikosamin and
water. The unstable group of glikosamin undergo rearrangement to form ketosamin and then ketosamin can
undergo a further process for producing water and redukton and form brown nitrogen polymer (melanoidin). The
high temperature have capability for removing water molecules from the caramelization when sucrose molecule
is broken. At the time of splitting and dehydration will be followed by polymerization so that some kind of acid
will arise from the process, so the method of making milk candy are conventionally obtained percentage of water
content is higher than vacuum processing (Amri et al, 2015). The water content of milk candy also affected by the
reducing sugar levels and environmental conditions. Water content will be higher with the higher of reducing
sugars, especially fructose. Fructose is hygroscopic, so it can easily absorb the water. High environmental humidity
will be increase the absorption of vapor by the sugar so as to increase the moisture content and decrease in texture
(Sudarmadji et al., 1989). Although the moisture content in this study is lower than the water content of the
conventional milk candy, it was still higher than the national standard of candy moisture content i.e 7.5%. the
vacuum process is still possible to make the lower water content up to the national standard, but the used machine
have not been able to process at high viscosity. Therefore the electromotor power of the machine must be
increased in order to keep the power capable to stir the dough with a low water content and high viscosity. The
machine uses 1 kW electric motor power and it has not been able to produce candy with a moisture content
standards. It needs to be reviewed in designing the next engine to calculate the proper power.

G. Specific Energy

The specific energy is the energy required to produce a unit mass of product. Energy input includes all energy
that arrives in all process from the handling of raw materials to the product ready for consumption. The energy
input in this study is only calculated specifically for processing of dough into milk candy before it is molded. The
total power of the machine is 1000 Watt and the process undergo 100 minutes or 6000 second that the total input
of energy is 6000 kJ. The calculations show that the specific energy to process the dough into milk candy is 38,461.5
kJ/kg. Jalil (1997) state that the energy requirements for pasteurization was 1309.3 k]/kg, for full cream milk
2462.497 K] /kg and for skim milk was 1921.571 k] /kg, and for cream milk was 1995.764 k] /kg. Rostamah (2006)
state that total of energy input for processing of candy was 1263.4 k] /kg and for mixing was 764.3 k] /kg. the energy
requirement for this study is much larger than the energy input of conventional processing. The next research we
need designing of vacuum evaporator with low input energy and appropriate for small scale industry.

IV. CONCLUSION

Testing of double jacket vacuum evaporator for processing of milk candy with the addition of dragon fruit has
been carried out. The testing show that nutrient with vacuum evaporator was better than conventional processing
especially the content of vitamin C. Energy input for production of milk candy was 38.461,53 k] /kg, it is high level
of energy input. The milk candy production with vacuum evaporator is better than the processing with production
with conventional processing but need more energy input. The designing of vacuum evaporator with low energy
requirement is important in order to develop appropriate technology as diversification of dairy products for small
scale industry.
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ABSTRACT

Fertilization is important to increase crop production. The use of compost can provide benefits for soil
and plants. The compost as fertilizer on agricultural land must be in large quantities (high doses).
Fertilization using compost applicator technology is expected to maximize plant growth so as to increase
crop production. The purpose of this research is to know the efficiency of compost applicator on dry
land. This compost applicator uses ration of belt conveyor with power for rationing come from wheel
rotation using transmission chain. The results showed that the applicator can function well and able to
ration compost to dose of 10 tons / ha. Factors affecting the amount of efficiency include effective speed,
total time spent and operator skills.

Keywords : Performance test, compost applicator, compost, efficiency

I. INTRODUCTION

Fertilization is an important thing to increase production, even until now regarded as a dominant factor in
agricultural production. The use of chemical fertilizer is increasing from year to year, has worried
environmentalists because of the impact of the pollution they cause. Until the end of the 20th century fertilization
is an important factor to increase production because there is no other alternative to replace (Rosmarkam and
Yuwono 2002)

Recently, organic fertilizer (compost) has been considered the heart of organic farming systems (Hoitink and
Keener, 1993). Compost by function are classified as soil conditioner. In terms of increasing the soil bearing
capacity, compost is clearly superior and environmentally friendly than synthetic chemical fertilizers because it
can increase the content of organic matter in soil. The content of organic matter in the soil has a very important
and the amount of organic material that is often used for directly measuring soil fertility index

The use of compost can provide benefits for the soil and plants, among others: provide nutrients for the plants,
improve soil structure, increase the population and activity of soil organisms, improve the ability to water holding
and soil aggregates, increases infiltration, preventing erosion, supporting the deployment and penetration of plant
roots, and to strengthen plant resistance to pests and diseases.

The use of compost as a fertilizer on agricultural land must be in large amounts (high dose), this is caused by
the nutrient content of the compost is low when compared with inorganic fertilizer so that to get an equivalent
dose of the nutrient needs of plants.

Problems that occur at the time of application of compost is needed manpower and considerable expense, so it
needs an appropriate technology like mechanical equipment that is simple and easy to operate

Applicator compost is one alternative problems solver in the application of compost on the farm. This study
was conducted to test the compost applicator performance for horticulture crop. Compost applicator is designed
to help the process of fertilization use compost on farm. Compost applicator design has previously been performed
by Igbal (2014) were used for the process of fertilization on sugarcane plantations. The Results of research, shown
the rationing metering device mechanism using a type of conveyor belt has been able to function properly (Igbal,
2014). The spending rate of compost can be adjusted to the height of door openings regulator or the percentage of
door openings regulator. The width of the door opening and the forward speed of the applicator can be adjusted
to the rate of expenditure or dose of compost desired when the application of compost in the cane fields.

The application compost equipment or applicator compostin the field is a specifically designed to apply organic
fertilizer or compost into the soil or in between the plants with specific dose of compost. Compost applicator is a
trailer pulled by a tractor. The components of applicator are auger, pit where the discharge of compost, regulator
doors, conveyor belt as a metering device, and fertilizers bin as the main framework. Applicator will be operated
by hand tractor.
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The general objective of this study was to modify the sugarcane applicator compost on dry land so that it can
be used on land horticultural (vegetables).

II. MATERIALS AND METHODS

The tools used in this study are: Hand tractor and implement, fertilizer technology (compost applicator), ring
sample, hoe, stamp, and label. The materials used in this study are compost and horticultural crops.

Static testing of compost applicators is a test done when applicators are not operating on field, not using a
tractor but using a crank, which aims to rotate the axle of the applicator wheel so that the belt conveyor belt to
move and send the compost into the auger (cylinder rationing).

This test is done by blocking the applicator so that the applicator's wheel does not touch the ground and can
move freely. The parameters measured are the rate of compost discharges that are influenced by the height of the
door and the speed of the tractor.

Fig. 1. Applicator compost for Horticulture

III. RESULTS AND DISCUSSION

A. Field Capacity of Compost Applicators on Dry land Plants

Table 1. Compost Discharges rate at several height of outlet door

No  Height of outlet Door Revolution Number Compost Weight Discharges Rate
(cm) (n) (kg) (kg/rev)
1 2,5 56 50 0,893
2 5 43 50 1,163
3 7 36 50 1,389

Table 1 showed that each the height of outlet door has different rate of discharge. At height 2.5 cm having a
discharge rate of 0.893 kg/rev, at height 5 cm has a discharge rate of 1,163 kg/rev and at 7 cm outlet door height
having an rate of 1.389 kg/rev. The rate of compost discharges is increasing according the height of outlet door
and the number of revolutions of the crank. This is in accordance with Igbal (2012) which states that the discharge
rate can be adjusted by the height of the adjustment of outlet door. The width of the outlet door and the applicator's
forward speed can be adjusted to the rate of discharge or compost dose according crop requirement.

B. Field Test of Compost Applicator

This field test was conducted at PG. Takalar. This test is a function of the applicator's width, actual speed and
effective time consumed during operation. The applicator's working width is 1.3 m according to the spacing of
sugar cane in PG. Takalar. Actual speed is influenced by several factors such as the applicator wheel design system,
type and condition of soil, operator skills, and tractor attraction. The effective time is the time spent during the
operational of applicator that influenced by the number time loss (the time of setting or time repair the minor
defects, turning time, the time of adding the fertilizer and etc).
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The result shows that on the site of the test a distance of 30 m each row obtained an average travel time of 56
seconds per row or 449 seconds for 8 rows while the wasted time used for turning is 50 seconds per row so that
the total time for turning is 350 seconds. So the total travel time for a land area of 300 m?2 is 799 seconds or 0.222
hours. The speed of this compost applicator at each plot is 1923,664 m/h, so that theoretical capacity of the
applicator is 4 hours/hectare and the applicant's effective field capacity is 7.40 hours/hectare.

The field capacity is obtained from field test that are influenced by the total time spent during operation, by the
amount of time lost such as the turning time using the edge pattern and the area of the experimental field. This is
in accordance with Rizaldi (2006) which states that factors affecting the field capacity include time lost to turn.

C. Efficiency of Compost Applicator

The test results show that the compost applicator can function well, with efficiency of 54%. However, in the
operation of this compost applicator, there are still some weakness such as skill of the operator in operating the
compost applicator and at the time of turn. This is in accordance with Rizaldi (2006) which states that the
reliability of time usage on individual machines becomes even more important if multiple machines or parts of the
machine are used in combination. For an individual tool, the lost time is 5 or 10% due to damage, adjustment,
setting, or other stops relating to the machine.

The height of the outlet door influenced the amount of discharge compost to the auger cylinders, so that caused
occurrence of solids, this is influenced by the type of compost used.

IV. CONCLUSION

The results showed that the prototype model of applicator conveyor belt type had been made. It is functioning
properly. The efficiency of applicator compost is 54% or 7.4 hour/hectare.
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ABSTRACT

Timber harvesting and wood processing in Indonesia produces wastes in large quantities. The waste
materials come in variety of shapes, sizes and quantities. For adding the value of these wastes, such as
for composite raw material, the particle-size should be uniform, and segregated into different
categories. The general particle-size for manufacturing composite materials are 80, 40, 20 and 10 mesh.
Therefore, separating the sawmills wastes based on these sizes is necessary in order to utilize it as raw
materials for composite production. The study aims to develop a prototype of sawmill-waste grading
machine for composite material utilization and added the value of the waste for application as a raw
material for the composite design. The methods included design and manufacturing of a sawmill-waste
grading machine as well as performing different tests. The prototype successfully grades and segregate
the sawmills-wastes into four different particles-sizes in a single operation process. The results showed
that the machine working capacity is 28.49 Kg.hr-1, while the materials segregated into four particle-
sizes obtained mean of modulus of fineness for each group-size (10, 20, 40 and 80 mesh) are 889, 651,
431, and 168 grams respectively. While for the uniformity index of large (10 mesh), medium (20 and 40
mesh), and fine (80 mesh) particles are 5, 4, and 1 respectively, obtained from three replication tests.
The specific power required to achieve the working capacity of 28.49 Kg / hr. is 0.0001568 kW.hr.kg-1.
Overall, the machine performance achieved the efficiency of 77,37%, and the cost for grading the
sawmill-waste material is Rp. 243,36 kg-1.

Keywords : Sawmill-waste, grading, particle-size, solid waste utilization.
I. INTRODUCTION

Human needs for timber as building materials for both construction, decoration and furniture purposes
continue to increase, along with the increasing number of people. Priyono (2001) stated that the demand for wood
industry in Indonesia is 70 million m3 per year, with an average increase of 14.2%. Until now, the harvesting and
processing of timber in Indonesia still produces waste in large quantities. Wood waste generated in the processing
can be divided into two groups, namely waste exploitation and wood processing industries waste. The largest
wood processing industry waste comes from the sawmill and plywood industry. Sanusi (1993) defines the sawmill
waste as a part of the timber produced from the sawing process because its shape, size and defects are no longer
possible to be made as sawn wood sorts.

The composite material is a macro composite material so that the composite material can be defined as a
material system composed of mixtures or combinations of two or more elements that are macro distinct in form
and or material composition essentially inseparable (Schwartz, 1984). Some factors that need to be considered in
the manufacture of composite materials such as the size of sawdust are used. In general sawdust from wood
industry has diverse forms, sizes and quantities, while for utilization as raw material of composite mixture
required different size of sawdust material, but with certain size. The general size used for the manufacture of
composite mixed materials comprised particles of 80 mesh, 40 mesh, 20 mesh, and 10 mesh. The separation of
sawdust size based on the four mesh sizes is needed to facilitate the acquisition of composite raw materials, to
facilitate the separation process is necessary grading tool that is able to separate the size of the various sawdust.
The important role of this tool will be to speed up the process of separating the size of sawdust that will be used
as raw material of composite mixture, so that it can support the particle board industry.

The purpose of this research is to design grading tool of sawdust waste to be used as raw material of composite
mixture. The benefits gained will be the solution for the utilization of powder waste and can reduce environmental
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pollution due to the waste of sawdust that is not utilized. In addition, this research is able to accelerate the grading
process of sawdust waste according to size, which can be utilized as raw material of composite mixture, to add
product value.

II. MATERIALS AND METHODS

The study was conducted from June 2016 - August 2016 at CV. Citra Dragon, and Agricultural Machine
Production and Management Laboratory, Andalas University. The research is divided into two stages, namely the
design and manufacture of machinery and stage testing tools.

A. Tools and Materials

The materials used in this study are: iron elbow, iron axle (steel shaft) forging, chain, iron stallbus, sprocket,
putty, paint, and sawdust. The tools used in the research are: welding machine, iron bend, hacksaw, grinding wheel,
grinding cut, meter, ruler and sound level meter, scales. Stopwatch is used to search for long sieving, tacho meter
is used for motor speed (RPM), sound level meter is used to determine noise of appliance and environment.

B. Research Procedures

The method of this research is the development of simple tools that already exist, then will be tested work tools
that have been so. The working principle of this tool is to use human power, move the pedal as the source of the
sieve movement, connected to the crank lever as the driving tool.

The design is done by making a grading tool that uses a four-level sieve arranged in series starting from the
largest sieve hole in a row down. For self-propellers using human power, the sprocket transmission is connected
as a power connector to the sieving bath. The ingredients that will be grading are made on top of the tool and how
to insert it by sprinkling sawdust as much as half the volume of the tool on the top of the sieve. The frame design
is designed to support all components of the tool, the frame must be able to withstand vibration and pressure
during grading.

The process of designing the grading tool of sawdust waste is the main thing that needs to be done is to make
the design or drawing of the grading tool, it aims to simplify the researcher in the design process and not
experience a fatal mistake in the implementation. Making a design or image that needs to be paid attention is the
height, length, width and shape of the tool to be designed. The design process of this precision is one of the factors
that need to be considered the goal is that the results and objectives of the design of this tool in line and according
to the desired researchers.

The working principle of this tool is to utilize the human power to move the Sievers with power transmission
using sprocket. So this tool does not need to use an electric motor as a source of energy. Functional design analysis
was conducted with the aim to design the function and location of grading tools of sawdust. This tool consists of 7
main parts, namely :

1. The main frame (frame) is the basic framework of the tool that serves to support and simultaneously as a holder
of the components, so it must be made strong for the tool is stable.

2. The crankshaft serves to hold the load of the sieve and to transmit power from the pedal to the sieve as a sieve
driver.

3. Sprocket serves as a power supply, in this tool the transmission system used sprocket. The power coming from
the bicycle pedal will then rotate the crankshaft so it can pull and push the sieve.

4. Chain serves as the successor of motion energy generated on the pedal, the motion energy on the pedal will be
channelled to a small gear that is in front of the paddler.

5. Expenditure funnel serves as a place of exit grading of sawdust.

Saddle serves as a seat for the operator while pedalling the sieve drive.

o

7. A woven metal wire sieve serves as a sawdust separator by size.

III. RESULTS AND DISCUSSION

A. Design Results of Mechanical Grading Tool Sawdust Waste

The resulting tool (Figure 1) consists of several major components. The main frame is a rectangle made of iron
elbow with a length of 150 cm, height 73 cm, and 68 cm wide. Frame size based on the size of the sieve used. The
use of angled iron aims to make the framework more robust while holding the weight of the constituent
components of the appliance and the vibration during the sawdust. The size of the sieving box can accommodate
material capacity up to 60 litres. Constraints faced when the tool operates is the amount of vibration, the need for
propulsion, as well as the distance of the translational movement of the sieve is still far away. All paragraphs must
be indented. All paragraphs must be justified, i.e. both left-justified and right-justified.
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Fig. 1. Design of the Prototype generated

Vibration tool can reduce the ease and efficiency when operated. Adjustment of the crank lever size from 10
cm to 8 cm can solve the problem. With modifications, the translational distance of the tool becomes smaller, and
the speed increases. As a result, the required energy is getting smaller. In the design of the tool also note the
important factors of production, namely labour, work tools, and work objects. As a tool with a source of human
propulsion, it is necessary to consider the safety and health of operators when operating this tool.

The second tool part is a sieve. This section is made of metal wire that is woven on 4 (four) sizes in different
mesh units, i.e. fine (80 mesh), medium (40 mesh), coarse (20 mesh), and large (10 mesh). The sieves are designed
to firmly withstand sieved sawdust and no spillage occurs during sieving. The sieve is arranged in parallel as many
as three piles, each made of iron plate with length of 100 cm, width 68 cm, and height 7 cm. The portion of the
sieve is mounted on a swing stick holder that is disputed by the sieve frame.

The third tool part is the casing. The casing serves as a place to lay a sieve component arranged in a stratum
and protects so that sawdust does not fly while the grading process takes place. In this sifter casing there are also
4 funnel expenditure results grading, it aims to simplify the separation of the sieve, this casing has a width of 60
cm, height 50 cm, and length 100 cm. The funnel or outlet is the outlet for grinding of sawdust. In this sieve tool
there are 4 pieces of shopping funnel that is on the front and back side of the sieving tool. The cornerstone of the
spending funnel is tilted to make the screen shooting process easier, for the size of the self-loading funnel that is
10 cm wide, and 65 cm long. The screen output outlet on this tool is made on the side, for a 10 mesh, 20 mesh, and
40 mesh sieve out with a slope of 10 °, based on an angel of friction sawdust test. As for sieve sized 80 mesh, the
outlet is on the bottom side of the sieve tub with the same slope. This outlet is made of iron plate with length 64
cm, width 8 cm.

The saddle section serves as a seat for the operator when pedalling the sieve drive. Saddle is adjusted to the
size of the adult holder with a comfortable seat material. To channel the driving force used chain transmission
system and sprocket. Chain serves as the successor of motion energy generated on the pedal. Sprocket on a large
pedal is connected to a small-sized propeller sprocket using a chain. motion energy channelled with the crank of
the sieving force. The rotary power generated on the sieve shaft is larger and capable of producing horizontal
motion with high speed. In this sieving tool used chain size with number 40, in accordance with the calculation of
chain size. The ratio of the small sprocket size and the large sprocket used on the tool is 1:25, in accordance with
the calculation of the sprocket and chain size. Large sprocket diameter 21 cm with 48 eye counts, and a small
sprocket 7 cm with the number of eyes 20 fruit. The axis spacing is 45 cm. Sprocket is driven by pedalling the tool
clockwise.

The crankshaft serves as the successor to power received by a small sprocket, to drive the sieving. The crank
lever is the connecting and driving source of the sieve, with a crank length of 8 cm. The crank lever is driven by a
small sprocket connected to the bearings to facilitate the movement of the crank lever.

B. Results of Elaborate Testing

The sieving results obtained from each mesh are different. In this research, the highest yield was found in mesh
size 10, while the smallest yield was found in mesh size 80. Various factors influencing this result include duration
of sieving process, intensity of sieving vibration and sampling method. When viewed the 20 mesh and 40 mesh
sieves have a uniform and clean sieve quality, in contrast to the mesh and mesh 10 mesh sieves which still have a
mixture of sawdust flying around during sifting (Figure 2). The results of this study are the initial stage of the
process of utilization of waste sawdust. The next stage of this sieving result can be used as raw material of

composite mixture.
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10 mesh 20 mesh Mesh 40 ~ Mesh 80

Fig. 2. Results sorted Saw-dust in 4 Size (Reference scale is 15 cm x 1 cm)

The operator's power requirement to operate the sieving is calculated based on the operator's pulse per
minute. From observation, the operator's pulse rate after sifting is 95 times per minute pulsation. Thus, sawdust
saw works are categorized into light working groups, with an energy of 0.0447 kW. The difference in human power
required to operate the tool is not very significant when compared with manual use, which has been calculated in
the initial study of 0.0625 kW. However, this tool can perform sieving with four meshes at the same time with a
0.0447 kW energy inputand is very effective when compared to manual Sievers that require 0.0625 kW to perform
one mesh only (Figure 3). The value of energy released is then connected to the working capacity of the apparatus,
thus obtaining a specific power requirement of 0.0001568 kWh/kg.
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Fig. 3. Mechanical Advantages of the Prototype

C. Performance Results

In the tool test, the amount of sawdust is 8.4 kg. Observations were made three replications, each using a
material of 2.8 kg with a measured water content of sawdust by 20%. From the measurement results obtained
working capacity of the tool as shown in Figure 4.
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Fig. 4. Test Results of the Working Capacity With 3 Replications
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From the result of the research, the average grading tool capacity for sawdust is 28,49 Kg / hour. This result is
obtained from the experiment conducted by using sawdust sample as much as 2.8 kg with the average time of
sifting the sawdust is 4 minutes 6 seconds. The working capacity of this tool is influenced by several things,
including the duration of the sieving time, the sample mass, and the intensity of the sieve vibration. The pile of
material on the mesh of this tool is quite high at about 5-7 c¢m, this can affect the capacity of sieving and prolonging
the time of sifting, therefore the wider mesh size used will speed up the process of sifting and the capacity of the
tool is increasing. To increase the capacity of the grading tool it is necessary to enlarge the sieving volume, so that
the distribution of materials will be much and speed up the process of sieving.

The sieving ratio is calculated based on the weight ratio of sawdust sieved with the weight of the material. From
the test results, the percentage of yield of the material is affected by the working time of the tool. The longer the
sieving process takes place, the yield of the material will decrease, because the sieving material is getting less. The
average yield of degraded sawdust waste material is 77.37%. The results of this yield show the performance of the
tool that has not been optimum because making the sieve with four mesh size requires the size of the sieve hole
that must be precision. In the designed device, the wire on the sieve hole is less tightly installed, resulting in a lot
of sawdust material left behind. For that need to make improvements on the tool for the yield of sieving results
can increase.

The fineness modulus of the material is measured to determine the index of the fineness or grain size of the
aggregate particles of the sieved material. The grain refinement modulus (FM) is defined as the percent amount of
cumulative residual filter above the sieve. The fine modulus of fine aggregate grains ranges from 1.5 to 3.8 (SNI 03
-1750-1990) (Putro, 2007). To analyse the results of sieving, a comparative test with a standard sieve is arranged
in series in one pile. The arrangement of sieves starting from the sieve has smaller mesh sizes up to larger sizes
respectively (10 mesh 20 mesh, 40 mesh and 80 mesh). Each mesh size has a different fineness modulus,
depending on the material retained on the mesh of the sieve. The greater the value of the fineness modulus
indicates that the larger the aggregate grains. The result of material fineness modulus testing is presented in Table
1.

Table 1. Modulus of fineness of sorted materials

Mesh Number Diameter (mm) Replication Sorted Materials (gr)  Fineness Modulus (%)

10 2 1 940 37,5
2 861 42,85
3 866 45
Average 889 41,78
20 0,842 1 612 29,16
2 635 28,57
3 707 35
Average 651,3 35,31
40 0,4 1 612 25
2 411 19,04
3 272 15
Average 431,6 21,11
80 0,177 1 171 8,33
2 229 9,52
3 105 5
Average 168,3 7,61

In the test, the sieved saw-grain fineness modulus showed that the material with the smallest particle size had
the smallest percentage of sieve yield. At mesh size 80 obtained the percentage of material retained on the third
repeat of 5%. This indicates that the sieved sawdust material is still less smooth. Overall, other sieve sizes show
the results of modulus of fineness with the largest percentage being 45%, 35%, 25% and 9.52% for mesh sieve
sizes 10, 20, 40, and 80.

This fineness modulus relates to the remaining material held by the sieve. Since the mesh difference for each
layer of the screen is large enough, the amount of material retained due to having a larger particle size of different
sieve holes for each level of sieving (Figure 5). The larger the size of the sieve hole, the more retained sawdust
material. This happens because of the variety of sawdust sizes obtained. However, in the test of this apparatus, the
sieved material has a uniform particle size, corresponding to the level of sieving made (10, 20, 40, and 80 mesh).
Comparison of material fractions (rough, medium, and smooth) has a range of 10 mesh and multiples (Irfan and
Sarif 1989). The largest uniformity index of results was obtained from sieving results with 2mm mesh size (mesh
10), then sequential according to the size of the shrinking mesh (mesh 20, 40, and 80). Thus, the size of the sieve
hole affects the uniformity index of the results. The measurement result of uniformity index of materials presented
in Table 2.
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Fig. 5. The Material Weight In Each Screen Size

Table 2. Uniformity Index for Sieving

Replication Uniformity Index (Coarse, Medium, Smooth)

1 5:4:1
2 5:4:1
3 5:4:1

The noise test when the device operates is performed to determine how unwanted noise power (expressed in
decibels (Db)) is exposed to the operator when the device is in operation. Noise occurs because there is a part of
the tool that rubs and slams like a hard sieve during sifting takes place. The noise level in this tool is determined
using a sound level meter device. The resulting noise results range from 79 to 92.9 Db. Can be seen on the table
noise level using materials and without materials not much different, this is because the processed sawdust
material has a light weight, so it is not able to muffle the sound generated sieve tool. Some components that become
the source of noise in the tool is the occurrence of friction between the swing lever to the sieve tub, crank lever
gestures, and the sound of sieving tub. The noise level of this device is still above the permissible threshold in
accordance with occupational safety standards (Figure 6). To that end, the equipment operator needs to use a
sound protector during the operation of the device.

Table 3. Prototype noise level during operation

Replication At Operator 1 meter away 2 meter away 3 meter away
No- With Load No- With Load No- With Load No- With Load
Load (dB) Load (dB) Load (dB) Load (dB)
(dB) (dB) (dB) (dB)
1 91,8 90 88,5 86,5 87,7 84,4 83,3 82,4
2 92,9 92,4 87,6 85,9 86,3 86 82,3 79
3 90,6 91,5 88,7 87,2 85,7 84,2 82,6 81,2
Average 91,76 91,3 88,26 86,53 86,56 84,33 82,73 80,86
SD 1,14 1,21 0,57 0,65 1,01 1,17 0,5 1,72
94 m Noload
92 .

Noise Level (dB)

with material
90
88 NAB (SNI No. 16-7063-2004)
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Fig. 6. Noise Level of the Prototype during operation
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The noise level of 85 dB is the work safety margin (NAB) value defined in SNI No. 16-7063-2004, for Indonesian
workers who work for 8 hours per day. Based on noise measurement results, then when operating, the appliance
noise level exceeds the allowable threshold. In 1405 / MENKES / SK / XI / 2002 mentioned the requirements of
the office and industrial work environment, to avoid deafness, noise thresholds are permitted for the operation of
the appliance for 8 hours a day in a closed room. It is therefore necessary to have noise control at the receiver level
by using earplugs to reduce noise levels up to 25 - 45 db. Completion of the tool design needs to be done to
minimize the noise level generated. Particularly provides bearings of bearings on rotational rubbing sections.

The process of sifting sawdust using the manual way, causing the operator to work by pedalling the tool to
move the sieve. The size of the seat and the frame on the tool are adjusted to the anthropometric position of the
Indonesians. Several anthropometric sizes used include, range of forward range, dimensions of height while
sitting, knee height and hand dimension. The comparison between anthropometric dimensions of operators and
ideal conditions is presented in Table 4.

Table 4. Anthropometrical data

Dimension of  Ideal Anthropometri (cm)  Device Anthropometri Data (cm)

Reach 69,45 70
Seat Height 81,58 82,5
Knee height 52,02 53
Front reach 67,02 68
Hand Length 18,11 19

There are several factors that need to be taken into account in the manufacture of seating dimensions and
pedalling positions, between anthropometry and the strength of tool materials. In Table 4, there is no significant
difference between the anthropometry position of the appliance operator and the Indonesian standard size. The
height adjustment of the tool, the height of the sitting position and the range of the handle on the tool are designed
to be tailored to the operator's requirements. Thus, the operator can adjust his working position as comfortable
as possible so that it can operate the tool in a long time. In this tool the operator moves the tool with the sitting
position and the legs are not too bend, thus, operating the tool in a long time does not cause extreme stretching of
the operator muscle. The position of the operator during the sifting can be seen in Fig. 7.

—

Fig. 7 Operator Position

D. Techno-Economic Analysis

The cost of the tool consists of fixed and variable costs. Non-fixed costs include the cost of maintenance or
pension costs (Rp 540 / hour), and operator fees (Rp 6,250 / hour). The tool uses human power, so there is no fuel
cost in the operation of the equipment. Fixed costs consist of depreciation cost of equipment and interest cost of
capital. From the research that has been done obtained the cost of depreciation of Rp. 540,000 / year. Depreciation
cost is due to the long use of the tool so that the decrease of the initial price of the tool. The interest cost of capital
is Rp. 148,500 / year so that the fixed cost to be incurred in one year is Rp. 668.500 / year. Thus, the principal
costs incurred in each of these equipment operations (1, 2, and 3 replication) are Rp. 243,36 / Kg, Rp. 247,99 / Kg,
and Rp 249,84 / Kg.

The break-even point (BEP) represents the minimum amount of material processed by the tool (sawdust) in
order to balance the profit and loss per unit of time. From the data analysis, there was a break-even of sawdust
sieve in replicates 1, 2 and 3 respectively of 21,000 Kg / year, 24,598 Kg / year, and 26,278 Kg / year. This break-
even point is also influenced by sieving capacity, sawdust selling price after sieving, yield, fixed cost, and
equipment fixed cost.
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IV. CONCLUSION

Based on the results of research that has been done, the grading tool sawdust waste generated has a working
capacity of 28.49 Kg / hour. The tool can separate the sawdust waste by the particle size of 2 mm (mesh 10), 0.842
mm (mesh 20), 0.4 mm (mesh 40), and 0.177 mm (mesh 80) with mean value of modulus of fineness of each mesh
are 889 grams, 651 grams, 431 grams, and 168 grams, respectively. While the uniformity index of the coarse mesh
(10 mesh), medium (20 and 40 mesh), and fine (80 mesh) were 5, 4, and 1. Specific power required to achieve
working capacity 28.49 Kg / his 0.0001568 kWh / Kg, and the yield is 77.37%. The cost of operating equipment is
Rp. 243,36 / Kg, is cheaper when compared to manual way. From this research resulted a tool design that can be
adapted to anthropometry condition of Indonesian people.
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ABSTRACT

Crystal Guava in Bandung Regency at the first time was introduced in Cimaung District, Tirta Mulya
farmer group at 2013. Previously, farmers in Bandung Regency had grew the pink guava. Appearance of
crystal guava for farmers is a new thing, because crystal guava came to Indonesia historically as an
breeding between Indonesia’s guava which was using bottom section of trunk with Taiwan’s guava
which was using its top section. The appearance of its variety as a technique artefact in social life of
farmers, generate the changes as adaptation of relations between social, economic, technology and
environment aspects. Is crystal guava an invention or innovation? The relations are identified and
analyse in a system thinking framework for knowledge management using System Archetype. The result
show that objective, knowledge, technology, learning and people are determine the successful of crystal
guava conception-adoption process. Conception-adoption process which is started from local
government programme, become a starting point that continue until adoption stage. Better economic
prospect furthermore become an accelerator of crystal guava adoption process until now. Support from
geographical location where very suitable for crystal guava is an important thing that determine the
first stage of crystal guava adoption. According to the passage, interaction between social, economic,
technology and environment aspects in a conception and adoption process could not be ignored, it need
a well managed for a better conception-adoption process. Crystal guava as an technology is successful
to encourage from invention to innovation for fruit farmer in Bandung Regency.

Keywords : conception-adoption, knowledge management, crystal guava, system thinking.

I. INTRODUCTION

Crystal guava is a new variant of guava, it is more preferable because the texture of its body more crunchy and
the core is smaller. Crystal guava as a technology artefact is a new thing which is named as invention that defined
as new idea or new scientific discovery [1] [2].

Bandung Regency as one of crystal guava development area in West Java since the beginning have been
cultivated crystal guava (Fig.1). Statistically, the data about crystal guava that release by Statistics Indonesia
Agency or BPS spesifically not available, crystal guava was grouped into guava commodity. However, crystal guava
development in Bandung Regency in 2016 spread out in five districts or “kecamatan” (Pacet, Kertasari, Ibun,
Ciparay and Cimaung) [3]. According to the positive trend about population of crystal guava trees, it can be
estimated that crystal guava which is including into guava follow the increase of guava trees population. Bandung
Regency have the best potential land for crystal guava around 400 hectare, and 210 hectare of them have been
cultivated with guava. It means still available around 200 hectare potential land for crystal guava development in
Bandung Regency [1] [4].

As a new technology, crystal guava was born from research and development activity. Crystal guava came to
Indonesia as an breeding between Indonesia’s guava which was using bottom section of trunk with Taiwan’s guava
which was using its top section. The problem of new technology adoption in production sector is failing, which a
backlog of problems will discourage further adoption while encouraging abandonment by existing adopters (Fig.
2). Technological change in agriculture is complex, it significantly increases income and also contributes
sharpening inequality [5] [6] [7]-

Conception-adoption is a chain of innovation. Process of innovation should be managed properly since the
conception until adoption that involved social, economy and technology elements. Agriculture as a complex system
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was built in interdependent structure. Social institution have an important role in a conception-adoption process
and economically adoption an innovation should provide equitable benefit, not only stopped at invention stage.
Knowledge creation and adoption become the critical sources for innovation, then as a dynamic human process,
knowledge built in a structure and work based on the function and role. [8] [9]
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Fig. 1. Number of Crystal Guava Trees and Crystal Guava Production in Bandung Regency from 2010 until 2014
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Fig. 2. Feedback loops in the implementation process limiting the spread of new technologies [6]

This paper analyse how technological innovation process of crystal guava from conception until adoption at
crystal guava farmer in Bandung Regency. What is the determinant of conception and adoption process of crystal
guava? Which the crystal guava including, technology innovation or technology invention?

1. MATERIALS AND METHODS

This research is case study in qualitative method. Qualitative methodology is holistic account that develop a
complex crystal guava picture in order to get an in depth understanding [10].

Conception and adoption process of crystal guava is draw using system archetypes that capture the “common
stories” in system thinking and dynamic phenomena that occur repeatedly in diverse setting. Archetypes capture
the essence of “thinking” in system thinking. Crystal guava technological innovation process defined both
“problem” and “closed loop” archetypes. Archetypes problem and solution links are interrelated and often
confused, simplification and reduction the number of system archetypes improve their usability to give better
understanding about the main problem. [11] [12]

A. Study Area

This study case is technological innovation process in Bandung Regency, West Java located in separated district,
initially was started from Tirta Mulya farmer group in Cimaung District. Crystal guava is one of new horticultural
commodity in Bandung Regency, especially for fruit grower in the highland.
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B. Data sources

Data collection is draw on multiple sources of information about innovation process of crystal guava, such as
observation, interview, and documents. Interview was conducted with several informant who are consist of
farmer, farmer group management, extension worker, local trader, and exporter in Bandung Regency. Observation
in order to validate the data that received and collected by causality tracing as result from interview and document
study. Boundary of this research built in the innovation process which is technological conception of crystal guava
as the beginning and technological adoption or diffusion of crystal guava as the ending.

Actor who are involve in crystal guava supply chain became the starting point for causality tracing. Tirta Mulya
farmer group was the first farmer group in Bandung Regency who cultivated crystal guava in Cimaung district
Bandung Regency. In the next step, the source or informant for interview was chosen purposively using snow ball
technique follow the causality about crystal guava both conception process and adoption process. Overall there
were five crystal guava farmer groups, one local trader, one government extension worker, and one exporter that
interviewed.

Information obtained during the interview categorized as mental data base, information obtained from
document categorized as written data base. The mental database is vastly richer than the written database in the
form of books, magazines, and newspapers. In turn, the written database is far more informative about how society
operates than the numerically recorded information [13].

I11. RESULTS AND DISCUSSION

Crystal guava conception process for Indonesian farmer was started since 1998 with several research and
development activity by Taiwan Technique Mission under International Cooperation and Development (ICDF) as
diplomate cooperation between Indonesia and Taiwan. Through research and development networking, crystal
guava introduced in Bandung Regency at the first time in 2013 under local government programme. Tirta mulya
farmer group is the first farmer group who has been developing crystal guava until now.

Conception-adoption model refer to conceptual theory such as technology management, knowledge
management, and adoption and diffusion innovation. Methodologically, this paper using system thinking approach
to describe and analyse about the process of conception to be adoption decision.

A. Determinant of Crystal Guava Conception

Relationship between off-farm and on-farm generating many activities interrelated one to another. On-farm
activities of crystal guava systematically have strong relationship with off-farm activities both physical and
decision flow. Before decide to adopt or cultivate crystal guava, the farmers have passed the conception phase
which is selling price of crystal guava that higher than conventional guava. Price is one of the significant push
factor for farmer so that the farmer cultivate crystal guava trees. Exceptional case of Tirta Mulya farmer group in
Cimaung district who categorized to innovator, on-farm factor influence stronger especially farmer knowledge as
result from training and dissemination by local government of Bandung Regency (see Fig. 3). Innovators are active
information seekers about new ideas, they have a high degree of mass media exposure and large interpersonal
network [14] [15].

Alltitude

CG Training and extension Farmer Knowledge Cultivation of CG

Research and Development and Seed Programme

Fig. 3. Causes Tree Diagram of Innovator about Crystal Guava Conception in Bandung Regency

When the first time adopt crystal guava cultivation, Tirta Mulya farmer group faced a big risk especially on-
farm in land compatibility and technology, it become higher when off-farm enhance the risk from market price and
buyer. High uncertainties as innovator are the risk which have faced by Tirta Mulya farmer group in the beginning
of crystal guava cultivation in 2013. In line wit Rogers that innovators are able to cope with higher levels of
uncertainty about an innovation [15].

Another farmer groups who follow Tirta Mulya farmer group in other districts of Bandung Regency have lower
risk about adoption decision. Benefit economic factor and market demand have established before because of fruit
specification are liked by the consumer. Crunchy fruit bodies and small size of its core are liked and causes market
demand increasing especially modern retail such as supermarket.

Increased market demand directly reduce off-farm risk which is in some cases of agricultural technology
innovation stop the conception process to be adoption or in product view inhibit an invention to become an
innovation. Crystal guava price in famer level is about 15,000 to 20,000 rupiahs per kilogram, the price is better
than conventional guava that sell only about 3,000 to 6,000 rupiahs per kilogram.

The difference of their conception-innovation track between innovator farmer group and early adopter and
early majority is about the decision reasoning. Early adopter and early majority farmer groups have much more
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consideration than the innovator farmer group in decision tu cultivate crystal guava plant or not. The innovator
effort on this view harder than early adopter or early majority. Brazil’s and Peru’s case show that support from
public policy is very important to encourage the process of an invention to be an innovation. Innovator
contribution is needed in order to push an invention to become an innovation through improving existing
products, responding to adversity with determinant and resilience and honing their creative skills [15] [16].

(Farmer Knowledge)

Liquidity
) Abandonment of CG
Pest & Disease
Price Ratio CG to Guava
Altitude
Economy Value of CG Cultivation of CG
> Benefit from CG

Income from CG

CG Training and extension
o > Farmer Knowledge
(Cultivation of CG)

Producer Service Level —— Market Demand of CG

Research and Development and Seed Programme

Fig. 4. Causes Tree Diagram of Early Adopters and Early Majority about Crystal Guava Conception in Bandung
Regency

In crystal guava case, inventor institution in Indonesia was ICDF who managed by IPB (Bogor Agricultural
University). Tirta Mulya farmer group as the nearest innovator to inventor until now still have a good relationship
and communicate actively with ICDF-IPB about crystal guava development. When farmer group met a lot of
problem in crystal guava cultivation such as pest and disease, ICDF-IPB gave their assistance intensively in
extension and training form. The role of inventor institution effective to increase farmer knowledge capacity which
is directly improve farmer farming skill.

Local government of Bandung Regency also very concern with crystal guava extensive through seed and
training programme. At policy level, technology improvement in developing countries is an effort to accelerate the
economic growth, indeed introduction process of new technology before practice new technology. [1] [16] [6]

Furthermore in early adopter and early majority farmer group, event market risk have reduced but their
conception process become more complex than the innovator farmer group. Beside government programme and
farmer knowledge, abandonment of technology determine farmer decision as a constraint like pest and disease,
market price, and farmer liquidity to access the required technology in crystal guava farming,

B. Determinant of Crystal Guava Adoption

Adoption on this paper is the next step after conception. Adoption phase is started when farmer group decide
to cultivate the crystal guava trees. There are some factors should be noticed during the adoption process such as
the grow sustainability of young trees, farmer knowledge and the requirement of technology. These three adoption
elements are collaboration among human, technology and environment. In general, an adoption needs to be inline
with the available human resources, if not, the adoption may face serious problem in adaptation [17].

Attempts on this adoption process intent to increase farmer competitiveness. Keep being innovative will keep
the company, this case is farmer group to be competing among the turbulence changes in business environment.
Market driven with customer focus will lead the farmer group to fulfil willingness of consumer, differentiation
crystal guava from conventional as usual will make the consumer easily to switch their buying to the new one [18].

CG Productive Trees
CG Young Trees Pest & Disease
(Required Technology)
Abandonment of CG
Cultivation of CG o
Farmer Knowledge (Cultivation of CG)
On-farm treatment

Liquidity
Required Technology < Required Knowledge

Fig. 5. Causes Tree Diagram about Crystal Guava Adoption in Bandung Regency
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The sequel process of adoption is a big challenge. Inventor guidance for innovator farmer group at this phase
is needed. How to use technology and treatment in crystal guava cultivation require many input dynamically
according to the age of trees. ICDF-IPB and local government of Bandung Regency are inventor and policy
institution who are together with Tirta Mulya farmer group go through the challenge in crystal guava development
like pest and disease, fruit growing, event market penetration [19] [1] [16].

Moreover for early adopter and early majority, event innovator have gave a good sample, but the challenge in
cultivation is still a big thing for them. According to crystal guava farmer around Tirta Mulya group who cultivate
crystal guava, limitation of capital especially in the first year of cultivation restrict the farmer to improve their
plants or trees intensively. It is because of character of annual crop that in first year not produce fruit in optimal
condition, so that farmer income slightly low. Meanwhile, farmer invest a lot of money for cultivation technology
and worker. These condition cause a complication of crystal guava farmer in adoption phase.

Beside of economic problem, the lack of farmer knowledge about cultivation technique causes some fault in
crystal guava treatment. Pest and disease handling effectively and efficient produce an optimal crystal guava
production.

Accumulation from funding limited liquidity and lack of farmer knowledge, if ignored in a long period it will
impact to abandonment of technology in this case crystal guava. Farmer unable to access the technology based on
interview caused to low yield productivity per tree, so that crystal guava production is not optimal. The impact of
low production means low income, low quality will push down the price and small number of harvest will push
down the quantity.
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Fig. 6. Main Feedback Loop of Crystal Guava Conception-Adoption Process in Bandung Regency

C. Conception-Adoption Model

Conception-adoption model is a chain process of conception an adoption decision which is captured in an
interrelated between conception phase and adoption phase in a causal loop diagram structure. Relationship of
conception and adoption are interconnected one to another in an innovation process (Fig.6), conception phase and
adoption phase structurally is difficult to different when they frame in an one causal loop diagram of innovation
process, all elements are interconnected both direct or indirect.

Generally there are for types of main archetype in conception and adoption process of crystal guava. The main
archetypes are feedback loop of a big causal loop diagram which is complex and detail with hundred of feedback
loop. The four main archetypes explain how conception and adoption process in knowledge and technology
management, technological innovation and agricultural technology production.
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Fig. 7. Complex Causal Loop Diagram of Crystal Guava Conception-Adoption Process in Bandung Regency

1. Conception Growth Engine (R1 and R2)

Conception engine in causal loop structure diagram push strongest with R1 and R2 feedback loops. R1 feedback
loop is about economy factor that encourage the farmer to adopt (cultivate) crystal guava, price of crystal guava
on this feedback is determinant how strong the benefit that received by farmer. Higher price of crystal guava,
caused better economy benefit received by farmer and motivate farmer to cultivate and develop crystal guava.
Result from these process is positive feedback which push farmer and farmer group cultivate crystal guava in
Bandung Regency. Positive feedback in system archetype is a growth engine in system (20).

The second reinforcing process in causal diagram structure is R2 feedback loop. This feedback explain how
knowledge management work in conception-adoption process. Number of crystal guava trees determine the
required technology and required farmer knowledge, increasingly the number of crystal guava cultivation,
increase required technology and farmer knowledge. Training and government programme in order to improve
the farmers knowledge, this pattern create a reinforcing process (positive feedback) to encourage farmers
cultivate crystal guava. Farmers knowledge is intangible basic capital that influence farmer in adoption decision.
Lack of know-how about technology and maintenance (treatment) reduce conception process which push the
crystal guava adoption. [8] [21]

2. Adoption Growth Engine and Limitation of Adoption (R3 and B1)

Adoption phase is a process of innovation in decision making about crystal guava cultivation. Farmers liquidity
is important determinant in adoption decision, because of farmer capability in access the technology is determine
by financial capability which source from farmer income. Better financial liquidity of the farmer increase
production ability so that more effective and efficient during production process, better access to technology in
treatment and maintenance reduce pest and disease attack to crystal guava. This process draw in a R3 feedback
loop which encourage farmers to adopt continuously.

Although in the process of adoption face a big challenge especially in access to technology, but if wrong in
managing the challenge, abandonment of technology will increase in a big movement among the adopters. This
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problem usually happen in the first year of annual crop because of investment cost do not match wit the revenue
from production. Abandonment of technology will inhibit adoption process in the next year farming and configure
a negative feedback (balancing loop: B1 feedback loop). Negative feedback limits to growth of adoption speed in
macro level [6].

3. Backlog of Problems (R4)

The problem of conception and adoption in causal loop diagram represent in abandonment of technology.
Abandonment of crystal guava adoption will influence to decrease the optimization of plant maintenance and
treatment, there will be more pest and disease un solve because farmer do not have enough capability (technology
and knowledge) to manage it. Unfortunately this backlog of problems archetype configure a R4 positive feedback
loop and must be watch and manage carefully so that the reinforce growth of R4 can be reduced in order limit the
abandonment of crystal guava. If pest and disease growth uncontrollable, the possibility of crystal abandonment
will increase and harm the crystal guava population in Bandung Regency.

4. Problem Solution

The worried problem on this archetype is about growth of R4 feedback loop named abandonment of
technology. It can be solved with a better knowledge of farmer in crystal guava cultivation. Farmer knowledge is
a very important intangible capital which needed in crystal guava management farming include the pest and
disease management.

Larger population of crystal guava cultivated caused higher potential attack of pest and disease of crystal guava.
Activity to increase farmer knowledge capacity such as extension and training, properly inline with the growth of
crystal guava population. Likewise with the government programme will be more effective if set in farmer
knowledge and skill improvement in crystal guava farming.

IVV.CONCLUSION

Determinant of conception-adoption process of crystal guava that received by farmer fruit in Bandung Regency
is influenced by many factors. Conception determinant and adoption determinant explicitly can be different
because they together have the same role in push or resist the cultivate decision in crystal guava development.
The determinants are benefit form crystal guava, farmer knowledge, market demand, altitude, abandonment of
crystal guava, and research and development seed program. The conception determinants are causes by another
element such as economic (liquidity, income, economy value, price), social (training and extension), technology
(cultivation, pest and disease), and environment (altitude).

So many benefit that received by the farmer especially in economic aspect, crystal guava farmer income can be
higher than conventional guava caused of crystal guava price is better than another guava and better yield of
productivity. Socially the increasing of farmer knowledge is intangible benefit for farmer group and their society.
According to economy and social benefit, so that crystal guava can be classified as innovation [16], crystal guava
as an technology is successful to encourage from invention to innovation for fruit farmer in Bandung Regency.
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ABSTRACT

The objective of this research are to (1) examine the economic base sector which contribute to regional
economic growth (2) analyze the linkages between agricultural and agroindustrial sector (3) to
examine the multipliers impact of regional output. The data collected include (a) GDP of 2010-2014,
and (b) I-O (Input-Output) Table as an update version of [-O 2010, using RAS Method of Lampung
Province. [-O Table of 2014 of Mesuji District is derived from I-0O 2010 using LQ (Location Quotient).
The results show that (1) agriculture and industrial processing are the economic basis. (2) the
plantation, livestock, as well as food and beverages sub-sectors have forward linkages, spread effect,
and spread coefficient.Those sectors are able to encourage and attract the downstream and upstream
of sector growth, respectively. (3) the industrial processing sector has a greater multiplier impact than
the agricultural sector.

Keywords : regional economic, I-O Tabel, linkage, multiplier effect.

I. INTRODUCTION

Mesuji district is a new regional autonomy splitted from the main district of Tulang Bawang District through
Law No. 49 of 2008. With the existing authority Mesuji District is entitled to take care of its own "household".
According to Kuncoro (2012), improving the welfare of local people is the fundamental reason for regional
separation, in addition to improving services, and shortening the span of control. Autonomy should be understood
functionally, in which the autonomy orientation is interpreted as an effort to maximize government functions,
namely arrangement, service, and empowerment that can be done as quickly, as closely, and as precisely as
possible to society needs (Badrudin 2012).

Based on data (BPS Provinsi Lampung 2016), during the period of 2012 to 2015, the position of economic
growth rate and Gross Domestic Regional Product (GDRP) per capita of Mesuji District are consistently at higher
criteria. In 2012 and 2014, Mesuji District is in a position equivalent to Tulang Bawang District as the main
District,however in 2013 and 2015 the Tulang Bawang District quadrant shifts to a lower growth rate and Mesuji
District in an equal position with Bandar Lampung City which is the capital of Lampung Province.

These data indicate that mesuji district as a new regional autonomy can be well developed as its main district,
i.e, Tulang Bawang District. Whereas according to Bappenas and UNDP (2008), the level of economic growth in the
main district is higher than the new regional autonomy. the main district has a better per capita gdrp than the new
regional autonomy.

Mesuji District is categorized as a district with high economic growth rate and high per capita income that is
also a positive indication for the newly established separation regions. Mesuji District as a separated district from
Tulang Bawang District has similar economic characteristics from its main district with an average share of
agriculture to its GDRP of 47.88% as shown in Table 1. The contribution of GDRP based on economic sectors in
Mesuji District can be seen in Table 1.

The agricultural sector is the sector that gives the largest contribution to GDRP of Mesuji District during the
period of 2009 to 2013 in the amount of 47.88 percent. The second largest contribution comes from the processing
industry sector with an average share of 23.69 percent. The condition of mesuji district as a new regional
autonomy, with the economic growth that becomes interesting to be studied further as what aspects of the
economic base sector are able to encourage the regional economic growth? What is the relation of the economic
base sector to the region's economy?

The objectives of this study are (1) to examine the economic base sector that drives regional economic growth,
(2) to analyze the linkages of agricultural and agro-industry sectors in the regional economy, and (3) to analyze
the impact of output multipliers.
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Table 1. GDRP contribution by economic sectors in District Mesuji Period 2009-2013
2009 2010 2011 2012 2013 Average

No. Sector Percent (%)

1  Agriculture 49,28 49,50 47,67 46,59 46,34 47,88
2 Mining 0,20 0,22 0,21 0,20 0,20 0,21
3 Processing industry 24,52 23,48 23,87 23,52 23,05 23,69
4 Electricity, Gas & Water 0,02 0,01 0,01 0,01 0,01 0,01
5 Building / Construction 1,43 1,61 1,80 1,83 1,79 1,69
6  Trading, hotel and restaurant 14,55 14,93 16,05 16,98 18,15 16,13
7  Transportation and Communication 2,87 3,09 2,96 2,94 2,90 2,95
8 Finance 3,04 2,92 2,85 2,69 2,56 2,81
9  Services 4,08 4,24 4,58 5,24 5,00 4,63

Amount 100,00 100,00 100,00 100,00 100,00 100,00

Source: BPS 2014 (data were analyzed)
II. MATERIALS AND METHODS

The location of the research was conducted in Mesuji District as the new autonomous region, result of the
separation from the main district of Tulang Bawang District in 2008. The used data is the secondary data consists
of GDRP on the basis of 2010-2014, Input-Output Table (10) of Lampung Province Year 2014 which is the result of
updating with RAS Table IO method in 2010 and lowered to Table 10 2014 for Mesuji District through Location
Quotient (LQ) approach. Input analysis used in this study is based on the analysis of the economic inter-sectoral
linkages, spread effect, and output multiplier impact.

A. Location Quotient (LQ) Analysis

The basic sectors are considered to be able to encourage economic growth. One indicator that is able to describe
the existence of the base sector is through the LQ index which is a simple indicator that can indicate the strength
or the role of a sector in an area compared with the area above it. How to measure LQ from a sector in a region's
economy with a value-added approach or GDRP. Mathematically LQ measurement as follows:

B Vi/vt .
YE/Y?:

where Vi, Vt, Yi, and Yt denote the value of sector I GDRP at the lower level of the region, total GDRP at the lower
region level, the value of sector I GDRP at the upper region level, and total GDRP at higher regional level,
respectively.

A sector with an LQ>1 means that the sector is a base sector that becomes a regional power to export its products
outside the region concerned. Conversely, if LQ <1, the sector becomes an importer. Whereas, if LQ = 1, there is a
tendency that the sector is closed because it does not conduct transactions to and from outside the region, however
such conditions are difficult to find in the region's economy.

LQ

B. Input Output Analysis
The 10 method can be used to see which sectors can be a sector of leaders in regional development. According
to Arief (1993) in Daryanto and Hafizriandra (2010), these sectors can be detected in four ways:
- Asectoris considered a key sector if it has a backward link and a forward link
- Asectoris considered a key sector if it produces relatively high gross output, thus maintaining a relatively
high final demand
- A sector is considered a key sector if it is capable of generating relatively high net foreign exchange
earnings
- Asector is considered a key sector if it is able to create relatively high employment opportunities.
Rustiadi et al. (2011) also explained that the Input-Output (I0) table structure is used as a linkage tool for
economic sector linkages. For the purposes of analysis, the most important parameter is the coefficient of
technology which is mathematically formulated as follows:

_ Xij _
a;; _X_j atau XU’ = aU-.Xj- (2)
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where @;;  denotes the ratio between the number of outputs of sector iused as input sector j (X;;) to total input
sectorj(XJ,-) or also known as input coefficient. Thus, Table I-O or Equation 2 can be mathematically formulated as
the following matrix equation:

Ay, @2 ¢ Qq Xy Yy X,
a4y Qaz; . Azn Xg + Yz — X3 (3)
An1 Qnz2 Qn; ay, Xn Y X

GDRP of sector i (Vi) is further notated as Yi, where ¥; = Fid — M; = GDRP of the i sector. With the above matrix
notations then can be formulated as AX + Y=X, where matrix A is a direct relationship coefficient matrix between
sectors (technological coefficients), thus

X-AX =Y,
(1-A)X =Y,
X =(1-A)-1Y.

The matrix (I - A) is known as the Leontief matrix, an important parameter in the I - O analysis. The inversion
of the matrix, matrix (I-A)-lor B is Leontief's inverse matrix (interconnected sector matrix) or also called as
multiplier matrix. Since (I-A)1Y = BY, the production increase (X) is the result of the pull of the final demand Y. The
gradient of increase is determined by the elements of the B matrix.

C. Technical parameters in I-O Analysis.
1. Direct Backward Linkage

It demonstrates the effect of a sector's demand on a change in the level of production of sectors that directly
provides the intermediate input for the sector, i.e., by adding up each column g;; in each column j, where

B = i a; @

For the need to measure relative (comparison with other sectors), there is a normalized measure which is the ratio
of the direct backward linkage of sector j to the backward linkage average of other sectors, hence

BJ,- _n Bj-

Bf = =
) =1 Y. B (5)
= Y, B J 5
The value of above B;‘ is 1 that indicates the j sector has a strong backward linkage in penegrila having a stronger
influence on the growth of other sectors in meeting the derived demand posed by this sector.

2. Direct Forward Linkage
It shows the output of a sector used by other sectors as

Fi = Z i (6)
]

Normalized Fi or F}” is formulated as follows

Fi _ n.FI'
i 7

&

F} .

3. Direct And Indirect Backward Linkage

It indicates the indirect effect of an increase in the final demand of a particular sector unit (j) that can increase the
total output of all sectors of the economy. This parameter shows the strength of a sector in driving the
improvement of all sectors of the economy, mathematically formulated as follows

BL, = Zibij 8)

where b is the matrix elements B or (I-4)-'which is the inverse of the Leontief matrix.Backward linkages effect ratio
or backward power of dispersion (ﬁj) expressed as :
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B = 2;b _ n.X; b;
7T 1 “ Y. Y. b (9)
ﬁzi Ej bj E EJ‘ J

It demonstrates the relative strength of a sector's final demand in driving the total production growth of all sectors
of the economy. If ;SJ,- > 1, then the relative demand for j sector in stimulating production growth is greater than

the average.

4. Direct and Indirect Forward Linkage
The role of ai sector can meet the final demand of the entire economy, where

When the final demand for each sector of the economy increases one unit (which means the increase in the final
demand for all sectors of the economy is in n units) thus i sector contributes to the fulfillment of FLi.
The sensitivity to end-market signal or sensitivity index (forward power of dispersion, aJ,-) is expressed as

B Zj bj
ik
HE:’ Ej bj

It demonstrates the contribution of relatif a sector in meeting the overall demand of the economic sector. If a sector
has characteristics with @; > 1, then the sector is a strategic sector. This is because it can relatively meet the final

a; (11)

demand above the average capacity of the sector.
III. RESULTS AND DISCUSSION

A. Base Sector of Regional Economic Growth Drivers

After the separation, the agricultural sector is still the base sector (LQ = 1.39) in Mesuji District as the main
district of Tulang Bawang with positive growth. Food crops and plantations are the dominant sub-sectors to the
contribution in the agricultural sector. Main food crops other than rice are cassava produced in 97% of the total
land area for food crops of 32,618 ha. In the plantation sub-sector, oil palm and rubber crops dominate the
plantation sub-sector. 45% of the plantation area is for palm oil crops and 54% for rubber from the total plantation
area of 45,351 ha. The area of Mesuji District is 218,400 ha. The agricultural sector as a base is supported also with
a potential labor base. With sector contribution to GRDP 46%, this sector is able to absorb labor 78%.

Another base sector in Mesuji District after the separation is the manufacturing sector. The local growth of this
sector tends to slow down. But it is still possible to develop, considering that this sector is also the basis of sector
for labor. There are 4 units of medium / large industry and 749 units of small industry in Mesuji District which
contributes to GDRP in manufacturing industry sector. The mining and quarrying sectors, and the service sector,
are the non-base sectors which allow to become potential sectors because they have positive growth (Endaryanto
2015).

According to Endaryanto (2015), the two basic sectors in Mesuji District are agriculture and processing
industries similar to the existing base sector in Tulang Bawang both before and after the separation. This is likely
to occur because the split region has characteristics of potential economic sector that are relatively similar to the
main district. It includes area after separation that is sufficient for sector development such as agriculture sector.
If this sector is well managed and developed, hence it is expected to be able to increase people's incomes and
reduce poverty.

According to Gyimah-Brempong (1988), high growth of agricultural sector can increase relative income and
decrease income inequality. The strategy is by providing price incentives, improving the village road
infrastructure, and the availability of inputs. However, because there are still many poor people in the agricultural
sector, the strategy for development is not enough to only reduce the inequality of income, but it must also reduce
the level of poverty.

Based on the analysis of Klassen Tipologi, in Mesuji District, the agriculture, mining, quarrying sectors and
services, processing and gas, electricity, and drinking water industries are categorized as potential sectors or can
still grow rapidly as shown in Fig. 1. As a new regional autonomy, to develop potential sectors, Mesuji District
needs to manage the region well and efficiently. Distance center of the capital district and the provincial capital
are far enough, as well as road infrastructure.

If it is viewed from Human Development Index (HDI) Mesuji District (68.79) that is still under the HDI of
the main district and Lampung province, hence the improvement of quality and service of education, as well as
health and economic improvement is very important to be noticed. If the management can be well and efficiently
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performed, hence the potential development of potential sectors such as agriculture and industry sectors with
commodities such as cassava, rubber, and oil palm can greatly contribute to the region. Especially with the support
of large medium, medium, and small industries in the industrial sector.

Tulang Baswang Mesup

Fig. 1. Radar Diagram of Klassen Typology Sector In Tulang Bawang and Mesuji Districts 2009-2013

In general, based on the classification of classification for the district, it is still quite a lot of sectors in the
category of relatively lagging behind. Nayak and Mishra (2009) states that some aspects of structural change in
Meghalaya include reduced employment in the agricultural sector and are converted with an appropriate increase
in the tertiary sector, especially in the suburbs. The manufacturing and mining sectors are gradually becoming
more prominent. Furthermore, income per capita increases. However, improved infrastructure is not balanced by
the increasing number of vehicles on the road that are increasing rapidly. Mesuji District as a newly created
district, during the period of 2010-2013 post-2008, was able to show an encouraging economic performance as
shown in Fig. 2.

27,5 /

o
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2010 2011 2012 2013

Fig. 2. Economic performance of Tulang Bawang and Mesuji Districts

The average Economic Performance Indeks (EPI) of Mesuji District is of 27.13 higher than the parent district
of Tulang Bawang which is 26.51. Indicators that encourage the economic performance of Mesuji District are the
growth of increasing GDRP and the level of poverty in the district of the lower expansion of the parent district, so
that the average of (EPI) Mesuji District (expansion) during 2010-2013 is higher than Tulang Bawang.

B. The Linkage of Agricultural Sector and Agroindustry in the Regional Economy
To determine the impact of changes in the final demand of a sector on the output of all economic sectors in a

region, it can be seen from the value of backward linkage. By knowing the value of backward linkage, hence it can
be searched the index of power dissemination of sector concerned. Then, to know the impact of changes in the
final demand of a sector on the output of all economic sectors in a region, it can be seen from the value of forward
linkage. By knowing the value of future relevance, hence it can be searched index of degree of sensitivity of sector
concerned.

The forward linkage is divided into two categories, i.e., (1) direct forward linkage and (2) direct and indirect
linkage (total linkage). The direct forward linkage shows that if there is a final increase of one unit, hence the
output of the sector allocated directly to other sectors including the sector itself will increase by the value of its
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linkage. The direct and indirect linkages indicates that the sector has direct or indirect linkages to other sectors
including the sector itself. In addition, the future linkage is the linkage of the upstream production sector to the
downstream.

Based on the Table 2, the results of the analysis of direct and indirect output (total linkage) output in the future
generally show that the economic sector in Mesuji District has a value of total forward linkage of more than one.
The sub-sectors with the greatest forward-looking linkage were the food and beverage industry sub-sector of
1.414816, followed by food crops sub-sector of 1.366707. These values indicate that each increase of 1 (one) unit
of final demand for the food and beverage subsector will result in an increase in total output of 1.414816 and any
increase of 1 (one) unit of final demand for food crop sub-sector will result in an increase in total output of
1.366707. This shows the role of the food and beverage industry sub-sector and the food crop sub-sector in
providing the output generated for the use as input by other sectors in the production process and used to meet
the substantial end-demand.

Then the result of analysis of direct linkage of economic sector in Mesuji District is the sector that has the largest
direct linkage which is the livestock sub-sector of 0.293848 and the food and beverage industry subsector of
0.377560. This means that any increase of 1 (one) unit of final demand of the livestock sub-sector will directly
resultin an increase in total output of 0.293848 through the path of increasing of the output of livestock subsector
used as the input by other sectors. Each increase of 1 (one) unit of final demand of the food and beverage subsector
will directly result in an increase in total output of 0.377560 through an increase in the output of the food and
beverage industry subsector used as the input by other sectors.

Table 2. Direct Linkages, Direct and Indirect Linkages of Mesuji Distric, 2014.

Forward Linkages Backward Linkages
No. Sector Direct Direct and Direct  Directand
Indirect Indirect
1  Food Crops 0.275897 1366707  0.121271 1.138932
2 HorticultureCrops 0.056640  1.063423  0.072850 1.195100
3  Plantation 0.221757  1.277858  0.156336 1.195089
4 Animal Husbandry 0.293848  1.355733  0.233298 1.194914
5  Agricultural Services, and Hunting 0.131686  1.157391  0.147339 1.184353
6  Forestry and Logging 0.024074  1.025165  0.224020 1.174390
7  Fishery 0.235225  1.290273  0.138820 1.174334
9  Food and Beverage Industry 0.377560  1.414816  0.138588 1.174024
10 Wood And Products Of Wood, Cork And 0.036154 1.038574  0.213185 1.173699
Wickerwork From Bamboo, Rattan And Similar
Products as well As The Furniture Industry
11 Transportation Industry 0.000123  1.000123 0.138586 1.173683

The backward linkage is divided into two categories, i.e., (1) direct backward linkage and (2) direct and indirect
backward linkage (total linkage). The direct backward linkage shows that if there is an increase in one-unit of the
end demand, hence the sector's inputs directly allocated to the other sectors including the sector itself which will
increase by their corresponding value. Whereas the direct and indirect linkage indicates that the sector has direct
or indirect linkages to other sectors including the sector itself. The backward linkage is the downstream sector
linkage to the upstream production sectors.

The result of direct and indirect output linkage analysis (linkage total) in general shows that the economic
sector in Mesuji District has a total backward value of more than one. The agricultural sector which has the greatest
forward linkage is horticulture crop sub-sector of 1.195100, which means that every increase of 1 (one) unit of
final demand of horticulture crop sub-sector will result in increase of total input equal to 1.195100. As for the
industrial sector, the sector which has a total value of backward linkage is the food and beverage industry sub-
sector of 1.174024. This means that every increase of 1 (one) unit of final demand of the food and beverage
industry subsector will result in an increase in total input of 1.174024.

The agricultural sector which has the largest direct backward value is the livestock sub-sector of 0.233298.
This means that every increase of 1 (one) unit of final demand of livestock sub-sector will result in increase of total
input equal to 0.233298. While in the industrial sector, the food and beverage industry sub-sector has the largest
direct backward linkage with the value of 0.213185. This means that any increase of 1 (one) unit of final demand
for the food and beverage industry sub-sector will result in an increase in total input of 0.213185.
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The dispersion analysis results in spread sensitivity (forward spread) and spread coefficient (backward
spread). Spread sensitivity is a value that indicates a sector's ability to directly or indirectly drive the downstream
industry's capabilities. While the spread coefficient is the effect caused by a sector due to the increase of output of
that sector to the output of other sectors used as input either directly or indirectly (upstream sector) by the sector.

Based on Table 3 it also can be seen that there are several economic sectors in Mesuji District which have high

spread sensitivity index , i.e., 8> 1.The agricultural sector: food crops, plantation, animal husbandry, and fishery
sub-sectors have more than one sensitivity index. The sub-sector that has the greatest value is the food crop with
the value of 1.130285. While industrial sector that is sub-sector of food and beverage industry has index of the
highest degree of spread sensitivity, that is of 1,170072. A sector with a high degree of spread sensitivity index
means that output from these sectors is widely used as input by other sectors of the economy or output generated
by the sector which is able to encourage the growth of its downstream sectors. This value also shows the role of
these sectors in pushing the Mesuji District economy.

The data in Table 3 also shows that some economic sectors in Mesuji District have a high spread coefficient
indexi.e., a> 1. The agricultural sector, the estate sub-sector, and the livestock sub-sector have a spread coefficient
index of 1.013492 and 1.018914. While for the industrial sector which has the highest spread coefficient index is
the food and beverage industry sub-sector of 1.140315. Economic sectors with a high spread coefficient index a>
1 mean that the sector has a high influence or in its production activities. Hence, the sector requires a lot of output
from other sectors as the inputs. This value also means that the sectors are able to attract the growth of upstream
sectors in Mesuji District.

Table 3. Spreading Power of Mesuji District, 2014.

spread spread
No. Sector sensitivity coefficient
1  Food Crops 1.130285 0.941912
2 Horticulture Crops 0.879465 0.895455
3 Plantation 1.056806 1.013492
4 Animal Husbandry 1.121209 1.018914
5  Agricultural Services, And Hunting 0.957178 0.909736
6  Forestry And Logging 0.847825 0.868501
7  Fishery 1.067073 0.961302
9  Food And Beverage Industry 1.170072 1.140315
10  Wood And Products Of Wood, Cork And Wickerwork From 0.858915 1.008942
Bamboo, Rattan And Similar Products As Well As The Furniture
Industry
11  Transportation Industry 0.827115 0.977440

C. Impact of Output Multiplier

The multiplier impact analysis aims to look at the effect of changes of endogenous variables in the event of a
change in exogenous variables such as the final demand. The multiplier effectconsists of two types, i.e., Type I and
Type IL. It should be noted that Type Il multipliers always have a value greater than the Type I. This is because the
household effect is taken into account.

The initial impact is an economic stimulus that is assumed as an increase or decrease in sales in one unit of
monetary unit. On the output side, this initial impact is assumed to be an increase in sales to the final demand of
one unit of monetary unit. In this case it is simulated that there is an increase of one million rupiah of final demand
from a sector.

The results of the output multiplier impact analysis, i.e, Type I and Type II, plantation and livestock sub-sector
have higher multiplier value compared with the other agricultural sub-sectors. The value of output multiplier
impact Type I sub-sector livestock of 1.232041. That is, if there is an increase in the final demand for livestock
subsector by 1 unit, if will increase the output in all sectors of the economy of 1.232041. When it is viewed from
the value of the impact of Type II output multiplier impact, the livestock sub-sector is amounted to 1.978625. This
value means that by including the effect of household consumption, if an increase in the final demand for the
livestock sub-sector by 1 unit, hence it increases the output in all sectors of the economy of 1.978625.

As for the manufacturing sector, the food and beverage industry sub-sector has the highest multiplier value,
i.e., Type I and Type I, compared to other industrial sub-sectors. The value of output multiplier impact of Type I
sub-sector of livestock is of 1.378836. That is, if there is an increase in final demand for livestock sub-sector of one

139



Endaryanto and Marlina : Agricultural Sector and Agroindustry...

unit, hence it will increase the output in all sectors of the economy of 1.378836. When it is viewed from the value
of the impact of Type Il output multipliers, the breeding sub-sector is amounted to 1.966101. This value means, by
entering the effect of household consumption, if an increase in the final demand for the livestock sub-sector by one
unit, it increases output in all sectors of the economy of 1.966101.

Table 4. Impact of Output Multiplier

Impact Of Output Multiplier

No. Sector - - -
First Total Tipe | Tipe 11
1  Food Crops 1.000000 1.522195 1.138932 1.522195
2 Horticulture Crops 1.000000 1.650628 1.082758 1.650628
3 Plantation 1.000000 1.898751 1.225485 1.898751
4 Animal Husbandry 1.000000 1.978625 1.232041 1.978625
5  Agricultural Services, And Hunting 1.000000 1.895263 1.100027 1.895263
6  Forestry And Logging 1.000000 1.660695 1.050166 1.660695
7  Fishery 1.000000 1.685588 1.162379 1.685588
9  Food And Beverage Industry 1.000000 1966101 1.378836 1.966101
10  Wood And Products Of Wood, Cork And 1.000000 1.706183 1.219983 1.706183
Wickerwork From Bamboo, Rattan And Similar
Products as well as the furniture industry
11  Transportation Industry 1.000000 1.877456 1.181892 1.877456
Average 1.784149 1.177250 1.784149

IV. CONCLUSION

The results of this research show that (1) agriculture and industrial processing are the economic basis. (2) the
plantation, livestock, as well as food and beverages sub-sectors have forward linkages, spread sensitivity, and
spread coefficient.Those sectors are able to encourage and attract the downstream and upstream of sector growth,
respectively. (3) the industrial processing sector has a greater multiplier impact than the agricultural sector.
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ABSTRACT

MaUtik is a home industry that developing a carolus products from sweet potato cilembu. The business
model approachment is an important factor in the success of an organization. Well applied being of
business model application could be increasing revenue to higher number. This study used to identify
the problem, mapping and to get an alternative business strategy. This study uses descriptive-
qualitative method by applying the nine-block of business model canvas and SWOT analysis as tools.
Information used based on observations, interviews, documents, and triangulation. We used primary
data, secondary data either. Primary data was obtained from several informants who determined
intentionally (purposive). The next informant was selected by snowball sampling technique continued
till the datais saturated (homogeneous). The qualification of informants is someone engaging and actors
in the business of sweet potato cilembu MaUtik. Study literature was key of secondary data.The results
showed that the expansion of customer segmentation and increased marketing activity will affect
revenue growth. Marketing is the key activities performed optimally. A good value proposition had
correlation customer relationship and key partnership. Integrated Channels are affected revenue steam
and cost structure. Increaseing of customer segments and the management of key resources into an
alternative strategy needs to be applied by MaUtik.

Keywords : Business Model, Business Canvas Model, SWOT Analysis

I. INTRODUCTION

Sweet potato is a major crop widely consumed as agricultural commodities sourced carbohydrate after rice
and cassava in 2015 (Statistics of consumption, 2015).

According to agency statistics wichh showes the data of sweet potatoes harvest Indonesia in 2015, West Java
is one of sweet potato production centers in Indonesia with total production of 456.176 tonnes. Sumedang is an
area that developing sweet potatoes as the main food commodities in 2015. The sweet potatoes were planted in
Sumedang has a uniqueness that no other areas do not have it is a sweet potatoes harvest Indonesia in 2015. Sweet
potato is known as the name of cilembu sweet potato. The name of cilembu sweet potato is taken from the name
of avillage in Pamulihan sub-district, Sumedang district, West Java. Before the cilembu sweet potato is deciphered,
the original name of this type of sweet potato is nirkum (Fathonah, 2002).

Sweet potato as alternative staple food requires a product innovation that supports the success of the
diversification program. According Susongko (2009) to support the success of the acceleration program of food
consumption diversification, there are several alternative products that can be developed from sweet potato
commodity. Cilembu sweet potato chips become a breakthrough in the field of processed products chips. MaUtik
is a home industry engaged in processing cilembu sweet potato into various products. Not only chips made from
sweet potato baking, MaUtik also markets other pruduct such as potato oven, dodol potatoes, chocolate chips
(kiricok), aci hui (cihui), chistik potatoes, and some pastries made from sweet potato baking.

MaUtik is able to produce approximately 500 Kg of raw cilembu sweet potatoes into chips every day. Supply of
raw materials of chips is strongly influenced by cilembu sweet potato harvest period. MaUtik production process
is currently being disrupted due to the scarcity of cilembu sweet potato which is the main ingredient of making
chips. Scarcity is very influential activities, especially production activities. In addition to the scarcity, limited
infrastructure and labors to be one of the factors that affect the ability of potato chips production cilembu MaUtik.
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Moreover, the limited facilities and infrastructure and labor became one of the factors that affect the production
ability of sweet potato chips. Therefore, a strategy is needed that can increase the business of MaUtik.

Business modeling becomes necessary to see the business sustainability of MaUtik business. Applying the right
business model can increase the company's revenue (Gunawan, 2016). Therefore, the formulation of the strategy
is necessary for the organization to achieve determined objectives. MaUtik must know the opportunities, threats,
strengths, and weaknesses so that it can be known competitive and comparative advantage owned. Competitive
and comparative advantage is an important to create a new strategy. The Business Model Canvas approaches
(BMC), which is described by Osterwalder and Pigneur (2015) entrepreneur or business person can know and
understand what strategic steps that must be done. Business Model Canvas is more applicable in applying strategic
design that will be applied by businessman.

Based on the information, the problems that can be identified as follows: (1). How is the business model of
sweet potato cilembu MaUtik chips? (2) What are the strengths, weaknesses, opportunities, and threats of sweet
potato cilembu? (3) What kind of strategy is appropriate for sweet potato cilembu MaUtik business with Business
Model Canvas?

II. MATERIALS AND METHODS

A. Types and Sources Of Data

Primary data includes information and opinions about the existing condition of cilembu sweet potato chips
business sourced from the owners, labors, partners, and consumers. Secondary data obtained through literature
study.

Primary data obtained from the key informants who are determined intentionally (purposive). The next
informant was selected by snowball sampling technique and will develop until the data is saturated
(homogeneous). Criteria of the selection of informants are people engaging, and actors in the business of sweet
potato cilembu MaUtik chips.

B. Data Collected and Information

Data collection was done by parsitipative observation, in-depth interviews, documents, and triangulation.
Parsitipatif observation was done to see the condition in the field. In-depth interviews were conducted to get the
data more fully. Supporting data collection was done through literature study of related documents. Triangulation
is done to obtain data from various sources of informants.

C. Data Analysis Design

Processing and data analysis on this research include descriptive analysis, mapping of existing business model,
identification and SWOT analysis, and designing alternative business improvement strategies MaUtik which refer
to business model canvas.

III. RESULTS AND DISCUSSION

A. The Business Concept of MaUtik

MaUtik is a business engaged in processed business based cassava cilembu. In the early days of this business
pioneered, no market needs analysis. Focusing on production activities and striving to achieve high product
efficiency, low cost, and using mass distribution is the primary goal at the earliest. But as the times progressed,
Maity's orientation has now reached the concept of marketing. Not only create the product but also how to get the
product to the consumer well started to be noticed by the MaUtik. The main activity that happened was
progressing. The marketing activity which consist of consisting of distribution and product sales are two activities
in MaUtik today. MaUtik marketing activities have not reached the optimum stage. If managed well, marketing can
be a key activity of MaUtik in developing its business. The design and execution of the marketing system that
becomes the main activity can affect other blocks in the business model canvas MaUtik.

B. Business Model Canvas MaUtik
1. Customers Segments

The niche market is a customer segment that is now a target in the marketing of MaUtik products. Resellers are
the customers who they choose. They are selected because they can perform two activities at once that are buying
and marketing products to consumers. MaUtik has two types of resellers: resellers who buy directly to production
houses and resellers who make purchases online. The untouched customer is droppshiper.

2. Value Proposition

Customer Jurney's graphic image of the product shows that the offered value is not fully up to the consumer.
As for some of the value of customers who have arrived are the taste, price, product variety, and service.
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Fig. 1. Customer Jurney

Product tastes and variations are best illustrated by the consumers who encountered during the study. The
taste is a major component of consideration in food products. The flavors offered on the cilembu sweet potato
products themselves vary from original flavors, onions, balado, chocolate, cheese, spicy cheese, corn, and caramel.
Balado, caramel, and chocolate are the three most widely purchased by consumers. The choice or variation of the
product becomes the pull factor in the purchase. A variety of other products such as chocolate chips, chips, dodol
and kremes be an option in shopping snack there.

Price is a sensitive part of the customer. Cheaper price on similar products will affect the purchase decision.
Compared with similar products the price offered MaUtik can be reached by various circles. The offered price
starts from Rp 8,000 for each flavor per pack with a net of 170-210 gr or Rp 40,000 / kg for direct purchase to the
production site.

Good service becomes the strategy and pull factor of consumers who come and remain loyal to be customers
MaUtik amid the development of similar products. In addition, the direct view of the process of making these sweet
potato chips into added value in service and the proportion of value offered to customers MaUtik. Aspects of
service can be key values of MaUtik because value is not always related to price, but the value created when the
customer receives more than they expected. Through the services provided by MaUtik to the customers are able
to create customer value.

Ease of access to production sites and innovation are two aspects that have little value in MaUtik business.
Access to production sites or production houses that are still difficult to reach by public transport and location is
less strategic. This is what lies behind the giving of customers. Other access barriers are the lack of a road guide to
the location.

Product innovation can be a strategy to increase the sales. However, innovation on the processing of products
made from sweet potato is not yet delivered well to the consumer. Some of the customers interviewed argued that
there was a new breakthrough by MaUtik in processing cilembu sweet potato.

3. Channels

The process of delivering value to customers is done directly and indirectly. Is done through word of mouth
and optimizing the social media as way of delivery. Indirect way is done by working with partners who will deliver
value or products to the end consumer. As online sales grow, it encourages MaUtik to expand its services into
messaging and transfer payments through banks. In cooperation with some delivery service such as JNT and JNE
was also done to facilitate the delivery of goods to various areas that are difficult to reach directly by MaUtik.

4. Customer Relationship

Customer relationships can be linked from word of mouth and loyalty built to customers. Both aspects are
created through customer experience. Word of mouth information can have an effect on acquiring customers.
Meanwhile, loyalty built on customers can retain customers. These aspects become the motivation in establishing
customer relationships. MaUtik to customer acquisition by introducing products to the public through word of
mouth. In addition to acquiring customers, MaUtik also retains customers through services such as discounting.
Another motivation in customer relationships in MaUtik is to increase sales. Increased sales are done through the
addition of innovation and product variety and increase the number of resellers and create value creation with
customers.

5. Revenue Stream

The Revenue Flow of MaUtik only comes from the sale of assets / products. This type of income is included in
the recurring income that is the condition of the customer is willing to make repeat purchase / repeat order to
provide proportion of value to customers as well as providing post-purchase customer support. Pricing is closely
related to revenue streams. This is because the price reached by the customer will affect the quantity of product
to be purchased by the customer. The largest revenue stream is obtained through the sale of sweet potato chips
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that are the mainstay of MaUtik products. 85% of the revenue comes from sales of chips, while the other 15%
comes from the sale of other processed products. The creation of shared values that are embedded in the customer
relationship blocks and customization on the value proportion block can be a revenue stream by means of a license.
The granting of permits for the use of halal certification and P-IRT can be used as a way to build income stream in
MaUtik.

6. Key Resources

The main source of MaUtik is divided into four categories, namely the main resources in the form of physical,
financial, intellectual, and human. The main physical resources consist of cilembu sweet potato, multicut sweet
potato, spinning machine, stove, frying pan, sealer, and storefront. The main human resources of MaUtik are 7
workers consisting of 4 men and 3 women. In addition, MaUtik also has a Women Farmer Group named KWT Putri
Kareumbi as human resources. The intellectual resources of MaUtik consist of trademarks or brands, knowledge,
certification of HALAL MUI, and P-IRT.

7. Key Activities

MaUtik engages in activities such as production and marketing. These activities are carried out separately. The
main focus of MaUtik's activities is production. Marketing that takes place in MaUtik is product distribution and
sales. The production activities in making cilembu sweet potato chips as follows:

Peeled the Soak the Slice the sweet
sweet potato sweet potato potato
2 2 Wash the Soak with
Drying with :
spiner Frying sweet warm water
potato and salt
_J
Packing to the big Packlpg 0 Add the
plastic small size and T Sale
add of taste

Fig. 2. Production Process Of Chops Sweet potatoes MaUtik

8. Key Parthnership

In business process, MaUtik cooperates with several partners. Resellers and dropshippers become agents as
well as key partners that help distribute MaUtik products into the hands of consumers. In addition, MaUtik also
cooperates with several cilembu yard as the main supplier of chips, chili peppers, orange leaves, and food agents
also participate as partners in the fulfillment of complementary materials for making chips. The process of
distributing unreachable products is done in cooperation with courier service providers. Currently, MaUtik has
recently partnered with M.Irsyad as a kemplang supplier which is then packaged and distributed by MaUtik.

9. Cost Structure

Costs incurred by MaUtik include fixed costs, variable costs, economies of scale, and environmental scope. Most
expenses are incurred for variable costs. Based on the findings of the field, is shows that the cost structure of
cilembu sweet potato chips racing on the cost which is the business conditions by minimizing the cost.
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Fig. 3 Business Model Canvas Chips Sweet Potatoes MaUtik

C. SWOT Analysis and Repair of BMC Strategy
1. Customers Segment

The suitability between the product offered and the customer has been done well. However, the development
of companies that produce similar products with tight price competition has the potential to become a threat to
MaUtik. Therefore, it is necessary to increase the number of resellers and dropshipers by MaUtik. In addition, to
anticipating the decrease in the number of customers due to competitor companies, the addition of the number of
resellers and dropshipers can expand the scope of marketing MaUtik in the future. Recruitment either directly or
indirectly becomes reseller and dropshiper should be done immediately to introduce the product to a wider area,
so it can have positive impact also for other business block.

2. Value Proposition

The value delivered to the customer well can be an opportunity for repeat order. Therefore, MaUtik does not
stop doing development on its products. Based on customer jurney and advice from some customers who met, that
it would be better if MaUtik develops innovation on the variety of products and taste of chips owned. On the other
hand MaUtik was trying to process the waste tuber of sweet potato into flour that can be processed into a variety
of products. MAUtik can develop its products with sweet potato flour. Creating new products can create added
value. One of the new products that can be created and developed is crackers. The way of making that is not difficult
is also supported by the indulgence of most Indonesian people in eating a light snack of crackers. The development
of this product was supported by experts available in Cilembu Village. In addition to the development of sweet
potato products, in June 2017 MaUtik began to develop products by selling kemplang (processed cassava
products) produced by Muhammad Irsyad Cilembu villagers.

3. Channels

The development of technology can help the marketing process that occurs in MaUtik. However, the use of
technology has not been done massively to improve marketing and product sales. The existence of intensive,
regular, and periodic management of the product can be optimized through a social media that has been owned.
Attending exhibitions or opening booths in bazaar events can also be a means to introduce products to the broader
arena.

Channel integration and channel adjustment with customer segments should be done to optimize the existing
channel in MaUtik. The suitability of the channel with the customer segment will provide ease of access and can
be a solution for accessing products that are difficult to reach by customers in the discussion of previous value
proporsition blocks. Emerging technologies such as the Internet and intercell service providers can be an option
in determining the channel that suits the customer. In addition, channel integration can help suppress existing
costs in the cost structure block.
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4. Customer Relationship

Customer relationships in MaUtik have been well established through established communication and mutual
trust. But sometimes the trust is used by customers to take the goods in advance and pay over time to maturity
until many times. It is potentially a threat to the relationship.

Good communication can be a means of improving or establishing a relationship. The addition of a customer
can be created through a good relationship. Organizing a promotion is one technique that can be done to add or
acquire customers and increase customer loyalty. During this time, MaUtik has applied promotion through bonus
system and discounted price to its reseller. In addition, with the creation of value together either through social
media or product customization will also enhance the customer relationship that is intertwined.

5. Revenue Stream

The delay in payment made by the customer is a threat to the business continuity of MaUtik. The decline in
demand caused by switching customers in similar companies also became a big threat. In the block of revenue
streams MaUtik has not been able to make many improvements that significantly affect the income stream.
Improvements to this block can be done through the addition of product innovation through value proporsition
block.

6. Key Resources

The main advantages MaUtik has not used optimally. Optimization can be done through development. The main
human resource development is carried out through women farmer groups of kareumbi and conducting worker's
regeneration. KWT Princess kareumbi has a great chance to expand its marketing reach. In addition, the need for
regeneration by way of cadre to workers or other group members to the special skills that must be owned. The
writers recommend that MaUtik begin to do cadre for successors of chistik, kiricok, and especially balado flavor
chips. The process of managing sweet potatoes into chips was not all can do especially when frying. Employee
cadre is necessary to maintain the existence of this business. In addition to the main human resources, MaUtik can
improve this block by adding and completing tools that support the production process so as it can be increased
the production.
7. Key Activity

Marketing activities conducted by MaUtik can be developed by optimizing social media accounts that have been
owned. Growing online sales can be an opportunity in this business. Now, consumers prefer to shop online with
the various conveniences offered. Instagram can be used as mass media and promotion. Updating photos becomes
important in the activities of managing social media especially instagram. In addition, it needs to be done in order
to recording reservations and purchases made by customers to facilitate the data collection of income
streams,archiving data costumers and the number of requests well and neatly.

8. Key Partnership

The main partner of MaUtik consists of various circles. The cooperation is done also ranging from unrestricted
sale to barter products. Dependence on partners was felt MaUtik when there is scarcity of raw materials either
sweet potato, gas, or chili. Through partners working together now and adding MaUtik investors can expand the
reach of future market share. However, the current conditions have not been possible to invite investors in
cooperation. Limitations of facilities, infrastructure and production capabilities are the constraints. This is the
reason behind the difficulty in the repair of this block in the near future.

9. Cost Structure

The cost structure adopted by MaUtik is in line with the condition of its business model. Improvements to the
cost structure can be done with the emphasis of costs on some activities that occur. Emphasis on marketing costs
and channel integration can help in reducing costs. In addition, production activities on a large scale can reduce
costs because the process of product creation has an economic value of scale.

Based on SWOT analysis with business model approach canvas that has been done then obtained the following
results on Fig. 4 and Fig. 5.
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Fig. 4. SWOT Analysis of MaUtik

The result of SWOT analysis with business model approach canvas generates alternative strategy as follows:
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Fig. 5 Strategy of New Business Model Canvas Chips Sweet Potatoes MaUtik
IV. CONCLUSION

Based on the identification of problem and result of discussion about business strategy of sweet potato cilembu
MaUtik and the concluded that key of MaUtik business model lies in main activity that is marketing approach to
develop business done.

The Strange of MaUtik in the block of customer relationship and key resources, the weaknesses are in revenue
stream, the threats is a customer segments and the opportunities is channel.

The effective strategy is to repair on the value proposition, channels, customer relationships, key resources,
and key activities.

REFERENCES

Central Statistics Agency. 2015. Harvested Area, Production, and Productivity of Sweet Potato Indonesia Year 2014-2015.
Ministry of Agriculture.

Central Bureau of Statistics Sumedang. 2015. Sumedang District In Figures 2015. BPS Sumedang.

Barnes J.G. 2003. Secrets Of Relationship. Andreas Winardi. Yogyakarta: Andi.

147



Aprilianti and Mukti : Strategy Business Cilembu Sweet...

Gunawan, Imam. 2014. Qualitative Research Methods Theory and Practice. Jakarta: Earth Literacy.

Kotler, Phiip and Kevin Lane Kotler. 2009. Marketing Management Edition 13 volumes 1. Terj. Adi Maulana and Wibi Hardani
(ed). Jakarta: Erland.

Osterwalder, Alexander and Yves Pigneur. 2015.Business Model Generation.Terj Natalia Ruth Sihandrini (ed). Jakarta: PT. Alex
Media Komputindo.

Center for Agricultural Data and Information Systems. Food Consumption Statistics 2015. Ministry of Agriculture.

Center for Agricultural Data and Information Systems. 2015. Agriculture Statistics 2015. Ministry of Agriculture

Rangkuti, Freddy. 1997. SWOT Analysis: Technique of Dissecting Business Case, Reorientation Concept, Strategic Planning to
Facing Abag 21. Jakarta: Main Gramedia Pustaka.

Sugiyono. 2011. Qualitative Research Methods, Quantitative and R & D. Bandung: Alvabeta, cv

Wida Fatonah. 2002. Optimizing Jam Production With Cilembu Sweet Potato Raw Material. Thesis. Faculty of Agricultural
Technology. Bogor Agricultural University.

148



Proceeding of ISAE International Seminar, Bandar Lampung, August 10-12, 2017

B.4

STUDY ON IMPLEMENTATION OF GOOD AGRICULTURAL PRACTICE (GAP)
IN IMPROVING PRODUCTIVITY AND COCOA FARMERS INCOME
(CASE STUDY OF NATURAL AULIA FARMERS GROUP, KORONG AMBUNG
KAPUA, NAGARI SUNGAI SARIAK, VII KOTO SUBDISTRICT, PADANG
PARIAMAN DISTRICT, WEST SUMATERA PROVINCE)

Lucyana Trimo!, Syarif Hidayat?, Yosini Delianal, Endah Djuendah?

1Departement of Social and Agricultural Economic of Agricultural Faculty of Universitas Padjadjaran
2Departement of Plant Pest and Diseases of Agricultural Faculty of Universitas Padjadjaran

E-mail : lucy.trimo@gmail.com ; lucyana.trimo@unpad.ac.id

ABSTRACT

The productivity of cocoa smallholder plantation is still cannot fulfill the expectation. The efforts to
increase productivity of cocoa and income also increased by practice of cultivating accordance with the
rules of Good Agriculture Practices (GAP). This study aimed to identify: (1) How much the extent for
application of GAP that have been done correctly by farmer in Aulia Natural Group, (2) The problems
which encountered by the Aulia Natural Group implementing GAP, and (3) Does the application of GAP
can increase the productivity and income of cocoa farmers.

The research was conducted with qualitative design. The method used is a case study method. The data
obtained by use purposive sampling. Analysis used is a descriptive analysis. The data used a primary
data and secondary data. Primary data gathering techniques used through observation and interviews
with some informans who were purposively selected and know the condition of the object of research.
The application of GAP not yet fully done correctly by farmers. The components of GAP that have been
implemented by farmers is just 48 %. Racebelity component by recording in the process of production
to post-harvest handling of cocoa has not been noticed by the farmers. The problems faced in the case
ofimplementing GAP extension is the lack of assistance, the difficulty of changing the mindset of farmers
and no price guarantee. The members of group who already started implementing GAP has higher
productivity and incomes more than the members of groups that have not implemented the GAP.

Keywords : Good Agricultural Practices (GAP), Productivity, Income, Cocoa, Smallholder Plantation

I. INTRODUCTION

Cocoa quality is an important factor in improving the competitiveness and added value of cocoa, especially in
the face of free trade. The low production, productivity and quality of the product is due to the fact that farmers
have not conducted good farming management, have not applied the technology as recommended. To be able to
produce high production quantity and quality as well as environmentally friendly, farming should use advanced
technology and managed professionally and effectively in line with Good Agriculture Practices (Indonesian Coffee
and Cocoa Research Center, 2007).

Based on that, the implementation of Cocoa Gernas has been set in 2009 which is implemented in 40
districts in nine provinces of eastern Indonesia, namely: South Sulawesi, West Sulawesi, Southeast
Sulawesi, Central Sulawesi, Bali, NTT, Maluku, West Papua and Papua. In addition to the Province
implemented Gernas 2009, other provinces namely: South Sulawesi, West Sulawesi, Southeast Sulawesi,
Central Sulawesi, Bali, NTT, Maluku, West Papua, and Papua. In addition to Gernas 2009, other provinces
are West Sumetera, Bengkulu, Lampung, Gorontalo, North Sulawesi, North Maluku, East Kalimantan,
West Kalimantan and NTB (http://jpnn.com/news.php?id=57811).

In West Sumatra, Padang Pariaman regency is one of the districts selected as cocoa plantation area, which has
development opportunities because the cacao plants are cultivated in intercropping with coconut trees. This is
because the cultivation of good cacao plants is the existence of a protective plant such as coconut trees, but in this
region the production of coconut is very large. The area of coconut plant in Padang Pariaman district is big enough
so that the opportunity of cocoa development with the support of 39,333 ha of land availability, and the cacao
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plant has been planted up to 2009 with 16,981 ha with production 6,992 tons and the productivity 976,53 ton /
ha / year Agriculture Food crops, Horticulture, Plantation, and forestry, 2009, in Hanafia, 2011). The area of cocoa
plantation in Padang Pariaman is higher than in other areas, but the productivity of cocoa in Padang Pariaman
Regency in 2012 is still less than 900 kg / ha / year, and this figure is considered to be far from the production
potential that can reach more than 2 Ton / ha / year.

Table 1. Area of Production and Productivity of Smallholder Cocoa Plantation in West Sumatera Province

Year 2012
T T
No Diistrict WideArea Production Produktivity
(Ha) (Tom) (Ton/Ha)

1 | Kep. Mentawai 2.714 1.437 979
2 | Pesisir Selatan 5.727 2.717 926
3 | Solok 5421 2.543 913
4 | Syjunjung 5.349 2.154 844
5 | Tanah Datar 6.903 3.269 897
6 | Padang Pariaman 29.872 12.139 806
7 | Agam 9.090 4.854 996
§ | 50Kota 8.190 4.057 908
9 | Pasaman 25.189 16.438 936
10 | Solok Selatan 2.383 1.122 923
11 | Dharmas Raya 3.849 1.969 924
12 | Pasaman Barat 18.481 8.742 913
13 | Kota Padang 1.742 782 818
14 | Kota Solok 645 286 8§72
15 | Kota Sawahlunto 4,768 1.967 857
16 | Kota Padang Panjang 28 10 769
17 | Kota Bukittinggi 59 14 534
18 | Kota Payakumbuh 2.572 1.102 904
19 | Kota Pariaman 2.067 941 857

Source : Dinas Perkebunan Provinsi Sumatera Barat (2013)

One of the factors causing the low productivity is the lack of crop maintenance due to the low knowledge of the
farmers, besides that some of the seeds used by farmers are not superior seeds (sweep). Pruning is done only by
some farmers, besides fertilization done not in accordance with the suggestion, as well as the attacks of squirrels,
pests of PBK, and Helopelthis that have not known how to control it. The low quality of cocoa is due to the fact that
most farmers do not know the fermentation technology of cocoa beans, and there is no price difference between
the fermented cocoa beans and the unfermented (Hasan, et al., 2010).

After the launching of West Sumatera Province as the center of cocoa production by former Vice President
Yusuf Kalla in August 2006, the area of cocoa field continues to increase, especially Padang Pariaman Regency. In
an effort to improve the productivity and quality of cocoa, the government established a National Movement for
the Increase of Cocoa Production and Quality (Cocoa Gernas). The goal of this program is the improvement of
community cacao plants through rejuvenation, rehabilitation, intensification, farmers empowerment, pest and
disease control, cocoa quality improvement, and provision of other supporting facilities.

Padang Pariaman District has several sub-districts producing cocoa, but not all sub-districts have large cocoa
fields. Koto Sungai Sarik Sub-district VII is in the fourth position which has a cocoa land above 1,000 ha after Koto
kampong Dalam Sub-district V, Sungai Geringging and Enam Lingkung. However, according to the staff of
Agriculture, Livestock and Forestry Office of Padang Pariaman District, there are farmer groups that have started
to orient to environmentally friendly farming, namely Aulia Natural farmer group in Korong Ambung Kapua. This
farmer group is considered to have begun to apply the principles of Good Agricultural Practices (GAP) compared
to other farmer groups.
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To be able to penetrate the world market, then the quality of a product becomes a very urgent factor. Therefore,
the application of GAP principles is a must for cocoa farmers so that the quality of their products can be
competitive, thus increasing their income.

Table 2. Area of Land, Production and Productivity of Cocoa Plants by District of 2012.

No. Sab District Productive | AreaTotal | Producvity

lands (ha) i (ha) (kgha)*
1 |BatmgAnsi 4| 775 1000
2 |LabukAhmg 477 1147 1.000
3 | Sintuk Toboh Gadang 1718 639 1.000
4 | Ulakan Tapakis 99 | 499 1050
S | NanSabasis 107 184 2031
6 |2x11 Enam Lingkung 13 587 1000
7 | Enam Lingkmg 112 1285 1.000
8 |2x11 Kaya Tamam 25 892 1.000
9 | VIIKste Sungzi Sarik 363 | 1274 1008
10 |Pstammuan 609 1050 1.000
11 |PadmgSago 285 ™ 1.000
12 | VEotokampumg Dalam 2809 | 3175 1.000
13 | VKoto Timar 161 1051 650
M | Sungi Limzn 169 721 1150
15 | Batamg Gasm y)17) 547 505
16 | Sungzi Geringging 632 2411 1000
17 | IV Koto Aur Malintang 346 75 1.000

Source: Agriculture, Livestock and Forestry Office of Padang Pariaman District, 2013
Description: *) Estimated results from the Department of Agriculture, Livestock and Forestry of Padang Pariaman District.

II. MATERIALS AND METHODS

The design of this research is qualitative, while the research technique used is case study. Case study research
technique is one kind of descriptive approach, research done intensive, detailed, and deeply against a certain
organism (individual), institution or symptom with narrow area or subject (Arikunto, 2002). Information retrieval
technique is done by purposive sampling technique. This technique is used with certain considerations, ie
informant is the source who is considered most know about what is expected by the researcher, or maybe he as
the ruler so that will facilitate the researchers explore the object / social situation under study (Sugiyono, 2012).
In this research the selected informants were Agricultural Extension Farmers (PPL), Head of Farmer Group,
Plantation Office staff of West Sumatera Province. Furthermore, the election of farmer group members selected as
respondents is as much as 30 farmers who assist the authors in describing the size of farmers' expenses and
income (15 people who have implemented GAP and 15 people who have not implemented GAP).

Secondary data mining is also done to complete the primary data, that is by collecting and studying written
data in the form of documents or transcripts, newspapers, journals, bulletins, and open access through the internet
looking for websites related to this research. Data and information obtained then analyzed by descriptive
correlative.

The design of data analysis in qualitative research, according to Miles and Huberman (1984) in Sugiyono
(2012) done interactively and lasted continuously until thoroughly, so the data is saturated. Activities in data
analysis, namely: data reduction, display data, and conclusion drawing / verification. The steps can be described
as follows on Fig. 1.

For revenue, acceptance and cost analysis, the following formula is used:

[=TR-TC (D
Note: I =Income (IDR/year)
TR= Total of Revenue (IDR/year)
TC= Total of Cost (IDR/year)
TR =Q.Py (2)

Note: Q = output/yield (tone/year)
Py = Price of product (IDR/tone)
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TC = TFC + TVC (3)

Note: TFC = Total Fix Cost (IDR/year)
TVC = Total of Variable Cost (IDR/year)

Production costs are only calculated for cocoa plant maintenance costs. Furthermore, to calculate productivity,
itis calculated using only one input resource ie the number of producing plants (trees). Productivity is calculated
to see the difference in productivity between farmer group members who have implemented GAP and who have
not yet implemented the GAP.

Craduma Druving
Vufyng
P

Fig. 1 Interactive Model
III. RESULTS AND DISCUSSION

A. Condition of Research Area and Characteristic of Cocoa Farmer

Nagari Sungai Sariak is one of the nagari located in District of VII Koto Padang Pariaman District West Sumatra
Province, this area has a land area of 2796 ha, and is located above the altitude of 14 masl. The condition of the
area in Nagari Sungai Sariak where the cultivation of cocoa planted by Aulia Natural Farmer Group has been in
accordance with the requirement to grow for cocoa plants as disclosed by Agricultural Research and Development
Agency (Year 2008) and RPJM Nagari Sungai Sariak (Year 2011-2016) .

When viewed from the experience of farmers in the cultivation of almost the majority of cocoa farmers (73.33
percent) has been in it for more than 5 years, and their age is mostly over 55 years (67 percent). Furthermore, the
extent of cacao plantation exploitation from most farmers (71.43 percent) is under 1 ha and this land is a
hereditary heritage. Cocoa farmers in this area are only a small part (25 people) who enter the Aulia Natural farmer
group, and they have received seedlings from the government of 6000 trees in 2007. This seedlings are given to
farmers whose crops need rejuvenation.

Intensification activities have been conducted on their cocoa crops, and even this farmer group has done
rehabilitation, by side-grafting technique. Furthermore, to support the success of Gernas, the government has also
provided assistance in the form of: fertilizers, pesticides, pruning shears, fermentation boxes, and para-para. But
the fermentation box is used only by some farmers only, because not all farmers do fermentation, their reason is
the absence of significant difference to the selling price.

When viewed from the income of cocoa farmers, is determined by the area of land, the number of trees owned
by farmers, age of plants, and treatment of treatment by farmers. For example, the productivity of cacao crops
aged 4 years and treated intensively (4.5 kg / tree / year) is higher than that of the 10 year old cocoa plant with
the same treatment (0.72 kg / tree / year), and Who is 13 years old (0.36 kg / tree / year). Another factor
determining the high income of farmers is the existence of julo-julo (mutual cooperation) which can reduce
production costs by 38 percent. Their income could be even higher if the price of fermented cocoa beans is much
higher than that which is not fermented.

B. Some Government Programs To Support Cocoa Plantation Development
1. MP3MI Program

MP3MI Program (Rural Agricultural Development Model Through Innovation) is a training program for cocoa
farmers from the practice of cultivation to post-harvest. Aulia Natural Farmer Group, received this training in
September 2011-2012. Through this training, the farmers' cocoa farm is used as a model cocoa farm that has
implemented innovative technology.

2. Gernas Kakao Program

Gernas (Gerakan Nasional) cocoa program is a national program launched by the government as an effort to
increase the production and quality of Indonesian cocoa. The movement began in 2009. The activities undertaken
in Gernas are: intensification, rehabilitation and rejuvenation of cocoa plants.
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Intensification is done for untreated cocoa plants or lack of maintenance, and these activities are conducted
throughout the district in Padang Pariaman District. Intensification activities, carried out through pruning plants,
and the target pruning of this plant is done in Padang Pariaman District of 125 ha and spread throughout the
district. Furthermore, cocoa plant rehabilitation is done to improve the condition of the crop both in terms of
growth and crop productivity. This activity can be done through side grafting techniques on their less productive
cacao plants.

Cocoa plant rejuvenation activities is one of the efforts of replacing unproductive plants (old plants) with new
plants as a whole or gradually. Rejuvenation is done for cocoa plants that are more than 20 years old. Rejuvenation
activities are conducted in Kampung Dalam and Sungai Geringging.

3. Seed and Production Support Program

The Seed and Production Support Program is implemented once a year, and the farmer groups that receive this
aid take turns and spread evenly throughout the district in Padang Pariaman District. Seedlings are provided for
farmers whose cocoa plants need to be rejuvenated, or for farmer groups who want to cultivate cocoa. While the
aid of production facilities, given in accordance with the needs and conditions of cocoa plants.

Aulia Natural Farmer Group received seed assistance in 2007 as many as 6000 cocoa seedlings, and production
facilities such as fertilizers, pesticides, pruning shears, para-para and fermentation boxes. But for the fermentation
box has not been fully used by farmer group members, this is because farmers have not yet fermented. The cause
of farmers not fermenting is, because there is no difference in price for fermented and non fermented cocoa beans.

C. Implementation of GAP at Aulia Natural Farmer Group

Based on field observations and interviews, the implementation of GAP by Aulia Natural farmers group was
48% in accordance with recommendation, 25% not yet appropriate, and 27% did not match the recommendation.
What have been done by cocoa farmers in applying GAP, can be seen from the following activities.

Table 3. Implementation of GAP at Aulia Natural Farmer Group

Activity Unrecommended
Fertilization Fertilization is not timely and dosage is not as recommended
Pesticide Still using herbicides and synthetic pesticides
Use of protective equipment There are still farmers who do not want to use a protective nose
(mask) when doing pesticide applications
Availability of fisrt aid (P3K) Not available
The use of natural enemies Some farmers do not like to use natural enemies
Sanitation There are still farmers who do not hide the fruit skin of pests
Recording The absence of recording in farming

The number of Aulia Natural farmer group members who have implemented GAP is 13 people, while those who
have not applied there are 2 people.

Use of environmentally friendly fertilizers has been done by farmers in this region, they use natural materials
such as livestock manure and dried foliage as raw material for composting. This can reduce production costs and
the impact of environmental pollution. Then, in an effort to cope with plant-disturbing organisms, farmers use
natural enemies, namely by using black ants. The use of black ants can reduce fruit damage as a result of pest
attacks.

To prevent erosion, this farmer group also utilizes the protective crops, namely banana and coconut trees. In
addition to the protective plants, they also make a trench in every row of cocoa plants, called rorak.

The application of GAP in terms of health and welfare safeguards, farmers are still not in accordance with the
principles contained in the GAP, for example, in the use of masks at the time of spraying pests, it is due to the
difficulty of changing the habits of farmers, especially old aged farmers.

Traceability is a recording system that aims to track (trace) the origin (history), apalikasi or location of a
product through the recording of identification (recording). In the GAP is very necessary, but in Aulia Natural
farmer groups there is no record in the activities of farming, such as: the labeling on the packaging of cocoa beans
to be sold. This is because, there is no demand and requirement from cocoa seed buyer to do so. Therefore, farmers
mix all the cocoa beans they produce.

D. Problems Faced by Farmers in Application of GAP

Some of the problems faced by farmers when implementing the GAP are: a) a lack of continuous assistance
from the government, as evidenced by the majority of farmers (72 percent) who state that counseling and guidance
given by the government are rare; B) the difficulty of changing the mindset and habits of cocoa farmers, they
usually cultivate coconut and banana plants that do not require intensive care, so when cultivating cocoa they do
not do intensive care; And c) the absence of a price guarantee for the fermented cocoa beans (the price of the
fermented cocoa beans is the same as the unfermented cocoa beans), this makes the farmers' weakness to ferment
their cocoa beans.
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IV. CONCLUSION

The implementation of GAP by Aulia Natural Farmers Group has not been fully implemented. GAP component
that has been applied is the application of environmentally friendly technology by reducing the use of synthetic
pesticides in pest control, but farmers have not used the mask when applying pesticides. In addition, farmers have
not done traceability.

The problems faced by farmers in implementing GAP are: the lack of continuous guidance done by the
government, it is difficult to change the mindset and habits of farmers, and there is no guarantee of price.

Farmers who have implemented GAP have higher productivity and income than farmers who have not
implemented GAP. In order for farmers to fully implement the GAP then, need coaching and assistance intensively.
Through intensive guidance and mentoring it can change the mindset and habits of farmers. In addition, there is a
need for government regulation in terms of price for fermented cocoa.
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ABSTRACT

Lampung's economic structure is predominantly sustained by agriculture, industry and trade. The
contribution of agricultural sector reached *+ 31%, Industry + 19%, and trade + 11%. Lampung's
industrial and trading base has backward linkage support from the availability of adequate agricultural
production. This situation should mean adding value to economic actors, especially people who depend
on their agricultural sector. But the fact that the poor are still over 13% with HDI of 66.94 indicates that
some people, especially in rural areas who'’s living on agricultural basis, are not prosperous. This study
aims to (1) study the performance of cassava based food industry in production centers and (2) to
analyze the potential of labor absorption and new sources of income through the development of local
cassava based food processing industries. The field study was conducted in February until May 2017 at
the center of cassava based processed food production in Pesawaran, Lampung Tengah, and Pringsewu
Districts. Sampling method conducted by case study approach. Data analysis used descriptive statistical
analysis and trend method. Based on the analysis result, it can be concluded that the cassava based food
processing industry was characterized by the scale of production of micro/home industry and using the
family and the family's worker on average <5 people. The most common types of foodstuffs are: cracker,
klanting, chips, and opak. The analysis of revenue structure showed that cassava processing business
was beneficial as a source of family income. Based on rural labor absorption analysis, the existence of
local food processing industry has the potential to provide employment for rural labor force. However,
the lack of competitive standards of rural wages was an issue that causes the lack of appeal of the
processed food industry as a source of income. An opportunity is open to new entrepreneurs in
prospective market line networks. The market of processed products of cassava food industry is still
very wide open. The business activity of the cassava processed food industry produces an economic
multiplier for the actors who are involved.

Keywords : cassava, processed food, local, rural

I. INTRODUCTION

Lampung's economic structure is predominantly sustained by agriculture, industry and trade. The contribution
of agricultural sector reached * 31%, Industry + 19%, and trade + 11% (Lampung Statistic Agency, 2016).
Lampung's industrial and trading base has backward linkage support from the availability of adequate agricultural
production. This situation should mean adding value to economic actors, especially people who depend on their
agricultural sector. Lampung as an agribusiness earth provides more than 49% of employment in the agricultural
sector. More than 80% of agricultural sector activity is done in rural areas. Based on the contribution of sub-
sectors, food crops contribute almost 50% of agricultural sector contributions. With the average growth rate in
the last three years reaching more than 3%/year, the food crops sub-sector can be one of the rational choices as a
leading sector in increasing productivity, employment opportunities, income, and farmers' welfare.

Food and beverage agroindustry at Lampung's GRDP contributes 12.50%, with growth of 4.2% year-1.
Manpower in large agroindustry enterprises reached 48,735 people in 2014 from 222 existing companies
(Lampung BPS, 2015). Food agroindustry provides a multiplier effect on the local economy through increased
value added, diversity of sources of income, availability of business, increasing income, and ensuring food security
for households, as well as reducing rural poverty.

In the downstream line of foodstuff agroindustry, it is important to be directed to the growth of the people-
scale processing industry through the empowerment of women farmers in the rural agro-industry chain. Chain of
rural agroindustry becomes a necessity in an effort to increase the source of farmer's income. Promotion and
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incentives for the development of foodstuff processing businesses need to be continuously carried out by
stakeholders. The price guarantee and market of household products mobilized communally through the women
farmer group/Gapoktan/ cooperative / BUMP institutions become the embryo of the development of integrated
rural bio industry chains and integrated into the larger agro-industry market network (Fitriani, Trisnanto, & Fatih,
2013)(Budi Trisnanto & Fatih, n.d.)(Fitriani, Ismono, & Rosanti, 2011) (Fitriani, 2015). Strengthening through
ongoing capital, technology and market support to rural bio industry actors is a key to the growth of rural income
sources. The growth of rural bio industry is a gateway to the availability of job opportunities for the rural labor
force, thereby reducing unemployment and poverty (Fitriani, et.al.,, 2014).

But the fact, the condition becomes an irony, considering most of the rural agricultural community was still
face poverty. Rural communities are undeniably often overlooked by relevant stakeholders. The poor are still over
13% with HDI of 66.94 indicates that some people, especially in rural areas who's living on agricultural basis, are
not prosperous. The lack of budget allocation for agriculture sector development (> 2%) and investment, also the
lack access of capital, no assistance from skilled trainers, as well as access to narrow land (smallholders and farm
laborers) were as a part of the low income that welfare farmers couldn’t reached yet (Fitriani, et.al., 2014).

The food agroindustry-based cassava faced the issue on business management and marketing because the
business-oriented sustainable and market network has not been built yet. They has not been able to meet the
market needs at the level of volume, quality, time, and place continuous (Novia, dkk, 2013; Pahlevi, dkk., 2014;
Rangkuti, dkk., 2015). They also facing the limitations of modern production technology, the quality of human
resources is not sufficient (Hidayat, 2016; Surfiana dkk., 2014; Caesarina dan Estiasih, 2016; Adicandra dan
Estiasih, 2016). On the capital side, micro/household scale has not been touched by capital institution, so the
business scale is not economical (Fitriani & Zaini, 2012); (Fitriani, Arifin, & Ismono, 2010); (Ismono, Arifin, &
Fitriani, 2011); Indarwanta dan Pujiastuti, 2011).

This study aims to (1) study the performance of cassava based food industry in production centers and (2) to
analyze the potential of labor absorption and new sources of income through the development of local cassava
based food processing industries.

II. MATERIALS AND METHODS

The field study was conducted in February until May 2017 at the center of cassava based processed food
production in Pesawaran, Lampung Tengah, Lampung Timur, and Pringsewu Districts. Sampling method
conducted by case study approach. Data analysis used descriptive statistical analysis.

III. RESULT AND DISCUSSION

Agricultural development aims to improve the welfare of agricultural communities through improved
production systems, infrastructure, innovation and technology adoption and solid agricultural institutions. Efforts
to increase agricultural productivity with the principle of orientation on populist economy needs to be done. The
ongoing economic activities involving the participation of all members of the community, the results for the
communities and the implementation of economic activities under the leadership and supervision of the
community are the prerequisites for the work of sustainable agriculture development programs. Based on these
principles, the development of agriculture should continue to be developed with the aim to increase the income
and welfare of the community through the creation of employment opportunities that involve the rural community
as much as possible (Fitriani, Sutarni, Ismono, & Lestari, 2015).

Agroindustry plays an important role in increasing the utility, absorption and productivity of labor institutions,
and expanding the reach of marketing institutions. Rural agro-industrial development requires traditional
institutional transformation processes related to labor and marketing, especially in the application of postharvest
innovative technology to realize agro-based agricultural products (Elizabeth, 2010). The description of technology
application on processing cassava could see as Table 1. Table 1 presented the information about machinery
equipment which was apply to enhance cassava proceed productivity. Dominantly (86%), application of
mechanical equipment becomes developed at production center of cassava processed product (Table 2).

Table 1. Machinery equipment for cassava processed product

No. | Machinery No. | Machinery No. | Machinery
1. Grinding Machine 4. Press / jack tool 7. Steamer
2. Slicing Machine 5. Stove
3. Mixer Machine 6. Scales
Table 2. Level of equipment technology adoption
Technology Respondent (%)
Traditional 7 14%
Semi modern 42 86%
Total 49 100
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The technology level categorized as traditionally and semi modern. There was 14% producer still lack access
of semi modern equipment. The main cause was limited in capital. Machinery investment is expensive for rural
household. The allocation of machinery investment was in range IDR 1.3 - 5.1 million (Table 3).

Table 3. Machinery investment (IDR)

Varian product Min Max Average
Crackers 125,000 6,670,000 2,995,560
Klanting 470,000 9,176,000 5,142,294

Chips 2,155,000 4,845,000 3,607,750
Opak 305,000 2,820,000 1,313,000

In average, cassava chips industries have been sufficient at equipment investment. The equipment investment
expenditure range relative closed each within industries. The deep gap on equipment investment had been faced
by crackers, klanting, and opak industries. There was no sufficient capital to enhance their equipment technology.
Some of them just processed cassava product as side job. It was just a way to find income resource alternative in
rural. Labor in rural had been facing problematic situation. The rural labor conditions of the informal sector
treated more informally, including at rural agro industry.

As comparison, in 2015 the quantity of decent living needs in Lampung Province was IDR 1.442.898. The wage
rate of informal agricultural workers is lower than the Lampung minimum decent living needs. Various districts
in Lampung still provide a large amount of agricultural labor wage in the range of IDR 35,000 - 45.000 per day.
When refer to with US $ exchange rate, it currently means that per capita income was less than 1 US $, or is
classified under the UN poverty line.

Agricultural development means improvement in agricultural wage rates. The efforts to improve wage rates
for agricultural sector workers also can be done through increased fiscal spending of the agricultural sector.
Capital expenditure needs focus on improving the quality of peasant resources and the opening of new jobs in the
agricultural sector, both labor-intensive and capital-intensive. On the other hand, the incentive stimulus for
business actors in agriculture through ease of permit, tax incentives, easy access to credit from finance, and the
expansion of domestic and international market networks will systematically increase investment in agriculture
become an improvement (Fitriani et al., 2015).

There is opportunity for rural labor absorption on cassava processed product industry (Table4). The existence
oflocal food processing industry has the potential to provide employment for rural labor force. Without a strategic
effort to improve the level of wages in the agricultural sector, this condition will encourage urbanization to seek a
better life. However, because the labor skill requirements of rural areas that do not meet the qualifications of urban
migrant workers cause them to fill in the informal employment space that earns less. As a result, urban poverty
increased, in other words, the city as the estuary of migration of the rural poor. This condition certainly cannot be
allowed to find a solution by itself. Potential rural worker adsorption into small scale cassava proceed product
(person) in production center could see at Table 4.

Table 4. Potential rural worker adsorption into small scale cassava proceed product (person) In production

center
Cassava proceed Food Home Worker Home industry Small scale industries

production center industry*) (<5) (5-19)
Pesawaran 328 656 1312 6232
Central of Lampung 89 178 356 1691

Pringsewu 42 84 168 798

East of Lampung region 85 170 340 1615
Total 544 1088 2176 10336

Sources: Statistic Agency at Pesawaran, Central of Lampung, Pringsewu, and East of Lampung region, 2016

Based on Table 4, home industries based on cassava involved 544 small enterprises at four regions. There
were minimum 2 rural workers for their industries. The estimation of worker adsorption in rural count as two
categorize: home industry with maximum worker 4 person, and Small enterprises with range 5-19 worker. Then
the rural worker adsorption could be reach 10.336 worker.

The analysis of revenue structure showed that cassava processing business was beneficial as a source of family
income. The processed food industry is one of a source of rural income. The net income was around IDR 1.3
million.month-1. Cracker was the most profitable. Follow by cassava chips, klanting, dan opak (Table 5)

An opportunity is open to new entrepreneurs in prospective market line networks. The market of processed
products of cassava food industry is still very wide open. The business activity of the cassava processed food
industry produces an economic multiplier for the actors who are involved.

Government intervention required to meet with economic (private) actors. So far, the agricultural sector has
received minimum attention, minus the development budget allocation, as well as the neglect and marginalization
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that caused the development and development of the agricultural sector stagnated if not to be said to resign. The
policy of improving the fate of agricultural labor can be done by considering the value of labor multiplier in the
regional economy. The value of multiplier factor of labor production can be the government base in increasing the
fiscal expenditure of its development in agriculture sector. In addition, the basic investment stimulus strategy for
domestic agricultural actors is a top priority for development policy (Fitriani et al., 2015).

Table 5. Net revenue of cassava processing business

Product Net revenue/period (IDR) Minimum 2 x/month (Net revenue/month) (IDR)
Crackers 826,875 1,653,750
Klanting 615,601 1,231,202
Chips 656,071 1,312,143
Opak 507,383 1,014,767
Average 651,483 1,302,965

IV. CONCLUSION

Based on the analysis result, it can be concluded that the cassava based food processing industry was
characterized by the scale of production of micro/home industry and using the family and the family's worker on
average <5 people. The most common types of foodstuffs are: cracker, klanting, chips, and opak. The analysis of
revenue structure showed that cassava processing business was beneficial as a source of family income. Based on
rural labor absorption analysis, the existence of local food processing industry has the potential to provide
employment for rural labor force.
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ABSTRACT

Coffee is ones of Indonesian favorite agriculture commodity. Beginning from Upper course to Lower
course of anything about coffee, Indonesia make it special to handled. Cafe on Coffee shop is the part
actors of lower course Indonesian agriculture and it being popping up for western culture affects for
Indonesia people to enjoy coffee. Thus it can be seen from the sales data Café Armor fluctuating (ones
of the biggest cafe in Bandung, West Java-Indonesia). It has a goal to know about connection between
marketing mix with customer satisfaction at Café Armor. Analysis Methode of the datas that [ used are
the Importance Performance Analysis and Customer satisfaction Index to assess the level of customer
satisfaction. The Attributes are: Product, Price, Place, Promotion of Marketing Mix. Based on the analysis
that has been applied shows that : average of consumers who come are male & the male are aged around
21-30 years. They chose Café Armor because they like their service of coffee and also the social
atmosphere at Café Armor. Attributes that consumers preferred are the products and places that have
been presented by Café Armor. Consumers do not think too much about the promotion and the price
that given by Café Armor. Café Armor already provide what consumers want to be able to enjoy the
convenience. Variable media printing promotion is in quadrant I, which means the media printing
promotions is important for customers but the performance of Café Armor is still said to be low. The
level of the diversity of the menu, variety of coffee beans, methods of making coffee, coffee quality,
strategic location, comfort, cleanliness of the place and facilities were located in quadrant II, which
means consumers love the performance of Café Armor and it was already given the maximum
performance. As for the price, the terms of payment, the social media promotion, and the relation
through promotion was entered in quadrant III, which is to be considered less important than the
customer, and indeed of the Café Armor is not too influential in serving customers.

Keywords : food, lower course commodity, coffee shop business, marketing method, customer
satisfaction

I. INTRODUCTION

Indonesia is the patern of several countries who have many kind of special coffees. It happened because of
coffees planting at every different area can produce difference tastes. That differences, happened because of
difference geographical also in every region. Some Indonesian coffees are from Gayo coffee from Aceh, kintamani
coffee from Kalimantan, mandaling coffee from North Sumatra, mangkuraja coffee from Bengkulu, Java preanger
and Ciwidey coffee from West Java and another.

Indonesian consumption since 2010 until 2015 has gradually raising, it because of many factors happened, one
of it is can changes the trend in society in actually more love single origin coffee and usually available single origin
menu in coffee shop, so it can be build the new trend to turn up many coffee shops in big town, specially in Bandung
city.

Many coffee shop in Bandung city has made consumer embittered to taste blend various of original coffee.
Coffee shop set aside many kind of drinkin frickle coffee, some kind: espresso coffee, coffe latte, cappucino coffee
and the others. In addition to the cunsumer’s embittered, comfortable place and good facilities can make coffee
shop better and can make consumers to extracted to enjoy the coffee from its shop.
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Here these below of coffee shops in Bandung city that use manual brew that produce single coffee origin. One
of that shop who make single coffee origin is Coffee Armor Shop.

Table 1. Coffee shop in Bandung city with manual brew process

No. Name of Coffee Shop Coffee shop address
1 Armor Kopi Taman Hutan Raya Djuanda Dago
2 Two Hands Full J1. Sukajadi no.206
3 Lacamera Coffee JI. Naripan no.97
4 Jack Runner Roastery JI. Cilumbeulit no.42
5 Dreezel JL. Cisangkuy no.56
6 Blue Doors JI. Gandapura no. 61
7 Noah Barn JI. Dayang Sumbi no.2
8 Cultivar JI. Sultan Tirtayasa no.26

Coffee Armor Shop located at Taman Hutan Raya (Tahura) Djuanda region dago is conservative area in
Bandung city. Now, Tahura was opened the opportunity for any one who want have to open the firm of coffee
shops. Coofee shop Tahura has opened its exertion at Tahura in 2015. Misses’s said (as the owners of Tahura coffee
shop), she build armor coffee shops in Tahura because of good atmosphere and it can make enjoy consumers of
coffees.

The unique of armor coffee shop is have many kind of variation bean, so it can make consumers have to choose
about bean of their wanted to. The consumers are very happy to come to armor coffee shop because they can
choose every coffee of their like and can enjoy at armor coffee shop. The varian beans in armor coffee shop is the
mainstay of armor coffee shop. Lintong coffee and Toraja coffee that kind of arabica coffee are the model coffee in
armor coffee shop. The other unique of armor coffee shops is the nice place that consumer can enjoy their drinking
with good atmosphere condition. That uniqly, make consumer enjoy everything happened innthere, specially of it
is good atmosphere. That condition showed by good raising in January until October 2016.

Penjualan Armor Kopi
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- < D > > o =
ST éziy R R
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Fig. 1. Selling amor coffee in 2016 (Source : Armor coffee shop data 2016)

The luster of coffee shop business in Bandung city was made more rivalry for all coffee business. So, armor
coffee shops should hold out on that competition of business. The manner of armor coffee shop’s effort that used
by armor coffee shop is to make available more variative kind of coffee because for consummers, it can be very
important thing to make their loyality.

In this research, writers was used experiment of variables on product attribute that asking to consumers in
armor coffee shop about consumer satisfaction. So, the impact of this research is can help armor coffee shop to
have maximum income and knowing all about costumer satisfaction, specially on coffee of cafe’s marketing.

1. How is consumer characteristic in armor coffee shop?
2. Which one dominate impact on consumers satisfaction? (4P; Product, Price, Place, Promotion)

II. MATERIALS AND METHODS

The placement of this research is Armor coffee shop. Armor coffee shop is in the parking area of the Tahura’s
tour garden (Taman Hutan Rakyat Djuanda), at Dago Atas street, Bandung city, West Java, Indonesia. The
research’s place was choosen by intentional choosing and considerate of many kind of beans that delivered by
Armor coffee shop.

It is reseach case. Quantitative design is used on this desain research, at the time that technical survey
description is used on this reseach also). The population has used by this research are all coffee shop’s customers.
Quantity of population definites by on the average of costumers who came to armor tahura coffee shop in every
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day in February 2015 until February 2016, amounting to 324 costumers. In that case, if we calculate in every week,
all of costumers are 2.268 costumers, and continued by slovin methode so we have 96 respondens only.
To analize costumer’s satisfaction can use 2 methodes; Costumer Satisfaction Index (CSI) and Important
Performance Analysis (IPA)
1. Costumer Satisfaction Index (CSI)
2. Importance Performance Analysis (IPA)
The analisys data, we use:
1. Validity test
2. Reability test

III. RESULTS AND DISCUSSION

A. Costumer Characteristics

Nowadays, business of coffee on cafe in Bandung city is on the fire. Many business of them not only selling
something like dringking only, but they sell all out of theirs power and all everything their capacities. Ones of the
examples, their business have to do some thing special and unique to cacth as many as costumers they can get. The
atmosphere and service can be the facilities to support goal of their business, it is to have so many costumers every
day. So it is also for Armor coffee shop must do it. The competition of this business is very thigt competitiveness.
The costumer satisfaction is very important thing to be have, because it is the key's success of this business. The
costumers characteristic in this research are explain by vary variables, they are: age, gender, job activity, and
education.

B. Costumer characteristic on Age

Table 2. Costumer characteristic on Age

No. Age (Years) Frequency Percentage (%)
1 <20 3 3.13
2 21-30 84 87.50
3 31-40 9 9.38
Total 96 100

Itis indicating that the consumers who came to the armor coffee shop are youth, between 21-30 years old. They
come to armor coffee shop usually together with their friends and invite the other friends to come to armor coffee
shop in another day to enjoy the taste of coffee with its comfortable atmosphere.

C. Consumer characteristics based on Gender
Result has shown, at Armor coffee is dominated by male than female.

Table 3. Gender in Armor Coffee Shop’s Consumer

No. Age (Year) Frequency Percentage (%)
1 Male 59 61.46
2 Female 37 38.54
Total 96 100

D. Consumer characteristics based on occupation
Armor Coffee shop is various enough if it is watched from occupation kinds of. It is shown that consumers

largely have own self income to be spent in according to desirability and need levels. Consumer occupation kinds
of at Armor Coffee shop most dominant is students or university students. It can be seen on table at below:

Table 4. Consumer characteristics based on occupation at Armor Coffee Shop

No. Occupation Frequency Persentase (%)
1 Pegawai Swasta 7 7.29
2 Pelajar/Mahasiswa 85 88.54
3 Wiraswasta 3 3.13
4 Wirausaha 1 1.04
Total 96 100

161



Budiman et al. : Customer Satisfaction on Coffee...

E. Consumer characteristics based on Education Level

Following Engel, et.al (1994), education level differences would also be shaped different purchasing behavior.
Consumers’ education level of Armor Coffee shop is college that is 88,54%. That result has shown that consumer
who have better education level is very selective to buy a product.

Table 5. Consumer characteristics based on education level at Armor coffee shop

No. Occupation Frequency Persentase (%)
1 High school 11 11.46
2 Under graduate or graduate 85 88.54
Total 96 100

F. Customer satisfy index

A measure toward customer satisfies are very needed to determine goals in the future to know satisfy level
resulted by an attribute. For customer satisfies level is used Costumer Satisfaction Index (CSI) method. Customer
satisfies level counting by use Costumer Satisfaction Index (CSI) is needed importance level average score and
available attribute performance level average score.

Itis obtained CSI as much as 73,49% then Armor coffee shop costumer satisfy included into “Cause for concern”
(71 <X < 76) or “Satisfy Less” (Table 6). It can be seen at above table that Armor coffee Shop performance is given
satisfy less to its customers. So, Armor coffee shop is not carried out maximal performance at its have attributes
in order to able to improve its customer satisfies. The factors are caused that things occure that is its capital
resources limited, lack human resources quality and lack human resources numbers. By those conditions, Armor
Coffee shop should be carried out some improvements to increase Customer satisfy level. CSI=73,49% so costumer
satisfaction index point is below on satisfied for costumers.

Customer Satisfaction Index (CSI) in Kedai Kopi Armor by formula:

p

csl = 2= 51009 )
3,6745

CSI = ~=—x100%

CSI = 73,49%

G. Attribute Improvement Priotities

Human resources limited make Armor Coffee Shop must be able to manage available human resources to
improve attribute is priorited necessary in order to have bigger benefit toward customer. This folowing is analysis
result of available attribute importance level at Armor Coffee Shop.

Table 7. Mean point depend on attribute importance level at Armor Coffee Shop in 2016.

No Attribute Importance level Performance level
1 Menu Variety Level 4,09 3,82
2 Coffee Bean Variation 4,24 3,99
3 Coffee Processing Method 4,04 3,79
4 coffee quality 4,33 4,01
5 price 3,74 3,50
6 payment method 3,34 3,30
7 Location Strategy 4,09 3,94
8 Site Comfortableness 4,26 4,09
9 Site Cleanness 4,36 3,93

10 Facility 4,33 3,78

11 Promotion and social media 3,38 3,28

12 Promotion by relationship 3,28 3,13

13 print media promotion 3,29 3,14

Both these value would be middle line on cartesius diagram that is Important Performance Analysis (IPA) so
that cartesius diagram will be divided into four quadrants. Following is Important Performance Analysis (IPA)
cartesius diagram:
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Fig 2. Cartesius Diagram Important Performance Analysis cafe Armor coffee

where :
1. Menu Variety Level 8. Site Comfortableness
2. Coffee Bean Variation 9. Site Cleanness
3. Coffee Processing Method 10. Facility
4. Coffee Quality 11. Promotion and social media
5. Price 12. Promotion by relationship
6. Payment method 13. Print media promotion

7. Location Strategy

A mapping at cartesius diagram based on this performance level and importance level is make possibility
Armor Coffee Shop side to do attribute improvement which is assumed very important by consumers, either in
shor-term or long-term. This attribute improvement has depended on each attributes position on four quadrants.

1. QuadrantI (Main Priority)

Quadrant I on IPA cartesous diagram has shown product attribute importance level is very importand assumed
customer, but performace is shown by this attribute proposed still low or not maximal yet. Attribute at quadrant
I should be main priority for Armor Coffee Shop to improve a performance so able to fulfill and to increase
customer satisfies. It is based on field research, attribute at quadrant I is following :

a. Published Media Promotion

Armor Coffee Shop Promotion maight be said less. Promotion in social media or mouth to mouth shapes may
be already good but for customers the published media promotion also importand then this variable has had
35,41% and doing performance is good enough with percentage 42,71%, saying that published media is important
enough promotion to do.

Table 8. Importance level and working atribute level on media promotion

Importance level Performance level
total Presentase total Presentase
assessment level Respondents (%) assessment level  Respondents (%)
very important 12 12.50 very good 5 5.20
important 23 23.96 good 27 28.13
quite important 34 35.41 quite good 41 42.71
not important 20 20.83 bad 20 20.83
very not important 7 7.30 very bad 3 3.13
total 96 100.00 total 96 100.00

2. Quadrant Il (Performance Maintain)

Quadrant II at IPA Cartesius diagram has shown that akready carried out by Armor Coffee Shop has been
maximal and it is enjoyed by customers. On this quadrant can also be said important attributes for customers and
is already appriopriate to customers desired.

163



Budiman et al. : Customer Satisfaction on Coffee...

a. Menu Variety Level

Armor Coffee Shop has been had menu variety in according to what customes desired is. Menu including as an
important attribute and Armor Coffee Shop side has been given maximally and it is enjoyed by customers. It can
be seen from importance level percentage that is 47,92% meaning important and even customer having
percentage for performance level as much as 38,5% meaning satisfy with given menu by Armor Coffee Shop.

Table 9. Menu Variety Level

Importance level Performance level
total Presentase total Presentase
assessment level Respondents (%) assessment level Respondents (%)
very important 32 33.33 very good 25 26.04
important 46 4792 good 37 38.55
quite important 14 14.58 quite good 26 27.08
not important 3 3.13 bad 8 8.33
very not important 1 1.04 very bad 0 0.00
total 96 100.00 total 96 100.00

b. Coffee Bean Variation

Armor Coffee Shop including shop which is having various coffee bean variety kinds of. It is usually from
Sabang u to Merauke served by Armor Coffee Shop. Because Armor Coffee Shop self vision and mission that is to
introduce coffee from Indonesia then it importance level as much as 47,92% meaning very important. For
customer even this coffee bean variation very important for them who want to know coffees from Indonesia, then,
it performance level as much as 39,58% meaning satisfy with Armor Coffee Shop performance has been given.

Table 10. Level of importance and working atribute level on coffee bean

Importance level Performance level
total Presentase total Presentase
assessment level Respondents (%) assessment level  Respondents (%)
very important 46 4792 very good 30 31.25
important 32 33.33 good 38 39.58
quite important 15 15.63 quite good 25 26.04
not important 1 1.04 bad 3 3.13
very not important 2 2.08 very bad 0 0.00
total 96 100.00 total 96 100.00

c. Coffee Processing Method

Coffee processing methods are very various. Armor Coffee Shop is also serves some methods to process a coffee.
It important level already at 39,58% meaning important for both customer and that shop. Performance level on
this coffee processing method as much as 43,75% meaning good to do. This coffee processing method is also very
influence customer satisfy, because every coffee bean would be outed different taste if it is processed with other
method.

Table 11. Level of importance and working atribute level on cofffee processing methode

Importance level Performance level
total Presentase total Presentase
assessment level Respondents (%) assessment level Respondents (%)
very important 34 35.42 very good 21 21.88
important 38 39.58 good 42 43.75
quite important 20 20.83 quite good 25 26.04
not important 2 2.08 bad 8 8.33
very not important 2 2.08 verybad 0 0.00
total 96 100.00 total 96 100.00
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d. Coffee Quality

Coffee quality is one consideration for coffee devotee mainly in this Bandung. It is caused coffee bean quality
choosen by customers is determined customer satisfy. Based on Tabble 15, 53,13% for importance level of coffee
quality attribute. Therefore, that coffee quality customer should be very paid attention so that able to enjoy coffee
with their wants. Performance level having by coffee quality attribute as much as 38,54%.

Table 12. Level of importance and working atribute level on quality of coffee

Importance level Performance level
total Presentase total Presentase
assessment level Respondents (%) assessment level Respondents (%)
very important 51 53.13 very good 37 38.54
important 31 32.29 good 30 31.25
quite important 11 11.46 quite good 22 2292
not important 1 1.04 bad 7 7.29
very not important 2 2.08 very bad 0 0.00
total 96 100.00 total 96 100.00

e. Location Strategy

Coffee shop location determination would be determined the customer number who coming to that coffee shop.
Here, given evaluation by customer is choosen location by Armor Coffee Shop, include inside location easy to reach,
see, and memorize.

It is based on table 12, can be seen that customer number is said that coffee shop location attribute is very
important (38,55%). While Armor Coffee Shop performance level for this attribute, customer numbers who said
that it performance is very good (36,46%).

Armor Coffee Shop location at Djuanda Great Forest Park, Dago, Bandung is become more value for this one
coffee shop. This is meant that Dreezel Coffee must be maintained this attribute performance.

Table 13. Level of importance and working atribute level on location strategy

Importance level Performance level
total Presentase total Presentase
assessment level Respondents (%) assessment level Respondents (%)
very important 37 38.55 very good 35 36.46
important 36 37.50 good 33 34.38
quite important 20 20.83 quite good 16 16.67
not important 1 1.04 bad 11 11.45
very not important 2 2.08 verybad 1 1.04
total 96 100.00 total 96 100.00

f- Site Comfortableness

Customer is coming to enjoy a glass coffe will also be sure to choose comfort site, not noisy, can be enjoyed
coffee in quiet. It is given site comfortableness by this Armor Coffee Shop having importance level as much as
47,92%, therefore, customer is also want to enjoy a glass coffee with supported atmosphere. Performance level at
site comfortableness attribute having number as much as 40,63%. Customer is happied to enjoy a glass coffee at
Armor Coffee Shop and this coffee shop is also already having location in appropriate to customer desirability.

Table 14. Level of importance and working atribute level on site comfortableness

Importance level Performance level
total Presentase assessment total Presentase
assessment level Respondents (%) level Respondents (%)
very important 46 4792 very good 39 40.63
important 33 34.38 good 33 34.38
quite important 14 14.58 quite good 19 19.79
not important 2 2.08 bad 4 4.16
very not important 1 1.04 very bad 1 1.04
total 96 100.00 total 96 100.00
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g. Site Cleanness

Someone is want to enjoy a glass coffee at quiet and clean sites. Although Armor Coffee Shop has been had site
at Great Forest Park but Armor Coffee Shop is also paid attention site cleanness matter. It can be seen at Table 18.
Importance level for site cleanness is very important having percentage 56.25% and performance level for site
cleanness as much as 56,25% in good evaluation.

Table 15. Level of importance and working atribute level on site cleanness

Importance level Performance level
total Presentase total Presentase
assessment level Respondents (%) assessment level Respondents (%)

very important 54 56.25 very good 20 20.83
important 28 29.17 good 54 56.25
quite important 10 10.41 quite good 17 17.71
not important 3 3.13 bad 5 5.21
very not important 1 1.04 very bad 0 0.00
total 96 100.00 total 96 100.00

h. Facility

Beside Armor Coffee Shop has sited at Great Forset Park, this coffee shop is also pay attention to facility.
Customer who came will also be sure felt quiet is prepared facilities are ordered and clean.

It can be seen at table 19 from facility attribute importance level (58,33%) that customer has felt very
important for facility completeness available and can also be seen from this attribute performance level (32,29%)
that given performance by this Armor Coffee Shop is very good.

Table 16. Level of importance and working atribute level on facilities

Importance level Performance level
total Presentase total Presentase
assessment level Respondents (%) assessment level Respondents (%)

very important 56 58.33 very good 31 32.29
important 21 21.88 good 27 28.13
quite important 16 16.67 quite good 24 25.00
not important 1 1.04 bad 14 14.58
very not important 2 2.08 very bad 0 0.00
total 96 100.00 total 96 100.00

3. Quadrant III (Low Priority)

Attribute at this Quadrant III should be concerned again about its situation. From customer side, this attribute
including attribute has assumed less important and of course, even from Armor Coffee Shop including attribute is
not much influenced for customer serve.

a. Price

In enjoy a glass coffee, a customer should also be pay what is ordered. Following customer this price attribute
having very important importance level (32,29%) and good performance level (30,21%) but for customer this
price attribute is less important to enjoy a glass coffee and given site comfortableness by Armor Coffee Shop.

Table 17. Level of importance and working atribute level on price

Importance level Performance level
total Presentase total Presentase
assessment level Respondents (%) assessment level  Respondents (%)
very important 31 32.29 very good 21 21.88
important 26 27.09 good 29 30.21
quite important 24 25.00 quite good 28 29.16
not important 13 13.54 bad 13 13.54
very not important 2 2.08 very bad 5 5.21
total 96 100.00 total 96 100.00
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b. Payment Method

Armor Coffee Shop is not having various payment method, it can be seen atv table 21, this attribute having
important level as much as 30,20% meaning important enough and at performance level as much as 37,50%
meaning also important enogh. For customer and Armor Coffee Shop alone this attribute is important less.

Table 18. Level of importance and working atribute level on payment method

Importance level Performance level
total Presentase total Presentase
assessment level Respondents (%) assessment level  Respondents (%)
very important 22 22.92 very good 13 13.54
important 20 20.84 good 28 29.17
quite important 29 30.20 quite good 36 37.50
not important 19 19.79 bad 13 13.54
very not important 6 6.25 very bad 6 6.25
total 96 100.00 total 96 100.00

¢. Social Media Promotion

In social media promotion attribute, Armor Coffee Shop is not very used that attribute. It can also be seen at
Table 22, that this attribute importance level and performance level there is at important enough (26,04%) and
good enough (27,08%). Therefore, promotion is not carried out by this coffee shop side. Even for customer as
social media promotion is not very important.

Table 19. Level of importance and working atribute level on promotion social media

Importance level Performance level
total Presentase total Presentase
assessment level Respondents (%) assessmentlevel  Respondents (%)
very important 23 23.96 very good 18 18.75
important 22 2292 good 25 26.05
quite important 25 26.04 quite good 26 27.08
not important 18 18.75 bad 20 20.83
very not important 8 8.33 very bad 7 7.29
total 96 100.00 total 96 100.00

d. Promotion through Family

Armor Coffee Shop is just carried out mouth by mouthpromotion only, on of them may be promotion through
family a customer fellow or Armor Coffee Shop alone. This promotion activity can be said important because
having big number as much as 34,38% and performance has been carried out also said good enough with
percentage number as much as 28,12%. For customer this promotion can also be said important because just this
promotion only carried out by Armor Coffee Shop alone.

Table 20. Level of importance and working atribute level on Promotion through Family

Importance level Performance level
total Presentase total Presentase
assessment level Respondents (%) assessment level  Respondents (%)
very important 15 15.62 very good 17 17.71
important 33 34.38 good 22 22.92
quite important 27 28.13 quite good 27 28.12
not important 6 6.25 bad 16 16.67
very not important 15 15.62 very bad 14 14.58
total 96 100.00 total 96 100.00
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IV. CONCLUSION

It is based on carried out research result, then it is obtained conclusion, that is:

1. Armor Coffee Shop consumer are male sex kind of, having age 21-30 years old in average, having education in
college level, a student/university student. Consumer was coming to Armor Coffee Shop is young man who has
aged 21-30 years old in average and is tsill become student/universiry student.

2. Customer sarisfy at Armor Coffee Shop is satisfy less in category. Factors is caused Armor Coffee Shop
performance is not optimal yet that is performance quality, human resources number lacks and optimizing for
small things. It is dominant influenced from product, site, promotion, and price toward customer satisfies are
product and site existing at quadrant I, meaning product and site have maximally carried out by Armor Coffee
Shop
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ABSTRACT
Crystal guava in Regency of Bandung is spread in three Districts, Cimaung, Arjasari, and Pasirjambu.
Particularly in the District of Cimaung it has been developed since 2013 and the district is the first area
that develop crystal guava in Regency of Bandung,
The research aims to investigate supply chain of Crystal guava at the District of Cimaung, Regency of
Bandung.The research is implementing qualitative design with case study techniques and survey
method to map the supply chain of crystal guava from producer to customer.
The result shows supply chain of crystal guava at the district of Cimaung, regency of Bandung consists
of farmer, farmer community, supplier to traditional and modern market, exporter, agrotourism
activities and consumer.

Keywords : Supply Chain, Crystal Guava, District of Cimaung, Regency of Bandung

I. INTRODUCTION

Crystal guava is one variant of guava with large berries and clean fruit flesh. The crunchy texture, with only few
seeds contained is the main cause of its popularity. It was first developed in Indonesia, particularly West Java,
where one of development area is in Regency of Bandung. There are three development centers for cristal guava
in Regency of Bandung, they are District Cimaung, Arjasari and Pasirjambu. The pioneer of the development for
crystal guava in Regency of Bandung is in District Cimaung by Tirta Mulya farmer group and then spread to several
areas such as Arjasari and Pasirjambu.

The development of crystal guava is certainly not independent of consumer demand for the production of the
comodity itself. Based on this situation, the authors are interested in conducting research on the supply chain
analysis of crystal guava in District of Cimaung, Regency of Bandung.

II. MATERIALS AND METHODS

The research method is survey. While research technique is case study. The data are primary and secondary
data. Data was analysed with supply chain analysis by describing supply chain of Crystal guava in District of
CImaung, Regency of Bandung.

Respondents were chosen purposively which is the farmer group that is the pioneer in cultivating crystal guava.

III. RESULTS AND DISCUSSION

Crystal Guava in Regency of Bandung was first introduced and cultivated byTirta Mulya farmer group in 2009.
The group is located in District of Cimaung, Regency of Bandung but began to be seriously cultivated in 2013. In
addition to crystal guava, the group also cultivating regular guava, oranges, rice and vegetables. The 71 members
who is cultivating crystal guava, as many as 12 people posses average land ownership of 500-1,000 m? with private
ownership status.

The supply chain system in value chain is all the activities undertaken to produce goods and services. These
activities form a chain that connect producers with consumers. The results of the carried-outsearch and mapping
has identified actors in the distribution chain as described in following on Fig. 1.

Traditional market is still the main market of the farmer group to sell crystal guava through the role of
intermediary traders around the production centers. Inadequate cultivation process (without standard
operational procedure) resulted in high quality crystal guava can not be obtained consistently. The crystal guava
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standard is determined by weight, shape, defect, and maturity. So that even though they can penetrate the modern
market but with a little volume. While Agrotourism activities do not have much effect on the sales of crystal guava.
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Fig. 1. Suplly Chain Cristal Guava

The development of crystal guava in District of Cimaung have various problem:
- Must compete with guava that has cultivated by community for long time and already have market.
- Community are not interested in using crystal guava as raw material of aroindustry processed products.
- Crystal guava more expensive than guava
- Crystal guava have limited consumer

This causes most people still survive cultivating guava in District Of Cimaung. Regardless of that problem,
crystal guava usually bear fruit within 6 months after planting. After that period the crystal guava plant will
continue to produce fruit until the age of 10 years (depends on the maintenance process).

The plant and fruits can grow optimally at a temperature of about 23-28° C during the daylight. Lack of sunlight
can cause a decrease in yield or less than perfect (dwarf) fruit. The ideal season for flowering and ripening is during
the dry season in around July - September. The fruit season occurs in November-February along side the wet
season if properly maintained.

Regarding the harvest season, ever since the fertilization process can be done throughout the year. Hence the
harvest time of crystal guava can basically be executed anytime when the fruit is ready to be harvested.

Usually the major harvest season occurs in January - March and will continue every four months. Market wise, the
harvest season of crystal guava is usually done two times in a year.

IV. CONCLUSION

Limitations in abilities of upstream actors result in facing various business risks such as production risk,
marketing risk, financial risk and institutional risk. These limitationsinhibit the development of enterprise, that
led to stagnancy of operational economic scale, despite being run long enough.
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ABSTRACT

Samimulya is one of farmer groups in subdistric Sedong, Cirebon that has cooperated with the exporter
(PT. SAE). But either way farmer, farmer groups and exporter in running their the business is
encountered obstacles and barriers, so that in the long term would threaten the continuity of supply of
mangoes and therefore there needs to be supply chain risk management. The method is used case
study, with a qualitative design. The analytical reseach is used the analysis of House Of Risk (HOR). The
results of the Hor-1 analysis showed there were six priority risks that must be handled at farmer level,
6 priority risks at the farmer groups level and 7 priority risks at exporters level. The result of Hor-2
analysis showed that the risk mitigation actions are most effective at the farm level is to increase role of
Farmer groups; at Farmer Groups level are the training of SOP, GAP and GHP; as well as at the level of
Exporters is to expand the domestic market outside of Java island. Therefore it is necessary role of
extension workers to assist mango's farmer and farmer groups in the implementation of mango
cultivation techniques in accordance with the SOP, GAP and GHP for mango production is maintained
in terms of quantity, quality and continuity and in turn with mitigation risks, the banking is daring to
provide financing to mango’s farmers.

Keywords: Supply Chain, Risk management, House of risk.

I. INTRODUCTION

International market has known mangoes from Indonesia, even though for some target countries for export
such as Saudi Arabia, Hong Kong, and the USA, the export volume tends to decrease. This is due to the standard of
quality demanded by international market could not be fulfilled by Indonesian producer farmers. The inability of
mango farmers to fulfill the demand of international market might be caused by several factors such as the inability
of the farmers to guarantee the production continuity. This is because the harvest of mangoes is seasonal while
the technology for the production increase of mangoes during the off-season is still lacking, and the off-season
technology is quite expensive for farmers, which extends from IDR 300,000.00 to 500,000.00 per tree [1].

Another factor that has caused the instability of the export value of mangoes is the existence of risks faced by
farmers, including production risks such as the emergence of pest attacks at mango trees such as the attacks of
fruit flies, rice pests, and others. The other risks are price and financial risks.

In West Java, there are five main types of mangoes developed in centers of mango cultivation ranging from
Indramayu Regency, Majalengka Regency, and Cirebon Regency, i.e., harumanis, gedong, gedong gincu, dermayu,
and golek. Of the five types, gedung gincu variety of mangoes is the local superior type with competitive value.

Many obstacles faced by Indonesian mango farmers have made the export of mango relatively decrease from
year to year, but the proportion is more than the export value of Indonesian mangoes. This condition shows that
the price of Indonesian mangoes is high because they have delicious and special taste and aroma, interesting skin
color, and high nutrition values, and that the harvest period in Indonesia does not coincide that of the other
countries.

One of the obstacles faced by mango farmers to fulfill the structure of market demand is the limitation of the
stock of mangoes with good and prevalent quality, and that farmers have not been able to provide mangoes
continuously due to the risks they face. It seems that the understanding about the supply chain risks and the
business process of mangoes in structured market is important, because they can increase trust and belief of the
creditors, who are, so far, considered as the financing institutions that have high risk in financing the actors in the
supply chain, so that with the ability to access capital farmers can perform their business all the year with off-
season technology. Therefore, this research would focus on the risk analysis in the value chain of mangoes of
gedung gincu variety as well as the risk mitigation actions.
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A. Problem Formulation
The problems in this research were formulated as follows:
1. What types of risk faced by agribusiness actors of structured-market-oriented gedung gincu mangoes?
2. How is the strategy of risk mitigation in supply value of structured-market-oriented gedung gincu
mangoes?

B. Literary Review
Types and Sources of the Risk in Agribusiness

Agriculture activities, particularly those related to the production process, are often posed with risks and
uncertainties. Risk is a condition that makes possible the existence of various kinds of business results or various
consequences of certain business. The risk shows the condition whose result and consequence can be possibly
known before. It is different from uncertainty, i.e. something that cannot be predicted before, and hence the chance
of experiencing loss has not been known before. The definition of the risk is in line with the opinion of [2], who
defined risk as the chance of the unintended result to happen, so that risk is only linked to the situation that makes
negative value possible to happen, and linked to the ability of predicting the negative result.

However, according to Kountur [3], the risk is related to uncertainty happening as the result of the lack and
unavailability of information regarding what is going to happen. Then, [3] mentioned that there are three
important elements of something considered as a risk as follows.

1. Beingan event
2. The event is still a possibility, so that it is possible that it happens and does not happen.
3. Ifit happens, it will make loss.

The uncertainties that have an adverse or beneficial impact that are faced by companies. If the uncertainties
faced have a beneficial effect, then it is called opportunity, while the uncertainty that has an adverse effect is called
arisk. Therefore, risk is meant as an uncertain condition faced by a person or a company that can lead to possibility
of loss in a decision-making [4] .

The main risks in supply chain, according to [5], are climate and weather, natural disaster, biological and
environmental risk, market risk, logistic and infrastructure risk, and managerial and operational risk.

Other effects of this risk are the disruption of the flow of goods and services, increased demands for the
procurement of inputs and other support services to producers (ability to repay loans), and the effect on the
timeliness of goods movements throughout the supply chain.

C. Risk Management of the Supply Chain

Supply chain risk management has the role as a synergistic structure and process throughout the supply chain
in order to optimize strategy, process, human resources, technology, and knowledge. The objective of Supply chain
risk management is to oversee, monitor, and evaluate the risks that exist in the company's activities [6]. Supply
chain risk management (SCRM) is the relationship between supply chain and risk management tools aimed at
facing the risks that impact logistics activities or resources in the supply chain [7]. Supply chain risk management
is a point of intersection between risk management and supply chain management.

The risk management in the supply chain should focus on preventive actions, i.e. by reducing the possibility of
the occurrence of risk agents, thus preventing other risks from occurring. This is because one risk agent can
encourage or cause other risks.

Among the risk analysis methods are the modification of the Failure Mode and Effects Analysis (FMEA) model
for quantitative measurement of the risk and the House of Quality (HOQ) model, known later as HOR (House of
Risk), for prioritizing the risk agents to be handled first and choosing the most effective actions to reduce the
potential risks posed by the risk agents. In FMEA method, risk assessment is done by calculating Risk Priority
Number (RPN) with three factors, i.e., risk probability, severity of the impact emerged, and risk detection.
However, the HOR model only determines the probability of the risk agent and the level of difficulty arising from
the risk, since one of the risk agents can induce a number of other risk events, so it is necessary to have the quantity
of the potential aggregate risks of the risk agent.

The development of risk priority calculation (RPN) is assisted by ARP (Aggregate Risk Potential) method
through FMEA method to conduct risk assessment in HOR. This HOR is also aided by the use of SCOR (Supply Chain
Operations Reference Model) model that described on Table 1.

Supply Chain Risk Management (SCRM) is a tool to manage (in this case, to minimize) possibility of occurrence
of the things that can cause failure in one of the aspects of supply chain (supply, operating, demand), so that the
overall supply chain performance (overall chain performance) cannot function properly. And [9] said that the
effective Supply Chain Risk Management has become the needs of current companies.

House of Risk model (HOR) is based on the idea of supply chain risk management that focuses on preventive
actions, reducing the possibility of a risk agent to occur. Reducing the occurrence of risk agents usually prevents
the occurrence of a risk event as well. Risk handling on HOR begins by identifying the risks to be addressed. In this
stage, a risk list is generated from the identification of risk sources. These risks have an impact on the achievement
of company goals and objectives.

172



Proceeding of ISAE International Seminar, Bandar Lampung, August 10-12, 2017

Table 1. Five Main Proccesses of SCOR

SCOR Definition
Process

Plan Complete supply and demand balancing processes aimed at developing optimal delivery,
production and supply requirements

Source Processes for purchasing goods and services aimed at meeting actual or planned demand

Make The process of transforming the material into an end product to meet actual or planned demand

Deliver Processes of providing finished products / services to meet actual or planned demand, including
order management, transportation management and distribution

Return Processes associated with returns and receipts of products with categories of return of products for

various reasons. This process is extended to the service after delivery to the consumer
Source: Supply Chain Council in [8]

II. MATERIALS AND METHODS

The design used in this study was a qualitative research that describes the study to understand the
phenomenon of the object of research as it is [10]. The research technique used was case study. The analysis
technique used was House of risk (HOR) consisting of HOR 1 and HOR 2. HOR 1 was the first step to determine the
risk agent that would be given priority for preventive action. The calculation of the value of risk priority index (Pj)
or commonly known as ARP (Aggregate Risk Potential) was used as a consideration to determine priority of which
risk agents need to design their mitigation strategy. Determining the value of the risk priority index (Pj) from the
risk agent used the following formula.

ARP = RPN (Risk Priority Number) x the correlation weight between risk event agent j and causative agent i.
Afterwards, HOR -2 was used to decide the strategy of risk mitigation by the formula :

TE = 5j x ARPj x Ejk x Ak (1)
ETDk = TEk / Dk (2)
Severity
Risk of nisk
event Risk agents (4)) event
Business processes (EJ A‘L Ag :’13 :"L; AS Aﬁ A; i (S,)
Plan E Ry Rp Ry S
E_’ R’ﬂ R_".’ S.!
SOUICE E, R31 S‘J
E, Ry S,
lh.ke E5 55
E Se
Deliver 7 S;
Eg Sz
Return Ey
Occurrence of agent j O & & 0 0 05 O
Aggregate nsk potential j ARP, ARP, ARP; ARP, ARP; ARP; ARP;

Priority rank of agent j

III. RESULTS AND DISCUSSION

A. Mango Supply Chain System in Cirebon Regency

Supply Chain Management is the coordination of materials, information, and money flows among participating
companies. Supply chain management can also mean all types of commodity activities ranging from producers,
intermediary traders to consumers. There are three streams contained in the supply chain system as follows:
- Material flow involves the flow of physical products from suppliers to consumers through the chain, as well as

the backflow of product returns, services, recycling, and disposal.

- Information flow includes demand forecasts, order transmissions and order status reports; this current runs
in two directions between the end consumer and the raw material provider.

- Flow of Money includes pricing information, credits, credit terms, payment schedules in determining
ownership and delivery, etc. [11] .
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B. Flow of Product/Material
Mango Supply Chain System in Cirebon district was as follows:
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Fig 1. Supply Chain System of Mangoes in Cirebon Regency

where :

€———— : Flow of Product
> :  Flow of Money
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From the picture, it is shown that farmers" in Cirebon Regency marketed their mangoes to various marketing
channels. Farmers assembled in the Farmers Group (Gapoktan) of Sami Mulya marketed their mangoes through
Gapoktan, which then sent it directly to an exporter, where in this case who acted as the exporter was PT Sumber
Buah SAE.

Beside through Gapoktan, some farmers marketed their mangoes through local traders or brokers. From local
traders, some were directly sold to exporters (PT Sumber Buah SAE), while some others were through
wholesalers. From these wholesalers, the sorting was performed based on the quality of the mangoes, with the
Grade 1 class to be sent to the exporter (PT Sumber Buah Sae). As for Grade 2, it was distributed to the
supermarkets such as SOGO, Carrefour, etc. The mangoes belonging to Grade 3 were marketed through the central
markets in Jakarta, which was then sold to traditional markets, until finally to the last consumers.

When the harvest came, farmers with Gapoktan sorted the mangoes that would be shipped to exporters. The
sorting was by shape, size, weight, graduation, and maturity. For Grade A and B, mangoes with good and smooth
shape, and weight ranging from 200 to 250 g / fruit (4-5 pcs / kg) were selected. Whereas, if the weight 200 gr or
less, they would be included into Grade C. If there was a little dirty because of mud or wet soil, simply wipe it with
a dry cloth. The mangoes that had been selected based on their grades were packaged into plastic box with 50
kg/box, until they were ready to send to exporters.

The exporters then sent the mangoes to some of the marketing targets based on the orders, including to
overseas such as Singapore, Dubai, Bahrain, Jeddah, Abu Dhabi, and Oman. As for domestic, PT. Sumber Buah SAE
used to market mangoes to Carrefour of Surabaya. From interviews, it was mentioned that the standards set by
domestic supermarkets were more stringent than foreign standards, especially the Middle East markets.

So far, PT. Sumber Buah SAE had tried to meet the coming demands of mangoes from both domestic and
overseas markets. For the Middle East markets, some countries such as Oman requested to be sent mangoes with
frequency 3 times per week, with each shipment of 1 ton. For the needs of the Middle East, from 1 ton it usually
consisted of 80% Gedong Gincu mangoes, and 20% Arumanis mangoes. For Singapore, the requested orders were
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uncertain, depending on the needs, but it was usually send 500 kg to 1 ton with the percentage of 20% Arumanis,
and 80% Gedong Gincu.

In the case of mangoes delivery for export, PT. Sumber Buah SAE usually used two different pricing systems,
i.e,, FOB and CIF systems. The FOB system is the pricing system in which the exporter is only responsible for the
mangoes arrival in Jakarta, while the CIF system is the pricing system in which the exporter is responsible until
the location in the destination countries. The choice between these systems is related to the risk determination of
the mangoes during the shipments, and to those responsible for the transportation cost.

C. Flow of Information

The flow of information that had been happening was limited to information on the price and its changes, as
well as the need for mango supply from time to time. Although exporters sometimes provided guidance on the
quality specifications of mangoes required for export markets. Another information was usually about cultivation
techniques, which usually came from the Local Government Office/Extension Worker.

D. Flow of Money

The flow of money starts from the consumer in the form of buy-and-sell transactions between traders and
buyers, be it consumers in the country and abroad. Consumers in the country are consumers who get mango
products from supermarkets and traditional markets. The payments made are usually in cash. As for the flow of
money from supermarkets, the system of "counter bond" is usually applied, where the payment is suspended for
a certain time limit, usually a week to two weeks.

The flow of money derived from consumer payments abroad usually also applies the system of "counter bond"
or the postponement of payments in a period of 1 week to 1 month. Even from the interview, there are some newly
paid after more than 1 month. This late payment resulted in the delay of payments to intermediary traders or
gapoktan as exporter suppliers.

E. Supply Chain Risk Management of Mangoes
The dominant supply chain for export-oriented mangoes currently applied was as follows:

M

Fig. 2 Actors in the Supply Chain of Export-Oriented Mangoes in Sedong, Cirebon

SCOR model of supply chain activities that occur in the Gapoktan of Sami Mulya were plan (planning), source
(procurement), make (production), delivery (distribution), and return (recurrence). Each activity was performed
by the respective actors involved in the supply chain of mangoes, i.e., farmers, gapoktan, and exporters.

At farmer level, it was identified that the supply chain activity was performed by digging information from
informant farmers, at gapoktan level the informant was the chief of the gapoktan, and at exporter level, the
informant was the manager of production and marketing of PT SAE.

Table 2. SCOR activity on the level of farmers
SCOR Process
Planning Production planning
Planning the capital
Employment planning

Planning the means of production

Procurement Procurement of production means
Procurement of capital
Procurement of labors
Production Needed seeds
Utilization of the means of production and labors
Maintenance of mangoes

Harvest
Post-harvest
Shipment Transport from gardens to farmers’ houses
Transport to gapoktan
Return Return of mangoes that do not meet the criteria of gapoktan
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The planning undertaken by farmers included the expected mango production planning which was hoped to
reach in that year. This production planning was of course related to the planning of production facilities and
capitals needed for mango farming activities. Farmers who owned several mango trees and might not be able to
procure the means of production and capitals rented some of the mango trees. Instead, for mango farmers who
had sufficient capitals even planned to produce their mangoes at off-season. The availability of capitals both from
individual source and from the loan became greatly important in the off-season, because the cost for the off-season
was quite large, about IDR 300,000.00 to IDR 500,000.00 per tree. This cost was for production facilities and
labors. In Sedong, besides those renting the mango trees, there were also those who established a tebas contract
(the purchase transaction buying up the entire of what to be the agricultural products before harvest), or even an
ijon contract. Tebas contract is usually chosen because farmers do not have the costs for the harvest and the post-
harvest, in addition that there is certain urgent need for money.

For procurement at the farmer level, including the procurement of production facilities, mostly obtained from
Gapoktan, as well as of the capitals. Farmers sometimes obtained loan capitals from banks through gapoktan,
though farmers and gapoktan currently found it difficult to obtain capital from banks because the payment
installment was monthly (KUR), whereas when the credit scheme was KKPE, the payment would be in Yarnen
system. For farmers having not too many mango trees and the location close to home, more family labors were
used, and if the mango gardens were wide, it would be needed labors from outside the family to help take care of
the mango trees.

Gedong gincu mango farming in Sedong Subdistrict had been since 2000. Farmers cultivated gedong gincu
mangoes with varied land width ranging from 0.25 hectare to 13 hectares. With a planting age of nearly 15 years,
each mango tree produced on the average about 50 kg. In order to meet market demands, especially export
markets, some of these farmers applied the technology of off-season mango fertilization. By using this technology,
mango harvests that were usually done only in October to December could be done from April to December.

The off-season cultivation method performed includes the acceleration of pruning and maintenance. After each
harvest, the plants are immediately pruned, the dry branches are removed, and the branches are reduced in
number, for example, among four branches, one was removed. In this technology, manure becomes necessary. To
apply this technology, farmers usually spend around 300 to 500 thousand rupiah per tree, depending on the
weather. Therefore, not every farmer is able to apply this technology.

Most farmers of gedong gincu mangoes in Sedong Subdistrict performed intercropping plantation among
mango trees to mango trees. There were some intercrops with rice plants as well as planting crops. Usually from
1 hectare of garden of gedong gincu mangoes planted with 100 mango trees and planted with rice produce about
5 tons of gedong gincu mangoes (about 50 kg / tree) and 1 ton of paddy (per season). This was done because they
think it is impossible to rely solely on the living cost fulfillment from mango farming alone. Even if the plantation
of mango trees is without using off-season technology, which usually harvest only during harvest time, mango
price will fall. The main pests of mango are fruit flies and stem borers. If the trees encounter this pest, the
production will decrease; even it can cause crop failure.

The next activity was the shipment of mangoes harvested from the gardens of gapoktan farmers. What became
the problem was the condition of the narrow path towards the garden and that the means of transportation could
not reach. This was felt by the farmers whose locations were far from gapoktan, so it sometimes made mangos
damaged in the street.

The mangoes sent the by farmers to the warehouse of the gapoktan were then sorted and graded into 3 grades,
i.e, grade A, B and C. Grade A and B were sent to PT Sumber buah SAE, while while the grade C (off grade) was sold
to mango processors for mango purée. The return of off-grade mango was rarely done because gapoktan assisted
to distribute them to the processors, unless the farmers wanted to sell them themselves.

F. Risk Types on Farmer Level

Furthermore, from the FGD results and interviews with several informant farmers, it was explored more deeply
about the risk events occurring in mango farming and the severity of the impacts. The results were that there were
26 risk events and that, based on their severities, there were the following severities: the existence of fruit fly
pests, the lack of use of production means, crop failure, the lack of capital, and the return of mangoes from high
gapoktan.

G. Risk Agents and Their Priorities on Farmer Level

Risk events that affect mango farming of course have a certain cause. This cause can come from farmers, the
internal as well as external environment. From the results of confirmation and interviews with farmers, the risk
agents at farmer level were 12, among which the highest risks in occurrence probability were weather change,
less intensive cultivation, limited capital and access to banking. Extreme weather change made it difficult for
farmers to predict the need for production facilities. For example, when farmers already used ZPT or there was a
sudden rain, the farmer should immediately repeat it again for the fear that the used means of production was not
working.

Furthermore, from risk events and risk agents, a matrix was established to determine which risks should be
prioritized and non-prioritized. The result as shown in the Table 4 shows that the highest ARP, AP7 risk agent, has
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the value of 5.778, which shows that the very limited source of capital was the problem of main priority to tackle,
compared with the others. This is because the greater the value of ARP is directly proportional to the impact level
to be generated in the business process at farmer level.

In handling the risks, not every risk agent got the handling. This was caused by several factors, i.e., in terms of
cost, energy, and limited time. Therefore, it is necessary to select the priority risk agents. The determination of the
category of priority risk agent was done by using Pareto or law of 80:20. The application of Pareto law at risk is
that 80 percent of losses were caused by only 20% crucial risks (Kountur, 2008). If 20% of such crucial risks can
be handled, then the company can already avoid 80% loss.

From the analysis result, it was found there were six risk agents that were included into priority category. Risk
agents of priority category contributed 17.61% to 74.06% of the total risk impacts experienced by mango farmers.
Therefore, risk mitigation was carried out on risk agents that fell into the priority category first, i.e., limited sources
of capital, extreme weather change, intensive cultivation activities, lack of utilization of inputs, less skilled labors,
and low access to banks.

Table 3. Pareto Calculation of risk agent on mango farmers

No. Risk Information ARP % ARP % Cumulative ARP
Agents
1 AP7 Very limited source of capital 5778 17.61 17.61 Priority
2 AP1 Extreme weather change 5130 15.64 33.25 Priority
3 AP5 The cultivation not yet intensive 4167 12.70 45.95 Priority
AP3 Lack of the utilization of the
4 means of production 3465 10.56 56.52 Priority
5 AP8 Less skilled labors 2919 8.90 65.41 Priority
6 AP11 Low access to banking 2835 8.64 74.06 Priority
AP9 Less utilization of post-harvest
7 technology 2736 8.34 82.40 Not priority
8 AP2 Inadequate infrastructure 1476 4.50 86.90 Not priority
9 AP6 Harvest time 1470 4.48 91.38 Not priority
AP10 Less role of gapoktan in the
10 cultivation 1359 4.14 95.52 Not priority
11 AP4 Remote shipping distance 1254 3.82 99.34 Not priority
12 AP12 High quality standard of export 216 0.66 100.00 Not priority
Total 32805

H. Risk Types at the Gapoktan Level

Business process of gapoktan was different from that of farmers. Of course, the risks faced might also be
different. Gapoktan business processes include collecting mangoes from farmers, sorting, grading, packing, and
delivering mangoes to exporters. Moreover, their activities which are related to farmers’ needs include providing
production facilities, capital assistance, guiding, and cooperating with other parties.

Here are 14 risk events occurring in gapoktan of mangoes of Sami Mulya. According to the opinion of the
gapoktan chief, of the fourteen risks, the one with the most severe impact was when the procurement of the means
of production was inadequate or too late, because when it happened, it would affect the other things such as that
the quantity and quality of the mangoes that fit the exporter's standards became unfulfilled. In turn, the instability
of the availability also would cause the price to fluctuate.

Risk events with severe impacts too include late or inadequate procurement of production facilities, unfulfilled
standards regarding mangoes’ quality and quantity, and high number of the mangoes returned by the exporter.
However, according to the chief of gapoktan, regarding the events there had been the way out, i.e. in order that the
mangoes are not returned by the exporter, the process of sorting and grading should be done more carefully, while
the off-grade mangoes are to be marketed to the processor to be made as mango pure.

L. Risk Agents and Their Priorities at Gapoktan Level

From the result of HOR 1 analysis, it is known that there are 7 Priority Risk Agencies at Gapoktan level.
Furthermore, each of these risk agents is confirmed again through FGD to Gapoktan to know the alternative risk
mitigation action when the risk agent occurs. Here is a mitigation action undertaken by Gapoktan:
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Table 4. Risk Agent and mitigation risk at gapoktan level

Risk Agent Mitigation risk Description
Lack of capital MG1 Seek Loans to purchases of production facilities
lacks knowledge and skills of MG2 Training and Assistance
workers
Loans frlom ban.ks t.ake long MG3 Looking for sources other than bank loans
time to liquid
High quality standards MG4 Training of SOP, GAP and GHP
Weather is unpredictable MG5 Anticipation Procurement of input factors
Grace period of payment from
exporter/supermarket is too MG6 Negotiation and Applying DP to Exporter/supermarket
long time

J.  Risk Types at Exporter Level

Risk events also occurred in exporters, consisting of 13 risk events, of which the ones with the highest severity
impact were when the mangoes were damaged during shipping due to the less storage capacity and when the
payment from the importer was delayed. The delay of payment caused the company's cash flow to be disturbed
and, in the end, the late payment to gapoktan and then to farmers (negative effect multiplier).

K. Risk Agents and Their Priorities at Exporter Level

Furthermore, when viewed from the risk agents (causes), at the exporter level, there were 12 risk agents, of
which, based on the company's most frequent assessment, the most occurrences were the limited capital and the
inaccurate logistics reports. Furthermore, the results of Pareto analysis showed that there were seven risk agents
becoming priorities at the exporter level, which were as follows.

Table 5. Pareto Calculation of the risk agents at the exporter

No. RiskAgent  ARP %ARP  %cumu-lative ARP  Criteria

1 AES8 1824 13.66 13.66 Priority

2 AE9 1760 13.18 26.84 Priority

3 AE10 1656 12.40 39.25 Priority

4 AE1 1590 11.91 51.16 Priority

5 AE4 1332 9.98 61.13 Priority

6 AE3 1211 9.07 70.20 Priority

7 AE7 1167 8.74 78.95 Priority

8 AE6 796 5.96 84.91 Not Priority

9 AE2 780 5.84 90.75 Not Priority
10 AES 568 4.25 95.00 Not Priority
11 AE11 567 4.25 99.25 Not Priority
12 AE12 100 0.75 100.00 Not Priority

Total 13351

L. Determination and Measurement of Risk Mitigation Action (HOR-2) in Mango Supply Chain

The determination and measurement of mitigation action was done by using House of Risk 2 (HOR2) method.
The procurement of mitigation action based on risk agents was a priority. Determination of mitigation action was
carried out to each actor in the mango supply chain. The goal was that every supply chain actor could handle the
causes of priority risks, so that the risks could be suppressed and even eliminated, products were in good quality,
and in turn, the expected financial institutions would feel secure to procure funds/credits to the supply chain
actors.

M. Determination and Measurement of Risk Mitigation Action at Mango Farmer Level

Having known which risk agents were the priorities for mango farmers, the next step was to determine what
mitigation actions would be appropriate to address these risk agents. Here are the mitigation actions that can be
done by farmers.
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Table 6. Risk Agents and risk mitigation actions at farmers level

Risk Agents Risk Mitigation Information
Limited source of capital MP1 looking for loan in intermediaries/relatives/neighbors
Extreme weather change MP2 counselling/assistance to follow GAP/SOP
The cultivation which had not MP3 establishing the more intensive relationship with

been done yet counselling agencies, research institutions, and colleges

Inadequate number of the
utilization of the production MP4 enhancing role of gapoktan
means
Less skilled labors MP5 farmers to send their labors to trainings
Low access to banking MP6 enhancing the role of banking

After determining the degree of difficulty, then the next step was to calculate the total effectiveness (TE). After
calculating the TE value, the next step was to calculate the effectiveness to difficulty (ETD) value. The ETD value is
obtained by dividing the TE value by the degree of difficulty. Here are the TE values, Degree of difficulty, and ETD,
based on the highest ETD value.

Table 7. Risk Mitigation Actions and their effectiveness at farmer level

Rank Mitigation TE Degree of Difficulty ETD
1 MP4 87.834 3 29.278
2 MP3 66.123 3 22.041
3 MP2 86.436 4 21.609
4 MP5 64.557 3 21.519
5 MP1 100.413 5 20.083
6 MP6 92.079 5 18.416

The mitigation action with the greatest ETD value means that mitigation action must be done first. Based on
the calculation of mitigation action, it is described as follows:

1. Increasing the Role of Gapoktan

In structured market of mangoes, the role of gapoktan is strategic. Gapoktan plays the role of bridging farmers
with input markets as well as output markets. In addition, it is also important to bridge the interests of farmers
for capital with financial institutions, because banks prefer group approach. So far, in gapoktan of Sami Mulya, it
had been implemented, but there was currently a scheme change provided by the banks. The scheme offered by
them was KUR, whose payment system was monthly, including the loan principal. Gapoktan therefore had to find
another solution, i.e., through the loan from the exporter and company of production means as the gapoktan
business partners.

2. Counseling/Assistance to Follow GAP/SOP

To produce mangoes with optimum productivity, high quality, and maintained continuity, counseling and
assistance are necessary for farmers to follow SOP (Standard Operational Procedure) and GAP (Good Agricultural
Product).

3. Establishing more intensive relationships with institutional agribusiness supporters

Institutions supporting agribusiness activities include counselling agencies, research institutions, and
universities. Through the group, farmers consult the counselling agencies and get counselling from them to look
for solution techniques in the cultivation of gedong gincu mangoes, especially when facing extreme weather, and
to enhance their ability in the business management. Research Institutions and universities can also be asked for
guidance in applying new technologies to comply with the SOP.

4. Farmers to send their labors to training many times

Less skilled workers are improved in their knowledge and skills by sending them to training or counseling.
Workers must be skilled in the maintenance during fertilizing, spraying, fruit-flies-pest trapping, harvest, and post-
harvest.

179



Karyani et al. : Risk Management in The Supply...

5. Looking for Loan in Intermediaries/Relatives/Neighbors

To use the off-season technology well, it is required a considerable amount of funds ranging from IDR
300,000.00 to IDR 500,000.00 per tree per year. If the funds or the necessary production facilities are not available
in gapoktan, farmers seek loans to other parties such as intermediaries, relatives, or neighbors. However, the fact
is that farmers find it difficult to obtain the loan.

6. Enhancing the Role of Banking

Another problem concerning risk agents is low access to banking. Therefore, the mitigation is to perform self-
introduction and convince banks that mango farming is profitable and able to repay the loan properly. From the
side of the banking sector is to increase its role for the agricultural sector including mango farming. Banks prefer
recognizing the business process of the mango farming in order that they will not hesitate to support mango
farming because farmers will return the capital with its achievement counter.

N. Determination and Measurement of Risk Mitigation Action (HOR-2) at Gapoktan Level

From the result of HOR 1 analysis, it was known that there were seven priority risk agents at gapoktan level.
Furthermore, each of these risk agents was reconfirmed through FGD to gapoktan to know the alternative risk
mitigation action when the risk agent occurred. The mitigation actions undertaken by gapoktan described on Table
8 and the result of the risk mitigation actions was then further analyzed, and the result was shown in the Table 9.

Table 8. risk agents and risk mitigation actions at gapoktan level

Risk Agents Risk Mitigation Information

looking for the loan in order to fulfill the need for

Insufficient amount of capital MG1 .
production means

Human resources with less

knowledge and skills MG2 training and assistance

Loans from bank which s difficut MG3 looking for loan providers outside banks

in proccess

High quality standard MG4 training of SOP, GAP and GHP

Unpredicted weather MG5 anticipated procurement of production means
Too long payment deadlines from MG6 negotiation and proposal of DP to the exporter

the exporter or supermarkets

Table 9. Risk mitigation actions, degree of difficulty and effectiveness in Gapoktan

Rank  Mitigation Action TE Degree of Difficulty ETD
1 MG4 29.028 3 9.676
2 MG2 20.584 3 6.861
3 MG6 25.251 4 6.312
4 MG3 27.867 5 5.573
5 MG1 21.339 5 4.268
6 MG5 12.033 3 4.011

The largest risk mitigation action means the easiest to do compared with other mitigation actions. For more
details, concerning the risk mitigation actions based on the ratings is as follows:

1. SOP (Standard Operational Procedure), GAP (Good Agriculture Product), and GHP (Good Handling Product)
Trainings
To meet the demand of exporters and/or modern retailers for good quality mangoes, gapoktan feels the need
for knowledge and skills about SOP, GAP, and GHP that must be owned by its labors. This training is considered
easy because the local government through its offices often facilitates it.

2. Training and Assistance

In addition to training, gapoktan also requires assistance, so that there will be no misinterpretation regarding
what have been trained, and there will be no misunderstandings. In addition, assistance is necessary because
without it they tend to return to the original habit.

3. Negotiation and Applying Down Payment to Exporter

Lack of capital is a condition that often occurs in gapoktan in the fulfillment of the needs for farming capital of
its members. Due to payment by the exporter usually in 2 weeks or even 4 weeks, the gapoktan chief often make
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negotiations with the exporter to ask for partial payment in the beginning (Down Payment/DP). The maximum DP
ever obtained by gapoktan was 50% of all sales value.

4. Looking for loans other than to the Banks

In general, mango farmers claimed that the problem was lack of capital, but they found it difficult and
complicated to borrow to the banks, and the process was long. What was felt by gapoktan was similar, especially
the current credit scheme provided was only KUR whose quantity is limited, and the payment must be monthly,
including the principal installment. Therefore, gapoktan is looking for sources of loans other than banks,
sometimes intermediaries were also visited, particularly for the purposes of the payment of labor cost and other
purposes. It can be done easily for lending loans to farmers, as well as the payment can be done by cutting the
amount paid by the exporter.

5. Seeking Loans to Meet the Need for Production Facilities

The problem of using the means of production becomes a very important thing for mango farmers, especially
when they apply off-season technology, whose average cost was IDR 300,000.00 to IDR 500,000.00 per tree per
year. If the DPs of the exporter were not sufficient to procure the means of production, gapoktan would seek other
financial sources such as loan in kind to suppliers of production facilities, which were then distributed to farmers.

6. Anticipated Procurement of Production Facilities

Changes in the current weather often occur suddenly. Of course, it is very influential to the plants including
mango. As a result, pests and plant diseases are also increasing. The mitigation action to overcome this problem is
to make an anticipation by providing adequate production facilities.

0. Determination and Measurement of Risk Mitigation Action at Exporter Level

There were six priority risk agents in the exporter. After reconfirmation by the exporter to explore some
alternative risk mitigation actions, it was then obtained 17 mitigation actions of the risks for the six risk agents at
exporter level. Here are the risk mitigation actions at exporter level.

Table 10. Risk agent and risk mitigation action at mango exporter level

Risk Agent Risk Mitigation = Description
. . ME1 looking for loan to certain banks

Limited capital resource . . !
ME?2 borrowing from certain leasing agency

I te logisti " ME3 control/monitoring

naccurate logistic report -, daily recording

Rapidly perishable ME5 setting the volume of the products

mangoes ME6 monitoring the age of the mangoes

Complicated export ME7 studying importer countries with simple procedures

procedure MES8 extending national market outside Java

Remote shipping ME9 careful and safe packaging for mangoes (crates/baskets/paper

. boxes)

distance
ME10 noticing the quality of the mangoes to prevent claim
ME11 looking for the mangoes in other suppliers

Insufficient mangoes the existence of small traders (bakul) offering the mangoes

during off-season ME12 despite their demand for cash payment
ME13 Informing forthright the buyers when the supply is lacking
looking for more durable packaging and mango preservation
. ME14 .
Long duration of export techniques
shipment ME15 replacing the mode of transportation e.g. using plane as long as

the price is still profitable

The 17 risks mitigation actions, according to the results of HOR2 analysis after calculating the degree of
difficulty in the implementation of mitigation action, the sequence change can be seen in Table 11.
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Table 11. Risk mitigation action, degree of difficulty and effectiveness at exporter level

Rank Mitigation Actions TE Degree of Difficulty ETD
1 MES8 28251 3 9.417
2 ME6 27171 3 9.057
3 ME15 35883 4 8.971
4 ME14 39645 5 7.929
5 ME3 20808 3 6.936
6 ME2 20049 3 6.683
7 ME5 18714 3 6.238
8 ME10 22515 4 5.629
9 ME13 16179 3 5.393
10 ME1 20049 4 5.012
11 ME4 17172 4 4.293
12 ME9 15080 4 3.770
13 ME12 14483 4 3.620
14 ME11 18003 5 3.601
15 ME7 14310 4 3.578

The following is the explanation of each risk mitigation action at exporter level.

1. Extending the national market outside Java

The exporter felt that the export procedure so far had been quite complicated, so that not all mangoes could be
marketed overseas. Therefore, in order to maintain its cash flow, the company believed that there is a great
opportunity to expand its market even though it is still within the country but it is still very promising outside Java.
The markets targeted outside Java include Batam, Medan, Banjarmasin, and others.

2. Observing and sorting the mango fruit based on the age
This mitigation was done to overcome the problem of rapidly damaged mango, which was by arranging the
mango fruit to be sent by applying first-in-first-out method.

3. Replacing the transport mode

Replacement of transport mode was done when it was necessary to anticipate the long export delivery process.
It was to reduce the cost of using ship, but if the mangoes were expected to be long to arrive, then the transport
mode would be replaced by using the plane.

4. Looking for more durable packaging and preservation techniques for mangoes

To solve the problem of export delivery process, in addition to changing the mode of transport was by looking
for the packaging and preservation techniques which are more durable but still safe for mangoes. So far, it had
been done by looking for and asking for information as well as consulting the researchers.

5. Control and monitoring

There were often problems caused by inaccurate logistic reports, e.g. the reports about the quantity, quality of
goods available. Therefore, risk mitigation action was done by controlling and monitoring the logistics system,
which was by checking and re-checking the logistics in the company.

6. Borrowing capital from leasing agency

When the exporter were lack of funds for goods or transactions and other activities, the most considered as easy
to get capital injections is to borrow from leasing agency, either through direct lease or sale and lease back.
Therefore, the exporter’ relationship with leasing agency had been quite good.

7. Setting the volume of mangoes

Mango is a perishable commodity. One of the technique for the risk mitigation action was that the exporter
managed the volume of goods. The volume of the goods should not be too dense so that there would be space for
the air between the mangoes.

8. Noticing the mangoes’ quality to prevent claim

To overcome remote shipping distances, the exporter did the mitigation action by performing quality control
(QC) to the mangoes sent. This session of QC is important to avoid claims.
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9. Informing the buyers forthright when the supply is lacking

Because not all farmers employed off-season technology due to the lack of capital, sometimes the exporter
could not meet the amount requested by the buyers. Its mitigation action steps were honestly and forthright
inform the buyers that the mango stock was lacking at that time.

10. Looking for loans to banks

In facing the problem of limited capital resource, in addition to borrowing from leasing agency, the exporter
also could try to get the loan from banks. The loan can be made if the exporter was able meet the requirements
requested by the banks. Banks continue to apply prudential principles to secure their credits of Five Cs. (character,
capital, capacity, collateral, and condition of economy).

11. Daily recording

In addition to monitoring and controlling the company's logistics, the other mitigation action was by making
daily recording. It was recognized by the exporters that recording activities often get not much attention, so that
it was often not accurate, then the recording was finally decided to be done every day. The record included traffic
of goods, source of goods, payments, prices, packaging numbers, receipt, and so on.

12. Packaging Mangoes Carefully and Safely (Crates / Baskets)

Remote shipping distance such as to Middle East required careful and safe packaging for the mangoes. Usually
the form of packaging was by using crates/baskets or paper boxes. The shipment to the Middle East costs quite a
bit, so that it was by ship.

13. Existence of Small Traders (Bakul) Offering Mangoes despite Their Demand for Cash Payment

Apart from the exporting partners and other suppliers, to meet the supply for export, exporter also sometimes
bought from bakuls who came directly to the exporter’s warehouse. However, the exporter needed cash funds to
buy from them, because they usually want to be paid in cash. The mangoes received from them of course had to be
the qualified mangoes for export or modern retailers.

14. Looking for mangoes in other suppliers

To meet the demand for mangoes from overseas importers, exporters tried to find mangoes to other suppliers
outside the partnership, if the supply of the partners could not meet the demand from the exporter. These
suppliers could be from the intermediaries or large farmers who had many mango trees.

15. Studying importer countries with simpler procedures
The price of export mangoes is very attractive despite the procedures and requirements

IV. CONCLUSION

A. Conclusion

1. The actors involved in supply chain mango with structured market orientation were mango farmers, gapoktan,
and an exporter. The farmers' business process was to plant and maintain mangoes until harvest. The business
process of gapoktan included sorting, grading, packaging, and sending mangoes to the exporters. The business
process of the exporter included sorting, repackaging, marketing, and sending mangoes abroad.

2. a) Risk events at the level of farmers were 26; Risk events at gapoktan level were 14, and the risk events at
exporter level were 13. b). The risk agents at the level of farmers included limited capital resource, climate
change, less intensive cultivation, lack of production means utilization, and low access to banks. As for risk
agents at the level of gapoktan, they included inadequate amount of capital, no collateral when borrowing from
banks, difficult administration in banks, less skilled human resources, and too long payment deadlines from the
exporter or supermarkets. The priority risk agents at exporter level were as follows: limited capital sources,
inaccurate logistic reports, rapidly perishable mangoes, complicated export marketing procedures, remote
shipping distances, lack of mangoes during the off-season, and long export delivery process. c). There were risk
mitigation actions for each of the mango supply chain actors based on the ease of implementation for the
purpose of minimizing and/or eliminating the risks that would be faced in order to keep the financing of the
mango supply chain running.

B. Recommendation

1. Every actor involved in the supply chain needs to pay attention to the risk events and prepare the risk
mitigation actions when such risk events occur.

2. Counsellors play a role in assisting farmers in the implementation of mango cultivation techniques to fit the
SOP, GAP, and GHP, so that mango production can be maintained in good production in terms of quantity,
quality, and continuity.

3. With the risk mitigation, mangoes supply chain stakeholder more easily access to the bank.
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4. The government should facilitate the existence of guarantor institutions that can give more security to the
banks for the loans it distributes.
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ABSTRACT

One of effort to increase rice production was using of new high yields varieties (VUB) like Inpari variety.
The problem, what was as financially Inpari varieties feasible to develop. The aimed of the research was
to find out the profit that obtained a farmer from rice farming of Inpari varieties on rice farm of
environmentally friendly. The research carried out in Poncokresna village, District Negerikaton on dry
season 2015, involved cooperator farmer of 16 people. The treatments tested were varieties of Inpari
10 and Inpari 30, Inpari 10 was as the control varieties. Environmentally friendly here were no waste
(all rice straw be utilized for feed, fertilization based on nutrient of needed and nutrient available in the
soil, and control of diseases pest with an approach of integrated diseases pest management). Data
observed were rice and rice straw yield and input of production. The yield of rice and rice straw were
tested with paired samples test. Financial analysis was conducted namely advantages per ha, R/C and
breaks even point. The result indicated that rice and rice straw were yielded by Inpari 30 varieties
higher than inpari 10 but statistically was not significantly different. The rice yield of Inpari 10 varieties
4,472 kg ha't and rice straw 11,692 kg ha-1, while rice yield of Inpari 30 varieties 4,880 kg ha'! and rice
straw 12,086 kg ha-l. Inpari varieties was feasible for developed that can be shown by R/C > 1, namely
1.49 for Inpari 10 varieties and 1.59 for Inpari 30 varieties.

Keywords : Rice, financial, Inpari.
I. INTRODUCTION

Rice is a major source of carbohydrate for Indonesian people because most of them to make rice as staple food.
Rice consumption of Indonesia population was 139 kg capita! year! in 2011, be highest in South East Asia [8].
When Indonesia population in 2015 was projected 255,461,700 people so rice need was 35,509,176 ton equal to
59,181,961 ton unhulled rice. The need was not included needs for seed, industry, and stock. Indonesia rice
production in 2015 was achieved 75,361,200 ton milled dried grain/MDG [1]. Based on the review of the need
and rice production of Indonesia, so in 2015 rice needs could be fulfilled of domestic production. However increase
rice production still needs be done so that all needs to a man include industry and stock for 3 - 6 month to front
can be fulfilled from domestic production.

Lampung is one of an area that contributes to national rice production, after North Sumatera Province [1]. In
2015 rice production of Lampung Province was 3,641,895.49 ton MDG and in 2011 only 2,940,795 ton MDG or
enhance 23.84% with an average of enhancement 5.96%. The increase was caused harvested area increasing
16.25% with an average of enhancement 4.13% per year, while productivity enhances only 6.27% with average
enhancement 1.57% per year.

This increase of productivity was low that showed to be needed arrangement of production technology well.
For that was developed integrated crops management (ICM). ICM is an approach that consideration suitability
and synergism between production technology and local environmental resources. Thus, the prepared technology
package is location-specific, which can generate synergism and high efficiency, as an effort crops management and
local resource [3]. The selection of technological components in ICM is based on the identification of areas and
problems in rice farming, and the technology is expected the opportunity to overcome the problem. The results of
an assessment by [11] showed that the ICM approach increased rice productivity by 16.67 - 48.64%.

One of technology component of ICM is using new high yield varieties. According to [6] productivity of new
high yields varieties (VUB) like Inpari 13, Ciherang, and Mekongga were affected by the productive tiller, the
weight of 1000 grain, filled grains percentage. The high yield new varieties that were generated by Indonesian
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Agency for Agricultural Research and Development, Ministry of Agriculture namely Inpari 1, Inpari 2, Inpari 3,
Inpari 4, Inpari 5, Inpari 6 up Inpari 43. The Inpari 10 has high yield potential namely 7-ton MDG ha-! with the
moisture content of grain 14%, yield average 4.8-ton MDG ha'! moisture content 14%, and Inpari 30 has yield
potentials of 9.6-ton MDG ha! with yield average 7.2-ton MDG ha1 [10]. Production of Inpari 10 in Sinar Bandung
Village, Negerikaton District was lower than Inpari 7 and Inpari 13 [12]. Nevertheless, in other areas, Inpari 10
varieties gave good production [5]. To find out the profit that obtained by a farmer from rice farming of Inpari
varieties in Pesawaran regency so was conducted an assessment with financial analysts to rice farming of Inpari
varieties, specially Inpari 10 and Inpari 30.

II. MATERIALS AND METHODS

A. Location and data source

The assessment was conducted in Poncokresna Village, Negerikaton District, Pesawaran Regency, Lampung of
Indonesia on Mei - September 2015. The farmers involves in the assessment are 16 persons, in cover area 8 ha,
with treatment organic fertilizer and balanced fertilizer was applied by all farmer. Each farmer planted varieties
of Inpari 10 on area 0.25 ha, Inpari 30 on area 0.25 ha. Varieties of Inpari 10 as control was caused the varieties
had been released prior of Inpari 30 and can be developed in Lampung. Rice farming was carried out application
farming system of environment-friendly. Environment-friendly is no waste (all of the rice straw used for feed,
fertilizer based on nutrients need and nutrient available in the soil, and control disease pest with approach
integrated disease pest management).

Data get of observed in paddy cultivation that conducted with integrated crops management (ICM). Technology
that was be applied namely legowo planting system 4:1, organic fertilizer (2 ton ha'1), balanced fertilizer (dosage
based on yield of test by soil test equipment (STE) for wetland), 175 kg urea ha-1, 250 kg phonska ha! and 15 kg
KCl ha1) and usage of high yield new varieties (Inpari 10 and Inpari 30). Data observed were rice production, the
input of production and price of input and output.

B. Data Analysis

The analysis used was paired sample test and analysis of financial for rice farming of varieties Inpari. Financial
analysis consisted of revenue, cost, R/C, income of farmer (profit), break evens point for production and prices.
Revenue of rice farming is production value in a season and explained in money. Farm cost is a value of cost
incurred (fixed and variable cost) as long as a season. Farmer profit is the difference between acceptance and
expenditure [13, 6]. Profit (income) of rice farming of varieties Inpari was accounted by the formula:

J =TR-TC (1)
TR=Y.Py (2)
TC = Y Xi.Pi 3)

J = Profit (income) of rice farming of varieties Inpari

TR  =Total revenue of rice farming of varieties Inpari

TC  =Total cost of rice farming of varieties Inpari

Y = Yield of rice of varieties Inpari

Py  =Price of rice

Xi = using factor i

Pi = Price of factor i

Besides that, income analysis was conducted with compare income of rice farming of varieties Inpari with
regional minimum wage (RMW) and minimal life needs of labor (MLN) [9].

The ratio of revenue and cost was used for to know efficiency level of rice farming of varieties Inpari. If R/C >
1, so rice farming of varieties Inpari that was carried out will give a profit or can be developed. If R/C < 1, so rice
farming of varieties Inpari that was conducted will be a loss or can’t be developed and if R/C = 1, so the farming
activity achieves up to breaks even point.

Breaks even point (BEP) of production and price can be used to determine the target of production and lowest
price must be achieved so rice farming of varieties Inpari was not be lost. Besides that BEP of price is utilized for
to know the effect of the changes of price output, cost, and production on profit. BEP of production and BEP of
price accounted by the formula:

. Total of variable cost + fixed cost
BEP of Production = (4)

Price of output

Total of variable cost + fixed cost (5)

BEP of price =

Total of production
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III. RESULTS AND DISCUSSION

A. Production of Rice and Rice Straw

The result indicated that was gotten the yield of Inpari 30 more high than Inpari 10 varieties, both yield of rice
and rice straw (Table 1), but statistically was not significantly different (Table 2). This is in line with the results
of studies at other villages in one sub-district with the same climatic conditions, where Inpari 10 production was
lower than Inpari 13 and Inpari 7 [12]. Rice straw that yielded was utilized as feed. If a cow needs fermented rice
straw was as much 8.67 kg tail-! day! [4], so 12,086 kg ha! rice straw of Inpari 30 variety could be given to 1,394
tails cow and 11,692 kg ha'! rice straw of Inpari 10 variety could be given to 1348 tails. This means that rice
farming of varieties both Inpari 10 and Inpari 30 can be planted or developed in Poncokresna.

Table 1. Rice production of Inpari 10 varieties and Inpari 30 varieties

o Yield (kg ha'1)

No.  Varieties Rice Rice straw

1.  Inpari10 4,472 11,692

2 Inpari 30 4,880 12,086

Table 2. Statistic analysis of Inpari 10 varieties and Inpari 30 varieties

No. Varieties Mean Db t sig
1. Inpari 10 vs Inpari 30 (Rice) ns -408 15 -1.94 0.07
2. Inpari 10 vs Inpari 30 (Rice straw) s -394 15 -0.772 0.452

B. Financial Analysis

Rice production of Inpari 10 variety in 2015 dry season was 4,472 kg ha-1 of harvest dry grain (HDG) and rice
straw 11,692 kg ha-1, while Inpari 30 variety gets yield 4,880 kg ha-1 of HDG and rice straw 12,086 kg ha-1. The
financial analysis indicated that was Inpari varieties feasible for developed that can be shown by R/C > 1, namely
1.49 for Inpari 10 and 1.59 for Inpari 30 varieties. Rice Farming system of Inpari 10 variety got revenue Rp
20,124,000,- ha-1 season-1 with cost Rp 13,480,785,-ha -1 season-1 and rice farming of Inpari 30 obtained revenue
Rp 21,960,000 with cost Rp 13,847,985,-. Profit accepted by farmer that planted Inpari 10 Rp 6,643,215,- per
season or Rp 1,660,804,- per month. The farmer that planted Inpari 30 obtained profit Rp 8,112,015,- per season
or Rp 2,028,004,- per month (Table 3). This means Inpari 30 was more feasible to develop in Poncokresna village.

Table 3. Rice farmer income of Inpari varieties

No Variable Value (Rp/month)
1. Farmer income of Inpari 10 1.660.804
2. Farmer income of Inpari 30 2.028.004
3. Regional minimal wages 1.518.000
4. Minimum live needs for worker 1.399.037

If profit of rice farming or income was compared with regional minimal wages (RMW) and minimum live needs
(MLN) for worker, so profit of rice farming of Inpari varieties 9 - 25% above RMW and MLN in Pesawaran Regency.
RMW in Pesawaran Regency on 2014 was Rp 1,518,000,- per month and MLN Rp 1,399,037 per month [2].

Table 4. Financial analysis of rice farming for Inpari 10 varieties and Inpari 30 varieties

No. Description value
Inpari 10  Inpari 30
1 Cost of production 3.198.667 3.198.667
2 Wages 7.974.800 8.342.000
3 Cost of others 2.307.318 2.307.318
4 Total cost 13.480.785 13.847.985
5 Production (kg ha') 4.472 4.880
6 Rice price (Rp kg!) 4.500 4.500
7 Revenue (Rp) 20.124.000 21.960.000
8 Profit (income) 6.643.215 8.112.015
9 R/C 1,49 1,59
10 Breaks even point for price (Rp kg1) 3.014,5 2.838
11 Breaks even point for production (kg ha') 2.996 3.077
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Reviewed of Breaks even point (BEP) for production and for the price, rice farming of Inpari 10 had BEP of
production 2,996 kg season-1 and BEP of price Rp 3,014,- kg-1. While Inpari 30 varieties had BEP of production
3,077 kg season-1 and BEP of price Rp 2,838,- kg-1 (Table 4). That means minimal production that must be
achieved on rice farming of Inpari 10 variety as much 2,996 kg season-1 and sold price cheapest Rp 3,014,- kg-1
and Inpari 30 variety as much 3,077 kg season-1 and sold price cheapest Rp 2,838,- kg-1. If production was under
minimal production and sold price was under minimal price, so rice farming will be no profit.

IV. CONCLUSION

Rice farming of Inpari varieties as financially was feasible to develop. Feasibility level of rice farming reviewed
from production, R/C, and profit. Rice and straw production of Inpari 30 variety were high than Inpari 10
(control). Rice production of Inpari was 10 4,472 kg ha'! and straw of 11,692 kg ha-1, while rice production of
Inpari 30 variety was 4,880 kg ha! and straw of 12,086 kg ha'l. R/C of Inpari 10 variety was 1.49 with the profit
of rice farming of Rp 6,643,215,- ha'! and R/C of Inpari 30 variety was 1.59 with the profit of rice farming Rp
8,112,015,- ha'l.
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ABSTRACT

One of efforts in achieving food security is improving food production system focusing on local
institution such as food barns. They function as community food stock for daily need or for emergency
situation and they can achieve their goals through members’ participation. In participating in the group
activities, members need to have motivation. This paper attempts to analyse the level of members’
participation, level of motivation, and correlation between motivation and participatin in food barns.
The results revealed that members’ motivation dan participation on food barns are both categorized in
moderate level, and motivation has a significant correlation with participation.

Keywords : Food Barn, Motivation, Participation

I. INTRODUCTION

Food is a basic need of human. Therefore, fulfilment of food by a government, including Indonesia, is a must.
One of the Indonesian policies on food, the Regulation number 18, 2012, states that food security is a condition of
food fulfilment for people including individual, in terms of adequate, safe, various, nutritious, equal, affordable,
and compatible with religion/faith, and culture for people to live healthy, active, and productive.

The Indonesian Government has implemented programs and activities to achieve food security. However,
there are a lot of people who are living in condition of food insecurity or in energy consumption insecurity.

Lampung Province is one of food production central areas in Indonesia, especially rice production, as a staple
food. In 2014 there was a surplus of rice production of 1,235,316 tons in Lampung (BPS, 2014). Nonetheless, at
the same time, 21.38% Lampungnese lived in severe and 38.16% in moderate food insecurity. Research by
Hilmiyati, Ismono, and Indriani (2014) found that malnutrition or undernutrition existed despite rice surplus.
Prasmatiwi, Rosanti and Listiana (2013) also found that 15% rice farmers were in food susceptibility and
insecurity condition. Therefore, achieving food security is absolutely needed.

An effort to achieve food security is developing food production system focusing on local culture and
institutions, one of which is food barn or ‘lumbung pangan’. Indonesian farmers used to manage their food
production, especially rice, together as a community activity and save their harvested unhulled rice in food barns.
Some food barns belong to community since they build them together and some are built as a funding program
from the government. Based on the Ministry of Home Affairs # 30, 2008, food barns are managed by local/village
government and function as community food reserves for consumption or for emergency cases such as crop
failures, famine season, and price fluctuations.

Food barns existing in villages in Lampung Province are managed by community in the forms of farmer groups,
neighborhood groups, and other social groups. However, the study showed that 15% rice farmers was in food
susceptibility and insecurity. Farmers who are producers of rice sell their product in a relatively low price but they
are also consumers by buying rice in a high price. The food barn institution is important in managing food stock
of farmers (Rachmat et al, 2010), resolving crop failure and making food available until the following harvest
season (Witoro, Napili, and Sihaloho, 2006), saving food for social and spiritual activities (Nurgani, 2010).

In managing the food barns, farmers need to participate. According to Notoatmodjo (2007), in participation
members are supposed to contribute not only financially but also in terms of power and ideas. Kholiq, Hardinsyah,
and Djamaludin (2008) said that members of food barns participate in making use of the barns, meetings, and
carrying out activities.

In participating in any activities, any one needs to have motivation. The two-factor theory of Herzberg (in
Gibson, Ivancevich, and Donnelly, 1996) says that two factors influencing people’s motivation in doing activities
are intrinsic factor and extrinsic factor. Intrinsic factor in food barn activities consists of achievement,
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appreciation, responsibility, progress, self-esteem, hope, needs, and satisfaction. Extrinsic factor consists of
compensation, status, supervision, competition, attractiveness, environmental situation, and other members.

Members’ participation and motivation are important in the sustainability of food barns as a local institution
in achieving farmers’ food security. This study is to explore their participation and motivation in the food barn
institution, and analyse correlation between motivation and participation.

Il. MATERIALS AND METHODS

The study uses a survay method and was conducted in two districts, Pringsewu and Lampung Selatan where
there are most active food barns. The total of respondents are 160 rice farmers, members of 45 food barns. Data
were collected through group discussions and interviews using structured questionnaires in June 2017.

Motivation and participation variables are measured using Likert scales. Motivation variable is categorized
into 5, i.e. very low, low, moderate, high, and very high. Participation variable is categorized into 3 categories, i.e.
low, medium, and high.

Data are analyzed descriptively using frequency table, persentage, mean, and rank Spearman correlation test.

111.RESULTS AND DISCUSSION

A. Characteristics of Farmers

Farmers characteristics include age, education, farm size, and family size. Most farmers (56.88%) are in the
productive age between 41-56 years old, and the rest are younger than 41 years (21.25%), and older than 72 years
(21.87%).

In terms of formal education, from the most to the least, farmers have elementary school level (56.25%), middle
school level (32.50%), high school level (10%), and no school (1.25%).

The average paddy land holding is 0.47 hectare that can be cultivated once or twice yearly. Farmers mostly
(50%) have farming land less than 0.5 hectare, 44.38% farmers have between 0.5-1 hectare, and 5.62% have more
than 1 hectare farming land. They mostly (59%) live with 1-2 other family members and the rest live with more
than 2 in the family.

B. Level of Motivation

Motivation is the encouragement or the force of an individual to do activities. This comes from within/internal
or from outside the person. In average, the levels of intrinsic and extrinsic motivation of members in doing or
participating in food barn activities, as shown on Table 1, both are in moderate category (3.27 and 3.06 of 5).
These results are different from research results by Hubeis (2007) saying that motivation of extension workers in
Sukabumi are in good or high category.

Table 1. Average scores of members’ motivation

Motivation Average score Category
Achievement 2.21 low
Appreciation 2.29 low
Responsibility 2.96 moderate
o Progress 3.44 high
Intrinsic
Motivation Self-esteem 3.09 moderate
Hope 391 high
Needs 4.56 very high
Satisfaction 3.21 moderate
Total average score 3.27 moderate
Compensation 2.79 moderate
Status 2.51 low
o Supervision 2.33 low
Extrinsic o
Motivation competition 2.26 low
Attractiveness 3.73 high
Environment 3.87 high
Other members 3.91 high
Total average score 3.06 moderate

In this study, from the most powerful to the lower forces of internal motivation are needs (very high category),
hope, progress, and satisfaction (moderate). Levels of motivation driven by achievement and appreciation are in
low category. This means that farmer members of food barn join the food barn activities because they want to
fulfill their basic needs, as rice is their stapple food, regardless of achievement and appreciation they receive from
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being members of the food barn. The most important thing for them is that they can save their harvested rice and
take it when they need it.

In terms of extrinsic motivation, members are driven by, from the highest to lowest levels, other members,
environmental situation, attractiveness of food barn activities, compensation, status, supervision, and competition.

Food barn is alocal wisdom that has been established since 1960. In the study area, in average, food barns has
established for 23 years and farmers have become members for 18.8 years. They become members mostly because
of other members. The spirit of mutual cooperation among members is the most dominant force in doing food barn
activities. Some benefits farmer members get from food barn are the guarantied availability of rice to anticipate
food scarcity, borrowing inputs and or money for their agriculture, illness compensation, death aid, and holiday
allowance. They feel or perceive the benefits that motivates them in being members. This is in line with Suherdi,
Amanah, and Muljono (2014) who stated that motivation has a positive correlation with farmers’perception on
the benefits of forest.

C. Level of Participation

Participation is involvement of people in activities especially in a development program. It is important that
intended people involve in all activities for the sustainability of the program. In the activities of food barns,
members together with administrators are expected to involve in planning, carrying out, monitoring, and making
use of food barn functions such as savings dan borrowing money or products. The research showed that the
average members’ participation on food barns isin moderate level with the score 2.04 of 3. This result is different
from the research resulted by Suprayitno, Sumardjo, and Sugihen (2012) who says that participation of farmers in
managing candlenut forest in Maros District is in low level.

The food barn member activities having scores from the highest to the lowest respectively are rice saving,
planning, managing, monitoring, developing business/marketing, borrowing, and money saving (Table 2).

The main activity of food barn is rice saving. Members save unhulled rice right after harvested as a stock and
they can take it any time they need for consuming or selling. Most members participate in the rice saving and not
many in borrowing. Members also involve in planning and managing activities, together with barn administrators.
They plan and manage where, how, and when to put as well as to take the rice. Since most food barns in the study
area are self-help granary, they manage the activities together.

Table 2. Average scores of members’ participation

Participation variable Average score  Category
Planning 2.51 high
Managing 2.47 high
Monitoring 2.18 moderate
Money saving 1.28 low
Rice saving 2.66 high
Borrowing 1.40 low
Developing business 1.81 moderate
Total average score 2.04 moderate

D. Correlation between Motivation and Participation of Food Barn Members

Members’ motivation is expected to correlate with their participation. The analysis showed that, overall,
motivation has a significant correlation with participation, meaning that the higher the motivation the higher the
participation (Table 3). This supports the result of study done by Suprayitno, Sumardjo, and Sugihen (2012) about
motivation and participation in managing and utilizing candlenut forest in Maros.

Most factors of intrinsic and extrinsic motivation have a significant relationship with participation. In intrinsic
motivation, factors related to participation, respectively from the most significant are: self esteem, hope,
satisfaction, progress, appreciation and achievement. Farmer members participate in food barn activities driven
by their pride of being members. They feel that by participating they have high pride and they are satisfied being
members. Based on the study, the food, especially rice, availability of most farmers is categorized in ‘continuous’
meaning that they have enough food to consume, and they have direct access on food by being members of food
barn. Farmers have become members for a relatively long time (18.8 years) and food barn functions as fulfillment
of their hope by saving and borrowing food collectively. This condition is parallel with result of research by Kholid,
Hardinsyah, and Djamaludin (2008) saying that one of factors contributing to community’s participation in
developing food barn activity is tradition to store food by the community.

The intrinsic factors that do not have a significant relationship are responsibility and needs. A relatively low
land holding (average of 0.47 ha) forces farmers (almost 50% of farmers) to also work off-farm. Although most
food barns are not formally structured organization, they have organizers such as a leader, a secretary, and a
treasurer who manage the barn activities. This may cause most members do not feel responsible in participating
in food barn activities. Based on the scores stated in Table 1, the motivation driven by needs is the highest and
most farmers are this category so that the motivation driven by needs does not correlate to theit participation.
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Extrinsic factors that significantly motivate members in participating respectively from the strongest are
compensation, supervision, status, and competition. They experience the benefits and most members are
motivated because of barn’s attractiveness, good social environment and membership which scores shown in
Table 1 as high.

Table 3. Correlation between motivation and participation of food barn members

o Participation
Motivation Factors Correlation Coefficient P value
Achievement 0.180* 0.023
Appreciation 0.182* 0.021
Responsibility 0.125 0.115
Intrinsic Progress 0.187* 0.018
Factor Self-esteem 0.342** 0.000
Hope 0.258** 0.001
Needs 0.098 0.218
Satisfaction 0.206** 0.009
Compensation 0.261** 0.001
Status 0.194* 0.028
Supervision 0.196* 0.013
Extrinsic Competition 0.174* 0.030
Factor Attractiveness 0.076 0.338
Environment 0.146 0.065
Other members 0.083 0.297
Motivation 0.292** 0.000

IVV.CONCLUSION

Food barn members’ motivation and participation are in moderate category. Motivation has a significant
correlation to participation of members in food barn activities. Intrinsic motivation factors related to participation

are:

self esteem, hope, satisfaction, progress, appreciation and achievement. Extrinsic factors significantly

motivate members in participating are compensation, supervision, status, and competition.
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ABSTRACT

Recognized as complement for conventional sugars made from cane, coconut, corn and palm, as well as
substitute for synthetic sweetener, stevia has accepted significant attention in order to fulfil increasing
demand to sweeteners in recent Indonesia. Stevia has several advantages, among other is having 200-
300 times sweetness level compared to cane sugar with low calorie level. In Indonesia, stevia was
introduced from Japan, Korea and China, and has been cultivated in several areas, among other is in
West Java, particularly at District of Cikajang (Garut), District of Pangalengan (Bandung) and District of
Ciwidey/Pasir Jambu (Bandung). Introducing new commodity and/or technology has usually faced
constraints and sometimes rejection. However, consider potentials had by stevia and increasing demand
to it, stevia cultivation widespread need to be stimulated. This paper describes several conditions of
farmer community at District of Pasir Jambu in terms of their readiness to adopt stevia cultivation in
their land. Community readiness model was used to guide the structure of thinking in data collection
process at farmer level in order to compose possible best intervention based on farmer aspiration and
condition. In addition, several references from previous research reports, journal articles as well as
government annual reports were used to sharpen analysis of data and information collected from the
field.

Keywords : stevia, community readiness, Bandung
I. INTRODUCTION

Demand towards natural sugars has increased in line with the growth of food and beverage industries and
increasing household consumption. Even though Indonesian natural sugar production tends to increase in the
period of 2012-2016 (Hairani et al, 2013), hitherto its availability has not been able to fulfil national sweetener
needs. This situation fostered food and beverage industries to use synthetic sweetener, which is not only to meet
the demand, but also in order to cut their cost of production.

People apprehension towards use of synthetic sweeteners, in addition to increasing cases of diseases caused
by excessive sugar consumption have stimulated the search for low calorie natural sweetener sources. One of the
sources is stevia. Stevia has potential to be a low calorie natural sweetener, a complement for sugar from cane,
coconut, corn and palm, as well as substitute for synthetic sweeteners. It has 200-300 times sweetness level
compared to cane sugar (Maudy, 1992). In addition, stevia has other advantages, such as strong root for protecting
land from erosion and able to cope with drought. From health viewpoint, several benefits of consuming stevia are
reducing hypertension, will not causing caries, rich with vitamins that are not available in synthetic sweeteners,
contain antioxidants, reducing diabetes, and curing stomach ace (Donna, 2000).

In Regency of Bandung, a farmer group that constantly cultivates stevia since 2010 is Mulyasari Farmer Group,
located in Village of Cibodas, District of Pasir Jambu. Recently about 2 hectares of farmers’ land cultivated stevia,
produced about 500-600 kg stevia leaves in every two weeks after 40 days planting time. Demand of stevia to this
farmer group increased, but they could not fulfil. Farmer hesitancy to cultivate stevia is presumed as a main factor
of this situation. Financial aspect is also a “classical” problem faced by farmers. In addition, less support from local
government to develop this commodity worsen farmer (group) inability.

Notwithstanding, as the main actor in development of stevia, farmer is also having the most important role in
the success of this process. This role must be started by farmer readiness to develop, which represents several
aspects, from an ability to make decision, to cultivate on farm, to organize themselves in terms of farm
management and marketing, and other capacities. Behar and Hydaker (2009) states that the concept of
“community readiness” offers a vital influence to improve the planning and implementation process for
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communities. Knowing important factors to the successful implementation should “help communities assess their
own strengths and weaknesses”. Furthermore, they go on to say that this understanding could “support technical
assistance efforts by helping to determine areas of focus and strengthen areas of weakness”.

Considering the previous statements, inquiries toward farmer readiness are important prior to implement
activities. High famer readiness level is expected to be more successful to achieve activity’s goals. In this context,
the goal is to cultivate stevia successfully at farmer level.

II. MATERIALS AND METHODS

Research conducted for this paper writing implemented descriptive qualitative design, used a case study at
Mulyasari Farmer Group, which cultivate stevia, located at Vilage of Cibodas, District of Pasir Jambu, Regency of
Bandung. Qualitative method is frequently an interpretative method, because the result data usually resulted from
field data interpretation (Sugiyono, 2012), while case study is a descriptive technique, the object is now, only one
case (community, family, or individual) and deep explorative in nature (Rusidi, 1993).

Primary and secondary data were used in this research. Primary data were obtained by interview with farmer
group members and informants and through observations. Purposive sampling to group patron, management and
members was implemented. Secondary data were obtained from report documentations, journals, and related
government institutions. Descriptive analysis data was used; refer to identification of characteristics of human
groups, things or events. In short, qualitative descriptive involves conceptualization process and results in
formation of classification schemes (Silalahi, 2012).

In order to conceptualize and guide structure of thinking in data collection, community readiness model was
used. Community readiness model integrates communities’ culture, resources and level of readiness to address
the issues more effectively (Plested et al.,, 2006); developed to provide communities with a theoretical framework,
a process, and specific tools to facilitate readiness (Behar and Hydaker, 2009); it also can be used for specific and
certain situations of a community (Trautman et al, 2012).

The process of community readiness model development is (1) identify the issue, (2) define the community,
(3) conduct key respondent interviews, (4) score interviews to determine level of readiness and (5) develop
strategies based on level of readiness and conduct workshops or trainings (National Institute on Drug Abuse,
1997). Moreover, Plested et al (2006) categorized stage of community readiness (from low to high) into (1) No
Awareness, (2) Denial/Resistance, (3) Vague Awareness, (4) Preplanning, (5) Preparation, (6) Initiation, (7)
Stabilization, (8) Confirmation/Expansion, and (9) High Level of Community Ownership. In order to assess farmer
readiness, four deep interviews with farmer group leader, a farmer group member, a cooperative management,
and a local government leader have been conducted.

III. RESULTS AND DISCUSSION

Several following situations can be stated in order to describe stevia development in District of Pasir Jambu
Regency of Bandung.

A. Stevia Cultivation in Regency of Bandung

Stevia was introduced in Regency of Bandung in 2005. It used stevia seeds originated from Vietnam, involving
four demonstration plots at Districts of Pasir Jambu, Pangalengan, Banjaran and Cikalong. Since 2010, stevia has
been developed intensively at District of Pasir Jambu, particularly at Village of Cibodas. Initially it was planted in
15-hectares of land, with hundreds of farmers involved. However, it decreased significantly into only two hectares,
which is used for plasma stock, and only 25 farmers involved. According to farmer group leader, this plasma stock
is different from its first introduced. It is new variety of stevia seed, developed independently by farmers. They
named the variety “Cibodas Manis 3” (CM3), named after the village.

At District of Pasir Jambu, development of stevia is facing several obstacles, among others first, hitherto stevia
development has not been received sufficient attentions and responses from policy makers. It is indicated by a
very limited amount of governmental based research and budget on stevia development. Even, at national level,
only due to demands from large industries, such as Sidomuncul, Martha Tilaar and Jamu Jago, stevia has been
cultivated in several places in Java. Second, in Regency of Bandung, particularly at District of Pasir Jambu, stevia
was developed in communities that familiar with and common to tea plantation. Without intensive and serious
approaches and assistances, this could result in a difficulty to disseminate technology and to raise culture for stevia
cultivation. Third, as large industries processing stevia do not exist, stevia cultivation will face challenging
situation. Hitherto, stevia produced by Pasir Jambu farmers has only been sold to certain communities (herbal and
organic consumers), even though so far “local” demand always exceed supply, and to a cooperative that processed
it into several processed foods. Developing new consumers has also faced challenges as stevia taste is different
from other sweeteners such as cane sugar or palm sugar. Hence, for several reasons, stevia has been mixed with
other synthetic sweetener such as xylitol, which is actually unhealthy to consume. With several potential processed
product diversifications in further industries, such as for food, cosmetics and pharmacy, so far farmers still only
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produced stevia-based food raw materials. Fourth, at farmer level cultivating stevia actually requires large amount
of money, in particular for seed provision. Therefore, existing stevia farmers saw this situation as opportunity and
recently they also started to produce stevia seeds instead of final stevia products.

Since 2016, Indonesian government released a regulation stating stevia can be used for food. Since then,
demand towards stevia increased, it is even getting stronger since a commercial sweetener product has been
released a sweetener with stevia on national television. In addition, increasing demand of stevia overseas, such as
from Japan, the US and European Union (EUFIC, 2009) also plays an important role of farmer attractiveness to
cultivate stevia. Further information stated that next year, the Regency of Bandung administration through Office
of Agriculture, Plantation, and Food Plant promotes development of stevia in broader Regency of Bandung areas,
in particular at Districts of Kertasari and Ciparay.

Further development of stevia in Pasir Jambu will require several requirements, namely first, processed
industries based on stevia product must be available and ready for accepting stevia produced by farmers. So far,
only one cooperative received stevia and processed it into sweet tea products with several tastes. Second, in order
to keep stevia plasma for next cultivation, the government should help farmer to register farmer stevia variety for
intellectual property rights (IPRs) and plant variety protection. This breeding process could be served as a type of
participation plant breeding (PPB). Third, the government should provide regulation and support stevia to
develop. Dominance of other sources of sugar, such as cane, coconut and palm should be complemented by “new”
other sources such as stevia. Itis political in addition to technical and economic considerations. Hence, government
is indeed plays a very important role.

B. Farmer Readiness to Cultivate Stevia

Since has been introduced at District of Pasir Jambu, stevia cultivation never been refused and rejected by
farmers. Almost all members of farmer groups located at District of Pasir Jambu recognize stevia and have ability
to cultivate. However, at location, from about 600 members of farmer groups, only about 25 farmers cultivating
stevia and coffee, the others cultivate coffee and other commodities. Decreasing cultivated land and production in
the past were mainly resulted from disability of market to absorb production as well as high cost needed to
cultivate.

Recently, there is a plan from Regency of Bandung administration to develop District of Pasir Jambu,
particularly in Village of Cibodas into a tourist destination. It is planned to develop forestry educational tourism.
The government has improved several infrastructures such as road, accommodation and sanitation facilities, as
well as supports from certain offices in Regency of Bandung. Moreover, this district is going to be developed as a
centre for several community-based agriculture developments in Regency of Bandung, which will conduct
trainings, provide apprenticeship and carry out researches, which are not only for farmers from Bandung, but also
opened for farmers from all over Indonesia. Among several commodities to be developed, stevia is one of the
advantage commodities which receives special attention.

Based on community readiness assessment to adopt stevia cultivation at District of Pasir Jambu, Regency of
Bandung, overall farmer readiness score is 6.46. This score shows that community is on “initiation” stage, which
means that “enough information is available to justify efforts, activities are underway”.
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Fig. 8. Farmer Readiness Assessment Results to Adopt Stevia Cultivation at District of Pasir Jambu

Moreover, based on model developed by Plested et al (2006) detail score of every assessment component can
be depicted on the following table 1.

Table 1 shows that farmer knowledge about issue is the highest score in this assessment. This score supports
the issue that actually, stevia has been recognized and pretty familiar with farmer in the location. It is also
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supported by a local leader who give serious attention to cultivate stevia, which is indicated by a high score as well.
Farmers also identified that several efforts have been conducted. Even though still at a very beginning
involvement, farmers put stevia development as an important part in their life. Due to small development of stevia,
so far only small amount of resources has been used to cultivate stevia. However, farmer is actually willing to
provide their resources if stevia development will be extended.

Table 1. Farmer Readiness Assessment Components to Adopt Stevia Cultivation at District of Pasir Jambu

No Components Score Definition
1 Community Efforts 6.25  Efforts (programs/activities) have been implemented
2 Community 7.25  There is evidence that the community has specific knowledge of local
Knowledge of Efforts efforts, including contact persons, clients involved, etc.
3 Leaderships 7.25  Leaders are supportive of continuing basic efforts and are considering
resources available for self-sufficiency
4 Community Climate 6.25  The attitude in the community is “this is our responsibility” and is now
beginning to reflect modest involvement in efforts
5 Knowledge about 7.75  Community members have knowledge of, and access to, detailed
Issue information about local prevalence
6  Resources 4.00 The community has individuals, organizations, and/or space available
that could be used as resources
Average 6.46  Enough information is available to justify efforts. Activities are
underway

C. Development Strategies

Based on community readiness assessment to adopt stevia cultivation at District of Pasir Jambu Regency of
Bandung, three weaknesses components identified, namely resources, community efforts and community climate.
Hence, importunate strategies to implement are to increase quality and quantity of these three components.
Several strategies to overcome these weaknesses can be formulated as can be seen in the following table 2.

Table 2. Development Strategies to Cultivate Stevia at District of Pasir Jambu
Stevia Cultivation

No Components Score Strategies
1 Goals of Community 6.46  Provide community-specific information
Development
2 Corrective Actions * Plan publicity efforts associated with start-up development of stevia

cultivation in community

+ Attend meetings to provide updates on progress of the potential and
development of stevia in community

*Search for additional resources and potential funding to develop
stevia in location

*Begin some basic evaluation efforts, in particular related to farmer
involvement in developing stevia

+Insist government (local, regional) to give further attentions and
responses related to stevia development in the location

* Collect information related to the gap between farmer and buyer
expectation related to stevia (processed) products

Table 2 shows that actually, development stevia at District of Pasir Jambu has significant potential to deliver.
Internally, farmer’s community is adequately ready to adopt stevia development. Better organization and
management will easily attract farmers to involve. Government attentions and responses (at local as well as
regional/national) through supportive policies (including financial source provisions) will help the development
rate very much. Politically, the government should encourage alternative sweetener sources development, in
addition to “conventional” sources. Similarly, certain industries involvement and collaboration with farmers will
also increase the adoption process significantly.

IV. CONCLUSION

Farmer readiness to cultivate stevia at District of Pasir Jambu, Regency of Bandung is at “initiation” stage, which
is actually having sufficient information to be further developed. In order to increase farmer (group) capacity
(quantity and quality), several strategies can be implemented, in particular related to management and
organization of farmers, government policy supports and involvement of related industries.
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ABSTRACT

Tea is a commodity which excessively developed both in small industry or huge industry. Gapoktan
Karya Mandiri Sejahtera is a one of Gapoktan which creates the green tea bag products with Cap Dua
Petani brand and has obtained IPR (Intellectual Property Rights), halal certificate, also P-IRT certificate.
The less demand becomes obstacle for this business, so the production of green tea bag enterprise with
Cap Dua Petani brand is being not optimal. The research purposes to know business model of Gapoktan
Karya Mandiri Sejahtera by using Business Model Canvas. Data used in this research are primary and
secondary data. Respondents in this research are the core organizers of Gapoktan Karya Mandiri
Sejahtera, farmers, distributors, and consumers. The research result shows description about nine
segments of Business Model Canvas, there are customers segment, it belongs to type of industry market.
Value proposition segment, the products with best quality and affordable prices. Channel segment, here
is applied indirect distribution such as traditional retail and direct distribution such as via exhibition.
Customers relationship segment, fulfill the orders on time, return system, and discount. Revenue
streams segment, obtained of selling products and donation. Key resources segment contained of
physical, human, intellectual, and financial resources. Key activities segment contained of production,
marketing, distribution, and administration activities. Key partnership segment covers the farmers as
suppliers and distributors as partner, also there is company that cooperate for packaging. Cost structure
segment, it is included to type of driven value by expenditure costs are divided into fixed cost and
variable cost. Based on Business Model Canvas, there are obstacles on key activity block on marketing
section that has not been widespread, administration is still undertaken manually in journal book, also
the less promotion activity makes products are not well-known to wide community.

Keywords : tea industry, over production, Business Model Canvas

I. INTRODUCTION
West java province is a biggest tea producer area in Indonesia. Based on the table, from 2011-2015 year,
national tea plantation area width, included to people tea plantation, country size, and privates size also be a first

rank of widest tea plantation area in Indonesia than other provinces which also have tea plantation.

Table 1. Tea production in Indonesia

Tea production (ton)

Province 2011 2012 2013 2014 2015
West Java 95571 95.253 95.361 94.086 93.697
Central Java 10.039 9.578 10.375 10.051 9.604
West Sumatera 4.924 4981 4.999 5.060 4916
North Sumatera 4,320 4,321 4,321 4,732 4.266
Jambi 2.625 2.625 2.625 2.625 2.625

Source: The Directorate General of Plantation, 2016
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West Java province have suitable climate to plant the tea. The province succesfully receive Geographical
Indication Certificate from The Directorate General of Intellectual Property (DGIP) Ministry of Law & Human
Rights Republic of Indonesia for its featured product, Java Preanger Tea brand, it signifies that area can produce
tea with the best quality (Plantation Service of West Java Province, 2014). Tea production centre in West Java
spread in 5 regencies by the biggest production in Bandung Regency about 31.691 ton or 30,78% of tea total
production in West Java Province. Beside become the biggest tea production centre in West Java Province, tea
plantation in Bandung Regency is considered to meet Geographical Indication Terms of Java Preanger Tea. Natural
resources pelf had by Indonesia especially Bandung Regency is one of factors that must be used by the
entrepreneurs to develop their businesses. One of entrepreneurs of tea industry in Bandung Regency Gapoktan
Karya Mandiri Sejahtera (KMS) located in RT 02 RW 02, Cibodas Village, Pasirjambu Subdistrict, Bandung Regency,
West Java Province. Plantation area of all Gapoktan Karya Mandiri Sejahtera members that composed of 13 farmer
group members with total plantation area width 427 Ha, all areas have obtained Geographical Indication
Certificates “ Java Preanger Tea Gambung Highland”.

Gapoktan Karya Mandiri Sejahtera have built tea production entreprises since 2014, it’s the only one Gapoktan
in Bandung Regency which produce processed tea, market their own product with Cap Dua Petani brand, and
obtain Intellectual Property Rights (IPR) via Protector Communities of Geographical Indications (PCGI), it shows
origin area where the products come from. In the other hand, processed tea product of Gapoktan Karya Mandiri
Sejahtera also have obtained halal certificate from Indonesian Ulema Council in West Java Province and P-IRT
certificate from Bandung Regency Health Office.

Featured product of Gapoktan Karya Mandiri Sejahtera is green tea bag. It’s caused since in early production
until to distributor hands, the main ingredients and products came and made of Gapoktan Karya Mandiri Sejahtera
themselves. It's always on control before the picking undertaken to ensure having P+2 or P+3 top tea leaves
quality. Gapoktan Karya Mandiri receive wetly top tea leaves harvests from their members by total 100 kg/month,
they can produce 600 boxes of green tea bag. Nevertheless, in reality, all Cap Dua Petani green tea bag products
are not sold out in once production process, it makes such over production and also indicates the lack demand of
Cap Dua Petani green tea bag products.

Based on these conditions, Gapoktan Karya Mandiri Sejahtera must be able to map the problems that occur in
the running business, so it can be searched the way to make all products sold out steadily and deal with the
competitors. A way that can make easier in mapping the business problems by analyzing its business model with
business model canvas (BMC) approach.

The purpose of the research to know business model applied by Gapoktan Karya Mandiri in running populace
tea production enterprise on Cap Dua Petani green tea bag products.

II. MATERIALS AND METHODS

The location selection is undertaken intentionally with consideration the Gapoktan already have entreprise to
process wet tea and dried tea to be green tea bag and Intellectul Property Rights (IPR) for their products. In the
other hand, the potency of Gapoktan Karya Mandiri plantation area which has had geographical indications (GI)
certificate being the endorser in this tea production activity because it means the tea has best quality.

The research is a type of descriptive study with qualitative approach and case study method. Informant
determination method is undertaken by using snowball sampling method. Data sources type used in this study are
primary and secondary data. Primary data directly obtained form the ground both by observation or interview
with informant. Meanwhile secondary data is from literatures of The Directorate General of Plantation, Plantation
Service of West Java Province, Indonesia Tea Board, journals, and also internet.

Researchist uses Business Model Canvas explanation by several techniques of business design to analyze
business model for populace tea production entreprise of Gapoktan Karya Mandiri Sejahtera. Business design is
technique used as aids to answer the questions in the research. There are six techniques of business design such
as consumers insight, idea formation, visual thinking, prototyping, story telling, and the scenario.

Data analysis is undertaken simultaneously with data collection process and continued after all data have
already collected. The research uses qualitative data analysis process by compiling the sequence of discussion and
interview results with entrepreneurs of Gapoktan Karya Mandiri Sejahtera tea production to determine contains
of each business model canvas block by using by using story tellig technique and visual thinking technique. After
that, data provided in short essay which contains the information for each Business Model Canvas element of
Gapoktan Karya Mandiri Sejahtera. Furthermore, conclusion withdrawal made by taking the essence of research
result series based on observation and discussion
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III. RESULTS AND DISCUSSION

Bussiness Model Canvas (BMC) is a method used to map the problems on populace tea production enterprise
run by Gapoktan Karya Mandiri Sejahtera for Cap Dua Petani green tea bag products. Business model explained
below obtained by Business Design technique. There are nine blocks on Business Model Canvas which passed by
different Business Design techniques. For Consumers Segment, Customers Relationship Segment, Income Streams
Segment, Major Resources Segment, Main Partnership Segment, Cost Structure Segment obtained of story telling
method. Meanwhile, for the Distribution Block and Major Activities Segment obtained of visual thinking.

A. Customer Segments

Market segment of Gapoktan Karya Mandiri Sejahtera is industrial market where Gapoktan Karya Mandiri
Sejahtera buy needed goods ad services to produce the other goods and services in purpose to earn profits or/and
other targets. Gapoktan Karya Mandiri Sejahtera produce green tea bags with main ingredients obtained of their
own members, the green tea bag products only sold to distributors in the box packages contained of 25 bags.
Meanwhile, consumers segment of Cap Dua Petani green tea bag products are all populace and tourists who live
and come to Bandung Regency, precisely, in Pasirjambu Subdistrict and Ciwidey Subdistrict. Gapoktan Karya
Mandiri Sejahtera have not marketed their products to wider place because Gapoktan Karya Mandiri Sejahtera
want to focuse distributing their products in their own area first.

B. Value Proposition

Gapoktan Karya Mandiri Sejahtera sell the green tea bag products with Cap Dua Petani brand, yet, the ones
listed on packages are the name of its product producers in order to make Gapoktan Karya Mandiri Sejahtera is
more well-known in inhabitant especially who live in Bandung Regency. Packages of Cap Dua Petani gree tea bag
products designed by Gapoktan Karya Mandiri themselves by putting Self Help Group (SHG) name as producer of
the products. SHG is a name of Gapoktan which has been replaced to be Gapoktan Karya Mandiri Sejahtera. Their
party intentionally put SHG name in order to introduce Gapoktan Karya Mandiri Sejahtera first as entrepreneurs
of tea industry in Bandung Regency. In the packages also listed halal certificates, P-IRT number, information of
nutritional value, expired dates, composition, serving way, and also contain quantity on each package.

Gapoktan Karya Mandiri Sejahtera obtain halal certificate, P-IRT, and IPR on Cap Dua Petani green tea bag
products. Beside the best quality tea, Cap Dua Petani green tea bag products sold with very affordable prices, it is
Rp 8.000/box. Furthermore, the workers used by Gapoktan Karya Mandiri Sejahtera are four people of gapoktan
members.

Gapoktan Karya Mandiri Sejahtera also permit the returns of sent goods if there are fatal breakages on their
selling products. For example: broken box seal plastic. The breakage happened because there are not Standard
Operating Procedures (SOP) in Cap Dua Petani green tea bag production as reference of production activity. Cap
Dua Petani green tea bag production is undertaken correspondingly with description on the machines but for the
packaging process is still undertaken manually.

Performance given towards customers is a guaranteed product from main ingredients selection unti packaging
process which uses alumunium foil plastic. Gapoktan Karya Mandiri Sejahtera also offer performance in customer
services by amiability, politeness, and also giving festive allowance every eid al-fitr day such presents for shop
owners.

Seen from accessibility, Cap Dua Petani green tea bag products are undertaken on several stores in Traditional
Market of Ciwidey and Pasirjambu, it makes easier inhabitants around Ciwidey Subdistrict and Pairjambu
Subdistrict to meet the products.

C. Channel

Channel used in Gapoktan Karya Mandiri Sejahtera customers, it uses indirect distribution type via partnership
by entrusting the products on several stores in Traditional Market of Ciwidey and one store in Pasirjambu.
Meanwhile, to reach Gapoktan Karya Mandiri Sejahtera customers with direct distribution by following exhibitions
or government special occasion of Plantation Services of West Java Province, Cooperation and Small & Medium
Entreprises Services of West Java, and also Agricultural Services of Bandung Regency.

D. Customer Relationships

The customer relationships type which interwined on Gapoktan Karya Mandiri Sejahtera entreprise included
to personal assistance, it based on the interaction among people. Customers can communicate with the officers to
get assistance due selling process or after finished the purchase. Gapoktan Karya Mandiri Sejahtera customers
relationship which driven by customer acquisition strategy, by searching searching new customers with hold
exhibition. Gapoktan Karya Mandiri Sejahtera also undertake some efforts in order to keep the customers
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(customers retention), by keep the good relation with them when interacts directly, and also giving the discount
to customers if they buy at least one cartoon.

E. Revenue Streams

Revenue streams on Gapoktan Karya Mandiri Sejahtera earned from asset sales of goods and services, and also
from donation. Revenue streams which earned from asset sales in goods such selling the tea bags with
Rp7.000/box, and Rp6.500/box if buy 1 cartoon, and from services in maklun (partnership with other parties to
make products) with cost about Rp 250/tea bag. Meanwhile, for donation earned from administrators who
deliberately give cash as capital to produce the green tea bag products. The turnover which earned by Gapoktan
Karya Mandiri Sejahtera is still uncertain every month due to fluctuating sales.

F. Key Resources

Physical resources which owned are small place for production activity (mini factory), factory facilities
(computer periphery, printer, chair, table, electricity), tea bag production machine (mini rotary dryer, meat
grinder machine (for chopping tea), tea bag machine, plastic seal). Gapoktan Karya Mandiri Sejahtera also have
one pick-up car to facilitate operational activities.

The intellectual resources which owned by Gapoktan Karya Mandiri Sejahtera are ready to drink tea products
with Cap Dua Petani brand have claimed Intellectual Property Rights (IPR) through CPIG (Community Protectors
for Geographical Indication). It such a petron for the brand and product originality. In addition, green tea bag
products of Gapoktan Karya Mandiri Sejahtera also have obtained halal certificate from Indonesia Ulema Council
of West Java Province, and also have had P-IRT certificate from Health Services of Bandung Subdistrict.

The human resources owned by Gapoktan Karya Mandiri Sejahtera are all members of Gapoktan Karya Mandiri
Sejahtera. But, for core administrators are 8 people. All Gapoktan Karya Mandiri members have comprehension
about tea plants which is very wide, it can keep the quality of the tea top leaves. Core administrators of Gapoktan
Karya Mandiri are willing to help the capitals by donating personal fund to additional capital voluntarily.

The financial resources of Gapoktan Karya Mandiri Sejahtera are donation earned from The Directorate General
of Plantation of West Java Province and used to buy tea production machine as much as 300 millions rupiah. The
core administrators also donate voluntary funds about 100 millions rupiah and donation from Gapoktan Karya
Mandiri Sejahtera’s petty cash, the total funds being Rp. 400,000,000.00.

G. Key Activities

Production activities at Gapoktan Karya Mandiri Sejahtera start from dry the wet tea top leaves up to the
packaging process. In once production, it takes about 10 hours for once production. Packaging is undertaken
manually and needs two days.

Gapoktan Karya Mandiri Sejahtera activity is undertaken around Pasirjambu Subdistrict and Ciwidey
Subdistrict, there are four traditional retails of Ciwidey Market and one store in Cisondari Pasirjambu. Distribution
activity undertaken by Gapoktan Karya Mandiri Sejahtera is distributing Cap Dua Petani green tea bag product
directly and indirectly.

Administration activity covers accounting and notation any kind of transaction due the business run.
Accounting and notaio activity are undertaken every production activity.

H. Key Partnership

Gapoktan Karya Mandiri Sejahtera helped by The Directorate General of Plantation of West Java Province to
earn capital to buy the production machines and obtain media for marketing the products by exhibition held by
West Java Province included Plantation Services of West Java Province, Cooperation and SME Servicesof West Java
Services and Agriculture Services of Bandung Regency.

Gapoktan Karya Mandiri Sejahtera join with their farmers as main ingredients supplier to produce Cap Dua
Petani green tea bag. The profit which earned by the farmer group by tagging higher price than in big factory for
top tea leaves.

Gapoktan Karya Mandiri Sejahtera also join with Argapura Co and Kurnia Co that come from Karawang to fulfill
green tea bag needs. Argapura Co have used modern technology in papers making system to make the tea bags
such for its thread and papers on Cap Dua Petani green tea bag products.

In marketing their products, Gapoktan Karya Mandiri Sejahtera join with the distributors. The given price to
distributors is Rp6.500/box. Nevertheless, until today, Gapoktan Karya Mandiri Sejahtera only cooperate with five
stores and order quantity for each store is 1 cartoon in each month. It causes Cap Dua Petani green tea products
endured a lot in the factory because the less market to sell those products.
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I Cost Structure

Gapoktan Karya Mandiri Sejahtera included to type of value-driven, it prioritize consumers satisfication by
giving good quality products and cheap prices, also give return system if there are broken stuffs even have been
on consumer hands. In the other hand, expenditure costs cover company fixed costs such for rent, wages, and
electricity. Meanwhile variable costs cover production needs such for main ingredients (top tea leaves), packaging
materials, fuel, and other unexpectable costs.

IV. CONCLUSION

Based on Business Model Canvas analysis, Cap Dua Petani green tea bag products have several matters on key
activity block. The product marketing of Cap Dua Petani green tea bag products not distributed extensively yet and
make it not well-known in populace, the conservative administration that causes they can’t back up the data if the
books are lost, and have no fixed format that causes the officers will be hard to detect errors. After that, the less
promotion also make the products being not well-known in populace.

In the running, Gapoktan Karya Mandiri Sejahtera also make the Cap Dua Petani green tea bag as media to
enhance their existence as the only one producer of processed tea products in Bandung Regency. It can be seen
from the value proposition where the brand is not put in the packages but put the Self Help Group (SHG) instead
as its producer.
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ABSTRACT

The decline of agricultural land in urban areas has encouraged the local government of Bandung City to
develop urban farming. Urban farming is expected to be a solution to farming in a narrow area, and also
to improve food security of its citizens. Cisaranten Kidul is one of the urban villages that are active in
developing urban farming in Bandung City. Extension activities are absolutely necessary to encourage
people in Bandung City to involve in this activity. This study aimed at analyzing the roles of extension
workers in developing urban farming in Cisaranten Kidul Urban Village and preparing technical
recommendations to improve the role of counselors in urban farming activities. This research was
conducted in Cisaranten Kidul Urban Village of Bandung City. The design of this study was qualitative,
and the data were analyzed descriptively. Respondents of this research were 42 people who
participated in urban farming activities in Cisaranten Kidul Urban Village. The results showed that the
roles of extension workers, including the roles as a motivator, mediator, supervisor, and facilitator, were
considered as quite good, although most people felt that the perceived frequency of the extension
activities were still insufficient. To enhance people's participation in urban farming activities, the roles
of extension workers were very important in encouraging people. Competence and motivation of
extension workers needed to be improved with a variety of training, and it was necessary to provide
facilities for extension workers to support their jobs.

Keywords: role, extension, worker, urban farming.

I. INTRODUCTION

Food security issue is one of global issues, because the fulfillment of the need for food is one of the important
parts of human rights. National food security can be accomplished by both the availability of nationally or
regionally sufficient food as well as the fulfilled food need at household level [°] 11, One of the attempts at
increasing household food security can be done by utilizing the house yards which are managed by households.
The role and utilization of the yards are highly influenced by the need level, socio-culture, community education
level, as well as physical and ecological condition of the local regionss.

In urban areas, the limitation of yards has become one of the obstacles for some citizens in accomplishing
agricultural activities. To get around the limitation in the areas, urban farming activities has recently emerged as
a solution of the utilization of lands (including house yards) for agricultural activities. Urban farming is one of the
attempts at utilizing urban lands, so that they can give benefit value such as increasing environment health,
extending economic opportunities, social improvement, energy efficiency, and increasing availability and quality
of food!12,

Bandung City is one of the big cities in Indonesia that are actively encouraging urban farming movement. In the
Mid-Term Development Plan (RPJMD) of Bandung City, year 2013-2018M], it is explained that urban farming is a
breakthrough in the attempts at providing food independently and sustainably. Urban farming is developed from
the concept of gardening in house yards or the utilization of wastelands to be planted by productive plants, land
intensification, and planting the plants that have high economic value. In addition, what should be taken into
account are about the foods which are varied, nutritious, balanced and secure, and the fulfilled food supply in
Bandung City.

Urban farming program in Bandung City has been being accomplished since 2014 and has been one of the
superior programs of Bandung City government. Since its first launch, there have been 151 urban villages
participating in the program accomplishment.
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One of the subdistricts whose all of the urban villages have begun the urban farming program is Gedebage
Subdistrict. Gedebage Subdistrict consists of four urban villages, all of which have performed the urban farming
program well. However, it was not in every urban villages where the urban farming was working well. Based on
an interview with Kasi Ekbang (Head of Division of Economy and Development) of Gedebage Subdistrict, at that
time, among four urban villages, there were only two of them that were actively performing the urban farming
program (Table 1).

Table 1. The data of the urban villages that perform urban farming program in Gedebage Subdistrict

No. Urban Village Status
1. Rancabolang Active
2. Cisaranten Kidul Active
3. Cimencrang Inactive
4 Ranca Numpang Inactive

Source: Gedebage Subdistrict Data, 2017

The urban village that was actively performing urban farming program was Cisaranten Kidul Urban Village.
Urban farming activity in Cisaranten Kidul Urban Village was performed in one hectare wasteland that was
planned to be used as a new urban-village office. Besides, each RW (Community Association) in Cisaranten Kidul
Urban Village was also actively performing the urban farming activity. Citizens in Cisaranten Kidul Urban Village
actively planted vegetables, fruits, decorative plants, as well as medicinal plants. The cultivation techniques
employed not only were not only the use of soil medium, but also the implementation of hydroponic technique for
vegetable plantation. Moreover, in the land managed by the citizens, they attempted to distribute the seeds to
every RW in Cisaranten Kidul Urban Village.

In 2015, Cisaranten Kidul Urban Village was made as a gardening model in Bandung City, based on the
achievement by this urban village in performing urban farming program. The success of Cisaranten Kidul Urban
Village in performing the program was, of course, because of the active role of its citizens as the main actors in the
accomplishment of the program.

Extension activity was one of the methods in encouraging the active role of the citizens in urban farming
activity. According to Law of the Republic of Indonesia Number 16 of 2006, agricultural extension is a learning
process for the main actors and entrepreneurs in order that they have willingness and are able to help and organize
themselves. The importance of extension activity was begun at raising community’s awareness and participation
in the development process in order that they are able to help themselves*. Local Governmental Agency of
Agriculture and Food Security of Bandung City is one of the institutions which are given authorities to escort the
urban farming program, including the extension and dissemination of information about the selection of
agricultural commodities that have high productivity, high economic value, as well as open market opportunity,
and are able to be developed in narrow areas.

Agricultural extension worker is one of professional workers who attempt to influence or to direct decision of
innovation in order to be appropriate with the goal of the extension agencies. Extension agents are the agents of
renewal of institutions, local government offices, or organizations who aim at making changes in society for the
better?0,

Based on the above explanation, the objective of this research was to find out the role of extension workers in
the development of urban farming activity in Cisaranten Kidul Urban Village of Gedebage Subdistrict of Banding
City.

II. MATERIALS AND METHODS

A. Research Design
This research employed quantitative design with descriptive survey technique.

B. Data Classification and Source

The data in this research consisted of primary and secondary data. The secondary data was obtained from
various agencies, such as Finance Investigator Institute, local government service of Agriculture and Food Security
of Bandung City. The primary data was obtained from interview and directive group discussion with respondents.
The population in this research was the citizens consisting of 54 persons who were involved in urban farming
activity in Cisaranten Kidul Urban Village of Bandung City, and all them were made as the respondents in this
research.

C. Data Analysis

The analysis on the role of extension workers in the development of urban farming activities in Cisaranten
Kidul Urban Village of Bandung City was conducted descriptively by analyzing the informants’ answers on the role
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of extension workers by categories: very low, low, enough, very high, and high. Descriptive analysis aimed at
describing phenomena in depth and objectively.

III. RESULTS AND DISCUSSION

A. The Implementation of Urban Farming in Cisaranten Kidul Urban Village

In Cisaranten Kidul, Urban Farming program had been implemented in 2013. Initially, urban farming activities
were only done in RW 12 by using wasteland with an area of 1 ha. One of the factors that had become the reason
for some citizens to do urban farming was because they wanted to take advantage of wasteland which were
abandoned and full of cogon grass. The urban village supported this activity by providing outsourcing workers
with the background as farmers to help maintain the urban farming gardens. This increased the enthusiasm of
citizens to develop Urban Farming in Cisaranten Kidul Urban Village. After the introduction of urban farming
program from Local Government Office of Agriculture and Food Security of Bandung City in 2015, Cisaranten Kidul
Urban Village got assistance in the form of seeds, seedlings, soil, as well as the tools and cultivation machines using
hydroponics system.

The success of Cisaranten Kidul Urban Village in carrying out urban farming activities have encouraged
outsiders to visit urban farming gardens, starting from PAUD (early childhood education program) children,
Bandung City government, and visitation from Sukamiskin Penitentiary. It has made urban farming gardens of
Cisaranten Kidul Urban Village as a demonstration gardens. Urban Farming activities in this village have been
widely reported in cyberspace as in the pages of Republika, the website of the Local Government Office of
Agriculture and Food Security of West Java Province and of Bandung City.

In 2016, to support the sustainability of the urban farming program in Cisaranten Kidul Urban Village, the
Cisaranten Kidul Urban Village instructed all RW heads to run this program in every RW (Community Association)
and form a gardening group. At that time, the program had been almost completely implemented. Of 15 RWs in
Cisaranten Kidul, 9 RWs of the urban district had implemented this program. This was because of the high
enthusiasm of Cisaranten Kidul citizens to this program. Some RWs that had not implemented this program had
some limited constraints of land used for urban farming sites and lack of enthusiasm for the program.

Urban farming activities were partly implemented in the open green lands owned by the government and the
community. Cultivated commodities included herbs such as ginger, turmeric, and celery; vegetable crops such as
kale (kangkung), red spinach, caesim, Chinese cabbage, and cayenne pepper. In addition, non-rice food crops such
as sweet potatoes, cassava, and corn were also cultivated. This was a support to one of Bandung City government
programs, that is, one day no rice, where in Bandung City it is recommended that one day in one week people do
not eat rice.

The cultivation method used by the majority of the community was the use of conventional cultivation
techniques (using soil planting media in open field). However, there were some people who had used hydroponic
cultivation techniques in RW 12 garden, and verticulture techniques in RW 09 garden. The differences in
cultivation techniques was due to lack of understanding of the community about aesthetic-based cultivation. An
agricultural extension worker of Bandung City who served in this area said that the people in this village were still
lack of understanding about the meaning of urban farming. They thought that urban farming means just doing
planting activities in fields, but actually the expected urban farming activities are different from the agricultural
activities in villages where agriculture in cities are more concerned about the aesthetic element.

The completeness of supporting facilities and infrastructure in each RW varied, in RW 11, which was one of the
RWs that were good enough in the management of this program, there had been an irrigation well, a screen house,
and a wooden shed (bedengan). According to the observation result, among 9 RWs implementing this program,
there were only 3 RWs (RW 09, 11, and 12) which had been good in the implementation of this program. This was
due to limited funds in the development of urban farming program. So far, the funds used were from PIPPK funds
and the community self-help, so the program was implemented based on the ability of the community.

In 2016, PT PERTAMINA through CSR program helped Cisaranten Kidul Urban Village in the development of
health program of Toddler Food Taxi bike (Ojek Makanan Balita), which was the nutrition fulfillment of children
under five with poor nutrition and malnutrition. This year PT PERTAMINA assisted Cisaranten Kidul Urban Village
in developing urban farming program under the name of Nutrition Garden (Kebun Gizi) program. Unfortunately,
this aid was not comprehensive in all RWs. There are only two RWs that received assistance, i.e, RW 04 and RW
14. This was because the potentials of the program development were not the same between the condition of the
land and available human resources (HR). These two RWs were chosen because the potential of land used for the
development of this program was still abundant, and the level of community participation in the development of
this program was quite good, which was evident in the presence of FGD activities (focus group discussion)
organized by PT PERTAMINA and attended by the government of the urban village, Agriculture extension workers
of Bandung City, and the community managing urban farming.

B. Urban-Farming Activities in Cisaranten Kidul Urban Village
Urban Farming extension program in Bandung City was performed by the Local Government Office of
Agriculture and Food Security of Bandung City. One extension worker served in three districts. The material
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presented in the extension activities was about technical cultivation of plants. Extension activities are usually
conducted at the village office by inviting representatives from each RW.

C. The Role of Extension Workers in Urban-Farming Development in Cisaranten Kidul Urban Village

In Law No. 16 of 2006 on Extension System of Agriculture, Fisheries and Forestry, it is mentioned that
counseling is a part of an effort to educate the life of the nation and promote general welfare. Agricultural extension
workers play an important role in realizing the mandate of the law?’. The role of extension workers according to
the Agency for Agricultural Human Resources Development3 are the initiators, facilitators, motivators, connectors,
teachers, organizers, dynamists, analyzers, and agents of change. Based on the roles, there are four main roles of
agricultural extension, i.e., as communicators, consultants, motivators and facilitators[2!.

In the development of urban farming program in Bandung City, especially in Cisaranten Kidul Urban Village,
the roles of the extension workers were to motivate people to participate in urban farming activities, and to assist
the community in the technical aspect of the cultivation, so that the community can run the urban farming activities
independently and sustainably. People living in urban areas generally do not have knowledge and skills about
cultivation techniques, because the educational background or occupation of people, including the citizens living
in the Cisaranten Kidul Urban Village, is not agriculture. Gardening or farming for most people is a hobby or leisure
activity. For that, training and assistance is needed for urban farming development. Extension workers as the
spearheads of extension activities have a very important role in changing the behavior of the community.

In Cisaranten Kidul Urban Village, there was one permanent extension worker who routinely gives extension
activities to the community. According to most respondents, as a communicator or messenger, the extension
worker in Cisaranten Kidul Urban Village had good communication skill (Table 2). Extension materials and other
information could be received well by the public. According to most respondents, in addition to the good way of
delivering the materials, the extension worker mastered the materials presented and was also close to the citizens,
so that they felt easy to communicate with him, and this is in line with, that to be a good communicator someone
must have good faith, be trustworthy, and have good communication skill[s!.

Table 2. Respondents’ opinion about the roles of extension workers in Cisaranten Kidul Urban Village

No. Roles of Extension Workers Category f (person) %
1 Communicator Very Low - -
Low - -
Enough - -

High 43 79.63

Very High 11 20.37
2 Consultant Very Low - -
Low - -

Enough 19 35.19

High 24 44.44

Very High 11 20.37
3 Motivator Very Low - -
Low - -

Enough 17 31.48

High 31 57.41

Very High 6 11.11
4 Facilitator Very Low - -
Low - -

Enough 27 50.00

High 13 24.07

Very High 14 25.93

As consultants, the role of extension workers is to provide guidance, consideration, and input to farmers(2. In
solving the problems faced in the implementation of urban farming, extension workers invite citizens to analyze
and solve the problems they face. The problem that often arises is about technicality of cultivation and pest control.
Most citizens still found it difficult to deal with technical problems of cultivation, because their backgrounds were
not from agriculture. According to some respondents, the presence of extension workers helped them solve the
problems they faced (Table 1), but according to some other citizens, the intensity of the extension workshops was
still perceived to be insufficient, so that they found it difficult to consult the extension workers. The schedule of
extension activities in Cisaranten Kidul Urban Village ranged from once a month to once every 2 months, and it
was only held at the urban-village office, due to the dense schedule of extension workers who served in 3
subdistricts. Citizens hoped that extension workers can come directly to the location of the gardens in each RW,
so that they can see directly the problems they face.

As motivators, the role of extension workers is to provide encouragement and motivation to the citizens in
order that they have willingness and are able to carry out urban farming activities. The urban farming activities in
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Cisaranten Kidul Urban Village was begun in 2012, and at that time the activities only focused on wastelands in
RW 12. After the commencement of urban farming extension activities by Local Government Office of Agriculture
and Food Security of Bandung City in 2015 until now, there have been 9 of 15 RWs in Cisaranten Kidul Urban
Village running urban farming program. The success of the urban farming program in Cisaranten Kidul Urban
Village could not be realized without the participation of the citizens. The growth and development of community
participation in development are determined by opportunity to participate, as well as ability and willingness to
participatel®]. Therefore, a counselor should be able to generate and encourage the desire of citizens to engage in
urban farming activities. Most respondents considered that the extension workers were able to persuade and
encourage citizens in urban farming activities through extension and training activities (Table 1). While most of
the drivers of urban farming activities in Cisaranten Kidul Urban Village were mothers, because most of the women
who were active in urban farming activities were housewives who had relatively free time to maintain the gardens.
Extension workers as facilitators plays a role in providing solutions or facilities in the extension process, or
facilitating farmers or citizens in terms of business partnerships, access to markets or capital institutions and so
forthBl. According to most of the respondents, the role of extension workers as facilitators was felt as quite good;
the extension workers were considered as capable of connecting citizens with various communities of urban
farming observers like Bandung Gardening community. The products of the cultivated gardens were mostly
consumed by the citizens themselves, and were not sold to markets. Some citizens hoped to make urban farming
an income generating effort, so it needs support and facilitations to market the products of the citizens’ gardens.

IV. CONCLUSION

The roles of extension workers as communicators, consultants, motivators, and facilitators were considered as
good enough by the citizens. However, they expect the intensity of extension activities to be increased, so that
more and more citizens will be encouraged, and understand the benefits of urban farming activities, not only for
themselves but also for the environment around them. It was expected that with urban farming activities, food
security and sustainability of the environment can be enhanced.
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ABSTRACT

One of the agricultural commodities that have quite spacious planting area and become the strength of
Indonesian export commodities are coffee, and in terms of quantity, robusta coffee is superior than other
coffee, and more contribute to Indonesia's export activities. This study aims to: (1) Determine the
influence of the world's total robusta coffee bean exported production, the export volume of Indonesian
robusta coffee beans, the international prices of robusta coffee beans, and the economic crisis of 1998
affecting the value of Indonesian robusta coffee beans export. (2) Knowing what is the most influential
variable that determine the export value of Indonesian robusta coffee beans. This study aims to look at
how the world's robusta coffee bean exported total production, the export volume of Indonesian robusta
coffee beans, the international prices of robusta coffee beans, and the economic crisis of 1998 affecting
the export value of Indonesian robusta coffee beans. This study design are using a quantitative research
with ‘a case’ technique. Time series data as much as 30 years which includes the value of exports of
robusta coffee beans Indonesia, the world's total production is exported, the export volume of
Indonesian robusta coffee beans, the international prices of robusta coffee beans, and the economic
crisis in 1998 are necessary in this analysis. The analysis tool in this research are multiple regression
analysis with five variables. The results showed that variables that affecting the value of Indonesian
robusta coffee beans export the most in a row is the 1998 economic crisis, the international price of
robusta coffee beans, Indonesian robusta coffee beans export volume, and the world's robusta coffee
beans export.

Keywords : robusta coffee bean, independent variables, influence, export

I. INTRODUCTION

An international trading is important aspect for a country development. International trading is happened
because there is human resources, natural resources differences, like as climate and geography site, and also social
and economic differences available on countries. Every country has been done international trading because two
main reasons, that each to be sources for trading advantage available for that country. Firstly, countries have
traded among them because they are different one another. Secondly, countries have been done trading activity
purposing to reach what can be called as economic of scale in production (Krugman and Obstefeld, 2004).

Indonesia is existed on third position in coffee productivity and export volume after Brazil and Vietnam. In
2012, Indonesia coffee production is reached 684.076 tons and it export volume is reached 432.781 tons. Coffee
can be became very prominent product and is became Indonesia identity at international eyes because its special
tastes. Coffee can be said as a part of life style for population largely in various world hemispheres.

All this time, Indonesia has been exported coffee for various countries like as United State, Germany, Italy, and
Japan. Data is shown, last six years some countries have shown positive trends for Indonesia coffee exporting.
Nevertheless, some countries are also shown export quantity decreasing toward coffee from Indonesia.

All this time, Indonesia has known as a Robusta coffee producer country with market share as much as 20 %
from world robusta coffee exports. Indonesia coffee triangle zone including Lampung, South Sumatera and
Bengkulu provinces are main robusta coffee producer areas in Indonesia. Robusta coffee acreage has spreaded in
almost all of Indonesia archipelagos with acreage position and percentage as follows: Sumatera (66 %), Java (12
%), Bali and Nusa Tenggara (8 %), Sulawesi (7%), Kalimantan (4%), and also Maluku and Papua (1%). Main
Arabica coffee producer area in Indonesia is Aceh and South Sumatera. Following is arabica coffee area position
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and percentage: Sumatra (56 %), Sulawesi (22 %), Bali and Nusa Tenggara (10 %), Java (8 %), and Papua (4 %).

(Ditjenbun, 2013)

Following data from Directorate General of Plantation, Indonesia is noted as biggest exporter country of
robusta coffee kind of in the world. It is almost all of Indonesia coffee export in dry bean shape and in small part
only (less than 0,5%) in process product shape. By consider available data. This research specialized at influence
factor on robusta coffe export value from Indonesia in dry bean shape or it is usually called green bean.

Other influence factor is Indonesia robusta coffee bean export volume has influenced directly Indonesia coffee
bean export value. As we known, export value is multification result among export volume and export price. So, it
is higher export volume then, it would also be higher Indonesia coffee export value. Soekartawi (2005), in her book
has explained that international price is also influence export, its meant that in this case an international robusta
coffee bean price influenced coffee export value from Indonesia. If international price is higher than domestic price
then, international trade is starting to do and export value is added.

In 1998, Indonesia and some East and Sout East Asian have experienced economic crisis caused by some factors
either external or internal factors in nature. It is suddenly fund withdrawing in big numbers by foreign investors
encouraged by regional economy prospect pessimism was directly weakening rupiah currency dramatically. It
weaken rupiah value through various transmission has increased less advantaged impact for economy sectors
with different seriously level. It cannot be disowned that economic crisis has been encourage social political crisis
intensities faster and it has caused apparently Indonesia real sector performance more downed (BI). Itis based on
that reasons, economic crisis in 1998 has also presumed influence Indonesia coffee export value.

This research would be analyzed how and how far is world robusta coffee bean production export number,
international robusta coffee bean price, Indonesia robusta coffee bean export volume, and economic crisis in 1998
have influenced toward Indonesia robusta coffee bean export value.

1. How much world robusta coffee bean production export number influence, Indonesia robusta coffee bean
export volume, International robusta coffee bean price, and economic crisis in 1998 Indonesia robusta coffee
bean export value?

2. Where variable most roled in export robusta coffee bean emerging between world robusta coffee bean
production export number, Indonesia robusta coffee bean export volume, International robusta coffee bean
price, and economic crisis in 1998?

II. MATERIALS AND METHODS

A. Research Technique and Design

It is used design research that is research with quantitative design. Research has carried out with technique a
case using data sample and time series in nature.

For test this research data is used data regression method. For general form of analysis model equation is
following as:

Y = Bo+ P1X1+ B2Xz + B3Xz + DXa + € (1)

where :
e = Indonesia robusta coffee bean export value; thousand ton
X1 = world robusta coffee bean production export number ; thousand ton
X2 = Indonesia robusta coffee bean export volume; thousand ton
X3 = International robusta coffee bean price; US Dollar
X4 = Economic crisis in 1998
D = Dummy Variable

1 = after economic crisis

0 = before economic crisis
Bo = Regression costante
B1, B2, B3= regression coefficient
e = intruder error

B. Data Analysis Plan

This research has used econometric model to reflect discussion result is explained by number. Analysis
technique has used for this research is multiregression and used method is Ordinary Least Square (OLS) method.
Data processing operational is carried out by Microsoft Excel 2007 and SPSS (Statistic Package for Social Science)
versi 19.0 softwares. OLS method is having some superiority that is very easy technically to interpretation drawing
and counting, BLUE (Best Linier Unbiased Estimator) estimation, as well as.

C. Statistic Test Analysis
1. Determination Coefficient Test (R?)

R2 is used as a criteria for mesurement regression model n suitable or not to estimate dependend variable.
(Verena, 2013)

212



Proceeding of ISAE International Seminar, Bandar Lampung, August 10-12, 2017

2. Statistic-F Test

Statistic-F test has used to test simultaneously all independent variables significance toward dependent
variables. To do statistic-F test, firstly, it is determined hypothesis and then is determined its significance level
that is as much as 0,05.

3. Statistic-T Test

T test (partial) is to see partially independent variable influence toward its dependent variables. It is carried
out world robusta coffee bean production export number influence test (X1), Indonesia robusta coffee bean export
volume (Xz), International robusta coffee bean price, (X3), and economic crisis in 1998 (X4) toward Indonesia
robusta coffee bean export value (Y).

D. Classic Assumption Test Analysis
1. Normality Test

Test normality is to see what normal or not distributed residual value is. Good regression model is having
normal distributed residual value. So, normality test is not carried aout for each variable but for their residual
value.

2. Multicolinierity Test

Multicolinier is obtained perfect or high correlations among dependent variables, multicolinier problem at
regression model gerally is marked by high R? value but statistic-t test result at is dependent variables are not
significant at all. If there is high correlation between their independent variables, then correlation among
independent variable toward its dependent variable to be disturbed.

3. Autocorrelation Test (Durbin Watson)

Autocorrelation test is to see what correlation among period (t) with former period (t -1) occurred is. Simply
that regression analysis is to see influence among independent variable toward dependent variables, so there
cannot be obtained correlation among observation with former observation data.

4. Heteroscedasticity Test

Heteroscedasticity is residual variant unsimilarity existence for all observations on regression model.
Heteroscedasticity test has carried out is aimed to know deviation exixtence from classic assumption terms on
regression model, where in regression model must be fulfilled terms that there is not heteroscedasticity exixtence.
Heteroscedasticity test has carried out using Glejser test, thatitis carried out by make regression residual absolute
value obtained from regression model as dependent variable toward all of independent variables in regression
model. (Sumodiningrat.2001:271)

III. RESULTS AND DISCUSSION

A. General illustration of Indonesia Robusta Coffee export

An average Indonesia coffee export volume is about 350 thousands to per year including robusta coffee (85%)
and Arabica coffee (15%). Tehere is more than 50 counties Indonesia coffee export destination with main
destination is USA, Japan, Germany, Italy, and England. Indonesia robusta coffee demand is continuing increase
over time remembered that Indonesia robusta coffee is having superiority because containing body strong enough
and it viscosity level good enouh. (AEKI, 2011).

B. Classic Assumption Test

Some classic assumptions have carried out necessary in research to know how good resulted regression
function is in research. Most this research data is time series data and in general, it could be some infractions
occurered like as autocorrection and multicolonierity. Classic assumption test should be fulfilled to obtain
equation in BLUE (Best Linear Unbiased Estimator) nature.

C. Normality Test

Normality test result with Kolmogorov Smirnov method can be seen at appendix. That analysis result data can
be seen at Asymp.Sig. (2-tailed) part has shown value 0,568 that is bigger than 0,05. It is meant that resulted
residual already normal distributed. Normality a data can also be seen from P-Plot normal test graphic. P-Plot
graphic is resulted in this analysis can be seen on following picture.

From that graphic, it is seen that biggest data as long as diagonal line toward its dependent variable (Indonesia
Robusta Coffee Bean Export value). Then, it can be conluded that used data in this research has fulfilled normality
assumpsion, data has spreaded normally.
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D. Multicolinearity Test

Table 2. SPSS 20,0 output result for multicolinearity analysis (VIF)

Variable VIF
X1 World coffee bean production export number 4,524
X3 Indonesia robusta coffee bean export volume 1,373
X4 International robusta coffee bean price 1,180
X5 Economic crisis in 1998 4,553

On carried out multicolinearity test result base for data at table has obtained that all of independent variables
that are world coffee bean production export number, Indonesia robusta coffee bean export volume, International
robusta coffee bean price, and economic crisis in 1998 have not shown multicolinearity symptoms or correlation
among same variables.

E. Autocorrelation Test

Autocorrelation test result with Durbin Watson test method has resulted value 1,886. dL. dan dU values based
Durbin Watson test table with n number as much as 30 and significance level 0,05 is 1.143 and 1.738. It is based
Durbin Watson test certainty obtained at previously discussion, it is explained that there is no autocorrelation
occurred among residuals on every observation because dL value bigger than upper limit (dU) that is 1,866 and
less than 4-dU that is 2,262 so that it can be concluded that there is no autocorrelation at data.

Based on heteroscedasticity test on above graphic is resulted that regression has no heteroscedasticity
sympthom because there is no certaion patterns on scatter plot diagram. On scatter plot diagram is seen that dots
pattern scatter at all diagram areas. It is based on Glejser test can be seen at appendix is also obtained significance
value from each variables has valued more than 0,05. This Glejser test result is also shown that regression model
is not shown heteroscedasticity sympthom.

F. Partial and Simultaneous Statistic Tests (F and T Tests)

Statistic test analysis is carried out to know in more far way what variables in data influenced significantly are.
Through sstatistic test can be known variables signifince either individually (partial) or groupely
(simultaneously). T test is used to examine independent variables influence (world coffee bean production export
number, Indonesia robusta coffee bean export volume, International robusta coffee bean price, and economic crisis
in 1998) toward dependent variable (Indonesia robusta coffee bean value) partially while f test is used to examine
independent variables influence (world coffee bean production export number, Indonesia robusta coffee bean
export volume, International robusta coffee bean price, and economic crisis in 1998) toward dependent variable
(Indonesia robusta coffee bean value) simultaneously. It is carried out statistic test analysis including
determination coefficient test, statistic f test, and tatistic t test.

G. Determination Coefficient Test (R?)

From above regression result can be seen that R? value (Adjusted R Square) is 0.948. So it can be concluded
that independent variables influence contribution (X1, X2, X3, and X4) are as much as 94,8% toward its dependent
variable (Y). While its remaining as much as 5,2% influenced by unreserached other factor. It is shown very good
value because that determination coefficient value close to value 1.

H. Statistic-F Test

It based on regression analysis result can be seen above table and also it is obtained at appendix than is
obtained F count value as much as 134,312. While critical f value or f table with significance level 0,05 and df1 and
df2 as much as 4 and 25, is resulted f table value as much as 2,76. Therefore f count value bigger than f critical or f
table, it can be said that Ho hypothesis is rejected. It can be concluded that world coffee bean production export
number, Indonesia robusta coffee bean export volume, International robusta coffee bean price, and economic crisis
in 1998 simultaneously have influenced Indonesia robusta coffee bean export value significantly.

I Statistic-T Test

It is used df value that is 25 with significance level as much as 0,05 than it is obtained t table value as much as
2,06. T test analysisi result in above has shown that world coffee bean production export number, Indonesia
robusta coffee bean export volume, International robusta coffee bean price, and economic crisis in 1998 are having
bigger value than t table or t count > t table. Beside it, each world coffee bean production export number, Indonesia
robusta coffee bean export volume, International robusta coffee bean price, and economic crisis in 1998
significance value are smaller than 0,05. It is meant Ho hypothesis rejected at all independent variables. From t test
analysis result can be concluded that all independent variables have influenced partially toward Indonesia robusta
coffee bean export value.
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J. Multiregression Analysis Result
Based on regression output result is obtained at above table, it is obtained following regression function:

¥ =-989517,015+ 0,421X1+ 1,481Xz + 264,623X3-122411,284X4+ e (2)
Based on that function, some can be interpretated either related to previous analysis or regression analysis
together with its theory are:

1. That constante value having value as much as -989517,015. It is meant that if world robusta coffee bean
production export number, Indonesia robusta coffee bean export volume, International robusta coffee bean
price, and economic crisis in 1998 have considered fixed, than Indonesia robusta coffee bean export value
would be decreased as much as 989517,015 in its unit (000 $).

2. It is resulted that world coffee bean production export number coeffiecien is as much as 0,421 and positive
valued. Itsmeant that, world robusta coffee bean production export number is having liniar proportioned
toward correlation Indonesia robusta coffee bean export value. If Indonesia robusta coffee bean export volume,
International robusta coffee bean price, and economic crisis in 1998 variables have considered fixed, the every
1 ton increment in world coffee bean production export number would be added Indonesia robusta coffee bean
export value as much as 0,421 in its unit (000 $).

3. Itis resulted Indonesia robusta coffee bean export volume is as much as 1,481 and positive valued. [tsmeant
that, it is resulted world robusta coffee bean export volume more increase, than it would also be much more
Indonesia robusta coffee bean export value is obtained. If world robusta coffee bean production export number
more much is obtained, than it would also be much more Indonesia robusta coffee bean export value is
obtained. If world coffee bean production export number, International robusta coffee bean price, and
economic crisis in 1998 variables have considered fixed, then every 1 ton increment in Indonesia robusta coffee
bean export value, then it would be resulted Indonesia robusta coffee bean export value as much as 1,481 in its
unit ($0.000). It is more much resulted Indonesia robusta coffee bean export volume. It would also be obtained
much more Indonesia robusta coffee bean export value.

4. It is resulted Indonesia robusta coffee bean international price is as much as 264,623 and positive valued.
Itsmeant that, it is resulted world robusta coffee bean international price more increase, than it would also be
much more Indonesia robusta coffee bean export value is obtained. If world coffee bean production export
number, Indonesia robusta coffee bean export volume, and economic crisis in 1998 variables have considered
fixed, then every increasing 1 unit International robusta coffee bean price ($/Ton), then it would be resulted
Indonesia robusta coffee bean export value as much as 264,623 in its unit ($0.000). It is occurred International
robusta coffee bean export value higher then, it would also be obtained Indonesia robusta coffee bean export
value higher.

5. Itisresulted crisis economic in 1998 coefficient is as much as -122411,284 and negative valued. Itsmeant that,
crisis economic in 1998 has decreased Indonesia robusta coffee bean export value is obtained. If world coffee
bean production export number, Indonesia robusta coffee bean export volume, and International robusta
coffee bean price variables have considered fixed, then every increasing 1 unit in dummy variable of economic
crisis in 1998, then it would be decreased Indonesia robusta coffee bean export value as much as 122411,284
in its unit (000 $).

K. Analysis toward Testing Result

Based on test using partial and simulataneous tests are obtained simultaneous test result all independent
variables have significant influenced toward Indonesia robusta coffee bean export value. While on partial test has
shown that independent variables having significant influence toward Indonesia robusta coffee bean export value
is world robusta coffee bean production export number, Indonesia robusta coffee bean export volume,
International robusta coffee bean price, and economic crisis in 1998. While as rupiah nominal value exchange
toward dollar has not significant influenced toward Indonesia robusta coffee bean export value, partially.

L. World Robusta Coffee Bean Production Export Number Influence (X1) toward Indonesia robusta coffee bean
export value

Production is every activity in creating and increase service and goods useful which is need production factors.
Production number is related to domestic needs a state and export. Coffee, especially robusta coffee in bean form
is trading commodity with high value. There are much countries have race to export their production product into
other country for emerged various profits. World export number, of course influenced a state export number in
this robusta coffee bean commodity.

Krugman and Obstfeld (2003), in their book explained that economy productive capacity can be presented
through production possibility limits and difference in production possibility limits that further it will be opened
an international trading opportunity is occurred.

Regression analysis at appendix has shown world robusta coffee bean production export number coefficient
value at that regression model as much as 0,421. It is menat that, every 1 ton increasing world robusta coffee bean
production export number then, Indonesia robusta coffee bean export value would be increased as much as 0,421
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tons. On f test or simultaneous or t test or partial test, world robusta coffee bean production export number
variable having significant influence toward Indonesia robusta coffee bean export value.

Itis seen from resulted regression model, world robusta coffee bean production export number variable having
significant influence toward Indonesia robusta coffee bean export value. It has shown that regression analysis
result at world production number variable unsuitable with beginning hypotheis which is mentioned that world
robusta coffee bean production export number has negative influenced toward Indonesia robusta coffee bean
exportvalue, because this variable having positive and significant influences toward Indonesia robusta coffee bean
export value.

World robusta coffee bean production export number is having positive influence toward Indonesia robusta
coffee bean export value. It is meant that, when world robusta coffee bean production export number has increased
then Indonesia robusta coffee bean export value would be increased, so in other way. When world robusta coffee
bean exportis increased then, it could be said demand and world market in robusta coffee commodity is increasing
and it is also automatically to increase Indonesia robusta coffee bean export value. But, world robusta coffee bean
production export number has decreased, it caould be said that world robusta coffee bean marker is weakening
and it has impacted to Indonesia robusta coffee bean export value.

M. Indonesia Robusta Coffee Bean Export Volume Influence (X3) toward Indonesia robusta coffee bean export value

A commodity export volume from certain state to other state is difference among domestic supply and domestic
demand has called supply excess. On other hand, supply excess from that state is import supply for other state or
it is demand excess. In other word, Indonesia robusta coffee bean export volume can be determined from
difference among domestic robusta coffee bean suplly and domestic robusta coffee bean demand. When supply
about domestic robusta coffee bean, it would be opened robusta coffee bean export gate to other state having
supply excess condition in its state. Indonesia robusta coffee bean export volume has influenced toward Indonesia
robusta coffee bean export value significantly because as it has been known, that export value is multification
result among export volume and export price.

In this analysis, it is obtained Indonesia robusta coffee bean export volume coeefiecient value as much as 1,481
meaning that every Indonesia robusta coffee bean export volume is increasing 1 ton then it would be increased
export valuas as musch as 1,481 from its unit valuas (000 $).

Indonesia robusta coffee bean export volume and Indonesia robusta coffee bean export value. Are having
positive relation. It is meant tha, if Indonesia robusta coffee bean export volume is increased, then it automatically
to increase Indonesia robusta coffee bean export value. It is also caused export value is multification result among
export volume and export price, so that automatic by increase of export volume has contributed to cause Indonesia
robusta coffee bean export value increasing.

Indonesia robusta coffee bean export volume and Indonesia robusta coffee bean export value influences are
showing significant and positive value and it is also proven that previous proposed hypotheis is true, that
Indonesia robusta coffee bean export volume has positive influenced toward Indonesia robusta coffee bean export
value.

Indonesia robusta coffee bean export volume shoul be more increased for increase a export value. Indonesia is
necessary to increase product quality and quantity in order to not lose in international coffee market competition.
Follow Arief as a PT.Coffindo marketing, Indonesia is need more use technology and resources, in orderto able
produce constant and sustaibability production quantity. Indonesia is still relative doing coffee harvest for four
times per year. It is different wit Brazil by using both technology and resources. They can be carried out continuous
coffee harvest throughout year. It was made Brazil coffee export value is very high.

N. International Robusta Coffee Bean Price Influence (X4) toward Indonesia Robusta Coffee Bean Export Value

International price is valid good price in wolrd market. It is valid price in international price constitute
equilibrium among world supply and demand. Product difference is also influence for world supply and finally it
would also be international price. A state will be tended to export goods if that goods price higher at international
market than domestic market. Commodity price is also related to supply law, that is lower a goods price, then
more much goods demand. It is also in turn, higher goods price, then lower that goods demand. It is also valid at
international market. If valid price on international price robusta coffee bean is increased, then demand for
Indonesia robusta coffee bean has increased because it is exixiting in under international price.

Regression analysis result is obtained at appendix has shown international price coefficient value at that
regression model as much as 264,623. It is meant that, every international robusta coffee bean price is increased
as much as one USD per ton then, Indonesia robusta coffee bean export value would be increased as much as
264,623 from its unit value (000 $). Robusta coffee bean international price is having significant influence on
partial and simultaneous tests.

To see as obtained regression model, international robusta coffee bean price vatiable is having positive
influence toward Indonesia robusta coffee bean export value. It is explained that regression analysisi result on
international robusta coffee bean price variable is appropriated with hypothesis because this variable having
significant and positive influences toward Indonesia robusta coffee bean export value.
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Such as mentioned above, robusta coffee bean price in international market is very related with robusta coffee
bean supply and demand in international market. Robusta coffee bean price is high at international market usually
caused by less supplay number from some robusta coffee bean producer states.

0. Economic Crisis in 1998 Dummy Variable influence toward Indonesia robusta coffee bean export value

Economic crisis in 1998 as we are known is most bad economic crisis in Indonesia in some last decades.
Monetary crisis in 1998 is crisis occurred because rupah exchange value is sharply falled toward US dollar, that
caused Indonesia economic decreased on large scale at various secrtor including real sector inside. Exchang value
alone is very important aspect for trading activity. Exchange value difference toward foreign currencies can be
influenced price at world trading where it is finally determined the number export supply and demand. If rupiah
exchange value depreciation is occurred toward foreign currency, then Indonesia goods would be valued lower
relatively so that Indonesia product competitive ability would be increased and it could be increased Indonesia
product export demand. Real exchange rate is very related to trading balance sheet or net to export (export less
import). It can be said that, economic crisis in 1998 has contributed in real sector trading and performance
influenced in Indonesia, one of them agriculture sector.

It is following available data regression result, in 1998 economic crisis dummy variable is having negative
correlation toward Indonesia robusta coffee bean export value. Regression result analysis has shown in 1998
economic crisis variable coefficient value is marked min that is -122411,284. It can be meant that, every 1 %
economic crisis increasing can be decreased Indonesia robusta coffee bean export value as much as 122411,284
unit (000 $). Regression result data is also shown its significance level is under 0,05, it is explained that, in 1998
economic crisis has influenced Indonesia robusta coffee bean export value significantly. This expression is also
powered by Indonesia robusta coffee bean export value data has shown significant enough reduction at 1999 up
to 2002. This analysis result is also proven all at once as proposed hypothesis in according to data analysis result,
that is in 1998 economic crisis has negative influence toward Indonesia robusta coffee bean export value.

IV. CONCLUSION

It is based on data analysis result using multi liniar regression and Ordinary Least Square method can be
concluded that:

1. Overally, all independent variables that are world robusta coffee bean production export number, Indonesia
robusta coffee bean export volume, International robusta coffee bean price, and in 1998 economic crisis
simultaneously or partially have significant influenced toward Indonesia robusta coffee bean export value
development.

2. Factors have influenced Indonesia robusta coffee bean export value from most strong up to most weaken are
economic crisis in 1998, robusta coffee bean international price, Indonesia robusta coffee bean export volume,
and then world robusta coffee bean production export number. It is seen from occurred regression coefficient
absolute number. Crisis economic in 1998 able to decrease export value as much as 122411,284 in its unit
($0.000). Robusta coffee bean international able to increase export value as much as 264,623 in its unit.
Indonesia robusta coffee bean export volume variable able to increase Indonesia robusta coffee bean export
value as much as 1,481 in its unit. Last, world robusta coffee bean production export number able to increase
Indonesia robusta coffee bean export value as much as 0,421 in its unit.
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ABSTRACT

This study deals with the simultaneous determination of L-ascorbic acid (L-AA) and glucose in mixture
solution samples, by using terahertz (THz) spectroscopy and partial least squares regression technique.
A calibration set consisting of 34 binary mixture solutions was applied for the construction of PLS model.
The proposed procedure was successfully applied for the simultaneous determination of L-AA and
glucose with acceptable result. The root mean square error of prediction (RMSEP) of 16 prediction
samples was determined to be 2.55% and 1.92% for L-AA and glucose, respectively. SDRpeq of 2.880 and
4.730 could be obtained for L-AA and glucose, respectively.

Keywords : THz spectroscopy; PLS2 regression; L-ascorbic acid; glucose; mixture solution.
I. INTRODUCTION

L-ascorbic acid (L-AA), or vitamin C, is one of the water-soluble vitamins. It can be extracted widely in many
biomaterials, such as fruit and vegetables. Recently, many food products, such as juices or sports drinks, are
fortified with L-AA. During long storage and transportation, the quality of fruit juice is possible to change.
Reference [1] reported that vitamin C concentration of orange, lemon, grapefruit and tangerine decreased after
eight weeks of storage. It was also reported that at high temperature of storage (45°C), degree of vitamin C loss is
higher than that at low temperature of storage (28°C). Reference [2] reported that content of ascorbic acid in
orange juice from PET and glass bottles stored at 4°C and 25°C decreased after several days of storage. For this
reason, it is very important to develop a new bio-sensing method which can be able to identify the concentration
of vitamin C or L-ascorbic acid (L-AA) and other component of juices nondestructively without opening the
packaging material of juice. This kind of sensor is important to establish a total quality management system for
food quality and safety which can benefit both producers and customers. For this reason, it is highly desirable to
be able to quantify L-AA in foods, especially in juices or sports drinks, for quality control purposes.

Many papers have established non-spectroscopic methods for L-AA determination. These conventional
methods include titrimetry, chemiluminescence, fluorometric, chromatographic and electrochemical methods [3],
[4]. Each method though has its limitations. For example, while the titrimetry method using
dichlorophenolidophenol as the titrant is rapid, the titrant itself is unstable and must be standardized before use.
In the case of the chromatographic method, while it is accurate, it is expensive and time consuming.

Of the spectroscopic methods, reference [5] reports using near infrared (NIR) spectroscopy coupled with step-
wise multiple linear regression (SMLR) and partial least squares (PLS) regression to determine L-AA in
pharmaceutical products at concentrations of 16.67%, 22.88% and 40% . In this analysis relative standard error
(RSE) was used to assess the quality of the calibration and validation model, both for the SMLR and PLS regression.
The RSE for the SML regression was 0.59-1.82% (calibration), and 0.72-2.34% (validation); and 0.69-2.46%
(calibration), 0.89-2.85% (validation) for PLS regression. Spectroscopic methods using NIR, Mid Infrared (MIR)
and Raman spectroscopy for determination of L-AA in powder and liquid samples has been reported [6]. In these
measurements, coefficients of determination (R2) for L-AA were 0.966-0.999, 0.973-0.980, and 0.941 for MIR, NIR
and Raman spectroscopy, respectively.

In the recent report, the possibility of using THz spectroscopy with ATR method for L-AA quantification in L-
AA solution has been investigated [7]. The result was acceptable with the lowest root mean square error of
prediction (RMSEP) = 2.791%. A ratio of standard deviation to prediction error (RPD) value of 4.48 was obtained
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[7]- Inrecent report, the improvement of L-AA determination using THz spectroscopy by applying iPLS regression
has been published [8]. This result may lead to a new application of THz spectroscopy for L-AA determination in
juice samples especially for juice inside packing material in which THz waves have ability to penetrate the packing
materials with low photon energy (safe for biological sensing). However, since that in real juice samples there are
many kind of substances inside the juice solution, therefore to realize inspection system using THz spectroscopy
for juice samples, it is desired to investigate the ability of measure L-AA in more complex solution (not only in
pure L-AA solution). In the present study, first attempt to measure L-AA in mixture solution using THz
spectroscopy was investigated by using binary mixture of L-AA and glucose solution. The present study highly
contributed to open the development of using THz spectroscopy as new sensor in biological solution in more
complex solution.

II. MATERIALS AND METHODS

A. Samples

Fifty samples of binary mixture solution of L-ascorbic acid (L-AA) and glucose were used as samples. The binary
mixture solutions were prepared by dissolving appropriate amounts of L-AA powder (Wako Pure Chemical
Industries, Ltd., Japan) and glucose powder (Grade: Guaranteed Reagent (GR); Nacalai Tesque, Inc., Kyoto, Japan)
in distilled water. The ranges of concentrations were from 2.6446 to 26.4709% (mass percent, w/w) for L-AA and
from 2.1660 to 33.3605% (mass percent, w/w) for glucose. For each sample, 300 pL of mixture solution were used
for spectral acquisition.

B. Devices for FTIR-THz-ATR spectroscopy

THz spectra of mixture solutions were acquired using a Fourier-transform infrared (FTIR) based spectrometer
(FARIS-1S, JASCO Corp., Japan). This system is based on a FTIR spectrometer (range of measurement: 20-450 cm-
Lor 0.6-13.5 THz) with a special light source made from a high pressure mercury lamp as a THz generating device.
(See reference [7] for detail explanation of the system).

C. FTIR-THz-ATR spectroscopy

FTIR-ATR-THz spectra of the mixture solutions were acquired in the range 20-450 cm, using a 16 cm! of
resolution. Each spectrum contains on average 200 scanning spectra. The reference for air was measured every 5
samples. The spectra intensity of samples and reference were obtained in single beam (SB) unit. During THz
spectral measurement, the laboratory temperature and relative humidity were maintained at around 25°C and 65-
70%, respectively. For each samples, the spectral measurement was conducted at constant temperatures of 24°C.
To obtain this sample temperature, the temperature of silicon prism was controlled at 24°C. The absorbance value
of the sample was calculated using equation 1 [7].

AG) = —log,, % 0

where:

A(v) 14

is absorbance at wavenumber

S (V) is intensity of sample at wavenumber? v

14

R(V) is intensity of air reference at wavenumber

The calculated absorbance value was corrected using the ATR correction function provided in the software
(JASCO Spectral Manager, JASCO Corp., Tokyo, Japan). The corrected values were used for further analysis.

D. Selection of the calibration sample set

Table 1. Characteristics of the L-AA and glucose in mixture solution

L-AA concentration Calibration set  Prediction set
Number of samples 34 16
Mean 13.886 13.879
Standard deviation 7.342 7.124
Glucose concentration  Calibration set  Prediction set
Number of samples 34 16
Mean 11.784 12.770
Standard deviation 7.931 9.090

L-AA and glucose are expressed as % (mass/mass or w/w).
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The samples (50 samples) were divided in two different sets: (i) calibration, and (ii) prediction. The first sample
set was used to develop calibration and performing full-cross validation test. The prediction sample set was used
to evaluate the performance of the develop calibration model. The way to select the calibration and prediction
sample set was as followed: first all samples were sorted based on L-AA values from the highest to the lowest.
Then, from the highest L-AA we pick up 2 samples for calibration and 1 sample for prediction and repeat the
process until the lowest L-AA. For this we selected 34 samples for calibration set and 16 samples for prediction
sample set. Table 1 shows the composition of the different sets of the samples, including the maximum, minimum
and average value of the L-AA and glucose.

E. Chemometric analysis

Chemometric analysis, including quantification analysis was carried out using The Unscrambler v. 9.2 software
packages from Camo (Camo Process AS, Oslo, Norway). Quantification of L-AA and glucose in mixture solution
were done simultaneously by partial least squares (PLS) regression analysis using the broad region (20-450 cm-

1).

F. Model evaluation

Performance of the calibration model and cross-validation was evaluated using the following statistical
parameters; coefficient of determination between predicted and measured L-AA and glucose concentration (R2ca),
root mean square error of calibration (RMSEC), root mean square error of cross-validation (RMSECV) and the
standard deviation ratio (SDR) of calibration (SDRcv) which can be calculated as follow [9]:

Low RMSECV and a high R%ca and SDRcy were desirable. SDRcv above 3.0 is considered to be acceptable for
practical spectroscopy applications [10].

To evaluate the prediction performance of the developed calibration model, the following parameters were
used: the coefficient of determination in prediction (R?pred), the root mean square error of prediction (RMSEP),
bias between the actual and predicted value, the bias-corrected standard error of prediction (SEP) and the
standard deviation ratio (SDR) of prediction (SDRpred). The RMSEP is an estimate of total prediction errors for an
independent data set. The sources of error in the RMSEP value are including bias and SEP which can be
mathematically expressed as follow [11]:

RMSEP? ~SEP? + bias 2 )

Good prediction resulted in low RMSEP, bias and SEP and high SDRpred value. The SDRpred more than 3 was
considered to be sufficient. The SDRpred can be calculated as follow [9], [12], [13]:

SDR _ S'Dpredictiorset (3)
pred RMSECV

III. RESULTS AND DISCUSSIONS

A. Typical spectra of L-AA and glucose in mixture solution

Fig. 1 shows the two typical spectra of L-AA and glucose in mixture solution with different concentration. We
can see that the in the spectral shape, the spectra of mixture solution of L-AA and glucose is similar with the spectra
of water. Mixture2 with higher concentration of L-AA and glucose in total has lower absorbance comparing to
Mixturel. This is because the amount of free water in Mixture2 is lower than that of Mixturel.

B. Developing calibration model for L-AA and glucose determination

Calibration model for L-AA and glucose were developed simultaneously by using PLS2 regression using original
and some pre-processing method. Savitzky-Golay (SG) smoothing was found to be the best pre-processing method
for L-AA and glucose determination (result of pre-processing evaluation was not shown here). The optimum
number of PLS factors was determined by the full-cross-validation procedure by plotting the root mean square
error of cross-validation (RMSECV) against the number of factors and searching for the minimum error (results
not shown).

Fig. 2 and 3 show the scatter plot of actual and predicted L-AA for the best calibration and validation using SG
smoothing spectra, respectively. The calibration model has 5 PLS factors with R2.=0.963 and the root mean
square error of calibration (RMSEC) = 1.386558% (w/w). The validation of L-AA resulted in the root mean square
error of cross-validation (RMSECV) = 1.660468% (w/w). It can be seen that the differences between the RMSEC
and RMSECYV of the developed model was small. It can be said that there is no potential for over fitting case of the
L-AA determination using this model. Fig. 4 and 5 show the scatter plot of actual and predicted glucose for the best
calibration and validation using SG smoothing spectra, respectively. The calibration model has 4 PLS factor (lower
than L-AA model) with RZca= 0.960 and RMSEC = 1.567653% (w/w). The validation of glucose resulted in RMSECV
= 1.880194% (w/w). It can be seen also that the differences between the RMSEC and RMSECV of the developed
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model for glucose was small. It can be said that there is no potential for over fitting case of the glucose
determination using this model.
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Fig. 1. Typical spectra of mixture solution of L-AA and glucose in range 20-450 cm-1.
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Fig. 2. Scatter plot between actual and predicted L-AA for calibration using PLS2 regression method
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Fig. 3. Scatter plot between actual and predicted L-AA for validation using PLS2 regression method
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Fig. 4. Scatter plot between actual and predicted glucose for calibration using PLS2 regression method.

35 1
30 '| No. samples: 34 validation
=7 f| PLS: 4
S 55 F| Rar0.942
- | RMSECV: 1.880194
Z 5
S 20 ¢
g L
o E
< E
= 10 T
o E
E 5 L
: y=0.9431x+0.6452
0 F

0 5 10 15 20 25 30 3
Actual glucose (%0)

n

Fig. 5. Scatter plot between actual and predicted glucose for validation using PLS2 regression method

C. Prediction for L-AA and glucose in mixture solution

Using prediction sample set (n= 16), an evaluation on the performance of the developed calibration was
investigated both for L-AA and glucose determination. Prediction for L-AA resulted in RMSEP= 2.473348% (w/w).
With this RMSEP, SDRpred of 2.880 could be obtained. Bias prediction was very close to 0.

As seen in Fig. 6, the regression between values found by the two-equation ATR-THz method (Y) and those
obtained by the reference procedure (X) for L-AA provided a regression equation of Y = 0.8075X + 2.6711 (n = 16)
which means that the developed ATR-THz method is not so accurate, it still requires a blank correction (the
intercept is not almost zero) and presents constant relative errors (the slope is not very close to 1). However, the
ATR-THz method shows possibility on L-AA determination in mixture solution and opens a practical application
of using ATR-THz method for L-AA determination in more complex solution such as in juice samples.

For glucose, prediction resulted in RMSEP= 1.921876% (w/w). With this RMSEP, SDRpred of 4.730 could be
obtained. This SDRpred is higher comparing to SDRpred for L-AA. Bias prediction was also close to 0.

As seen in Fig. 7, the regression between values found by the two-equation ATR-THz method (Y) and those
obtained by the reference procedure (X) for L-AA provided a regression equation of Y = 1.0696X - 0.9742 (n = 16)
which means that the developed ATR-THz method is better accuracy than L-AA with the intercept is closer to zero
and the slope is also closer to 1.
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Fig. 6. Scatter plot between actual and predicted L-AA for prediction using PLS2 regression method.
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Fig. 7. Scatter plot between actual and predicted glucose for prediction using PLS2 regression method

D. Evaluation of structure of calibration model

In order to evaluate the structure of the calibration model for L-AA and glucose determination, a plot between
regression coefficient and wavelength was constructed. As seen in Fig. 8, for L-AA determination there are several
observed peaks. They are at 96 cm, 173 cm, 215 cm, 273 cm!, and 358 cm-l. These peaks may directly
correspond with L-AA determination at mixture solution. It can be seen that the contribution of high frequency is
higher comparing to that of lower frequency. It seems that L-AA determination of mixture solution was mainly
determined by intramolecular vibration mode at higher frequency. For glucose the peaks of regression coefficient
were much similar to the L-AA with different in magnitude sign. For example, the peak of L-AA at 358 cm! has a
magnitude of regression coefficient 7823 while for glucose at the peak of 358 cm-! the value of regression
coefficient was -7823.

224



Proceeding of ISAE International Seminar, Bandar Lampung, August 10-12, 2017

10000
8000 A —=—===1-AA ',\
6000 - Glucose !\

4000 A
2000 A
O -

173 em’!

5 ‘\\"
-2000 ~ 96 cmr!

BL-4000
-6000
-8000 A
-10000 . . . .

0 100 walthumberfdnty 400 500

\ e
N i g
215 cmMls

ession Coefficients

Rea1

Fig. 8. Scatter plot between wavenumber and regression coefficient for L-AA and glucose determination using

PLS2 regression method

IV. CONCLUSION

To summarize, we have measured simultaneously the L-AA and glucose spectral data in broad range of THz
region in mixture L-AA and glucose solution. The validation of L-AA resulted in the root mean square error of
cross-validation (RMSECV) = 1.660468% (w/w). The validation of glucose resulted in RMSECV = 1.880194%
(w/w). The developed calibration model has high SDRc for both with SDRev=4.421 and SDRwv=4.218 for L-AA and
glucose, respectively. Prediction for L-AA resulted in RMSEP= 2.473348% (w/w). With this RMSEP, SDRypred of
2.880 could be obtained. Bias prediction was very close to 0. This result showed a potential use of THz
spectroscopy for L-AA determination in mixture solution.
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ABSTRACT

Trigonelline and chlorogenic acid (CGA) are several of the important indicators of coffee quality.
Commonly, trigonelline and CGA concentration are determined using chemical method. This method is
time consuming and destructive so it is not suitable for a real time sortation and grading system of
coffee. The objective of this study was to investigate the ability of NIR spectroscopy in predicting
trigonelline and CGA concentration in green coffee beans. Coffee beans samples (96 g) were placed in
petri dish. The reflectance of samples was measured by near infrared reflectance (NIR) spectrometer in
wavelengths of 1000-2500 nm, and then the trigonelline and CGA content of samples were determined
by chemical method using liquid chromatography mass spectrometry (LCMS). Spectra data processing
such as first and second derivative, multiple scatter correction (MSC), and combination of two data
processing were applied before the calibration of NIR spectra and chemical data using partial least
square (PLS) and combined with some factors of PLS method to obtain the best prediction model of
trigonelline and CGA concentration using near infrared reflectance spectroscopy (NIRS). The NIR data
processing and PLS model selected can be used to determine the concentration of trigonelline and CGA
in coffee beans (R > 0.93 %, CV < 2.8 %, RPD > 2 %) using 4 factors of PLS with the data processing of
the spectra by second derivative and combination of second derivative and MSC in building CGA and
trigonelline prediction model, respectively.

Keywords : trigonelline, CGA, coffee bean, NIRS, PLS.
I. INTRODUCTION

In coffee market, ensuring good quality and customer satisfaction are the most important things for the coffee
bussiness continuation. There are some functional quality characteristic of coffee which effect on its flavour, they
are trigonelline, caffeine and CGA. Trigonelline and caffeine are alkaloid compound present in coffee. In fact, during
thermal degradations while roasting process, trigonelline generates the non-volatile alkylpiridiniums which
contributes to antioxidative activity in coffee beans. Beside having effect on coffee flavour, trigonelline have more
medical properties such as antimigraine (Abe and Kaneda 1975), anticarcinogenic (Anthoni et al 1991) and
antidiabetic activities (Yoshinari et al 2009). In addition, in coffee bean CGA contributes to the acidity and
determines quality and acceptance of final cup coffee, CGA also play an important role in preventing various
disease such as cancer, aging and cardiovascular (Belay and Gholap 2009).

At present, LCMS is used for quantification of coffee concentration such as caffeine, trigonelline and CGA, as
well as in green bean or roasted bean. However, this LCMS method has number of limitations such as the
requirement of complex sample preparation, destructive, high cost, time consuming and difficult to set up for
online detection.

Therefore, the needs of another method to quantify the coffee concentration with little sample preparation,
less measurement time, non-destructive, fast and accurate have increased. NIRS is a method that record
informations about sample characteristics, such as molecular bonds of chemical components that consist of C, H,
0 and N elements. NIRS utilizes the spectral range from 780 - 2500 nm (12500 - 4000 cm™!) and provides complex
structural informations related to the behaviour of vibration of bonds’ combination (Cen 2007).

To date, NIRS has been used in evaluating the green coffee beans quality (Santos et al 2012), predicting the
concentration of caffeine, theobromine and theophylline in ground green coffee bean (Huck et al 2005), Predicting
caffeine concentration in ground roasted coffee (Zhang et al 2013) and predicting caffeine in Aceh Gayo green
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coffee bean (Rosita et al 2016). In addition, NIRS has already used in quantifying chlorogenic acid (CGA)
concentration in ground roasted coffee beans (Shan et al 2014), in line monitoring of the coffee roasting process
(Santos et al 2016), and coffee roasting degrees prediction (Shan et al 2015). However, to date, there is no research
that was using NIR spectroscopy for prediction of trigonelline and CGA concentration in green coffee beans. In fact,
most of coffee are exported in bean form, that prediction of green coffee bean concentration is required for coffee
exporter to guarantee coffee quality that will be exported rapidly. So the objective of this research was to
investigate the ability of NIR spectroscopy in predicting trigonelline and CGA concentration in green coffee beans.

II. MATERIALS AND METHODS

A. Sample preparation

A batch of Arabica Java preanger green coffee bean (water content 11 - 12%) was obtained from Indonesian
Coffee and Cocoa Research Institute (ICCRI). Samples of green coffee bean were weighed about 96 grams and
poured into petri dish for each NIR reflectance measurment using NIR spectroscopy. Subsequently, 15 grams of
each samples was grounded using grinder for the chemical analysis using LCMS.

B. NIRS

Samples were divided into 67 samples and 33 samples for calibration (2/3) and validation (1/3) sample
respectively. Subsequently, 96 grams of samples in each petri dish organized into 4 layers of green coffee beans
based on Rosita (2016). The NIR spectra were recorded by a NIR Spectrometer type NIRFlex N-500 (BUCHI
Labortechnic AG Switzerland). Each spectra was acquired in diffuse reflectance mode with a 4 cm! interval using
wavenumber from 10000 cm to 4000 cm and a scan speed of 3 scans/s. NIR spectra measurement was
conducted at temperature around 22 - 25 °C.

C. Chemical analysis

After diffuse reflectance spectra of NIR were obtained, the reference concentrations of trigonelline and CGA in
the coffee beans were measured using liquid chromatography mass spectrometry (LCMS) procedure. The LCMS
system which used was Shimadzu LC-MS 2020. First, 2 ppm of trigonelline and CGA standard, respectively was
injected into the LCMS. The condition in the LCMS were: C-18 waters as column (T 40°C), mobile phase were
divided into two, that was 40% water/formic acid 0.1% and 60% acetonitril, as mobile phase A and B respectively,
and the flow rate was 0.2 mL/min. Subsequently, the peak of each concentration was obtained at any given time.
After that, 0.2 gram of each coffee sample was injected into LCMS in the same condition. After the similar time with
the standard was obtained, the peak of each concentration will be obtained. The concentration of each component
can be counted from the area and the height peak, using below equation :

C trati (‘)/)—Cxlooxlooxc 1
oncentration (%) = Cs X 7500 W, F (1)
100
Cr = 2
77100 — water content (2)
where :
Cs = Concentration of component in sample (ppm)
Ws = Weight of sample injected (mg)
Ce = Corection factor

D. Data analysis

The whole spectra data, trigonelline and CGA concentration variables were entered into the Unscramble
software v10.3 (CAMO, Norway) to treated using mathematic equation sequentially and analyzed statistically.
Several data processing method such as first and second derivative (dgl and dg2), multiple scatter correction
(MS(C), standard normal variate (SNV) and combination of two data processing were conducted to develop the best
calibration model for trigonelline and CGA. Subsequently, partial least square (PLS) method was used to build
model calibration using 2/3 data and cross validation was used to test the calibration model’s performance.

III. RESULTS AND DISCUSSIONS

A. Chemical concentration analysis

Trigonelline and CGA concentration in Java Preanger green bean coffee were around 1.1 % and 6 %,
respectively, this is appropriate with Clarke and Macrae (1985), concentration of trigonelline and CGA in Arabica
green bean coffee are around 1 - 1.2% and 5.5-8% respectively. The chemical concentration range of the green
coffee samples is shown in Table 1.
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Table 1. Chemical concentration of coffee beans sample

Parameter Concentration (%) Mean (%) Standard Deviation
Trigonelline 0,87 -1,14 0,96 0,059
CGA 5,42 - 6,89 6,04 0,403
B. NIR spectra
O vy ST
Fon, frond
i 2

rban
S

Fig. 1. NIR absorbance spectra of Intact Java Preanger coffee

Fig. 1 shows the original absorbance spectra of Arabica Java preanger green coffee bean. The spectra shape was
influenced by particle size and chemical component concentration, however in this research coffee samples that
being used was in green bean form (water content 12 - 14%), thus the data processing such as derivative may
required. In fact, derivative processing data can isolate the influence of another concentration, for instance water
in coffee bean to sharpen the peak and separate the components absorption that the peak of caffeine and CGA
would be appear.

C. Result of calibration and validation

The best calibration and validation result of CGA and trigonelline cocentration is shown in Table 2 and 3. In
CGA the best calibration model was found by only using 2nd derivative as data processing and 4 factors of PLS
indicated by the high correlation coefficient (0.94), high RPD (2.27) and the low coefficient of variation (2.75 %).
Furthermore, in trigonelline the best calibration model was found in combination of 2nd derivative and MSC as
data processing and 4 factors of PLS indicated by the high correlation of coefficient (0.98), high RPD (2.98) and the
low coefficient of variation (1.63 %). Moreover, the precision of model is shown by consistency of model, that is
the difference of SEC and SEP in percent (William and Norris 1990).

In addition, to obtain the most reliable CGA calibration model, second derivative processing method was
applied. As shown in table 2, the combination of 2nd derivative and MSC doesn’t give a better model than the single
processing data (2nd derivative) indicated by the decreased of R and RPD, this was caused by the concentration of
CGA is large enough and the spectra didn’t affected by scatter interference. In contrary, in Shan et al (2014), NIRS
was used to determine CGA in roasted coffee beans in powder form (600 pm), and the best data processing was
the combination of MSC and SNV. This caused by the sample was in powder form, that the water influence was
relieved, so derivative data processing did not required. But, the bigger particle size then the highest absorbance
will obtained. That is the reason in this research, MSC as processing data did not required.

Consequently, in trigonelline, combination of second derivative and MSC as data processing was used because
the concentration of trigonelline in green coffee bean is small, so that by using 2nd derivative, it will enhance the
spectra resolution (Stuart 2004) and bring out caffeine’s peak. Moreover, MSC method being applied in order to
remove baseline shift and scatter effect in data spectra until the best calibration model was obtained. In table 3,
processing data number 4 and number 5 is having the same R value, but after MSC applied the RPD of number five
increase and the CV decreased, this caused by the NIR spectra was obtained from coffee bean and having various
particle size, that is the reason that the obtained spectra is affected by scatter. The more data processing applied
then number of PLS factors that required will decrease and give effect on R value. If more PLS factors being applied,
model will be overfitting, this is in accordance with Chen et al (2013), selecting number of PLS factors is important
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to remove noise and obtained model is affected by number of PLS factors, whether it be ideal, underfitting or
overfitting.
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Fig. 3. Plots of trigonelline reference vs. prediction

Fig. 2 shows the scatter plot of reference vs. prediction values of CGA concentration obtained from the best PLS
model using 2nd derivative. Value of r was 0.94, CV was 2.75 % and RPD was 2.27. Fig. 3 shows the scatter plot of
reference vs. prediction values of trigonelline concentration from the best PLS model in combination with 2nd
derivative and MSC processing data. Value of r was 0.98, CV was 1.63 % and RPD was 2.98. From the result
indicates the calibration model that obtained can predict trigonelline and CGA concentration in green coffee beans
accurately. Therefore, NIR spectroscopy is a suitable method to determine concentration of trigonelline and CGA
in green coffee-beans.
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IV. CONCLUSION

In this study, NIRS data processing and PLS selected model can determine the concentration of

trigonelline and CGA in coffee beans (R>0.93 ; CV<2.75 ; RPD>2). In both analysis, the best model obtained by using
derivative processing data since this method could bring out the spesific peak of each concentration by isolating
the influence of another concentration, for instance water, lipid, carbohydrate in coffee bean. In addition, MSC
method could increase the accuracy of NIRS method for predicting trigonelline. NIR spectroscopy can be used to
determine the chemical concentration of coffee beans.

Table 2. Results of Calibration and Validation in CGA Concentration

Processing Number of R SEC SEP cv RPD Consistency

No PLS Factors (%) (%) (%) (%)

1 Original 7 0.70 0.2935 0.3182 5.28 1.18 92.23
2 1st Derivative 5 090 0.1823 0.1847 3.06 2.04 98.70
3 2nd Derivative 4 094 0.1454 0.1660 2.75 2.27 87.59
4 2nd Derivative, MSC 3 092 0.1649 0.1762 292 213 93.59
5 MSC, 1st Derivative 3 0.82 0.2373 0.2260 3.75 1.66 105

6 MSC, 2nd Derivative 3 092 0.1599 0.1748 290 2.15 91.48

Table 3. Results of Calibration and Validation in Trigonelline Concentration

No Processing ggggitro(i r ?f/(s ?f/ol; CV  RPD Consti;:)e“cy
1 Original 7 0.63 00496 00504 525 092 9841
2 1stDerivative 6 096 00171 00175 182 266  97.71
3 2nd Derivative 4 098 00142 00185 193 251 7676
4 2nd Derivative, MSC 4 098 00143 00156 163 298 9167
5 MSC, 1st Derivative 6 097 00156 00171 178 272 9123
6  MSC, 2nd Derivative 4 098 00141 00162 169 287  87.04
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ABSTRACT

Fruit quality detection using near-infraread spectrometer is fast and it does not damage the fruit, hence
the fruit is still marketable. The aim of this research focused on analyzing quality component of ridge
gourd during storage using near-infrared spectrometer. The research was conducted on March to July
2017 at the Laboratory Plant Production Technology of Horticulture Division of Agriculture Faculty of
Padjadjaran University, Jatinangor. Ridge gourds were harvested at the same maturity stage from the
orchad, then stored at 5 and 10 days. The method used in this research was multivariate data analysis
using Unscrambler software (version 7.51, CAMO, Oslo, Norway). The data acquisition was taken using
portable near-infrared (NIR) spectrometer (NirVana AG410, Integrated Spectronics Pty, Ltd, Australia)
with wavelength range of 600-1100 nm and stored as absorbance spectra and pretreated by second-
derivatives spectra using ISIS software (Integrated Spectronics Pty, Ltd, Australia). The results showed
that non-destrucive method using near-infrared spectrometer was able to measure ridge gourd fruit
quality component such as, total dissolved solid, moisture content, firmness and color values.

Keywords : calibration, loofah, validation

I. INTRODUCTION

Ridge gourd (Luffa acutangula) is a cucurbitaceous vegetable crop grown in some tropical countries of asia
including Indonesia. Indonesia is a country that has fertile land which various types of plants grow well, especially
horticultural crops such as vegetables and fruits. Food demand is expected to increase due to the population
growth. Moreover, some crops also have good benefits for health.

Quality of fruit is generally determined only based on visual estimation, such as size, skin color, and weight.
Besides, it requires laboratory analysis to obtain the information about internal quality. In conventional analysis,
the samples have to be destructed and homogenized. Complex procedures and some hazardous chemicals are also
needed. This method is considered to be time and cost consuming, requiring materials and manual work (Gémez
etal, 2006; Nicolai et al., 2007).

Since 1990s, near infrared spectroscopy has been used to predict fruit quality (Kawano, 1998). This technique
is time and labor reducing alternatives. Near infrared spectroscopy (NIRS) provides a rapid, accurate, and
enviromental friendly method for measurement fresh commodities (Blanco and Villarroya, 2002). Spectrometer
records spectrum consist of physical and chemical information of radiated samples such as soluble solids content
(SSC), firmness, and internal defect (McGlone et al., 2002; Sun et al., 2010). This technique has been previously
used to predict fruit quality of prune (Slaughter et al.,, 2003), mango (Saranwong et al., 2004), apricot (Chen et al,,
2006), apple (Lieu et al., 2007; Bobelyn et al., 2010), Jujube (Wang et al., 2011), and Fuji apple (Liu and Ying, 2005)
with reliable accuracy. Near-infra red spectrometer is also used for detecting some fruit-vegetable commodities,
such as tomato (Kusumiyati et al., 2007, Kusumiyati et al., 2008), bitter gourd (Kusumiyati et al., 2008), and
cucumber.Once separated from the plant, as living organism fruits keep on respiration until senescence
(Ranganna, 2008). The harvested fruit can not obtain water and nutrient from the plant anymore for it’s ripening
processes. The respiration determines potential shelf life (Varoquaux and Ozdemir, 2005). Therefore, this work
aims to focus on analyzing quality component of ridge gourd during storage using near-infrared spectrometer.
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II. MATERIALS AND METHODS

Ridge gourds were harvested at the same maturity stage from the field experiment, then stored indoors at room
temperature. Then all the fruits that have been harvested, one-third part are directly tested (Ho), another third
stored for five days then tested on the fifth day (Hs), then other third stored for ten days and tested on day 10
(H1o). The ridge gourd samples used in this study were 300 each for storage treatment. Each time the test is
conducted on 50 samples. Prior to test the fruit was treated with pre-cooling for 2 hours.

The tools used in this research were tension gauge (AND Model AD-4932A-50 N, Taiwan) was used to the
center of the fruit until punture to measure fruit firmness, in addition Texture analyzer (TA XT Express Enhanced
Stable Micro system, Germany) is also used to measure the value of fruit firmness.

Measurement of moisture content by gravimetric method, Sliced fruit and then put in cup aluminum foil, dried
in oven (Jouan EB.100, Germany) at 80°C until its weight constant. Before and after inserted into the oven, weighed
to determine the fresh water content of the fruit using the digital scales (ACIS, MN Series). Measurements of water
content of the fruit were measured at the top, middle and bottom of the ridge gourd fruit.

The color of fruit is measured by using chroma meter to obtained the value of L*, a*, b". The L" value describes
the brightness of the color, where 0 is for black and 100 white. The value of a* indicates the type of green - red,
where negative a* is green, whereas positive a* is a red color. The b* denotes the blue-yellow type, where the
negative b* is blue, while the positive b* is yellow. Fruit color measurements were taken from two different sides
of the fruit, in each side measured at the top, middle and bottom of the ridge gourd fruit. The upper part is the part
attached to the stem of the fruit.

The total soluble solids measurements used a refractrometer (PR1 Atago, Japan) taken from extract of the top,
middle and bottom of the ridge gourd fruit. All of the measurements were done at laboratory.

The method used in this research was multivariate data analysis using Unscrambler software (version 7.51,
CAMO, Oslo, Norway). The data acquisition was taken using portable near-infrared (NIR) spectrometer (NirVana
AG410, Integrated Spectronics Pty, Ltd, Australia) with wavelength range of 600-1100 nm and stored as
absorbance spectra and pretreated by second-derivatives spectra using ISIS software (Integrated Spectronics Pty,
Ltd, Australia).

III. RESULTS AND DISCUSSION

A. Destructive Data Analysis on Ridge Gourd

Measurement of ridge gourd composition by destructive method is used as reference data in the development
of calibration model. These data determine the success of estimating value of quality components using NIR. All
measurement processes will surely produce errors, including destructive measurements. Therefore, to reduce the
occurrence of errors it is done special handling to the sample. Ridge gourd sample that has been radiated by NIR
Spectrometer, then as soon as possible should be directly analyzed of it’s chemical composition in the laboratory.
This is needed to prevent the changes of chemical characteristics of ridge gourd. Data analysis of 300 ridge gourd
samples can be seen on Table 1.

Ridge gourd fruit after harvest continues to respire resulting in some physical changes and chemical content in
ridge gourd. The most common changes during ripening are color change, texture and total dissolved solids
(O'brien et al, 1983 in Alfansuri, 2012). Ridge gourd fruit samples used in this research were taken from the same
maturity stage, then stored for 0, 5 and 10 days.

The average value of ridge gourd moisture content by destructive method is 90.89%. The value of moisture
content affects the durability and freshness of ridge gourd fruit during storage. The standard deviation for
moisture content is 0,02314. This value indicates that the water content dataset is considerable diverse.

Firmness is form of physical changes in the maturity stage of ridge gourd fruit. Immature fruit is considered to
have higher firmness value, in the other hand full mature fruit is considered to have lower firmness value.

Total dissolved solids (TDS) is soluble solids contained on ridge gourd as measured by using refractometer.
The amount of measured soluble solid content on the ridge gourd is a measurable portion of TDS. The average
value of TDS on 300 ridge gourd samples were 3.52% Brix. TDS measurements were performed on the upper,
middle and lower of ridge gourd samples so as to obtain the value of TDS thoroughly.

Color assessment by destructive method is determined by measuring the amount of reflected light from the
surface of ridge gourd fruit. Color notation system is characterized by 5 parameters such as L%, a*, b*, Shue and
chroma. In the table can be seen that average value of L" is 41,84, the higher value of L* means the color of ridge
gourd is brighter. Average value of a* is -9,71 indicating that the color of fruit is getting green. Then the average
value of b* is 17,91 which states that the color of ridge gourd fruit leads to the yellow color due to some samples
of ridge gourd stored for 5 and 10 days. Average of ®hue value is -60,93 which indicates greed ridge gourds lead to
yellow. While the average value of chroma is 20,44 which means the level of color content from immature to full
mature. The higher the value of chroma indicates the color of ridge gourd fruit is getting matured.

Standard deviation (SD) describe the diversity of single set of data being analyzed. Largest statistical data
variation is found in %hue value as 4,84 and the lowest variation in total dissolved solids value as 0.52. Maximum
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and minimum statistic data of 300 fruit samples show the high range. The table presented below is a summary of
ridge gourd analysis result by destructive method.

Table 1. Statistic Data Analysis of 300 Ridge Gourd Samples By Destructive Method

Composition Ave SD Min Max

Moisture Content 0,9089 0,023 0,729 0,998

Firmness (N) 16,205 3,855 4,11 35,58
TDS (%) 3,5279 0,525 1,2 6,9

Color L 41,840 4,158 0,95 54,18

a* -9,717 1,579 -21,3 -3,44

b* 17,915 3,966 4,73 30,02

Hue? -6093 4,844 -79,17 -41,489
Chroma 20,448 3,932 58486 33,929

B. Near-Infrared Data Analysis of Ridge Gourd

Data analysis on moisture content, firmness, total dissolved solids and color were measured by reflectant data
and NIR absorbance data using multivariate calibration method as partial least square (PLS). Partial least square
(PLS) was developed by Herman Wold (1982). PLS was used to estimate a series of bound variables from a large
number of independent variables, which has linear or nonlinear systematic structure, with or without missing data
and high collinearity. PLS is a widely used bilinier modeling to connect physical properties and content of a
material to its spectral data. This method establishes the estimation model from estimating a set of non-free and
independent variables, thus forming a linear or non-linear systematic structure with or without missing data and
can set aside the multi-cholinearity problem in the spectrum of reflectant and absorbant data (Lindblom, 2004 in
Gabbie, 2011).

C. Ridge Gourd Data

Absorbance data is obtained from the process of absorption of ridge gourd fruit sample. Absorbance data is
feasible to analyze thin-skinned commodities and directly attached to the pulp such as ridge gourd, sapodilla,
squash, etc. The amount of samples used is 300 samples. The sample used for calibration phase are different from
the sample used for the validation phase.

D. Moisture Content Assessment

At calibration phase the assessment of moisture content used 627 samples of reflectant data and 601 samples
for validation phase with wavelength 312- 1050 nm. The calibration Fig. of moisture content is presented on Fig.
1. Data analysis of calibration and validation phase of moisture content assessment using reflectant data with PLS
method is presented on Table 2.

Table 2. Data analysis of calibration and validation phase of moisture content assessment based on absorbant
data with partial least square method
n R Min Max Ave SD SE
Calibration 627 0,702 84% 93% 91% 0.01883 0,01
Validation 601 0,586 83% 93% 90% 0.0166 0.10
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Fig. 1. Calibration of Moisture Content on Ridge Gourd
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Correlation coefficient (R) for assessment of moisture content value of ridge gourd is 0,70 means high (closed
to 1). This shows that the NIR prediction is close to the measurement value by using destructive method. At the
calibration phase, the standar error of calibration (SEC) is 0,01. Considering the standard error value at calibration
phase, it can be assumed that the calibration regression has been built well because the default error value near
to zero (0). To analyze the accuracy of regression equation of calibration it is necessary to perform the validation
phase.

The validation phase of moisture content assessment of ridge gourd fruit used different samples from
calibration which 601 samples from NIR absorbance data and destructive method measurement. The level of
accuracy in the validation phase based on the form and model of calibration largely determined by the standard
error of prediction (SEP). Based on the result of the validation phase obtained, it can be examined that the standard
error prediction (SEP) generated is 0,10. Standard error prediction is acceptable due to close to zero. The
validation Fig. of moisture content is presented on Fig. 2. The combination of calibration and validation of moisture
coontent is presented on Fig. 3.
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Fig. 2. Validation of Moisture Content on Ridge Gourd
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Fig. 3. Calibration and Prediction of Moisture Content on Ridge Gourd

E. Firmness Assessment

At calibration phase the assessment of firmness used 616 samples of reflectant data and 603 samples for
validation phase with wavelength 312- 1050 nm. Data analysis of calibration and validation phase of firmness
assessment using reflectant data with PLS method is presented on Table 3.

Table 3. Data analysis of calibration and validation phase of firmness assessment based on absorbant data with
partial least square method
n R Min Max Ave SD SE
Calibration 616 0,526 4.11 30.25 15.949 3.834 2,63
Validation 603 0,490 4.73 30.25 16.365 3.131 1,77
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Correlation coefficient (R) for firmness assessment of ridge gourd is 0,526 means high (closed to 1). This shows
that the NIR prediction is close to the measurement value by using destructive method. The calibration Fig. of
firmness is presented on Fig. 4.
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Fig. 4. Calibration of Firmness on Ridge Gourd

At calibration phase, the standard error of calibration (SEC) is 2.63%. Considering the standard error values at
the calibration phase, it can be assumed that the calibration regression that has been built is not good due to the
default error value exceeds one (1). To analyze the accuracy of regression equation of calibration it is necessary to
perform the validation phase.

The validation phase of firmness assessment of ridge gourd fruit used different samples from calibration which
603 samples from NIR absorbance data and destructive method mesurement. The level of accuracy in the
validation phase based on the form and model of calibration largely determined by the standard error of prediction
(SEP). Based on the result of the validation phase obtained, it can be examined that the standard error prediction
(SEP) generated is 1,77. Standard error validation is not good because the value exceeds one (1). The validation
Fig. of firmness is presented on Fig. 5. The combination of calibration and validation of firmness is presented on
Fig. 6.
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Fig. 5. Validation of Firmness on Ridge Gourd
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Fig. 6. Calibration and Validation of Firmness on Ridge Gourd

F. Total Dissolved Solids Assessment

At calibration phase the assessment of TDS used 610 samples of reflectant data and 615 samples for validation
phase with wavelength 312- 1050 nm. Data analysis of calibration and validation phase of TDS assessment using
reflectant data with PLS method is presented on Table 4.

Table 4. Data analysis of calibration and validation phase of total dissolved solids assessment based on absorbant
data with partial least square method
n R Min Max Ave SD SE
Calibration 610 0484 1.2 69 3.520 0.643 0,46
Validation 615 0450 23 55 3479 0.395 0,82

Correlation coefficient (R) for TDS assessment of ridge gourd is 0,48 means high (closed to 1). This shows that
the NIR prediction is close to the measurement value by using destructive method. The calibration Fig. of TDS is
presented on Fig. 7.
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Fig. 7. Calibration of TDS on Ridge Gourd

At the calibration phase, the standar error of calibration (SEC) is 0,46. Considering the standard error value at
calibration phase, it can be assumed that the calibration regression has been built well because the default error
value is close to zero (0). To analyze the accuracy of regression equation of calibration it is necessary to perform
the validation phase.

The validation phase of TDS assessment of ridge gourd fruit used different samples from calibration which 615
samples from NIR absorbance data and destructive method mesurement. The level of accuracy in the validation
phase based on the form and model of calibration largely determined by the standard error of prediction (SEP).
Based on the result of the validation phase obtained, it can be examined that the standard error prediction (SEP)
generated is 0,82. Standard error prediction is acceptable due to close to zero. The validation Fig. of TDS is
presented on Fig. 8. The combination of calibration and validation of TDS is presented on Fig. 9.
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Fig. 9. Calibration and Validation of TDS on Ridge Gourd

G. Color Assessment

Color measurement is one of the methods used in assessing the appearance quality (visual ) of fresh
horticultural products. Color measurements using numerical color codes are L* a* b* or often referred as "Hunter"
notation. The L* notation denotes reflected light that produces white, gray and black acromatic color (0: black, 100:
white). Value of a* denotes the gree red blended chromatic color with a+ from 0 to 100 for red and -a from O to -
80 for green. Value of b* represents blue yellow blended chromatic color with +b from 0 to +70 for the yellow and
0 to -70 for blue. According to Mohsein (1984), Munsell's method based on three Munsell notes: Hue? (green, red,
blue, yellow), Value (brightness or L or darkness to light/bright) and Chroma colors that move from light to dark).

At the calibration phase of color assessment including L*, a*, b*. Hue? and Chroma used different reflectant data
on each measurement for calibration and validation stages with wavelength 312-1050 nm. Data analysis of
calibration and validation phase of color assessment using reflectant data with PLS method is presented on Table
5.

Table 5. Data analysis of calibration and validation phase of color assessment based on absorbant data with
partial least square method

n R Min Max Ave SD SE

L* Cal 600 0,80 28.1 52.0 42.21 3.733 1,66
Val 612 0,77 32.3 50.9 42.06 3.338 1,33

a* Cal 627 0,62 -14.2 -4.34 -9.86 1.471 0,90
Val 600 0,57 -13.5 -5.41 -9.86 1.354 1,12

b* Cal 600 0,86 7.31 29.9 18.00 4118 1,48
Val 608 0,84 4.75 28.0 18.04 3.969 1.55

Hue® Cal 615 0,86 -72.9 -48.7 -60.7 4.493 1,67
Val 618 0,83 -75.3 -49.6 -60.4 4.150 1,38

Chrom Cal 627 0,82 5.84 33.9 20.60 4.317 1,82
a Val 620 0,81 8.90 30.8 20.50 3.821 1,73
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Correlation coefficient (R) for the color assessment of L, a*, b*. Hue? and Chroma values on ridge gourd are high
(closed to 1). This shows that the NIR prediction is close to the measurement value by using destructive method.
The calibration Fig. of L" is presented on Fig. 10.
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Fig. 10. Calibration of L on Ridge Gourd

At calibration phase, the standard error of calibration (SEC) is 1,66 considering the standard error values at
the calibration phase, it can be assumed that the calibration regression that has been built is not good due to the
default error value exceeds one (1). To analyze the accuracy of regression equation of calibration it is necessary to
perform the validation phase.

The validation phase of L* assessment of ridge gourd fruit used different samples from calibration which 612
samples from NIR absorbance data and destructive method mesurement. The level of accuracy in the validation
phase based on the form and model of calibration largely determined by the standard error of prediction (SEP).
Based on the result of the validation phase obtained, it can be examined that the standard error prediction (SEP)
generated is 1,33. Standard error validation is not good because the value exceeds one (1). The validation Fig. of
L*is presented on Fig. 11. The combination of calibration and validation of L" is presented on Fig. 12.
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Fig. 11. Validation of L" on Ridge Gourd
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L a*Value

At calibration phase the assessment of a* used 627 samples of reflectant data and 600 samples for validation
phase with wavelength 312- 1050 nm. The calibration Fig. of a” is presented on Fig. 13.
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Fig. 13. Calibration of a" on Ridge Gourd

At calibration phase, the standard error of calibration (SEC) is 0,90. Considering the standard error values at
the calibration phase, it can be assumed that the calibration regression that has been built is acceptable due to the
default error value close to zero (0). To analyze the accuracy of regression equation of calibration it is necessary

to perform the validation phase.

The validation phase of a" assessment of ridge gourd fruit used different samples from calibration which 600
samples from NIR absorbance data and destructive method mesurement. The level of accuracy in the validation
phase based on the form and model of calibration largely determined by the standard error of prediction (SEP).
Based on the result of the validation phase obtained, it can be examined that the standard error prediction (SEP)
generated is 1,12. Standard error validation is not good because the value exceeds one (1). The validation Fig. of
a"is presented on Fig. 14. The combination of calibration and validation of a* is presented on Fig. 15.
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Fig. 15. Calibration and Validation of a* on Ridge Gourd

J. b*Value
At calibration phase the assessment of b* used 600 samples of reflectant data and 608 samples for validation
phase with wavelength 312- 1050 nm. The calibration Fig. of b* is presented on Fig. 16.

® | Proxed ¥
| Zaope Ot sl RSgan |
| 0MAAN  2MZOF 1 AMIGT 0BG
{ OMERSE 7 2em 15070 0 e % > 2
» . e
, '
% -
'
m -
" -
'
!
a""
» S
v 4 .
.
rd
v
5 -
Moosred ¥
R — 10 .l Fal »
b, OFvar, POy (b 4h 0 4)

Fig. 16. Calibration of b* on Ridge Gourd
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At calibration phase, the standard error of calibration (SEC) is 1,48. Considering the standard error values at
the calibration phase, it can be assumed that the calibration regression that has been built is not good due to the
default error value exceeds one (1). To analyze the accuracy of regression equation of calibration it is necessary to
perform the validation phase.

The validation phase of b* assessment of ridge gourd fruit used different samples from calibration which 608
samples from NIR absorbance data and destructive method mesurement. The level of accuracy in the validation
phase based on the form and model of calibration largely determined by the standard error of prediction (SEP).
Based on the result of the validation phase obtained, it can be examined that the standard error prediction (SEP)
generated is 1,55. Standard error validation is not good because the value exceeds one (1). The validation Fig. of
b* is presented on Fig. 17. The combination of calibration and validation of b* is presented on Fig. 18.
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Fig. 17. Validation of b* on Ridge Gourd
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Fig. 18. Calibration and Validation of b* on Ridge Gourd
K. Hue? Value
At calibration phase the assessment of hue® used 615 samples of reflectant data and 618 samples for validation
phase with wavelength 312- 1050 nm. The calibration Fig. of hue? is presented on Fig. 19.
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Fig. 19. Calibration of Hue? on Ridge Gourd
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At calibration phase, the standard error of calibration (SEC) is 1,67. Considering the standard error values at
the calibration phase, it can be assumed that the calibration regression that has been built is not good due to the
default error value exceeds one (1). To analyze the accuracy of regression equation of calibration it is necessary to
perform the validation phase.

The validation phase of hue? assessment of ridge gourd fruit used different samples from calibration which 618
samples from NIR absorbance data and destructive method mesurement. The level of accuracy in the validation
phase based on the form and model of calibration largely determined by the standard error of prediction (SEP).
Based on the result of the validation phase obtained, it can be examined that the standard error prediction (SEP)
generated is 1,38. Standard error validation is not good because the value exceeds one (1). The validation Fig. of
hue? is presented on Fig. 20. The combination of calibration and validation of hue? is presented on Fig. 21.
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Fig. 21. Calibration and Validation of Hue?

L. Chroma value
At calibration phase the assessment of chroma used 627 samples of reflectant data and 620 samples for
validation phase with wavelength 312- 1050 nm. The calibration Fig. of hue? is presented on Fig. 22.
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Fig. 22. Calibration of Chroma
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At calibration phase, the standard error of calibration (SEC) is 1,827. Considering the standard error values at
the calibration phase, it can be assumed that the calibration regression that has been built is not good due to the
default error value exceeds one (1). To analyze the accuracy of regression equation of calibration it is necessary to
perform the validation phase.

The validation phase of chroma assessment of ridge gourd fruit used different samples from calibration which
620 samples from NIR absorbance data and destructive method mesurement. The level of accuracy in the
validation phase based on the form and model of calibration largely determined by the standard error of prediction
(SEP). Based on the result of the validation phase obtained, it can be examined that the standard error prediction
(SEP) generated is 1,73. Standard error validation is not good because the value exceeds one (1). The validation
Fig. of chroma is presented on Fig. 23. The combination of calibration and validation of chroma is presented on
Fig. 24.
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Fig. 24. Calibration and Validation of Chroma
IV. CONCLUSION

Detection of ridge gourd was able to measure dissolved solids, moisture content, firmness and color values
during storage using near-infrared spectrometer.
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ABSTRACT

Indonesian palm civet coffee is regarded as one the most expensive and rarest coffee in the world.
Authentication of civet coffee is recently becoming important due to high potential of adulteration and
mislabelling of Indonesian palm civet coffee with cheaper non-civet coffee. In the present study, right-
angle fluorescence spectroscopy coupled with partial least squares discriminant analysis (PLS-DA) were
used for discrimination of Indonesian palm civet coffee. Total 60 samples were used (30 samples for
civet and non-civet coffee, respectively). All coffee samples were ground using a home-coffee-grinder.
Since particle size in coffee powder has a significant influence on the spectra obtained, we sieved all
coffee samples through a nest of U. S. standard sieves (mesh number of 40) on a Meinzer II sieve shaker
for 10 minutes to obtain a particle size of 420 pm. The experiments were carried out at room
temperature (around 27-29°C). All samples were extracted with distilled water and then filtered. For
each samples, 3 mL of extracted sample then was pipetted into 10 mm cuvettes for spectral data
acquisition. Excitation emission spectra were obtained for civet and non-civet coffee samples by
acquiring emission spectra from 210 to 750 nm (interval 1 nm) with excitation in the range of 200-550
nm (interval 5 nm) using JASCO FP-8300 Fluorescence Spectrometer. The result showed that the
discrimination model was successfully developed by PLS-DA and resulted in high performance of
discrimination between civet and non-civet coffee with 100% of discrimination rate. The study
demonstrated that the right-angle fluorescence spectroscopy technique combined with PLS-DA method
has high potential in rapid and accurate qualitative analysis of Indonesian palm civet coffee
discrimination

Keywords : Fluorescence spectroscopy; PLS-DA; Civet coffee; Discrimination; Authentication.
I. INTRODUCTION

Civet coffee is one of the most expensive coffees in the world due to its unique taste and rare production [1].
Most of the commercially available civet coffees are ground roasted civet coffee. On account of the high price of
civet coffee as compared to non-civet coffee, undeclared additions of cheaper non-civet coffee (mislabelling) is
commonly practiced for purposes of economy, which makes civet coffee fraud a real problem in Indonesia. For this
reason, maintaining high production standards of civet coffee may enhance fair trading competition in the civet
coffee industry as well as satisfaction of consumers. Therefore, there is need for developing analytical techniques
to control authenticity of civet coffee samples.

Several analytical methods have been established to develop coffee authentication system and detect the level
of adulteration. In general, the techniques most widely used are classified into two groups: based on spectroscopic
and chromatographic methods: UV-Vis spectroscopy [1-4], NIR spectroscopy [5-7], gas chromatography (GC) [8],
[9] and high performance of liquid chromatography (HPLC) [10]. Chromatographic methods are accurate but
relatively expensive, time consuming and require highly skilled operators [11].

In the previous reports, several studies have been published on the authentication of civet coffees
quantitatively and qualitatively using UV-vis spectroscopy and NIR spectroscopy [1], [12]. Recently, UV-Vis
spectroscopy shows a great potential for civet authentication with acceptable result [1], [13], [14]. UV-Vis
spectroscopy is simpler, less expensive and quicker than other widely used methods (NIR spectroscopy, HPLC and
others). However, this method is less sensitive and its spectra are more overlapped compared to fluorescence
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spectroscopy.
So far the use of fluorescence spectroscopy for civet coffee authentication has not received sufficient attention.

Therefore, the objective of this research was to investigate the application of fluorescence spectroscopy and partial
least squares-discriminant analysis (PLS-DA) method for the discrimination between pure civet and pure non-
civet coffees.

II. MATERIALS AND METHODS

A. Samples

Roasted coffee samples (civet and non-civet) were purchased at local farmers at Liwa, Lampung province,
Indonesia. A number of 30 samples of civet coffee and 30 samples of non-civet coffee were used as samples. Each
samples has 1 gram weight. An aqueous extraction procedure of the coffee samples was performed based on the
previous reported studies [1], [2]. For PLS-DA, the samples were divided randomly into two groups: calibration
sample set (50 samples) and prediction sample set (10 samples).

B. Fluorescence spectral data acquisition

The EEM (excitation-emission matrix) spectral data of coffee samples were obtained using a
spectrofluorometer (JASCO model FP-8300, Tokyo, Japan) by dropping 3 mL of samples into 10 mm cuvettes in
the excitation range from 200 nm to 500 nm (5 nm steps) and the emission range from 210 nm to 750 nm (1 nm
steps). The excitation and emission bandwidth were both 5.0 nm. The software of Spectra Manager (JASCO Co.,
Tokyo, Japan) was performed to manage the EEM spectral data acquisition. This software was also used for
spectral data pre-treatment such as fluorescence correction and finding peak for high intensity of EEM spectral
data.

C. Data analysis using PLS-DA method

PLS-DA is working based on a PLS regression algorithm. PLS-DA attempts to build models that can maximize
the separation among the classes of objects. For more detailed theory about the PLS-DA algorithm can be found in
the literatures [15-17]. In this study, for developing a PLS-DA model, each sample in the calibration set was
assigned a dummy variable as a reference value (variable y), which is an arbitrary number designating whether
the sample belongs to a particular class or not [18] (1 = civet coffee; 2 = non-civet coffee). The PLS-DA calibration
model was developed using the calibration sample set and the optimal number of PLS factors was determined
using the lowest RMSECV value.

The PLS-DA calibration model was evaluated based on the following parameter: number of PLS factors,
coefficient of determination (R2ca1), and the RMSECV. The performance of the PLS-DA model was evaluated using
the prediction sample set using +0.5 as a threshold value to delimit the classes. In this study, a coffee sample was
classified as civet coffee if its value was below 1.5 and classified as non-civet coffee if the value was above 1.5.

III. RESULTS AND DISCUSSION

A. Fluorescent spectra of civet and non-civet coffee.

The measurement of the excitation-emission matrix (EEM) for different coffee samples: civet and non-civet
coffee, are shown in Fig. 1 and Fig. 2. [t is seen that a peak at around excitation of 370 nm and emission of 453 was
observed at both civet and non-civet coffee sample. This peak may be related to the typical emission spectra of
flavonoid content in coffee.
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Fig. 1. Excitation-emission spectra of non-civet coffee
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Fig. 2. Excitation-emission spectra of of civet coffee

B. Principal component analysis of all samples.

PCA is applied for all samples (30 civet and 30 non-civet) using emission spectra at 370 nm of excitation
wavelength. Fig. 3 shows the score of PC1 and PC2 of the result of PCA on spectra dataset. Here, PC1 and PC2 in
total could be able to explain 99% of the variation on the coffees spectral data. From Fig. 3, it can be seen that civet
and non-civet coffee could be well separated. The civet coffee samples was located on the left quadrant and non-
civet coffee samples was on the right one.
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Fig. 3. PCA score plot for civet and non-civet coffees.

C. Developing PLS-DA calibration model

Using PLS regression algorithm, a PLS-DA model for discrimination between civet and non-civet coffee was
developed on original spectra. The optimal number of PLS factors included in model was selected using the lowest
root mean square error of cross validation (RMSCV). Fig. 4 shows the relationship between PLS factors and
RMSECV. The lowest RMSECV was obtained at 9 PLS factors.
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Fig. 4. Plot of PLS factors versus RMSECYV for determination of type of coffee samples.

Fig. 5 shows the scatter plot of actual and predicted values of type of coffees using 9 PLS factor for calibration
and validation, respectively. The calibration resulted in high coefficient of determination (R?:=0.99). Low
RMSECV could be obtained (RMSECV= 0.057). This PLS-DA model is used to predict the type of coffee (civet or
non-civet coffee) in the prediction sample set.
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Fig. 5. Scatter plot between actual and predicted type of coffees for calibration and validation using PLS
regression method

D. Prediction of type of coffee using PLS-DA model

Using the developed calibration model, a prediction for type of coffee was done using prediction sample set (10
samples). Tabel 1 shows the prediction result. We can see here that actual values are very close similar to that of
predicted values.

Using student paired t-test, there is no any significant differences between the actual and predicted values. All
prediction samples classify properly into its correspondence class (100% discrimination rate).
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Table 1. The result of prediction using developed PLS-DA model for discrimination between civet and non-civet

coffees.

Sample Predicted values Deviation Reference/Actual values
Civet 1.065 0.071 1.000
Civet 1.029 0.071 1.000
Civet 1.053 0.063 1.000
Civet 1.042 0.066 1.000
Civet 1.026 0.076 1.000
Non-civet 2.072 0.091 2.000
Non-civet 2.025 0.063 2.000
Non-civet 2.100 0.076 2.000
Non-civet 2.073 0.067 2.000
Non-civet 2.057 0.075 2.000

IV. CONCLUSION

This study demonstrated the potential application of using fluorescence spectral data in the authentication of
civet coffee samples. The right-angle fluorescence measurement was successfully applied to identify civet and non-
civet coffee samples. In conclusion, this present study achieved the discrimination of civet and non-civet coffee.
The combination of fluorescence spectroscopy and PLS-DA method for civet and non-civet coffee resulted in good
prediction with 100% rate of discrimination. The right-angle fluorescence method can be used as a sensitive
screening tool for the authentication of Indonesian civet coffee samples.
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ABSTRACT

To quantify chlorogenic acid (CGA) content of intact coffee beans, several methods were employed. Yet,
most of them are based on solvent extraction followed by complicated and time consuming procedures.
Thus, rapid and non-destructive methods are required to evaluate and quantify CGA content of coffee
beans and other agricultural products. Diffuse reflectance based on near infrared spectroscopy (DRIFT),
is one of the most promising and non-destructive method that has been currently used in many
industries. This present study aimed to apply DRIFT in quantifying CGA content of intact coffee beans.
Infrared spectra data, in wavelength range from 1000 to 2500 nm were acquired for a total of 30 bulk
intact coffee beans amounted 25 g for each bulk samples. Multiplicative scatter correction (MSC) was
employed as spectra data correction method while partial least square regression (PLSR) was used to
establish CGA prediction models. The result showed that DRIFT can predict CGA content instantly
correlation coefficient (r) of 0.71 and residual predictive deviation (RPD) of 1.44 for raw uncorrected
spectrum. Further, spectra correction, using MSC method did not achieved significant impact on
prediction accuracy and robustness. It yields same r coefficient = 0.71; RPD = 1.46. Based on obtained
results, it may conclude that DRIFT can be used as a rapid and non-destructive method to quantify CGA
content of intact coffee beans with sufficient accuracy and robustness.

Keywords : DRIFT, spectroscopy, coffee, quality, chlorogenic acid.

I. INTRODUCTION

Coffee known as famous beverages for people around the worlds due to its taste, flavour and some nutrient
content. Interest in coffee quality assessment is impelled by the need to supply the consumer with a consistently
high quality productat an affordable price. Indeed, quality is a major aspect for the modern coffee industry because
a high quality product is the basis for success in today's particularly competitive market [1].

Arabica and Robusta are globally well known and the most traded among those species. Generally, Arabica has
gained greater popularity than Robusta. A greater quantity of Arabica is traded and fetches a higher price than
Robusta. Differences in prices are also determined by geographical origin. Among the several species of the genus
coffee identified so far, two of these varieties are economically and commercially important.

Food quality encompasses sensory properties, nutritive values, mechanical properties, functional properties
and presence of defects. The majority of traditional techniques used for quality assurance are costly, labour
intensive and time consuming, an example being sensory panel evaluation that, to this date, is the ultimate tool to
assess coffee quality. Besides being costly and time consuming, sensory panels are inadequate for employment in
routine analysis in food processing facilities. In this scenario, infrared spectroscopy is gaining attention since it
has been demonstrated capable of solving some of the problems presented by traditional techniques [2].

Moreover, chemical compositions in green coffee beans can be used to differentiate between species. Sucrose
and trigonelline in Arabica have higher levels than Robusta. Conversely, caffeine and chlorogenic acid in Arabica
are lower than in Robusta [3].

These chemical compositions (caffeine, chlorogenic acid sucrose, trigoneline) are commonly measured by the
high-performance liquid chromatography (HPLC). This method has the advantage of being accurate, but, on the
other hand, it is time-consuming and needs extensive sample preparation. An alternative to the HPLC therefore is
required which provides simplified measurement procedures, specifically for caffeine and chlorogenic acid
contents in green coffee beans [2, 3].

In particular, much attention has been given to FTIR and NIR spectroscopy. The FTIR spectrum detects
fundamental vibrations in the mid-infrared region (4000- 400 cm 1) whereas the NIR spectrum (2500-800 nm)
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arises from the molecular absorptions of overtones and combinations of fundamental vibrational bands in the mid-
infrared region. These techniques are rapid, non-destructive and require minimum sample preparation [4].

During last few decades, infrared (IR) spectroscopy has been widely employed as an effective tool for the
analysis of soil properties. Compared with traditional wet chemistry analysis, IR analysis is rapid, cost effective,
non-destructive, requires minimal sample preparation and can be used in situ. More importantly, it permits a
quantitative assessment of several properties from a single measure- ment. This technique mainly measures
overtones and combinations of fundamental vibrational bands for O-H, N-H and C-H bonds from the mid-infrared
region [5].

The feasibility of using infrared spectroscopy in combination with multivariate statistics has been examined
with notable success in coffee quality evaluation, with applications including discrimination and quantification of
Robusta and Arabica blend, coffee adulteration, and prediction coffee sensory properties [6, 7].

Therefore, the main purpose of this study is to use infrared technology in form of diffuse reflectance
spectroscopy for coffee quality evaluation in term of chlorogenic acid (CGA) content.

Il. MATERIALS AND METHODS

A. Coffee bean samples
Green Arabica coffee bean samples were collected mainly from Gayo, Aceh Province and some of them were
collected from different geographical origins around Indonesia.

B. Diffuse reflectance infrared spectra acquisition

In this study, infrared spectra data of all coffee bean samples were acquired in form of diffuse reflectance
spectral data. Background spectra correction was performed every hour automatically. Diffuse reflectance spectra
in wavelength range of 1000 - 2500 nm with the increment of 0.2 nm resolution were acquired 32 times, averaged
and recorded in SPA and CSV extension files format.

C. Chlorogenic acid (CGA) content measurement
Once spectra acquisitions were completed, CGA content for all coffee bean samples were measured using
standard laboratory method (HPLC). These data were used as data validation.

D. Spectra data correction
To enhance and improve prediction performance, spectra correction was employed to all spectra data of coffee
bean samples. Multiplicative scatter correction (MSC) was chosen as spectra data correction method [8].

E. CGA content prediction and validation

Diffuse reflectance spectra data of all coffee bean samples were used to predict CGA content using partial least
square regression (PLSR) method. To validate the prediction result, full cross validation was applied during
prediction model development. Model performance was quantified using statistical indicators: coefficient
determination (R2), coefficient correlation (r), the root mean square error (RMSE) and residual predictive
deviation (RPD) index. It is obvious that good model should have higher R% and r coefficient, lower RMSE and RPD
above 1.5 [3, 4].

I11.RESULTS AND DISCUSSION

Diffuse reflectance spectrum of coffee bean samples in NIR wavelength region range of 1000-2500 nm
corresponds to hydrogen bonds (C-H, N-H, O-H and S-H) and can be used to analyze the chemical composition of
organic matter. Additionally, NIR spectra detect the presence of chemical contents that contain hydrogen bonds
[9,10].

Calibration was attempted to predict CGA content using partial least square regression (PLSR) with co added
of full cross validation. Raw untreated spectra data was firstly employed to predict CGA content. Obtained result
shows that CGA content can be predicted using raw spectra data with correlation coefficient of 0.71 and RPD index
of 1.44. Based on literatures, it inferred as coarse and sufficient prediction model performance. Scatter plot drawn
for this result is shown in Fig.1.

Moreover, CGA content was also to be predicted using MSC corrected spectra data. As a result, the correlation
coefficient was not improved. It yields same as raw spectra data (r = 0.71). Yet, RPD index is slightly increased to
1.46. Nevertheless, it still coarse and sufficient prediction model performance. Comparison result between raw
and MSC spectra data in predicting CGA content is shown in Table 1.
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Fig.1. Scatter plot between predicted and actual CGA content of green coffee bean samples using raw uncorrected
spectra data.

Table 1. CGA prediction result using raw and MSC corrected spectra data.
Accuracy indicators  Raw spectradata  MSC spectra data

R?2 0.5034 0.5034
r 0.7097 0.7097
RMSE 0.8233 0.8231
RPD 14416 1.4602

Scatter plot of actual and predicted CGA content using MSC spectra data is presented in Fig. 2.
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Fig. 2. Scatter plot between predicted and actual CGA content of green coffee bean samples using MSC corrected
spectra data.

In addition, both spectra data, raw and MSC spectra requires maximum 14 latent variables to obtain achieved
prediction results. This is commonly un-efficient for PLSR from which more than 10 latent variables involved.
Nonetheless, these obtained models need to be enhanced probably by applying non-linier regression approach
such as support vector regression or artificial neural networks.

I\VV.CONCLUSION

We attempted to apply diffuse reflectance infrared spectroscopy as a rapid and non-destructive method in
determining CGA content of intact green coffee beans samples. MSC corrected spectra data and raw un-corrected
spectra were used in tandem with partial least square regression method.

Achieved results, shows that CGA content can be predicted sufficiently and coarsely using both spectra data
with maximum correlation coefficient of 0.71 and residual predictive deviation index of 1.46. Further spectra data
analysis and non-linier regression approach may be applied to enhance accuracy and prediction robustness.
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ABSTRACT

Sweetness and firmness are important quality criteria for papaya according to SNI 4320:2009. This
quality parameters are still evaluated visually, so that the result of evaluation is very diverse. Therefore,
a non-destructive method for determination of sweetness and firmness is required. The objectives of
this study was to assess ultrasonic method to determine quality (sweetness and firmness) of papaya
calina nondestructively. Papaya calina used for experiment consisted of three levels of harvesting time
(1st, 2nd, 3rd tinge). The samples were measured by ultrasonic apparatus at frequency of 50 kHz and
followed by physicochemical measurement (firmness, total soluble solids, and density). The results
showed that the velocity of ultrasonic waves ranged between 166,79 to 219,41 m/s. While the
attenuation coefficient ranged from 18,96 to 29,23 dB/m. The firmness, total soluble solid and density
of papaya calina were 20,96 to 68,10 N, 4,23 to 9,26 °Brix, 901,56 to 982,69 kg/m3, respectively. As
papaya calina matured, ultrasonic velocity decreased as attenuation coefficient increased. The
sweetness and firmness level of pepaya calina can be classified accurately with percentage of accuracy
100% using linear regression equations based on ultrasonic wave velocity parameter.

Keywords : attenuation coefficient, linear regression, papaya calina, ultrasonic, velocity.

I. INTRODUCTION

Papaya calina (Carica papaya L.) is the result of breeding varieties of Tropical Horticulture Research Center
(PKHT) IPB which have thick flesh, sweet and high productivity. Papaya calina is a climacteric fruit types that the
respiration rate increases abruptly before entering the ripening process[1]. Papaya calina have flowering date 114
days after planting, bright green fruit skin color, reddish orange flesh color, angular, the shape of fruit base slightly
inward, intermediate texture rind, weight per piece 1.24 kg and TSS 11°Brix[Z2].

One of the problems in the postharvest handling of papaya calina is the accurate determination of the internal
quality (sweetness and firmness level) of the fruits by a non-destrucitve method. Commonly, the sweetness and
firmness level of papaya calina has to be assesed by extracting the juice from papaya or hit a plunger to papaya,
which belong to destructive method. An alternative by judging the color of the skin has been proved to be
unreliable. It is frequently found by the consumer, that a fruit with a good color and appearance does not
necessarily give a good taste and texture[3]. So, the external quality of papaya calina can not guarantee the internal
one. Therefore, it is necessary to find a method for determining the internal quality of papaya calina non-
destructively. The important internal qualities of papaya calina are texture and flavor.

The main research objective was to develop a non-destrucitve method to evaluate the internal quality of papaya
calina by using the ultrasonic method. The specific objetives of the research were a) to determine the velocity and
the attenuation coefficient of ultrasonic wave in papaya calina, 2) to examine the relationships between
characteristics of ultrasonic wave transmission with physico-chemical properties of papaya calina and 3) to
classify papaya into three categories according to sweetness and firmness level using ultrasonic waves parameters
and linear regression model.
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II. MATERIALS AND METHODS

A. Materials

Papaya calina were harvested at three levels harvesting time (1st, 2nd, 3rd tinge) from the farmers at Jasinga,
Bogor Regency, West Java. Total samples used for experiment is 90 papayas, separated randomly for calibration
(60 samples) and for validation (30 samples).

B. Experimental Apparatus

The experimental apparatus for measuring the transmission of the ultrasonic wave is set up as described in
Fig. 1 and 2. The apparatus includes a transmitter transducer and receiver transducer made from a piezoelectric
material, transducers bench include sample thickness gauges, ultrasonic tester, digital oscilloscope, and personal
computer. The transducer is tubular type with taper-shaped tip, the tube diameter of 2.95 cm, 7.05 cm in length,
and frequency of 50 kHz. The transducer holder can be positioned, so it is easy to measure the thickness of papaya
calina through which ultrasonic waves pass.

Other equipment used is Rheometer CR 500-DX models used to measure the firmness of papaya calina. The total
soluble solids or sweetness levels was measured by a digital portable refractometer (Atago PR 201) at room
temperature. Caliper is used as dimensional measurement device and digital scales as a measure of weight, knives,
and distilled water.

Papava | [ itrasomsc I Mtrasonic Diental Computer
! — \ . i
) ) . ) » )
Calina |~ Iransducer | Tester | Osalloscops

Fig. 1. Block diagram of Ultrasonic Apparatus[4].

Fig. 2. Measurement system of ultrasonic wave transmission[4]

C. Ultrasonic Wave Velocity Measurement

Ultasonic wave velocity measurements on air and papaya calina as a medium is determined by calculating the
travel time (t) of the electric pulse from transmitter to the receiver. Sampling rate used is 400 microsecond.. The
calculation of ultrasonic wave velocity can be calculated by equations 1 and 2.

v=; )]
V=vwv.c (2)

D. Attenuation Coefficient Measurement
The wave attenuation is measured by observing the decreasing amplitude of the ultrasonic wave after passing
the medium (Papaya Calina). Attenuation coefficient can be calculated using the equation 3.[5].

Ap
a= % [lnﬂ—x (3)

E. Density Measurement
Density was calculated by dividing mass with volume. using equation 4. Volume of papaya was determined by
water displacement method, as mass of papaya was measured by digital balance.

p=m/v (4)

F. Firmness Measurement
Firmness of papaya was measured by rheometer using a plunger or probe of diameter of 5 mm in 3 points of
measurement (base, middle, end).
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G. Total Soluble Solids Measurement

Total soluble solid was measured by a portable digital refractometer. The juice was extracted from flesh of
papaya and then dropped it into refractometer sensor. TSS measurements were taken at three different points
with three repetitions at each point.

H. Data Analysis
Ultrasonic and physicochemical parameters measured on papaya calina were analyzed by analysis of variance
(ANOVA), honestly significant difference test (HSD) at level 5% test using SPSS 22. Correlation regression analysis
was carried out using scatter plot of linear regression graph and equations in Microsoft Excel 2016.
III. RESULTS AND DISCUSSION

A. Physico-chemical Properties for Papaya Calina at Three Levels of Harvesting Time

Table 1. Physico-chemical Properties for Papaya Calina at Three Levels of Harvesting Time

Physico-chemical Istharvesting time 2nd harvesting time 3rd harvesting time
properties
Firmness (N) 68,10 * 4,72 57,51 +9,81b 20,96 +12,88¢
Density(kg/m?3) 901,56+22,972 982,69+51,882 950,04 £ 47,122
TSS (°Brix) 4,23 £ 0,662 6,93+0,50P 9,26 £0,77¢

1. Firmness

The firmness of papaya calina in three different harvesting time is significantly different (Table 1) and
decreased with increasing age of harvest. Decrease in firmness of papaya calina caused by respiration and
transpiration effect that continuesly occurred, also due to other physiological activities that occur in papaya calina
such as protopectin and hemicellulose changes during the process of fruit ripening. The decrease in fruit firmness
has a closely linked with pectin enzymes that relation to ethylene[6]. Softening process that happened is caused
by pectin's hydrolysis process into water-soluble components, so that the pectin total affecting the papaya calina's
firmness decreases and make the fruit malleable[7],[8]. Beside that, based on harvesting time and papaya's quality
shows the firmness will decreased as the harvesting time increased while meat, fruit color and total soluble solids
will increased[9].

2. Density

The papaya calina's density at three levels of harvesting age were not significantly different (Table 1). Density
increased from 1st harvesting time to 2nd harvesting time and decreased at the 3rdharvesting time. The decrease in
density for 3rd harvesting time is caused by two days storage before measurement. Papaya calina stored will
decrease the weight with shrinkage about 4,30%][10]. This is caused by respiration and transpiration processes
during the fruit ripening process [11], [12].

3. Total Soluble Solids (TSS)

The total soluble solids of papaya calina at the three levels of harvesting time showed significantly different
(Table 1). The increase of total soluble solids values on papaya calina due to the increasing of total sugar content
caused by carbohydrate (starch) reversal into simple sugars. When the starch content decreases, the content of
sucrose will increase and be broken down into glucose and fructose. This simple sugar is a total soluble solids
when detected by a refractometer that represents the degree of papaya calina's sweetness level.

B. Ultrasonic Wave Transmission for Papaya Calina at Three Levels of Harvesting Time

Table 2. Average values of Ultrasonic Wave Transmission for Papaya Calina at Three Levels of Harvesting Time

Physico-chemical Istharvesting time 2nd harvesting time 3rd harvesting time
properties
Velocity (m/s) 215,00 = 4,002 196,13 £ 6,37 178,27 £ 5,56¢
Attenuation (dB/m) 21,53 + 1,602 23,85 +2,23b 25,35 + 2,40¢
1. Velocity

Ultrasonic wave velocity of papaya calina decrease as the harvesting time increase. Ultrasonic wave velocity is
strongly influenced by the firmness and density of a medium. The decrease in ultrasonic wave velocity as the
harvesting time increase, which means that the maturity of fruit can be explained by the more softening of fruit
flesh, the ingredients in the compartment are no longer compact. In ripe fruit, the solid composition has decreased
while the water content composition in the flesh increases, so that the ultrasonic wave energy transmitted through
the flesh decreases. Theoretically, ultrasonic wave velocity is influenced by the fruits physical characteristics, such
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as density and Young Modulus (firmness)[13]. In addition, the water content of fruit flesh also greatly affect
ultrasonic wave velocity, The higher water content then the turgor cell pressure is also getting higher, which will
affect the ultrasonic waves velocity that are transmitted also higher. This is because ultrasonic wave velocity
depends on the elastic properties of the medium it passes through[14].

2. Attenuation Coefficient

Attenuation coefficient of papaya calina increase as the harvesting time increase. The attenuation coefficient is
a quantity that describes the loss of an energy because the waves pass through a certain medium, so that the wave
energy will decrease. The attenuation coefficient is influenced by the concentration of the medium through which
it passes. At the fruits which have a gas composition or cavity and the higher water content, then the average
attenuation coefficient value will be higher as well. Increasing the fruit harvesting time, the formation of fruit
components will be more complex so that more wave incidents occur such as refraction and reflection at the
boundary between different mediums, thus the more energy that can not be continued so that the attenuation
coefficient will increase. In addition, the amplitude of ultrasonic waves increases with the change of skin color of
the fruits from green to yellow, indicating a correlation between the age level of fruit harvest with attenuation
coefficient[15].

C. The Relationship Between Ultrasonic Wave Transmission and Physhico-chemical properties of Papaya Calina.
1. The relationship between ultrasonic wave velocity and papaya calina’s firmness

The ultrasonic wave velocity is strongly correlated with firmness, from the regression of linear equations with
correlation coefficient r = 0.8246 obtained from 60 ultrasonic wave velocity measurement data (Fig. 3)

80 y=1,1724x- 182,84
r=08246%"* ()
n =60 ~

Firmness {(N)

20

165 175 185 195 205 215 225

Ultrasonic Wave Velocity (m/s)
Fig. 3. The relationship between ultrasonic wave velocity and papaya calina’s firmness

2. The relationship between ultrasonic wave velocity and total soluble solids of papaya calina

The relationship of ultrasonic wave velocity and total soluble solids yields a first-order negative linear
regression equation with a correlation coefficient r = 0.9163 which means there is a very strong or reliable
relationship between the factors (Fig. 4)
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Fig. 4 The relationship between ultrasonic wave velocity and total soluble solid of papaya calina

D. Papaya Calina's Sweetness and Firmness Level Classification Based On Ultrasonic Wave Transmission
Characteristics.

The sweetness and firmness level classificiation of papaya calina based on ultrasonic wave characteristis was
performed using regression linear equations. Correlation coefficient (r) of linear regression showed that ultrasonic
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wave velocity have a higher correlation with sweetness and firmness level of papaya calina than attenuation
coefficient, so that ultrasonic wave velocity has been selected as a parameter for classification process. This
classification produced two linear regression equations (y1 and y2)

y1=-0,1193x + 30,205 (6)
y2=1,1724x - 182,84 (7)

These two linear functions (y1 and y2) is sweetness and firmness level’s classification functions based on 60
calibration data which selected randomly. The range of sweetness and firmness level of papaya calina shows in
Table 3.

Table 3. The value ranges of sweetness and firmness level for papaya calina

Sweetness and Firmness Level Sweetness value (°Brix) Firmness value (N)
1st <6 > 54
2nd 6-8 34-54
3rd >8 <34
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Fig. 5. The sweetness level’s classification graph of papaya calina

Table 4. Validation results of papaya calina for three sweetness level

Sweetness level 1st 2nd 3rd Total %A Accuration
1st 11 0 0 11 100,00%
2nd 0 8 0 8 100,00%
3rd 0 0 11 11 100,00%
Total 11 8 11 30 100,00%

The classification results using regression linear equation with 30 validation samples which selected randomly
(Fig. 5) showed that classification for 1st, 2nd and 34 for sweetness and firmness level can be classified accurately
with average percentages 100% (Table 4), (Fig. 6 and Table 5). So that the function (y: and y2 ) are very good for
sweetness and firmness level’s classification process, respectively.
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Fig. 6 The firmness level’s classification graph of papaya calina

Table 5. validation results of papaya calina for three firmness level

Firmness level 1st 2nd 3rd Total %Accuration
1st 15 0 0 15 100,00%
2nd 0 8 0 8 100,00%
3rd 0 0 7 7 100,00%
Total 15 8 7 30 100,00%
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IV. CONCLUSION

Ultrasonic wave velocity for papaya calina at three level harvesting time ranged from 166,79 to 219,41 m/s,
whereas the attenuation coefficient ranged from 18,96 t0 29,23 dB/m. As papaya calina matured, ultrasonic
velocity decreased as attenuation coefficient increased. Papaya calina's firmness decreased as the level of
harvesting time increased, the value ranged from 68,10 to 20,96 N and otherwise for total soluble solids which
have value ranged from 4,23 to 9,26 °Brix. Density increased from 1st harvesting time to 2nd harvesting time with
value 901,56 kg/m3 982, 69 kg/m3, respectively and decreased at the 3rdharvesting time with value 950,04 kg/m3.
Ultrasonic wave velocity of papaya calina have a very significant linear correlation with firmness and total soluble
solids with correlation coefficient r values respectively 0,8047 and 0,9078.

The sweetness and firmness level of pepaya calina can be classified accurately with percentage of accuracy
100% using linear regression equations based on ultrasonic wave velocity parameter.

NOMENCLATURE

fruit diameter (the length between transmitter and receiver) (m)

o initial Amplitude (volt)
x  final Amplitude (volt)

fruit density (kg/m?3)
m  fruit mass (kg)
v ftuit volume (m3)
y1  linear classification functions for sweetness level (°Brix)
y2  linear classification functions for firmness level (N)
x  ultrasonic wave velocity (m/s)

\% ultrasonic wave velocity (m/s)

s fruit diameter (the length between transmitter and receiver) (m)
t time (s)

1% ultrasonic wave on fruit (m/s)

c constants

X

A

A

he)

Greek letters
Attenuation coefficient (dB/m)
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ABSTRACT

Marketable sweet potato production should meet consumer preferences of size, shape, and colour. This
study is aimed at investigating physical and chemical characteristics of various clones of sweet potato
taken from CIP-SEA Bogor and Aceh local clones. The research was conducted at Plant Physiology
Laboratory and Animal Fodder Laboratory of the Faculty of Agriculture, Syiah Kuala University. The
study took place from September to October 2014. The clones used in this study were 19 sweet potato
clones obtained from Center of International Potato-South East Asia (CIP-SEA) Bogor and 4 local clones
from Saree and 1 from Bener Meriah, The Province of Aceh. The study used Completely Randomized
Design of non-factorial, where clones were treated with 3 replications. Data were analyzed using F Test
and Duncan's Multiple Range Test at a confidential level of 0.05. Observation on sweet potato tubers
included physical properties (tuber diameter, length and colour) and chemical properties (dry matter
content). Colour was measured by digital camera with intensity levels of red, green and blue light. The
results showed that the largest diameter and tuber length were found in CIP-513, CIP-B9, SARI and CIP-
W. The highest dry matter content was found in CIP-CER (69.10%). The highest L (brightness) values
was on CIP-204 and Saree yellow, and the a (red) values were found in CIP-1945, CIP-513, CIP-440137,
CIP-286, CIP-287, CIP-W, CIP-W104, Saree Cream, while b (yellow) values were found on CIP-LSQ and
Saree yellow.

Key words: clones, colour, brightness, red, yellow, dry matter
I. INTRODUCTION

Diversification of food can be enriched by utilizing sweet potatoes to reduce dependence on rice. Sweet
potatoes are rich in carbohydrates, vitamins and minerals. It is also a storehouse of many important pigments like
[-carotene, anthocyanin, which act as antioxidants [1]. Dry matter is an important feature of good sweet potato
varieties, as represented by 70% of starch [2]. In Indonesia, 89% of sweet potato production is consumed as food
with consumption level of 7.9 kg/capita/year [3]. The rest are used as raw materials of food industry and as animal
fodder.

Sweet potatoes are varied in physical properties such as shape, colour of skin and flash, and its texture
according to their varieties. The shape and tuber size are among the main quality criteria that influence its price.
Oval tuber shape without many bumps will ease the process of peeling and minimize scraps. Tubers at average
weight of 200-250 g and uniform takes relatively faster peeling time than small or large tuber [4]. The chemical
properties of sweet potato are influenced by its varieties and seasons. In dry season, the same varieties may
produce a higher starch properties than in rainy season [5].

The basic economic value of sweet potato products for farmers and industries is the dry matter content which
is the chemical potential of the crop and reflects its true biological yield. Since most processed products are sold
on dry matter basis, it is important that as much dry matter as possible is recovered from a given quantity of fresh
tubers. Dry matter contents are the widely accepted measurements of potato quality, and these may be affected
by genotype, season, tuber size, planting density and location [6], [7].

Therefore, information on physical and chemical characteristics in a variety of sweet potato clones need to be
studied and used as a baseline of post-harvest development of sweet potatoes, considering sweet potatoes as an
alternative source of food commodities. Sweet potatoes that are acceptable by consumers can be developed to
facilitate its development and marketability.
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This study is aimed at studying physical and chemical characteristics of various sweet potato clones taken from
CIP-SEA Bogor and Aceh’s local clones.

II. MATERIALS AND METHODS

This study was conducted at Plant Physiology and Animal Fodder Laboratory of Faculty Agriculture, Syiah
Kuala University which took place from September to October 2014.

In this study, tools such as analytical scales, ovens, petridish, ruler, slide, plate, spoon, camera, and others were
used, 19 clones of sweet potato clones were derived from Center of International Potato - South East Asia (CIP-
SEA) in Bogor, 4 Aceh’s local clones from Saree and Bener Meriah (Table 1). Those sweet potatoes were cultivated
in the District of Bukit, Municipal of Bener Meriah, at the altitude of 1400 meters above sea level, during dry season
from April to August 2014.

The experimental design used in this study was Completely Randomized Design with non-factorial pattern.
Treatment of the study consisted of 24 levels of clonal species, with 3 replications. The arrangement of sweet
potato tuber treatment is presented in Table 1. The data were analyzed by F test. If the F test result showed a real
effect, then the analysis was continued with Duncan's Multiple Range Test (DMRT) test at confidential level of 5%.

Table 1. Types of sweet potato clones used in the study
Origin Flash Colour

Clone Code (Clone Types) Skin Colour

K1 (CIP-LSQ) Local Bogor Cream Yellow

Kz (CIP-1945) Breeding CIP ESEAP Alittle Orange Purple

Ks (CIP-MAN) Local Kuningan, North Java Cream Cream

K4 (CIP-513) Breeding CIP-Lima, Peru White Purple

Ks (CIP-CER) Local Bogor, North Java Orange Purple

Ke (CIP-BDG) Local Bandung Dark Purple Dark Purple
K7 (CIP-WHI-5) Breeding CIP ESEAP White Rather Yellow
Ks (CIP-W86P) Breeding CIP ESEAP Orange Purple

Ko (CIP-B9) Local Kuningan Cream Rather Yellow
K10 (CIP-204) Breeding CIP ESEAP White Rather Yellow
K11 (CIP-440137) Breeding CIP-Lima, Peru White Purple

K12 (CIP-AC) Local Kuningan, Jawa Orange Purple

Barat

K13 (CIP-B19) Breeding CIP ESEAP White Purple

K14 (CIP-286) Breeding CIP-Lima, Peru Orange Purple

Kis (CIP-287) Breeding CIP-Lima, Peru Alittle Yellow Purple

Ki6 (CIP-GA) Local Bogor Orange Purple

K17 (SARI) Breeding BALITKABI Alittle Yellow Purple

Kis (CIP-W) Breeding CIP ESEAP Dark Purple Dark Purple
K19 (CIPW104) Breeding CIP ESEAP Yellow Purple

K20 (Saree Cream) Local Saree Cream Purple

K21 (Saree Orange) Local Saree Orange Yellow

K22 (Saree Purple) Local Saree Purple Cream

K23 (Saree Yellow) Local Saree Yellow Rather Orange
K24 (Bener Meriah Yellow) Local Bener Meriah Yellow Rather Orange

Sweet potatoes harvested when the plants were 5 months old. Harvesting done when the plant leaves have
started to yellow and tubers were enlarged.

Research observation on sweet potato tubers consist of physical properties (tuber diameter, length, and colour)
and chemical properties (dry matter content). Colour measurement is determined based on digital camera with
the intensity of red, green, and blue (RGB) taken with Exilim Casio camera. The RGB values of the sweet potato
clones were then converted to the values of L, a, and b, by the equation:

X=0,607R +0,174G + 0,201B (D
Y =0,299R + 0,587G + 0,114B (2)
7Z=0,066G+1,117B (3)
The conversion equation used to determine L, a, and b values are as follows:
1
- 100Y]5 _
L=25 [ ] - 16 (4)
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a=500 [(Xiof - (y%)%] ©)
b= 200[(Y1f - (%ﬂ (6)

where :
X0=98,071

Yo =100
Z0118,225

In conversion equation, the value of L denotes the brightness [L = 100 (white) and L = 0 (black)], the value of a
denotes red when it was positive, gray when it was 0, and green when it was negative. While the value of b denotes
yellow when the value was positive, the gray when it was 0, and blue when it was negative [8].

III. RESULTS AND DISCUSSION

The result of F test showed that variations in sweet potato clones have a highly significant effects on diameter,
length, dry matter, L (brightness), a (red), b (yellow) values of sweet potato tuber. Average diameter and length of
sweet potato tubers, and dry matter content are presented in Table 2, while L (brightness), a (red), and b (yellow)
values due to clonal type treatment are presented in Table 3.

The largest diameter of sweet potato tubers was found in clone Kis (CIP-W) which is not significantly different
from K1 (CIP-LSQ), K4 (CIP-513), K7 (CIP-WHI-5), Ko (CIP-B9), K14 (CIP-286), K17 (SARI), and K19 (CIP-W104). While
the smallest diameter of sweet potato tuber was found in clone Kio (CIP-204) which is not significantly different
from Kz (CIP-1945), K3 (CIP-MAN), Ks (CIP-CER), Ks (CIP-W86P), K11 (CIP-440137), K12 (CIP-AC), K13 (CIP-B19),
Kis (CIP-287), K16 (CIP-GA), K20 (Saree Cream), K21 (Saree Orange), K23 (Saree Yellow), and K24 (Bener Meriah
Yellow).

Table 2. Average diameter and length of sweet potato tuber (cm) and dry matter content (%) according to clone
type treatment
Clones Tuber Diameter (cm) Tuber Length (cm)

Dry matter (%)

K1 (CIP-LSQ) 7.30 (2.70) e-g 11.60 (3.40) a-c 51351
Kz (CIP-1945) 4.83 (2.20) a-d 12.70 (3.56) a-d 28.10 d-f
K3 (CIP-MAN) 5.43 (2.32) a-e 12.93 (3.58) a-e 34.80 i
K4 (CIP-513) 8.67(291) g 20.33(451) f 26.45 d
Ks (CIP-CER) 4.30 (2.07) a-d 10.73 (3.25) ab 69.10 m
Ks (CIP-BDG) 5.80 (2.39) b-e 13.60 (3.68) a-e 26.90 de
K7 (CIP-WHI5) 8.20 (2.86) fg 9.83(3.13) a 22.10 bc
Ks (CIP-W86P) 4.10 (2.01) ab 16.93 (4.10) c-f 28.00 d-f
Ko (CIP-B9) 8.10 (2.84) fg 17.73 (4.21) d-f 28.55 e-g
Kio (CIP-204) 3.50(1.87) a 14.07 (3.75) a-e 23.65 ¢
Ki1 (CIP-440137) 4.57 (2.14) a-d 16.97 (4.10) c-f 3255 h
Ki2 (CIP-AC) 5.23 (2.29) a-e 12.77(3.57) a-d 3020 g
Ki3 (CIP-B19) 490 (2.21) a-d 15.73 (3.96) b-f 52.60 1
Ki4 (CIP-286) 6.27 (2.50) c-g 10.73 (3.24) ab 37.95 j
Kis (CIP-287) 5.37 (2.28) a-e 15.17 (3.88) b-f 38.65 j
Kie (CIP-GA) 5.20 (2.28) a-e 21.3(4.57) f 3025¢g
Ki7 (SARI) 8.30(2.87) g 15.40 (3.89) b-f 21.55b
Kis (CIP-W) 8.73(2.95) g 15.97 (3.99) c-f 30.50¢g
Kio (CIP-W104) 6.50 (2.54) d-g 9.73(3.11) a 41.65k
K20 (Saree Cream) 4.20 (2.04) a-c 17.83 (4.21) d-f 17.00 a
K21 (Saree Orange) 5.33 (2.30) a-e 18.33 (4.28) d-f 27.50 d-f
K22 (Saree Purple) 5.87 (2.42) b-f 21.20 (4.60) f 29.15fg
K23 (Saree Yellow) 5.03 (2.24) a-e 17.47 (4.18) d-f 18.10 a
K24 ( Bener Meriah Yellow) 4.57 (2.12) a-d 19.00 (4.33) ef 39.80j

Description: The number followed by the same letter in the same column is not significantly different at 5%
confidential level of the DMRT test. The number (...) transformation value Vx

The longest sweet potato tuber was found in clone K22 (Saree Purple) which is not significantly different from
clones K4 (CIP-513), Ks (CIP-W86P), Ko (CIP-B9), K11 (CIP-440137), K13 (CIP- B21), K15 (CIP-287), K16 (CIP-GA), K17
(SARI), Kis (CIP-W), K20 (Saree Cream), K21 (Saree Orange), K23 (Saree Yellow), and Kz4 (Bener Meriah Yellow).
While the shortest sweet potato tuber was found in clones K19 (CIP-W104) which is not significantly different from
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clones K1 (CIP-LSQ), Kz (CIP-1945), Ks (CIP-MAN), Ks (CIP-CER), Ke (CIP-BDG), K7 (CIP-WHI-5), K10 (CIP-204), K12
(CIP-AC), and K14 (CIP-286). The largest and longest tubers were K4 (CIP-513), K9 (CIP-B9) and K17 (SARI) clusters
with average diameter of 83.6 mm and tuber length of 178.2 mm. According to United States Department of
Agricultural (USDA), this clone similar to U.S. No 1 grade and considered as an excellent class, with its desirable
size for processing. The average diameter and length of tubers of these clones were also higher than the results
obtained in previous study [9] presented measurements of agricultural products and reported bulk density of 1.12
g cm-3 for potato the graded potato between 57 and 69 mm. While the shortest and smallest tubers were Kz (CIP-
1945), K3 (CIP-MAN) and Ks (CIP-CER) with average diameter of 48.5 mm and length of 121.2 mm.

The diameter, length, and thickness of the tubers are among important physical characters of sweet potato.
This is a very important parameter in the agronomy production in terms of grading, handling, processing and
packaging systems, in addition to the size and weight of the production volume [10], [11]. The variation among the
cultivars can be attributed to variation in size, shape, difference in agro - climatic conditions and difference in rate
of absorption of nutrients that affects the growth of tubers [12]-[14]. These variations could be due to genotype
and environmental conditions during growth period [12], [15]. Varietal difference is one of the most important
factor that affects the physical parameters of tubers. In addition, there were also significant effects of land
preparation methods on tuber length, with the longest tuber length recorded for sweet potato vines grown on
plots with ploughing, harrowing and ridging [16].

The highest dry matters of tubers was obtained in Ks (CIP CER) of 69.10% and significantly different from Ki
(CIP LSQ) and Kis (CIP B19), each of 51.35% and 52.60%. This results are higher than the highest dry matter
content under the studies of Kyukei No: 63 (51.1%) and Istankdy (44.2%) in Turkey [17]. Dry matter contents
obtained in this study were also considerably higher than that reported by Caliscan [18]. It is reported that high
dry matter content is an important characteristic of a good sweet potato variety [19] and [2]. Dry matter content
above 25% is important for farmers in adopting a new variety of sweet potato. For industrial use of sweet potato
varieties with a dry matter content that is above 30% of fresh root weight is required [20].

High dry matter content is also the main characteristic preferred by consumers and processors of sweet potato.
The development of a new variety of sweet potato with high dry matter content requires efficient methods of
crossing, selection of clones from recombined parents and evaluation of the effects of genetic by environment
interactions [20]. However, [21] reported that smaller tubers may produce higher dry matter and starch than the
larger ones. More dry matter and starch were accumulated during the dry season than the wet season. The
production of sweet potato tubers with high dry matter and starch content for industrial processing could be
achieved with the use of irrigation facilities during the dry season. The higher dry matters contents of this study
may be influenced by cultivation in the dry season.

Table 3. Average L (brightness), a (red), b (yellow) values in sweet potato tubers according to type of clones
Physical Characteristics Analysis (Colour)
L Value (Brightness)) Value of a (Red) Value of b (Yellow)

Clones
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K1 (CIP-LSQ)
Kz (CIP-1945)
K3 (CIP-MAN)
K4 (CIP-513)
Ks (CIP-CER)
Ke (CIP-BDG)
K7 (CIP-WHIS)
Ks (CIP-W86P)
Ko (CIP-B9)
Kio (CIP-204)

K11 (CIP-440137)

K12 (CIP-AC)
Ki3 (CIP-B19)
K14 (CIP-286)
Kis (CIP-287)
Ki6 (CIP-GA)
Ki7 (SARI)

Kis (CIP-W)

K19 (CIP-W104)

K20 (Saree Cream)
K21 (Saree Orange)
K22 (Saree Purple)
K23 (Saree Yellow)
K24 (BM Yellow)

94.70 (9.73) j
76.69 (8.76) b
89.26 (9.45)gh
84.66(9.20)d-f
77.00 (8.78) b
73,48 (8,57) a
90,75 (9,53) hi
84,55(9,20)d-f
81,21 (9,01)

100,29 (10,02)k

81,60 (9,04) c

77,89 (8,83) b
88,36 (9,40)gh
95,39 (9,77) j

83,04 (9,11)cd
86,58(9,31)e-g
88,79 (9,43)gh
83,73(9,15)c-e
76,33 (8,74) b
82,45 (9,08)cd
94,70 (9,73) j

93,34 (9,66) ij

102,81 (10,14)k

87,13 (9,34) fg

10,75 (3,27) b
27,50 (5,24) gh
11,25 (3,35) bc
28,75 (5,36) gh
16,25 (4,03) de
16,00 (4,00) de
7,00 (2,65) a
14,25 (3,77) b-d
10,75 (3,28) b
6,00 (2,45) a
28,25 (5,32) gh
20,50 (4,53) ef
15,50 (3,93) c-e
25,00 (5,00) f-h
29,50 (5,44) gh
23,00 (4,80) fg
23,00 (4,80) fg
24,75 (4,98) f-h
28,25 (5,32) gh
30,50 (5,52) h
14,25 (3,78) b-d
10,50 (3,24) b
5,75 (2,25) a
16,25 (4,02)de

40,10 (6,33) n
14,80 (3,85) h
21,00 (4,59) j
12,60 (3,55) g
10,80 (3,28) e-g
9,60 (3,10) d-f
31,50 (5,61) 1
24,70 (4,97) k
21,00 (4,58) j
30,20 (5,50) 1
9,10 (3,02) de
19,90 (4,46) ij
1,30 (1,14) a
2,40 (1,55) b
18,20 (4,27) i
8,70 (2,95) d
7,90 (2,81) d
5,00 (2,24)
11,40 (3,38) fg
15,10 (3,88) h
34,90 (5,91) m
35,80 (5,98) m
36,90 (6,08) mn
29,20 (5,41) 1

Description: The number followed by the same letter in the same column is not significantly different at the

0.05% level of the DMRT test. The number (...) transformation value Vx
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Table 3 shows that the highest L value (brightness) was found in K23 (Saree Yellow) with yellow tuber flesh
that was not significantly different from clone Kio (CIP-204), while the least bright is found in Ks (CIP -BDG) with
dark purple tuber. The value of a that denotes the red green chromatic colour. The highest a (red) value of sweet
potato tubers was found in Kzo (Saree Cream) with creamy flesh colour that is not significantly different from K:
(CIP-1945), K4 (CIP-513), K11 (CIP-440137), K14 (CIP-286), K15 (CIP-287), K1g (CIP-W), and K19 (CIP-W104). While
the lowest a (red) value was found in K23 (Saree Yellow) which is not significantly different from K7 (CIP-WHI-5)
and Kio (CIP-204) with white flesh colour in average.

The value of b shows the blue yellow chromatic colour. The highest value of b (yellow) was found in K1 (CIP-
LSQ) which is not significantly different from K23 (Saree Yellow), while the lowest is in K13 (CIP-B19).

The colour of sweet potato tubers as well as the colour of the skin differ among clones, this is due to the genetic
differences. Colour of sweet potato skin varies and is not always the same with the colour of its tuber flash. Tuber
skin may be white, yellow, purple, orange, and red, while the flesh colour may be white, yellow, orange, and purple
[22].

Orange and yellow fleshed cultivars recorded higher total carotenoids, -carotene, and (-carotene-5,6-
monoepoxide contents than cream- and white-fleshed cultivars [23]. It has been reported that beta-carotene, a
major precursor of vitamin A, serves as an important nutritional component in foods, as [24] and that it has anti-
cancer, anti-aging, and anti-ulcer properties, Due to their antioxidative activity [25]. When a food or product has
an appealing colour it may cause a person's appetite to try the product because colour is one of the visual profiles
that becomes the consumer's first impression of a product [26].

IV. CONCLUSION

Sweet potato tubers that have the largest diameter and tuber length are found in CIP-513, CIP-B9, SARI], and
CIP-W clones. The highest L (brightness) values are in the CIP-204 and Saree yellow clones. The a (red) values
were in CIP-1945, CIP-513, CIP-440137, CIP-286, CIP-287, CIP-W, CIP-W104 , Cream saree, and b (yellow) value
were in CIP-LSQ and Saree yellow clones. The highest dry matter content was found in CIP-CER (69.10%).
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ABSTRACT

In this research, an explicit method of linear correction for temperature compensation was conducted
for L-AA determination using Fourier transform infrared-attenuated total reflectance terahertz (FTIR-
ATR THz) spectroscopy. The explicit method was done by direct inclusion of temperature as y-variable
in the PLS2 regression. The result showed that using explicit method the quality of the developed
calibration model for L-AA determination is a little bit superior with RMSECV=1.387% (w/w) and
SDR¢=4.311. The performance of the PLS2 calibration model for L-AA determination with temperature
compensation was quite good and able to predict the L-AA in three different temperatures with
relatively high R2,.eq values. All prediction also resulted in low bias and SEP values.

Keywords : PLS2 regression, explicit method, global calibration model, FTIR-ATR terahertz
spectroscopy, temperature compensation.

I. INTRODUCTION

In the previous reported study [1], it has been discussed the use of implicit method to compensate the influence
of temperatures on L-AA determination by developing a global calibration model instead of using local calibration
model. Global calibration models try to include implicitly the variation due to external effects such as temperature
variations of the samples in the model, in much the same way as unknown chemical interferents can be included
in an inverse calibration model. As long as the interfering variation is present in the calibration set, an inverse
calibration model can, in the ideal case of additivity and linearity, easily correct for the variation due to the
unknown interferents. It is assumed in global calibration models that the new sources of spectral variation can be
modeled by including a limited number of additional PLS factors (resulted in more complex model) [2], [3].

In this present study, another way to compensate the influence of temperatures on L-AA determination will be
presented. In this method, we add directly the temperatures as predicted variable results in an X block containing
only the THz spectra and a Y block containing the temperature and L-AA. This method was called as an explicit
method of temperature compensation [4], [5]. The explicit inclusion of the temperature into the calibration model
is expected to improve the accuracy of L-AA determination. In this study explicit inclusion of the temperature is
done by direct inclusion in the calibration models.

II. MATERIALS AND METHODS

A. Samples

55 samples of L-AA solutions at three different temperatures (22, 31 and 40°C) were used as samples. The
samples were divided into two groups, calibration and validation as well as prediction sample set. The preparation
of L-AA solution was as explained in previous study [1]. Table 1 shows the characteristic of the two sample sets in
detail.

B. THz spectral acquisition
The THz spectral data of L-AA solution were acquired using an FTIR-ATR-THz based spectrometer equipped
with a temperature controller (FARIS-1S, JASCO Co., Tokyo, Japan) (See reference [1] for detail).
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Table 1. Characteristics of samples set used for developing calibration and validation model and for prediction of
L-AA and temperature determination in 22, 31 and 40°C

Prediction items  Characteristics of samples Calibration and Validation Set Prediction Set
Samples 105 51

L-AA Range 1.4414 ~ 21.3150 2.5586 ~21.2575
Mean 11.53432 11.81985
SD 5.980041 5.855108
Samples 105 51

Temperature Range 22.1~419 22.1~419
Mean 31.54858 31.61961
S.D 7.522661 7.452087

L-AA is expressed as %( mass/mass). Temperature is expressed as degree Celsius (°C).

C. Temperature as Y variable in PLS2

Adding the temperature as predicted variable results in an X block containing only the spectra and a Y block
containing the temperature and L-AA concentration (See Fig. 1). The simultaneous prediction of the y variable
and the temperature is seen as a way to enable the model to identify the spectral regions which are temperature
dependent. This is in line with inverse calibration, where the underlying variables causing the variation in the
spectra are collected in the Y block. In this case the temperature is also causing variation in the spectra. Note that
the temperature of the unknown sample does not have to be known; it will be predicted from the spectrum. The
calibration method used is PLS2, where the suffix “2” indicates that there is more than one variable in the Y block.
PLS2 uses the fact that there is correlation in the Y block or between the dependent variables (between L-AA and
temperature). PLS2 might give poor results if this correlation is not present in the dataset [6].

X ||[ PLS2 Y1+ Y2
(Spectra) (L-AA)+ (Temperature)

Fig. 1. PLS2 on determination of L-AA and temperature.

The calibration model was evaluated based on the following parameter: number of PLS factors, coefficient of
determination (RZ2ca), the RMSECV, and the standard deviation ratio (SDR) of calibration (SDRc). To evaluate the
prediction performance of the developed calibration model, the following parameters were used: the coefficient
of determination in prediction (R?pred), the root mean square error of prediction (RMSEP), bias between the actual
and predicted value, the bias-corrected standard error of prediction (SEP) and the standard deviation ratio (SDR)
of prediction (SDRpred).

III. RESULTS AND DISCUSSION

A. Influence of temperature on the L-AA spectra

To show the influence of temperature on L-AA spectra data, a plot of PCA result was demonstrated. Fig. 2 shows
the score of PC1 and PC2 of the result of PCA on spectra dataset. Here, PC1 and PC2 in total could be able to explain
more than 95% of the variation on the L-AA spectral data. From Fig. 2, the temperature effect on the spectra can
clearly be seen.
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Fig. 2. PCA plot for temperature (blue for 22°C, green for 31°C and red for 40°C)
B. Developing calibration model for L-AA and temperature
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Using PLS2, a calibration model for L-AA determination and temperature were developed on Savitzky-Golay
smoothing spectra (with 9 segments). It has to be noted that in block Y, there are two variables (L-AA and
temperature) which has different scale. For this reason, before developing calibration model, the two variables
were scaled by dividing the variables with its standard deviations (S.D).

To determine the optimal number of PLS factors, the values of RMSECV was used. The lowest RMSECV was
corresponding with the optimal PLS factor. Fig. 3 shows the plot of RMSECV and PLS factor for L-AA and Fig. 4
shows the plot of RMSECV and PLS factor for temperature calibration model. It can be seen that for L-AA
determination the optimal PLS factor was 5 while for temperature determination the optimal PLS factor was 4.
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Fig. 3. Plot of PLS factors versus RMSECV for determination of L-AA.
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Fig. 4. Plot of PLS factors versus RMSECV for determination of temperature.

Fig. 5 shows the scatter plot of actual and predicted L-AA using 5 PLS factor for calibration and validation,
respectively. The calibration resulted in high coefficient of determination (R2ca=0.954). Low RMSECV could be
obtained and it therefore resulted in high SDRc value. Using implicit method, the best calibration model for L-AA
determination using combination of three different temperature (22, 31 and 40°C) resulted in RMSECV=1.3890
and SDRw= 4.305 (See reference [1]). Recent result using explicit method shows that the quality of the developed

calibration model for L-AA determination is a little bit superior with RMSECV=1.387112 and SDR«= 4.311.
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Fig. 5. Scatter plot between actual and predicted L-AA for calibration and validation using PLS2 regression

method
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Fig. 6. Scatter plot between actual and predicted temperature for calibration and validation using PLS2
regression method

C. Prediction of L-AA and temperature

Using the developed calibration model, a prediction for L-AA and temperature was done using combined
prediction sample set (51 samples). Fig. 7 shows the scatter plot of actual and predicted L-AA in the prediction
result. We can see here that both SEP and bias was low. It can be seen that using PLS2 we could succeeded to
compensate the influence of temperature variations on L-AA determination.

In order to compare the prediction performance of temperature correction using PLS2 in this present study
and that of using PLS1 in previous reported study [1], the prediction using PLS2 was also done independently for
each sample temperature (22, 31 and 40°C) . The results were shown in Table 2.
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Fig. 7. Scatter plot between actual and predicted L-AA for prediction using PLS2 regression method.

The performance of the PLS2 calibration model for L-AA determination with temperature compensation was
quite good and able to predict the L-AA in three different temperatures with relatively high R2preq values. All
predictions also resulted in low bias and SEP values.

Table 3 shows the comparison between implicit (as explained in detail in reference [1]) and explicit method (in
this present study) for linear correction of temperature influence on L-AA determination using FTIR-ATR THz
spectroscopy. Here, we compared the prediction performance of implicit and explicit method for linear correction
of temperatures in the term of RMSEP (%) and SDRpred values.

Table 2. The performance of the PLS2 calibration model with temperature compensation for L-AA prediction
using uncombined prediction sample set using the best calibration model of Savitzky-Golay smoothing spectra in
the range 20-450 cm'™.
Prediction Sample

Calibration model R?pred SEP Bias RMSEP  SDRypred
Set Temperature
22,31 and 40°C 22°C 0.955 1.271 0.119 1.239  4.822
Global calibration 31°C 0.906 1.861 0 7(;9 1.940 3.081
with inclusion temperature o -
(PLS2) 40°C 0.957 1.244 0.051 1.208 4.945
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Table 3. Effect of different temperature inclusion methods on the prediction of the L-AA determination using
FTIR-ATR THz spectroscopy at temperature 22, 31 and 40°C.

Prediction results

Temperature inclusion methods RMSEP (%) SDRpred
22°C 31°C 40°C 22°C 31°C  40°C
Global model using implicit methods (no temperature inclusion)
Combined 2 temperature (22 and 31 °C) 1.310 1.858 1.408 4562 3.216 4.244
Combined 2 temperature (31 and 40°C) 1.216 1.908 1.262 4914 3.132 4.735
Combined 2 temperature (22 and 40°C) 1.234 2.011 1.152 4.843 2972 5.187
Combined 3 temperature (22, 31 and 40°C) 1.240 1.940 1.209 4.820 3.080 4.942
Global model using explicit method
Temperature as y-variable using PLS2 1.239 1940 1.208 4.822 3.081 4.945
5
PLS factors: 4 }
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Fig. 8. Scatter plot between actual and predicted temperature for prediction using PLS2 regression method.

For the explicit temperature inclusion techniques using PLS2 the prediction results were comparable to those
for the global temperature calibration model (implicit method using PLS1) (in term of RMSEP and SDRpred) (See
Table 3). In the previous report, Peirs et al. [5] also showed the similar result.

The prediction result for temperature was also acceptable with high coefficient of determination (R2preq= 0.981)
(See Fig. 8). The RMSEP = 1.053 was also quite low and hence resulted in high SDRpred value (SDRprea= 7.079).

IV. CONCLUSION

To summarize, it has been presented in this present study, a potential use of explicit method using PLS2 for L-
AA determination with temperature compensation using FTIR-ATR THz spectroscopy. It was shown that using
explicit method the quality of the developed calibration model for L-AA determination is a little bit superior with
RMSECV=1.387112 and SDRcv=4.311. The performance of the PLS2 calibration model for L-AA determination with
temperature compensation was quite good and able to predict the L-AA in three different temperatures with
relatively high RZpred values. All prediction also resulted in low bias and SEP values. It can be concluded that linear
correction of for fluctuation of temperature in L-AA determination using FTIR-ATR THz spectroscopy can be
constructed using a direct inclusion techniques in which temperature was as y-variable in PLS2 regression
method. The comparable result of PLS2 in which the two dependent variables of L-AA and temperature
simultaneously predicted proved that there is a strong correlation between L-AA and temperature [7].
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ABSTRACT

Moisture content is used as an indicator for determining the proper harvesting period and the potential
for safe storage. It has a marked influence on rice quality. This paper presents a new method of
microwave sensors to measure instantaneous moisture content of the rice grain on-the-go monitoring
system. The use of microwave technology has been considered in the study because of it high precision
for on-line measurements of grain moisture content in replacement of dielectric technology for the
capacitance type sensor for the measurement of grain moisture content. Microwave moisture sensor
works on principle of absorption of the microwave energy into the material. Grain is passed across the
ceramic face of a sensor which radiates an extremely low powered electromagnetic microwave field.
The measured voltages of the microwave sensor in estimating the instantaneous and non-destructive
grain moisture contents were evaluated for rice moisture contents in the range of 13% to 29%.

Keywords : Rice Grain, Instantaneous Moisture Content, Moisture Content, Microwave Sensor.

I. INTRODUCTION

Moisture content is an important factor to prevent the rice from breakage during the milling process.

Itis also an important factor in determining the market price of agricultural commodities. Most of the available
and commonly applied methods for moisture storage and transport investigation allow for static and steady state
conditions, respectively. Most moisture transport processes under real time climatic condition. A method based
on non-destructive microwave characterization is used for simultaneous determination of the bulk density and
moisture content of rice grain. This method can be applied regardless of the measurement technique and thus
considerably simplifies the calibration procedure. Dielectric properties of materials can be useful for non-
destructive, continuous determination of important characteristics such as the moisture content and bulk density
of agricultural and food products. The dielectric properties are intrinsic properties that describe the wave-matter
interaction and, therefore, they are dependent on internal properties of the material which include its moisture
content, salt content, density and temperature (Trabelsi and Nelson, 2004).

A method for simultaneous and independent on line determination of bulk density and moisture content of a
particular material by measurements of the relative complex permittivity has been proposed. The bulk density is
determined, based on representation in the complex plane of relative complex permittivity normalized to bulk
density. A new density independent function on dielectric properties is used for moisture content determination.
The density independence calibration functions are needed because bulk density fluctuation cause significant
errors in moisture content determination with various materials (Putri, et al., 2016).. Result obtained from
measurements on wheat over broad ranges of microwave frequency, temperatures, densities, and moisture
content are presented by Thabelsi et al. (1998).

Okabe et al. (1973) introduced a new method for measuring the grain moisture contents by using microwaves
of 9-4GHz, with unhulled and ungrounded grains. The moisture content could be measured continuously.
Moreover, the measurement could be carried out quite independently of the varieties of grains as well as the
moisture distribution in the grain that has been dried by hot air. The results showed that the accuracy is high
having measurement errors being less than +5% for both rice and wheat having moisture contents in the range of
10 to 30% on wet basis. Trabelsi and Nelson (2007) used dielectric-based method to measure nondestructively
and simultaneously bulk density and moisture content of shelled peanuts at microwave frequencies ranges from
7 to 12GHz and the temperature of 24°C. In total, two independent bulk density calibration equations and two
independent moisture content calibration equations were obtained. Each calibration equation of calibration at
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several microwave frequencies showed that bulk density can be determined with the same accuracy, about 1.7%
relative error, with either method.

Rogers (1987) studied the two-variable microwave technique for density-independent in-line moisture content
measurement of several brands of instant coffee and milk powder. Results from the study showed that the
technique was capable of providing a moisture measurement significantly less density-dependent than the usual
microwave absorption method, A further refinement of the technique is reported, which not only eliminates the
residual density dependence, and thus the error in the moisture measurement resulting from density variations,
but also yields a simultaneous in-line determination of the bulk density of the product. The influence of
temperature, solids composition and particle size of the coffee and milk powders on the calibration characteristics
is also reported.

Trabelsi and Nelson (2010) developed a prototype low cost microwave sensor operating at 5.8 GHz for

instantaneous and non-destructive determination of moisture content and bulk density of granular and particle
materials. The microwave sensor utilizes the principle of free space transmission for measuring attenuation and
phase shift caused by the material, and determines the real and imaginary components of the relative complex
permittivity. The researcher claimed that in order to determination of moisture content and bulk density; several
algorithms were required to determine of attenuation and phase shift through the material and its dielectric
properties.
The use of microwave technology has been considered in the study because of it high precision for on-line
measurements of grain moisture content in replacement of dielectric technology for the capacitance type sensor
for the measurement of grain moisture content. This paper presents a new method of microwave sensors to
measure instantaneous moisture content of the rice grain on-the-go monitoring system.

II. MATERIALS AND METHODS

A. Data collection

SWR M-Sens 2 moisture sensor was used for measuring moisture content of the clean while conveying in the
grain levelling auger before dropping into the combine grain tank during the harvesting operation. The sensor has
measurement range of 0 to 100% at + 0.1% accuracy with power consumption of 0.6W and response time of 0.1sec.
The sensor working ambient temperature range is 0 °C to +80 °C. This unit is operated at an input voltage 24V to
give an output frequency signal having a range of 4 to 20mA. Using a 50012 resistance, the output frequency signal
is changed voltage having a range of 1 to 10V. The unit working ambient temperature range is -10 °C to +45 °C.
This SWR moisture evaluation unit was connected to input channel Al4 of NI 9221 I/0 module of the embedded
system. (Putri et al., 2014)

Opening

Medium measured

7 RANNEEEENNNNG

__ additional
erosion layers

Sensor

Fig. 1. Moisture Content Measurement

Fig. 1 shows the basic principle of operation for grain moisture content sensor. Microwave moisture sensor
works on principle of absorption of the microwave energy into the material. Grain is passed across the ceramic
face of a sensor which radiates an extremely low powered electromagnetic microwave field. The moisture content
measurement uses the absorption of microwave energy corresponding to the rotational energy of the water
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molecules. When the electromagnetic field is applied to a dielectric material, electromagnetic energy is dissipated
in the dielectric materials as a result of the dialectic relaxation process. Either by utilizing reflection or absorption
of the microwave energy, the moisture measurements with microwave techniques can be performed. During
transmission, where the substance to be analyzed is placed between the microwave emitter and detector, the
microwave intensity arriving at the detector decreases with increasing of moisture. The moisture content can then
be calculated by taking into account the absorption of the dry substance and some geometrical factors.

B. Simultaneous Determination of Moisture Content Using SWR M-Sens 2 microwave type moisture sensor in the
laboratory

Rice variety MR 220 CL2 was obtained from the rice cultivation in Sungai Besar Selangor Malaysia. MR 220 CL2
is one of the varieties produced by the Malaysian Agricultural Research and Development Institute (MARDI). The
determination of rice moisture content of can be accomplished using one of several approaching. A standard
method for measuring moisture content in wheat is to oven dry the grain at temperature 1300C for 16 hour (ASAE
S352, 1999). However, the oven dry method and moisture tester are single point measurements and cannot detect
moisture content in instantaneous at wide view of range. Oven dry is the most time consuming among the existing
method to determine moisture content. Currently the available equipment used in rice industries to measure rice
moisture content is moisture meter or moisture tester. It is a portable and quick tester proved to be readable and
a cheaper alternative for moisture content determination for rice, but it is limited to single point similar to oven
dry method (Putri et al,, 2015)..

The G-7 Grain Moisture Meter from Delmhorst having nominal range of 9 to 30% moisture content used as the
first moisture content method. It has built-in correction factors for various grains such as barley, coffee, corn, flax,
hay, oats, rapeseed, rough rice, sorghum, soybeans, wheat, and rye. The grain meter has built-in temperature
correction over the range of 32° F to 160° F or 0oC to 370C. For the oven drying method, a Sartorius GMBH
Gottingen digital electronic balance was used for all weighing in making moisture content determinations. Each
sample size of 15g was placed in moisture dishes. The grain samples with covered dishes were weight for before
and after oven drying for 16 hours at the temperature of 1300C were weighed and recorded. The initial moisture
content of the samples was determined by oven drying at 103 + 1°C for 24 h (ASAE, 2009). Both methods were
carried out in oder to check the accuracy of the grain moisture meter.

Grains moisture content was varied from 4% to 31% in wet basis by drying and overnight soaking the rice and
then exposing the soaked rice to atmospheric conditions for a certain period of time. Next, certain amount rice was
collected and mixed evenly to ensure that constant moisture content was obtained. The sensor face was pressed
manually on the moist grain in a container. The voltage measurements recorded by the moisture sensor were
immediately taken for about 20 s for 3 times per sample. These procedures were repeated by varying grain
moisture contents. Meanwhile, the grain moisture contents were determined using the Delmhorst G-7 the grain
moisture meter and oven drying method. Three samples were taken from each grain source for these
measurements. The G-7 Grain Moisture Meter from Delmhorst was used as the first method to measure grain
moisture. At the same time moisture content was also determine using oven drying method to check the accuracy
of the G-7 Grain Moisture Meter. For oven drying, a Sarturius GMBH Gottingen digital electronic balance was used
for all weighing for moisture content determinations. Each 15 g sample was placed in a moisture dish.

The percentage of grain moisture in wet basis is calculated using the following equation:

GM=((Mw-Md)/Ww)x 100% (1)

where :

GM = grain moisture content, %

Mw = mass of grain sample before oven drying, g
Md = mass of grain sample after oven drying, g

Measured mass grain moistures content from G-7 moisture meter and microwave moisture sensor were
compared to that of the oven drying method. The test was repeated several times and finally graphs of measured
moisture content G-7 against oven dry grain moisture and measured microwave sensor voltage oven dry against
grain moisture were plotted.

C. Measurement Instantaneous Moisture Content Using SWR M-Sens 2 microwave type moisture sensor in the Field

Measurement of the SWR M-Sens 2 moisture sensor was also carried out in field at the grain collection point
within the rice field. Immediately after harvest, lorries transported harvested rice to the collection point. Moisture
content at the collection point was considered in this research due to the condition of rice suitable for the
measurement process. The samples were randomly selected from the bulk of rice. The procedure for field tests
was the same as for the laboratory test. The voltage measurements recorded by the moisture sensor were taken
immediately for about 20 s for 3 times per sample. Meanwhile, the grain moisture contents were determined using
the G-7 grain moisture meter. The difference from the laboratory approach omission of the over changing
approach.
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III. RESULT AND DISCUSSION

A. Simultaneous Determination of Moisture Content using SWR M-Sens 2 microwave type moisture sensor in the
laboratory test
The SWR M-Sens 2 microwave type moisture sensor in laboratories equation is as follow:

Y = 41.55 V with Rz = 0.82 (2)

where :
Y = Grain moisture content wet basis, %
V = Measured voltage from sensor, V

The moisture sensor shows moderate measurement linearity with regression coefficients close to 1.0 as
indicated in Fig. 2. The measured voltages of the moisture sensor in estimating the instantaneous grain moisture
contents were evaluated for rice moisture contents in the range of 4 to 31%. During the laboratory test, the grain
was soaked in a container to obtain the variations of moisture contents. The time for the soaking process was
varied to obtain different moisture contents. Rewetting of grain is considered less accurate because the presence
of water may exist on the surface or hull and does not readily migrate into the grain. Furthermore, there is
variability with respect to the same to all grains differential rates of moisture migration into individual rice grain.
Therefore, field test is essential overcome the problem in laboratories test.

40,00
v =41,554x
30,00 4 R2-0,8159

20,00 -

10,00 -

Grain Moisture, %

D_‘, DD | | | | |
0 0,2 0,4 0,6 0,8
Measured Voltage, V

Fig. 2. Measurement of microwave type moisture sensor in the laboratories.

The oven drying method is not practical for measuring grain moisture content at the field. However, the
portable G-7 grain moisture meter from Delmhors is the common in-situ measurement method for grain moisture
content. Thus, measurement of the moisture meter for the field measurement of grain moisture content against
the oven drying method on wet basis was necessary. The G-7 Grain Moisture Meter measurement equation as
follow:

Y =1.087 Xwith R2 =0.96 3)
where :
GM = Grain moisture measured using G-7moisture meter, web basis %
X = Grain moisture content by using oven drying method, web basis %

The G-7 Grain Moisture Meter showed excellent measurement linearity with regression coefficient close to 1.0.
The G-7 moisture meter was evaluated for rice moistures content ranging from 9% to 27%. Fig. 3 shows the
correlation of grain moistures measured using the oven drying method versus the G-7 moisture meter with an R2
= 0.964 and the slope of nearly to 1. Consequently, the G-7 Grain Moisture Meter was used to determine the grain
moisture content at the grain collection point for the static measurement of the SWR M-Sens 2 Microwave moisture
sensor.
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Fig. 3. The predicted moisture content the G-7 grain moisture meter versus the standard oven drying moisture
content for rice grain

B. Measurement Instantaneous Moisture Content using microwave type moisture sensor in the Field
The SWR M-Sens 2 microwave type moisture sensor measurement equation is as follow:

Y =22.35X-17.00 with R2 = 0.90 4)

where :
Y = Grain moisture content web basis, %
X = Measured sensor voltage, V

The SWR M-Sens 2 microwave type moisture sensor showed strong measurement linearity with regression
coefficient close to 1.0. This resulting measurement equation could improve the accuracy of microwave sensor
when deployed in LabView. The measured voltages of the microwave moisture sensor evaluated over the moisture
content range of 13% to 29% (Fig.s 4). This equation was deployed in the LabView program for the real time
measurement of instantaneous moisture content during the harvesting operation with the combine.

35,00 -
30,00 -
25,00 -
20,00 -

Moisture Content (%o)

15,00 - y = 22,352x - 17,009
10,00 R2=0,9023
5,00 -
0,00 . . .
1,0000 1,5000  2,0000  2,5000

Voltage( V)

Fig. 4. Measurement of the SWR M-Sens 2 microwave type moisture sensor in the field test.

Using microwave technology in this study with the high precision for on-line measurements of grain moisture
content could replace dielectric technology for the capacitance type sensor for the measurement of grain moisture
content.

279



Putri et al. : On-line Measuring Grain Moisture...

IV. CONCLUSION

In conclusion, a low-cost microwave sensor for simultaneous determination of SWR M-Sens 2 microwave type
moisture sensor was designed, calibrated and tested successfully for rice grain. The measured voltages of the
microwave sensor in estimating the instantaneous and non-destructive grain moisture contents were evaluated
for rice moisture contents in the range of 13% to 29%.

—
[N
(=]

=
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ABSTRACT

NIR spectroscopy is a secondary method that can be used to predict the quality of a raw material.
Analysis of sugar cane quality takes 2 hours; the use of NIR is expected to shorten the analysis time. In
this study, NIR is used to predict three parameters of cane quality (pol%cane, brix% cane and
fibre%cane) with two different analytical methods. The material for research was a 10 month
Bululawang (BL) variety. Sugarcane was shredded using a JEFFCO cutter grinder, and then the samples
of shredded cane are separated for conventional analysis and NIR. Conventional analysis using wet
disintegrator and hydraulic press method. The same cane samples were measured at wavelength 700 -
2500 nm using NIR FOSS XDS RCA. Pretreatment of NIRS absorbance using Mahalanobis distance. The
calibration model uses the partial least square (PLS) regression method. The NIR results were evaluated
from high correlation coefficient (r2), low standard calibration (SEC) and high ratio of prediction to
deviation (RPD). The experimental results show that the wet disintegrator method produces a better
NIR calibration model than the hydraulic press method. The NIR evaluation of wet disintegrator method
for pol%cane, rz2=0,937,SEC=0,459,SECV =0,127,SEP = 0,516 and RPD = 3,119. Brix %cane, r2= 0,905,
SEC=0,481, SECV=0,117,SEP = 0,670 and RPD = 2,080. Fibre%cane, r2 = 0,783, SEC = 0,999, SECV =
2,466, SEP = 1,396 and RPD = 1,267. NIR calibration for pol%cane and brix%cane shows a good result,
while the fibre%cane need to be improved. From the results of these experiments can be used as a basis
for the development of NIR calibration models to analyze different cane varieties.

Keywords : NIR Spectroscopy, cane quality, NIR prediction, pol%cane

I. INTRODUCTION

Analysis of sugarcane quality is required both for sugarcane breeding and cane payment system. Sugarcane
quality is analyzed in the laboratory using conventional methods referring to recognized method. Parameters for
sugarcane quality were brix%cane,pol%cane and fibre%cane. Conventional sugar cane analysis requires a
complex process and takes 2 hours per sample. An alternative to speed up the analysis was using near infrared
spectroscopy (NIR) technology. This technology was widely applied in agriculture, food, environmental, sugarcane
and many other fields for its simple, quick, nondestructive and convenient on-line analysis ([1],[2],[3],[4],[5]). Use
of NIR technologies has led to a significant decrease in the costs associated with cane quality [6].

Indonesian sugar industry began using NIR in 2011. The first sugar factory (SF) in using NIR was Bungamayang
SF, Lampung and applied for the determination of the quality of juice from the core sampler system [7]. Further
followed by several sugar factories such as PT Gunung Madu, PT PSMI and PG Ngadiredjo in Kediri in 2015. [8]
The NIR application at those sugar factory uses cane juice as a sample. Meanwhile, the use of NIR for shredded
cane samples has not been done. The use of NIR as a secondary method in the world has been done. In Australia,
South Africa and the United States of America (1990) ([9],[10], [11]). Then, in the late 1990s and early 2000s on-
line analysis was introduced, allowing cane quality analysis to become part of the mill process ([12], [13]).

The principle of NIR is to scan a material and then record the spectrum of the material, then the spectrum in
the conversion becomes absorbency at wavelength 400 - 2500 nm. Then conducted input data conventional
analysis results in accordance with the recorded spectrum. The spectrum was calibrated and validated using a
series of programs based on statistical processes. Improvements in the NIR data processing software show that
the results of NIR analysis were similar from the laboratory analysis ([14],[15]). The validity of the NIR analysis
depends on the conventional method used. There are two conventional methods used to determine the quality of
sugarcane. The first method refers to the International Commission of Uniform Methods in Sugar Analysis
(ICUMSA) or wet disintegrator method (WD) [16]. The second method uses a hydraulic press (HP) [17]. In this
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research, NIR analysis was tested using two methods with the same sugarcane sample. The objective of this study
was to evaluate the best method for cane quality prediction using NIR.

II. MATERIALS AND METHODS

A. Sample Preparation

Sugarcane samples of 10 month Bululawang (BL) varieties from P3GI experimental field in February 2017 were
used for this experiment. 100 stalks of sugarcane were taken from the field, then 20 stalks were analyzed on the
first day. Furthermore, the remaining 80 stalks were stored in the field, each of 20 stems analyzed on the 2nd, 3rd,
4th and 5th days. Sugarcane was shredded using JEFFCO CUTTER GRINDER, then homogenized and splitinto three
parts. 2 kg of sugar cane samples were analysed using WD method, 4 kg were analyzed using HP method and 100
gram for NIR analysis.

B. Chemical Analysis

Sugarcane quality analysis consists of three parameters, ie pol%cane, brix%cane and fibre%cane. The analysis
was performed in the P3GI laboratory service using WD and HP methods. WD method using JEFFCO WET
DISINTEGRATOR and bagasse dryer. HP methods use a hydraulic press and a bagasse extraction tool. Other
supporting equipment were top a loading balance, Sacharomat Scmidth Haens NIR W2 model for polarization
readings and ABBE Refractometer NAR-1T Liquid for brix reading,.

C. Procedure Analysis of WD Method

Weight 1000 gr (= 0.1 gr) of shredded cane, then insert the sample into Wet Disintegrator. Add 2000 gr of
water, closed wet disintegrator then run for 20 minutes. After the wet disintegrator had stopped, take the juice
extract by filtering it using a rough filter. Homogenize the extract and then take as much as 300 ml to analyse its
brix and pol contents. For moisture content analysis, weight the empty container and record the mass to the
nearest 0.1 g, mo. Add approximately 100 g (+ 0.1 gr) of shredded cane to the empty container, mi. Place the
container plus shredded cane in the drying tool and dry at 110+3°C for 2 hours. Weight the container plus dried
shredded cane sample and record the mass to the nearest 0.1 g, mz. The calculation as follows:

moistureY%cane = 100 "2 (1)
ml-mo
pol%cane = p (z%’: (2)
where :
p = pol%cane extract from wet disintegrator
b = %brix of extract from wet disintegrator
XY [, 2
$ = 100 ngo] (3)
[1+553]
100
0=— 4)
1+ 100
X = mass of cane
y = mass of water added
z = %brix free water (25% generally is used)
w = moisture%cane
100 - w — b (X12)
fibre%cane = 100
100 - b (1 + 155) (®)
100

D. Procedure Analysis of HP Method

Weight the shredded cane to the nearest 2000 gr (+ 0.1 gr) and then put it into the hydraulic press machine.
Run the hydraulic press machine at 250 kg/cm? for 1 minutes. Take the juice and stored it into a basket. The
bagasse left in the hydraulic press is taken, then repeat the hydraulic press process once again. Juice from the first
and second hydraulic press processes are mixed, as well as the bagasse. Juice mixture is stirred until homogeneous
and then analyzed its brix and pol content. The bagasse was mixed until homogeneous then analysed pol and
moisture content. The analysis pol in bagasse using the heat extraction method [18] while the analysis of the
moisture content using the bagasse dryer equipment. The drying process was carried out at a temperature of
110°C for 2 hours. The calculation as follows:
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E] = extracted Juice
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C = Weight of Cane

Fibre content was analyzed directly using the bag method as described by Central Cane Price Board Australia
[19]. 100 grams (* 0.1 gr) shredded cane samples were inserted in the dried cloth bag. Remove brix from
sugarcane by washing it with hot water. After that, the cloth bag is dried until the weight is constant. The fibre
content was calculated from the weight of the bag containing the dried cane minus the weight of the dry bag. The
calculation as follows:

. _4a-b g
fibre 100 (8)

A = weight of empty dry cloth bags

B = weight of cloth bags plus free brix shredded cane after drying

E. NIR Instrument and Data Analysis

The spectral data from shredded cane was collected using NIR FOSS XDS Rapid Content Analyzer, Fig 1. The
spectral data was collected inside a measurement black box provided by FOSS.The spectra of dried shredded cane
was recorded in reflectance mode from 400 - 2500 nm. The reflectance data was converted into absorbance data.

The result of the wet chemical analysis was input into the software and analyzed. Total 100 samples were
obtained from the wet analysis.

The Vision Software package version 3 SP7 (FOSS NIRSystems, Inc) was used for data processing and statistical
analysis. Quantitative calibrations were developed for predicting cane quality parameters. The prediction
equation was obtained using partial least square as regression method. Data pre-processing using Mahalanobis
and 2nd derivative ([20], [21]). For cross-validation, the calibration set was separated into two groups, 75 samples
were used for calibrations model while 25 samples were used for validations process. Samples for validation were
selected randomly by taking one of every 5 samples from the entire data. The statistics used to select the best
equations were: standard error of calibration (SEC), coefficient of determination of calibration (R?), standard error
of cross-validation (SECV), coefficient of determination for cross-validation (r2) and RPD or ratio of the standard
deviation of the original data (SD) to SECV [22]. The evaluation of the best method for NIR calibrations is by
comparing the statistical analysis between WD and HP method.

ONr

ywis Softtwarw for Wirrdown

/ A
-

Fig. 1. NIR FOSS XDS Rapid Content Analyzer Module
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III. RESULTS AND DISCUSSION

The typical raw spectra of the shredded cane are shown in Fig 2. NIR read the spectra from 400 - 2500 nm
wavelength.

s
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Wavelength
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Fig. 2. Typical raw spectral curve of shredded cane

According to ([23], [24], [25], [26]) not all spectra of the shredded cane were used for the calibration process.
Spectra in wavelength range 1100-2500 nm were show the absorption of sucrose. Therefore, in this study the
spectra used for the calibration and validation process is in that range. According to Fig 2, the dominant peaks in
the spectra were observed at wavelength 1150 nm, 1450 nm dan 1940 nm due to water absorption [27]. Therefore
for the data pre-processing and calibration were used wavelength range : 1180 - 1430; 1470 - 1900; 1920 - 2500
for accurate calibration. Calibration models for NIR were used 75 samples, while another 25 samples were used
to evaluate the prediction error of calibration models. The calibration models were formulated by using PLS
regression method. The result of calibration and validation shown in Fig. 3 and Table 1.
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Fig. 3. NIR predicted vs LAB Analysis of pol%cane, brix%cane and fibre%cane using WD method for calibration
set data

Table 1. Statistical evaluation result for cane quality analysis using WD and HP method

Calibration Set Validation Set

Parameter PLS
R2 SEC SECV r2 SEP RPD

Factor
Wet Disintegrator
Pol%cane 9 0.937 0.459 1.027 0.935 0.516 3.119
Brix%cane 9 0.905 0.481 1.170 0.866 0.670 2.080
Fibre%cane 9 0.783 0.999 2.466 0.706 1.396 1.267
Hidraulic Press
Pol%cane 9 0.823 0.936 1.940 0.773 1.125 1.689
Brix%cane 9 0.870 0.529 1.021 0.731 0.828 1.970
Fibre%cane 9 0.703 0.672 1.579 0.657 1.936 1.050

*n for calibration model = 75; n for prediction model = 25

There was a good correlation for pol%cane and brix%cane parameters using WD method, Table 1 and Fig 3.
For pol%cane and brix%cane R? value for WD method were 0.937 and 0.905, respectively. While the R? value of
pol%cane and brix%cane for HP method were 0.823 and 0.870, respectively. SEC for pol%cane and brix%cane of
WD method were 0.459 and 0.481, respectively. While the value of SEC for pol%cane and brix%cane of HP method
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were 0.936 and 0.529, respectively. Another statistic evaluation for validation set was SEP and RPD value. The SEP
and RPD for pol%cane and brix%cane of WD method were 0,516 and 0,670; 3.119 and 2.080, respectively. While
the SEP and RPD value for pol%cane and brix%cane of HP method were 1.689 and 1.970, respectively.

The good association between wet analysis and NIR prediction demonstrate that NIR analysis can be used as a
reliable method to predict the pol%cane and brix%cane. However the good NIR prediction depend on the wet
analysis that use for calibration. Previous study of NIR prediction for cane quality were showed the same value for
pol%cane and brix%cane. ([24], [28], [29], [30], [31])

However, the coefficient determinations (R?) of fibre between the wet chemistry analyses and NIR prediction
for the WP and HP method were slightly low. The value were 0.783 and 0.703, respectively. Their error (SEC and
SECV) also high. The determination of fibre depends on the moisture and brix content. Shredded cane is usually
accompanied by soil or trash. Consequently, NIR spectroscopy would have different reflectance wavelength for
this parameter. Furthermore, the NIR prediction for fibre content will be at variance with the conventional method.
The result of fibre prediction was consistent with the previous study. ([29], [30], [31]).

Table 1 shows the comparison between WD and HP methods. All the statistic evaluation were show that WP
method have better NIR correlation than HP method. The good NIR calibration criteria were the higher value of
R? and RPD, lower value of error (SEC, SECV and SEP). The HP methods have a more complex procedure than WD
methods. The complex procedure of analysis includes weight the shredded cane and juice, pol of bagasse analysis
using extraction and fibre determination using weight. Analytical complex procedure leads to greater error,
consequently, this error will affect the NIR calibration process.

IV. CONCLUSION

NIR system was able to predict the cane quality, especially for pol%cane and brix%cane parameter. The good
result of NIR calibration was influenced by the conventional methods uses for cane quality analysis. In this
research, the Wet Disintegrator method show the better result for cane quality predictions than the Hydraulic
Press Method.
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ABSTRACT

Soil texture is one of the most important soil properties influencing most physical, chemical, and
biological soil processes. Information of soil texture is important to support the agronomic decisions
for farm management. The problem is how to provide reliable, fast and inexpensive information of soil
texture in the subsurface from numerous soil samples and repeated measurement. The use of
spectroscopy technology has emerged as a rapid and low-cost tool for extensive investigation of soil
properties. The objective of this research was to develop calibration models based on laboratory Vis-
NIR spectroscopy and partial least-square regression (PLSR) analysis to estimate the soil texture in two
small farms of soybean crop at Yogyakarta Province. An ASD Fieldspec 3 with a spectral range from 350
nm to 2500 nm was used to measure the reflectance of 120 soil samples. Pipette method was used to
measure the silt, clay and sand fractions of 40 soil samples. The PLSR with full cross-validation was
performed to establish the relationship between the soil textural fractions with the pre-treated Vis-NIR
soil reflectance spectra. The selection criteria of any pretreatments were the largest coefficient of
multiple determinations (R2?) and the smallest of Root Mean Square Error (RMSE). The selected
calibration model was used to predict the soil textural fraction in the new samples. The full cross-
validation ability of PLSR is given by the value of residual prediction deviation (RPD). The results
revealed that the calibration model was good for silt prediction, and excellent for clay and sand
prediction. Vis-NIR spectroscopy was a reliable tool for the prediction of soil textural fraction of
unknown soil samples. Different preprocessing methods should be performed in order to improve the
correlations between the measured soil texture and the spectra.

Keywords : Vis-NIR spectroscopy, soil reflectance, soil texture, calibration model, Yogyakarta
I. INTRODUCTION

Soil texture associated with the ability of soil to retain water, soil moisture content, soil organic matter and
minerals which are essential in agriculture. Relative amounts of sand, silt and clay influences porosity,
permeability, ease of tillage and nutrient retention. The clay fraction has a significant influence on many physical
and chemical processes that occur in soil. In contrast, the sand and silt fraction typically do not have much
influence on chemical processes [1]. Soil texture is not usually change by management practices, however, it may
be altered by erosion, deposition, truncation, and some other human interventions [2]. Since it has a major effect
on the soil fertility levels, information on soil texture is important to support the agronomic decisions for farm
management. The problem is how to provide reliable, fast and inexpensive information of soil texture in the
subsurface from numerous soil samples and repeated measurement.

Proximal soil sensing techniques have been developed to better understand the soil variability [3]. It is the use
of field-based sensors to obtain signals from the soil when the sensor’s detector is in contact with or close to
(within 2m) the soil [4]. Recently, visible and near infrared (Vis-NIR) diffuse reflectance spectroscopy has emerged
as a rapid and low-cost tool for extensive investigation of soil properties. There are several soil attributes that
often are well estimated with vis-NIR spectroscopy. The most obvious ones are soil texture, especially clay content,
mineralogy, the content of soil organic carbon or soil organic matter and soil water [5]. Soil Vis-NIR (350-2500
nm) reflectance spectra contain valuable information for predicting soil textural fractions [6]. Reflectance was
relatively high for soils with loamy sand texture with over 70% sand content.
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The quantitative spectral analysis of soil using Vis-NIR reflectance spectroscopy requires sophisticated
statistical techniques to discern the response of soil attributes from spectral properties. Various methods have
been used to relate a soil spectrum to soil attributes [7]. The multivariate analysis is used because in fact the
problem that occurs cannot be solved by simply link the two variables or see the effect of one variable to another.
The most common calibration methods applied are based on linear regressions, namely stepwise multiple linear
regression (SMLR), principal component regression (PCR), and partial least squares regression (PLSR). PCR and
PLSR techniques can cope with data containing large numbers of predictor variables that are highly collinear.
However, PLSR is often preferred by analysts because it relates the response and predictor variables so that the
model explains more of the variance in the response with fewer components, it is more interpretable and the
algorithm is computationally faster [5]. Rossel et al. [8] agreed with Geladi and Kowalski [9] that PLSR takes
advantage of the correlation that exists between the spectra and the soil, thus the resulting spectral vectors are
directly related to the soil attribute. The advantages of PLSR are that it handles multi-collinearity, it is robust in
terms of data noise and missing values. They also found that spectroscopic analyses combined with PLSR were
very attractive for modeling and precision agriculture.

The objective of this research was to develop calibration models based on laboratory Vis-NIR spectroscopy and
PLSR analysis to estimate the soil texture in two small farms of soybean crop at Yogyakarta Province. The use of
spectroscopy technology for proximal soil sensing sounds promising to solve the problem, especially to develop a
precision farming system in Indonesia.

II. MATERIALS AND METHODS

A. Site Description

The research was conducted at soybean farms in two locations, i.e. Natah Village, Nglipar District, Gunung Kidul
Regency (7°51'39.0"S, 110°39'19.4"E) and Jatimulyo Village, Dlingo District, Bantul Regency (7°55'22.5"S,
110°29'08.7"E) in Yogyakarta Province (Fig. 1). The elevation of Nglipar ranges from 200 to 210 m asl., while
Dlingo elevation ranges from 190 to 200 m asl. The slope varies between 5° to 10° which Dlingo was steeper than
Nglipar. The variability of soil classification in the research area was high, even occurred in the same landform.
Soils in the study area were tentatively classified as Hapludults and Dystrudepts at Nglipar, while soils at Dlingo
were classified as Hapludalfs, Eutrudepts and Udorthents [10] (Table 1).

Nglipar and Dlingo had tropical climate and classified as Am by Képpen and Geiger. The average annual
temperatures of Nglipar and Dlingo were 25.2 °C and 25.8 °C, and the average rainfalls were 2,083 mm and 2,019
mm [11]. Table II shows the average of monthly rainfall of the past 10 years. During the research, the monthly
rainfalls from October 2016 to January 2017 were: 253, 526, 305 and 369 mm at Nglipar, and 232, 312, 420 and
411 mm at Dlingo [12].
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Fig. 1. Location of the research area: a. Nglipar, Gunung Kidul Regency, and b. Dlingo, Bantul District (Source:
Modified from Google Map 2017).
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Table 1. Soil Class and landform of Nglipar and Dlingo

Soil Class L . Relief
(Great group) Proportion (%) Landform Parent material (% slope)
NGLIPAR, GUNUNG KIDUL: TECTONIC GROUP
;zgxgzg; ig;g Undulated tectonic plain  claystonesandstone un((;l_liast)ed
DLINGO, BANTUL: KARST GROUP
Hapludalfs 50-75 .
Eutrudepts 25-50 Karst hill limestone Sr(nlasl{zh él)ly
Udorthents 10-25

Source: Indonesian Center for Agricultural Land Resources Research and Development (BBSDLP, 2016)

Table 2. The monthly rainfall average of 2007-2016 (mm)
NGLIPAR DLINGO
Jan 314 Jul 53 Jan 381 Jul 45
Feb 334 Aug 38 Feb 438 Aug 25
Mar 277 Sep 117 Mar 335 Sep 75
Apr 190 Oct 80 Apr 306 Oct 89
May 123 Nov 219 May 216 Nov 295
Jun 79 Dec 496 Jun 121 Dec 386
Source: BMKG, Sleman DIY (2017)

The activities in the farm at Nglipar and Dlingo were almost the same every year. Table 3 shows the crop
pattern of both locations.

Table 3. The yearly crop pattern at Nglipar and Dlingo

NGLIPAR DLINGO
Jan GN Jul - Jan SB/C Jul -
Feb GN Aug - Feb SB/C Aug -
Mar GN Sep - Mar SB/C Sep -

Apr SB Oct SB Apr VB Oct SB
May SB Nov SB May VB Nov SB
Jun SB Dec SB Jun VB Dec SB
GN: Ground Nut; SB: Soy Bean; C: Corn; VB: Velvet Bean

B. Soil Sampling

Due to the irregular and terrace shapes of the fields (Fig. 2), the layout of sample points was set up using the
grid method combined with a transect line of 5 meter interval. There were 30 sample points for each field marked
with bamboo sticks. The soil was sampled 2 stages within one cropping season from October 2016 to January
2017, i.e. before planting and after harvesting the soybean. Each point was taken using auger at a depth of 5-15 cm
about 500 grams and stored in a labeled zip lock plastic bag. The total samples from 2 locations (G, B) and 2 stages
(I, IV) sampling were 40 samples for texture analysis and 120 samples for spectroscopic measurements. All

samples were air-dried, then gently crushed to break up larger aggregates, afterward removed the visible roots
and each sample was sieved at 2 mm strainer.

(a) (b)
Fig. 2 Field lay out. (a) Gunung Kidul site (1500 m2) and (b) Bantul site (1300 m2)
(Modified from Google Earth 2012)
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C. Texture Analysis

The soil texture was analyzed by the Soil Analytical Services Laboratory at UPN “Veteran” Yogyakarta using
Robinson’s pipette method to determine the percentage of sand, silt and clay. Then the texture was classified in
accordance with the soil texture triangle of the United States Department of Agriculture [13] (Fig. 3).

D. Laboratory Vis-NIR Spectroscopy

The spectroscopy measurement was performed at the University of Palangka Raya, Central Kalimantan, using
ASD Field-spec®3 350-2500 nm spectroradiometer (Analytical Spectral Devices Inc., Boulder, Colorado, USA).
Each soil sample was placed into a 5 cm dia. ring sample (Eijkelkamp), and flattened the surface. A black aluminum
ring plate (modified by TUAT Laboratory, Japan) was fitted on the top of ring sample in order to hold the ASD
probe of the optic sensors and keep the same distance from the probe tip to the sample surface (Fig. 4).

The reflectance of each sample was scanned 10 times with different positions by moving the ring sample
circularly, and the results averaged in post-processing. Every 15 minutes the instrument was calibrated by
measuring the reflectance of the white spectralon panel as white reference. The reflectance value of each spectrum
was recorded in the computer accompanied with the instrument. A ViewSpecPro software had been installed to
translate from binary to ASCII.
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Fig. 3. USDA soil texture triangle of the percentages of sand (2-0.05 mm), silt (0.05-0.002 mm)and clay (< 0.002
mm)

The texture fractions of the soil samples: ® GI, ® GIV, ® BI, ® BIV

(a) (b)

Fig. 4. Soil reflectance measurement. (a) soils in ring sample and (b) The ASD probe was inserted into a black
aluminum ring plate at the sample surface
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E. Multivariate Statistical Analysis

The data of soil texture was compiled in a worksheet of MS Excel with such format compatible to be exported
to the Unscrambler X to perform the multivariate analysis. The measured reflectance (R) spectra were transformed
in absorbance through log (1/R) to reduce noise, offset effects, and to enhance the linearity between the measured
absorbance and soil properties [6]. To enhance weak signals and remove noise due to diffuse reflection, the
absorbance spectra were pre-treated using the second derivative Savitzky and Golay method [7]. Moreover, both
edges of the spectra were removed as these parts of the spectra were unstable and rich in noise [14].

The calibration models were subsequently developed by applying the partial least-square regression (PLSR)
technique coupled with full cross-validation to establish the relationship between the amount of soil textures
(reference values) with the pre-treated Vis-NIR soil absorbance spectra from the corresponding locations [14] .

Three calibration models were developed, i.e. sand, silt and clay models. The models combined the dataset of
spectra (500-2350 nm) and 40 reference values of each textural fraction. In the PLSR analysis, sample outliers
were detected by checking the residual sample variance plot after the PLSR. Individual sample outliers located far
from the zero line of residual variance were considered to be outliers and excluded from the analysis. Due to the
small number of data set for calibration (40 samples), the number of outliers was limited to 5 samples.

The selection criteria of any pretreatments were the largest coefficient of multiple determinations (R?) and the
smallest of Root Mean Square Error (RMSE). The full cross-validation ability of PLSR was given by the value of
residual prediction deviation (RPD). The ability of NIRS to predict values of soil properties can be grouped into
three categories based on RPD values: category A or excellent (RPD >2.0), category B or good (RPD = 1.4~2.0), and
category C or unreliable (RPD <1.4) [15]. RPD was given by the ratio of standard deviation (SD) of the reference
dataset to the root mean square error of full cross-validation (RMSEval), as in Equation (1) [14].

RPD = SD. RMSEyar? (1)

The selected calibration model was used to predict the soil textural fraction in the new 80 samples.
III. RESULTS AND DISCUSSION

The textural fractions of different locations (G, B) and stages (I, IV) are shown in Fig. 5 Soil at G (decomposed
from claystone) had about 5 % clay higher and 5 % silt lower than soil at B (decomposed from limestone). There
were only small change (2 %) on the amount of clay and silt between the soils before planting (I) and after
harvesting (IV). Generally, texture of a field can't easily be changed [16].

100%
90%
80% -
70%
60%
50%

40%

30%
20%
10%

0%

GIV locB  locG “age “age

Average Textural Fractions (%)

Clay 69.21 68.97 63.21 65.44 69 09 64.33 67.13 | 65.87
mSilt 7.734 8739 13.13 14.13 8 236 13.63 9.868 | 12.00
mSand 23.05 22.28 23.65 20.42 22.66 22.03 22.99 22.11

Soil Sample by Space and Time

Fig. 5. The textural fractions of different location and stage
(G: Gunung Kidul, B: Bantul; I: before planting, IV: after harvesting)

The soil texture of all 40 samples shows in the soil texture triangle (Fig. 3) was classified as clay. The sand
content ranges from 11.92 to 35.37 %, with a mean value of 22.35 %, the silt content varies from 0.93 to 23.67 %,
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with a mean value of 10.93 %, while clay content ranges from 53.49 to 74.72 %, with a mean value of 66.71 %. The
descriptive statistics of the samples shows in Table 4.

Clay soils hold large amounts of nutrients and water - may hold things too tightly, slow infiltration or high
runoff means much erosion, and may shrink/swell - depends upon the type of clay minerals present [16].

Soil texture affects soil optical properties. Light is trapped in the rough surfaces of the coarse soil particles. For
example, if iron and lime are present, a stronger reflectance is received than if the soil material was fine textured
and dry. Variations in soil reflectance occur where there is a change in distribution of light and shadow areas with
surface roughness areas [17].

Table 4. Descriptive Statistics of textural fractions data

Fraction (%) Clay Silt Sand
Samples 40 40 40
Min 53,49 0,93 11,92
Max 74,72 23,67 35,37
Range 21,23 22,74 23,44
Mean 66,71 10,93 22,35
Median 67,44 10,57 21,74
Std Deviation 5,45 4,90 4,52
Variance 29,67 23,96 20,39
RMS 66,93 11,96 22,79
Skewness - 0,90 0,55 0,51

The soils reflectance of Nglipar (G) and Dlingo (B) shown in Fig. 5 indicate the spatial and temporal variability
of soils in very small fields (+1500 m?2).

0
500 534 670 756 842 528 1027 1135 1246 1356 1466 1576 1686 1757 1507 2017 2127 2237 2348
Wavelength (500-2350 nen)

(a)

05

0.4

Reflectance
o
“w

o
"~

0.1
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(b)
Fig. 5a. The soil reflectance of Nglipar (G) : (a) before planting and (b) after harvesting of Soybean
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B - soil seflectance (before planting)
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(b)
Fig. 5b. The soil reflectance of Bantul (B) : (@) before planting and (b) after harvesting of Soybean

In this research, soil texture was observed whether it had correlation with the soil reflectance. Table 5 shows
the calibration process for each model using PLSR.

After several steps performing the PLSR, the selected calibration model was used to validate 40 reference
samples and 80 new samples. The summary of PLSR results is shown in Table 6. From the RPD value indicated
that the calibration models were good to predict clay (1.82), silt (1.47) and sand (1.41), respectively.

The Vis-NIR predicted values using PLSR for reference and new samples are described as regression models in
Fig. 6, 7 and 8, Clay prediction has higher accuracy compared to sand and silt.

The better results obtained by using the PLSR method are clearly due to the fact that PLSR takes advantage of
the use of the entire spectral signature [18]. The regression coefficient plotted in Fig. 9, 10 and 11 shows the
investigated spectrum that should be considered important for the prediction of soil textures.

293



Virgawati et al. : VIS-NIR Proximal Sensing...

Table 5. The calibration proccess using PLSR

Pretreatments registered 1) Spectroscopic Transform (Type : Reflectance-to-absorbance)
2) Derivative Savitzky-Golay Transform
(Deriv. order: 2; Polynomial order: 2; Left Points :10; Right Points :10

Algorithm used Wide Kernel
Validation method Cross validation - Full with 40 segments
CALIB PROCESS PLSR1 PLSR2 PLSR3 PLSR4
CLAY CALIBRATION
Number of samples 40 39 37 35
Total number of factors 14 7 7 7
Factors suggested by model 6 6 7 7
Optimal number of factors 6 6 7 7
Samples kept out - 37 3,15 13,28
Variables kept out - - - -
SILT CALIBRATION
Number of samples 40 37 35 -
Total number of factors 14 7 7 -
Factors suggested by model 6 6 6 -
Optimal number of factors 6 6 6 -
Samples kept out - 3,5,37 14,28 -
Variables kept out - - - -
SAND CALIBRATION
Number of samples 40 38 37 36
Total number of factors 14 9 9 7
Factors suggested by model 8 7 7 7
Optimal number of factors 8 7 7 7
Samples kept out - 3,7 37 30
Variables kept out - - - -

Table 6. Summary of PLSR results for textural fraction calibration models
PLSR results CLAY MODEL SILT MODEL SAND MODEL

Used samples 35 35 36
Optimal factors 7 6 7
R2cal 0.95 0.80 0.95
RMSE cal 1.19 2.14 0.99
RZyal 0.69 0.54 0.53
RMSE val 3.00 3.33 3.18
SD 5.45 4.89 4.51
RPD 1.82 1.47 1.41
CLAY prediction model
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Fig. 6. Clay prediction models using PLSR
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Fig. 9. The regression coefficients of sand models
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Fig. 10. The regression coefficients of silt models
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Fig. 11. The regression coefficients of clay models

IV. CONCLUSION

The performance of Vis-NIR reflectance spectroscopy to estimate soil texture using PLSR method resulted

satisfactory level. It was proven from the RPD values that the calibration models were “good” to predict clay, silt
and sand. Clay prediction had higher accuracy compared to sand and silt. PLSR method also allows us to investigate
the important spectrum for the prediction of soil textures.

In this study, soil proximal sensing using Vis-NIR spectrum was a reliable tool for the prediction of soil textural

fraction of unknown soil samples. Different preprocessing methods should be performed in order to improve the
correlations between the measured soil texture and the spectra.

The same method of soil proximal sensing is being performed to estimate the other soil properties such as pH,
soil organic matters, N, P and K spatially at Nglipar and Dlingo, and temporally at four stages of crop growth.

296

REFERENCES

W.A. Jury, and R. Horton, Soil Physics, 6th ed. New Jersey, USA: John Wiley & Sons, Inc., 2004.

K.T. Osman, Soils: Principles, Properties and Management, Dordrecht, The Netherland: Springer Science+Business Media,
2013.

V.I. Adamchuk, B.A. Allred, and R.A.V. Rossel, “Proximal Soil Sensing: Global Perspective ,” FastTimes, vol.17, no.1, Mar.
2012. [Online]. Available: http:// www.eegs.org/

R.A.V. Rossel, V.I. Adamchuk, K.A. Sudduth, N.J. McKenzie, and C. Lobsey. “Proximal Soil Sensing: An Effective Approach
for Soil Measurements in Space and Time,” Advances in Agronomy, vol.113, pp. 237-282, 2011.

B. Stenberg, R.A.V. Rossel, A.M. Mouazen, and ]. Wetterlind, Visible and Near Infrared Spectroscopy in Soil Science, in Donald
L. Sparks, Ed., Advances in Agronomy. Burlington: Academic Press, 2010, Vol. 107, pp. 163-215.

M. Conforti, R. Froio, G. Matteucci, G. Buttafuoco, “Visible and near infrared spectroscopy for predicting texture in forest
soil: an application in southern Italy,” iForest, vol.8, pp. 339-347, 2015. [Online] Available: http://www.sisef.it/iforest/
A. Gholizadeh, M.S.M. Amin, and M.M. Saberioon, “Potential of visible and near infrared spectroscopy for prediction of
paddy soil physical properties,” Journal of Applied Spectroscopy, vol.81: 3, pp.534-540, Jul. 2014.

R.AV. Rossel, D.J.J. Walvoort, A.B. McBratney, L.J. Janik, and ].0. Skjemstad, “Visible, near infrared, mid infrared or
combined diffuse reflectance spectroscopy for simultaneous assessment of various soil properties,” Geoderma, vol.131,
pp. 59-75, 2006.

P. Geladi and B.R. Kowalski, “Partial least-squares regression: a tutorial,” Analytica Chimica Acta, vol.185, pp. 1-17, 1986.
“Datasheet of Nglipar and Dlingo Soil Map Scale 1:250,000”, Indonesian Center for Agricultural Land Resources Research
and Development (BBSDLP). [via email]. 2016.

(2017) Climate data for cities worldwide website. [Online]. Available: http://en.climate-data.org/

“Monthly rainfall 2007-2017 datasheet of Dlingo and Nglipar,” BMKG, Yogyakarta, Indonesia.

“Soil Texture Calculator”, NRCS USDA website. [Online]. Available: https://nrcs.usda.gov/

B.S.N. Aliyah, S. Shibusawa and M, Kodaira, “Multiple-depth mapping of soil properties using a visible and near infrared
real-time soil sensor for a paddy field,” Engineering in Agriculture, Environment and Food, vol.8, pp.13-17, 2015.

C.W. Chang, D.A. Laird, M.J. Mausbach, and C.R. Hurburgh Jr., “Near-infrared reflectance spectroscopy-principal
components regression analysis of soil properties,” Soil Sci Soc Am J., vol.65, pp.48-90, 2001.

S.w. Broome, lecture note in Soil Physical Properties. [Online]. Available:
http://broome.soil.ncsu.edu/ssc012/Lecture/topic8.htm.
Canadian Remote Sensing Society, article of Remote Sensing and Soil [Online]. Available:

http://www.ucalgary.ca/geog/Virtual/ Remote%Z20Sensing/rssoils.html
D. Curcio, G. Ciraolo, F. D’Asaro, M. Minacapilli, “Prediction of soil texture distributions using VNIR-SWIR reflectance
spectroscopy,” Procedia Environmental Sciences, vol. 19, pp. 494- 503, 2013



Proceeding of ISAE International Seminar, Bandar Lampung, August 10-12, 2017

C.12

APPLICATION OF MICROCONTROLLER TO CONTROL ROOM ENVIRONMENT
OF A MUSHROOM HOUSE

Sugeng Triyono!, Dermiyati2, Jamalam Lumbanrajaz, Hanung Pramono3, Aditya H. Probowo!

1Department of Agricultural Engineering, University of Lampung
2Department of Soil Sciences, University of Lampung
3Department of Agribusiness, University of Lampung

E-mail : striyono2001@yahoo.com

ABSTRACT

The objective of this research is how to control proper room temperature and humidity in a straw
mushroom producing house with the targets of 28-33°C temperature, and 80-90% relative humidity.
Research was conducted by building a mushroom house (4m wide x 6m long x4m high), steel framed,
asbestos roofed with 3mm plywood ceiling, and 60% screen net wall layered with 14%UV transparent
plastic. The mushroom house was equipped with a microcontroller to monitor and control the room
temperature and relative humidity. Twenty units of SHT22 sensor were installed to monitor the
temperature and humidity; eighteen in the room, one above the ceiling, and the last was placed outside
the house (above the roof). The system was equipped with 4 units of water sprayer heads to elevate the
room humidity and decrease the room temperature. Two units of vents were installed at the upper wall
to exhaust the room air when the humidity and temperature were above the optimum ranges. A unit of
heater was added at the middle of the room to elevate the room temperature when it went down bellow
28°C. Results showed that when the temperature and humidity were not controlled, they could fluctuate
out of the optimum ranges; temperature increased above 33°C and went down to 25°C. Likewise;
humidity was ranging between about 50% to saturation. However; when the control was activated, the
temperature and humidity were in general close to the optimum ranges.
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I. INTRODUCTION

Cultivating of straw mushroom can be a potential alternative in the term of diversification of protein sources,
because straw mushroom is one nutritious food with high content of protein. Some edible mushrooms grown in
Indonesia are Agaricus bisporus, Auricularia auricula, Lentinula edodes, Pleurotus ostreatus, dan Volvariella
rolvacea or straw mushroom. Straw mushroom dominates the portion by 55%—60% of domestic prouction
(Iriana, 2007). However; Production and consumption of straw mushroom in Indonesia is still low, only limited
people realize its good nutrition and consume mushroom. The world’s production of edible mushroom is about
3,5 million tons/year, whilst Indonesian production is only 68 thousand tons or less than 2% of the world’s
production (Wakchaure, 2011). The fact showed that mushroom cultivation is very prospective to develop in
Indonesia.

Straw mushroom (Volvariella volvaceae L) is more preferable to others because of its exceptional taste besides
its high content of nutrition. Some researches showed that straw mushroom’s protein content was about 25.9-
28.5% (Sunandar, 2010). This protein content is higher if compared to rice’s protein content which is only 8,4%
(ParadiGma, 2014), or to wheat’s content which is about 6-17% (Aptindo, 2012). Straw mushroom also contains
9 of 10 types of essential amino acids known. 72% of fat contained in straw mushroom is unsaturated fat. Some
vitamins, such as B1 (thiamine), B2 (riboflavine), niacin and biotin are also contained in the straw mushroom.
Straw mushroom is also known containing various minerals such as K, P, Ca, Na, Mg, dan Cu (Sunandar, 2010).

Straw mushroom is normally grown on rice straw media, which is firstly added with some fertilizers, limes,
and carbohydrate-containing materials, and then composed after all. However; straw mushroom is in fact can be
grown on media some cellulose materials other than rice straw especially for agricultural solid wastes such as EFB,
dried banana leaf, coconut husk, sugar cane baggase, saw dusk (Mayun, etal. 2007; Riduwan, etal.
2013);Additional materials such as rice bran (as sources of carbohydrates), organic/inorganic fertilizers, chicken
litters (sources of decomposers and nitrogen), lime (for controlling pH) are added to the main medium and mixed
prior to composting (Arifestiananda, 2015; Zuyasna dkk., 2011; Farid, 2011; Ichsan dkk., 2011).
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Utilization of EFB used as the growing medium for straw mushroom is prospective in that EFB is abundant
waste from palm oil industries in Lampung and even in Indonesia. In addition, EFB is high content of cellulose
which is needed for mushroom’s growth. The spent medium then can be used for organic fertilizer. Therefore;
there is some added value of the solid waste, as the mushroom growing medium and as organic fertilizers or
compost.

Straw mushroom is grown in a mushroom house which is so called “kumbung”. Proper environment (room
temperature and relative humidity) is needed for straw mushroom to grow well. Growers know that the optimum
temperature ranges from about 28°C to 33°C, and the optimum relative humidity (RH) ranges from 80% to 90 %.
Traditionally growers control room temperature and RH by opening and closing ventilation. They spray the floor
with water in order to increase RH. This traditionally method of controlling room temperature and relative
humidity is neither accurate nor effective. When temperature sharply elevates, the opening ventilation is not
effective enough to naturally deliver the warming air temperature from inside to the outside mushroom house. A
mechanical exhaust is apparently required to solve this problem.

Automatically controlled room environment of the mushroom house might be the best solution to get the
optimum temperature and humidity needed by mushroom. Researches on the use of microcontroller for
controlling hydrophonic plant’s environment have been done (Candra at.al, 2016). Other research works on the
use of microcontroller to control the mushroom’s environment have been found too (Sunarsa dkk. 2010;
Akmaludin dan Luthfi, 2014; Karsid et.al., 2015). All of the researches; however, were done in smaller scale models
of mushrooms. So we need further pictures of the application of microcontroller on true size of mushroom house
in term of controlling the environment. This research aims to observe temperature and humidity profiles in a
4x6x4 m3 mushroom house.

II. MATERIALS AND METHODS

Research was started by building a mushroom house with the size of 4x6 m2 large and 4 m high. The structure
was supported by steel frame, while the wall was sealed with woven plastic screen and doubled with plastic
tarpaulin to get a better thermal insulation. The roof was made of waved asbestoses; ceiling was from 3 mm
plywood. The wall was equipped with 2 units of exhaust vents to draw warm air in the inside to the outside of the
mushroom house.

Four units of nozzle water sprayers were mounted at the ceiling, to elevate humidity and lower temperature.
A mixing vent was also installed on the ceiling in order to make room air homogeneous. A set of heater was placed
underneath of the mixing vent. These equipments were all automatically controlled by assembled microcontroller
using processor of Arduino Mega 2560. Twenty units of DHT sensor were mounted; 18 units inside the room, one
above the ceiling, the last one above the roof (outside the building). After all, the system was calibrated, validated,
and then tested before the true mushroom production. Consistency of the temperature and humidity was assessed
by using trial and error.

Exhaust fan water spray
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Fig. 1. “Kumbung” the mushroom house
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III. RESULTS AND DISCUSSION

A set of microcontroller assembled using the Arduino mega 2560 processor was displayed on Fig. 2. This
control monitored temperature and humidity outside the room (two sensors, above the ceiling and above the roof),
and also control temperature and humidity inside the room through twenty units of DHT 22 sensor.

Fig. 2. Microcontroller set

Fig. 3 shows hourly temperature profile for one mount. Average outside (above the roof) temperature was
37.46°C, too high for mushroom to grow. Average ceiling (above the ceiling) temperature was 35.43°C, still high
for mushroom to grow well. The temperature difference showed the sealing effect of the waved asbestoses roof.
Average temperature inside the room was 37.22°C, still higher than the optimum temperature needed, showing
that the room temperature needs to be controlled to around be optimum (max of 33°C). Especially just before and
after noon, temperature was rising to pick points of almost 40°C which were dead points.
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Fig. 3. Uncontrolled room, above ceiling, above roof temperatures

Fig. 4 shows humidity at room, above ceiling, and above roof of mushroom house. Humidity above roof of the
mushroom was 98.9% almost saturation, minimum of 74.4%, and maximum of 99.9% just saturation. Above the
ceiling, humidity was 92.7% on the average, minimum of 53.1%, and maximum of 99.9%. Inside the room of the
mushroom house, humidity was 84.8% on the average, meaning that humidity met the optimum requirement.
However, the minimum humidity of 63.5% was definitely too low, meaning that room humidity needs to be
controlled. The maximum humidity of 94.1%; however, was fairly close to the optimum range.
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Fig. 4. Uncontrolled room, above ceiling, above roof humidity

Sensors were had to be validated to make sure that the sensor could read properly at saturated humidity. All
sensors showed almost the same temperatures for average and minimum temperatures, meaning that all sensors
had no problem in reading the saturated temperatures. For maximum temperatures, sensors showing the highest
temperature at outside were just normal.
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For humidity validation at saturation, Fig. 6 showed just all sensors could reach saturated humidity, meaning

Fig. 5. Room, above ceiling, above roof temperatures at saturated humidity

that all sensors had no problem of reading at maximum ranges.
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Fig. 6. Room, above ceiling, above roof humidity at saturated points
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Fig. 7 showed controlled room temperature, above ceiling and above roof temperatures. Average room
temperature of 28.64°C was good since it was in the optimum range. However; the minimum temperature of
25.81°C and the maximum temperature of 35.13°C were somewhat critical points. The minimum temperature of
25.81°C might not so bad, but the maximum temperature of 35.13°C might cause very serious effect on mushroom
growth. These critical temperatures mostly happened just before and after noon. This problem implied that some

modifications of coding of water spray and exhaust vent were needed to be done.
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Fig. 7. Controlled room temperature, above ceiling and above roof temperatures
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Fig. 8 showed controlled room humidity, above ceiling and above roof humidity. Average room temperature of
96.83 was above the designed range which is 80-90%. It suggested that some modification of exhaust vent
operation modes and water sprayer were needed to be taken to get the best condition in the room in the mushroom
house. However; the effect of high humidity on mushroom growth was not as critical as the effect of temperature.
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Fig. 8. Controlled room humidity, above ceiling and above roof humidity

IV. CONCLUSION

Based on the data showed, some conclusions that can be taken were:
1. Temperature and humidity Sensors (DHT 22) could work pretty well.

2. The control system designed worked very well. However, temperature was easier than controlling humidity.
Average controlled inside room temperature of 28.64°C fell in the optimum range, while the average controlled
humidity of 96.83% was still above the designed range, and therefore needed some adjustments of the

operation modes.
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ABSTRACT
The functions soil depends on the balances of its structure, nutrients composition as well as other
chemical and physical properties. Conventional methods, used to determine nutrients content on
agricultural soil were time consuming, complicated sample processing and destructive in nature. Near
infrared reflectance spectroscopy (NIRS) has become one of the most promising and used non-
destructive methods of analysis in many field areas including in soil science. The main aim of this present
study is to apply NIRS in predicting nutrients content of soils in form of total nitrogen (N). Transmittance
spectra data were obtained from a total of 18 soil samples from 8 different sites followed by N
measurement using standard laboratory method. Principal component regression (PCR) with full cross
validation were used to develop and validate N prediction models. The results showed that N content
can be predicted very well even with raw spectra data with coefficient correlation (r) and residual
predictive deviation index (RPD) were 0.95 and 3.35 respectively. Furthermore, spectra correction
clearly enhances and improve prediction accuracy with r = 0.96 and RPD = 3.51. It may conclude that
NIRS can be used as fast and simultaneous method in determining nutrient content of agricultural soils.

Keywords : infrared; soil; nitrogen; prediction; spectroscopy.
I. INTRODUCTION

As all we know that a major function of soil is to provide fundamental natural resources for survival of plants,
animals, and the human race. The functions soil depends on the balances of its structure and composition, well as
the chemical, biological, and physical properties [1].

The maintenance of soil quality is critical for ensuring the sustainability of the environment and it depends on
the balances of soil structure and nutrient contents. These nutrient contents are divided onto macro and micro
nutrient content. N, P, and K are major or macro nutrient contents, while Fe, Mn, Zn, Cu, B, Mo and Cl are known as
micro nutrient contents. Both macro and micro are essentially required by plants to grow and develop [2].

Significantly, plants can grow optimally in a healthy soil, heavy metals free and fertile. Soil chemical properties
related to the amount of nutrients required by plants, the amount needed will vary each growth phase.

Itis very difficult to determine nutrient contents on soil in real time and without sample preparation. Normally,
it requires standard laboratory procedures in which took some time with complicated sample preparation, and
followed with multi step procedures. On the other hand, soil nutrient contents must be determined rapidly in order
to take an action required and ensure optimum plant growth.

During the last two decades, infrared (IR) spectroscopy has been widely employed as an effective tool for the
analysis of soil properties. Compared with traditional wet chemistry analysis, IR analysis is rapid, cost effective,
non-destructive, requires minimal sample preparation and can be used in situ. More importantly, it permits a
quantitative assessment of several properties from a single measure- ment. This technique mainly measures
overtones and combinations of fundamental vibrational bands for O-H, N-H and C-H bonds from the mid-infrared
region.

Numerous studies for the measurement of soil nitrogen (N) and organic carbon (0OC) have been reported using
this technique [3-5].

The IR Spectroscopy is a technique or method which uses infrared radiation of the electromagnetic spectrum
to analyze the chemical composition of organic matter. It provides information through spectra signatures and
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patterns, regarding with the intrinsic organic bonds of the molecules and thus the primary chemical constituents
of the object can be determined [6].

The term spectroscopy is the study of electromagnetic radiation as a function of wavelength, which has been
reflected, absorbed or transmitted from a solid, liquid or gas material. Spectroscopy generates a unique spectral
pattern of the material monitored. Each biological object has its own special optical properties, which means it has
a different spectra pattern or signatures indicated its chemical compositions [7].

The main objective of this study is evaluate the feasibility of infrared spectroscopy technique, in form of near
infrared transmittance spectrum for N content prediction on soil samples. Also, this study is aimed to evaluate the
impact of spectra correction on prediction accuracy and robustness compared to un-corrected spectra data.

II. MATERIALS AND METHODS

A. Soil samples and instrument preparation

Soil samples were collected from 8 different sites in Banda Aceh and Aceh Besar district area. They cover rice
field, ground/planted field and bare land. Soils amples were taken to the lab, dried and stored for 3 days prior to
spectra acquisition and data analysis. Furthermore, FT-IR iptek 1516 was used as infrared instrument to acquire
and record transmittance spectra of soil samples.

B. Transmittance near infrared spectra acquisition

In this study, infrared spectra data of all soil samples were acquired in form of transmittance spectral data.
Background spectra correction was performed every hour automatically. Transmittance spectra in wavelength
range of 1000 - 2500 nm with the increment of 0.2 nm resolution were acquired 32 times, averaged and recorded
in SPA and CSV extension files format.

C. Nitrogen content measurement
Once spectra acquisitions were completed, total nitrogen content were measured using standard laboratory
method. These data were used as data validation.

D. Spectra data correction
To enhance and improve prediction performance, spectra correction was employed to all spectra data of soil
samples. Standard normal variate (SNV) was chosen as spectra data correction method [8].

E. N content prediction

Nitrogen content of soil samples were predicted based on transmittance spectra data using principal
component regression (PCR). To validate the prediction result, full cross validation was applied during calibration
model development. Model performance was quantified using statistical indicators: coefficient determination (R2),
coefficient correlation (r), the root mean square error (RMSE) and residual predictive deviation (RPD) index.

III. RESULTS AND DISCUSSION

Soil spectra spectrum for all 18 soil samples were presented in Fig.1. Soil spectral features in the infrared
wavebands are highly correlated to the vibration modes of functional groups like the chemical bond of H and C, N,
and O. These bonds are subject to vibrational energy changes in which two vibration patterns exist in these bonds
including stretch vibration and bend vibration.
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Fig. 1. Transmittance spectrum for all 18 soil samples from 8 different sites in Banda Aceh and Aceh Besar.
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The nitrogen (N) content in the soil is a macro-element that plays an important role in soil nutrition along with

Phosporus (P) and Kalium (K).

N content prediction, performed using raw un-corrected spectra data was firstly employed to predict N content
of soil samples. Prediction result is showed in Fig.2. The accuracy of this prediction is relatively high. It generates

correlation coefficient of 0.95 with RPD index of 3.25 which is categorized as excellent model performance.
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Fig. 2. N content prediction result using raw un-corrected transmittance spectra data.
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We attempted to correct the spectra data in order to study the impact of this correction on prediction accuracy

and robustness. SNV was chosen as a spectra correction method and the prediction result is shown in Fig. 3.
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Fig. 3. N content prediction result using SNV corrected transmittance spectra data.
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Most absorption bands in the infrared region are overtone or combination bands of fundamental absorption
bands in the infrared region of the electromagnetic spectrum which are due to vibrational and rotational

transitions.

In large molecules and in complex mixtures, such as soil structures, the multiple bands and the effect of peak-
broadening result in spectral data that have a broad envelope with few sharp peaks. Soil is the biological object

that contains a great quantity of hydrogenous bonds (i.e C-H, O-H and N-H).

Based on this present study, as shown in loading plot in Fig.4, the N content of soil samples can be optimally
predicted in wavelength range of 1183 - 1208 nm, and also can be predicted in wavelength range of 1671 - 1753

nm, and 1905 - 1958 nm.
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Fig. 4. Optimum and relevant wavelength range for N content prediction in NIR region

IV. CONCLUSION

The present study aimed to evaluate the feasibility of infrared technology as a rapid and non-destructive

method in determining soil quality parameter in form of Nitrogen content. Obtained results shows that infrared
technology was able to predict N content of soil samples satisfactory with r coefficient = 0.95 and RPD = 3.25.
Furthermore, spectra correction, using SNV method was obviously improve prediction accuracy to r = 0.96 and
RPD index = 3.51.

N content of soil samples can be optimally predicted in wavelength range of 1183 - 1208 nm, and also can be

predicted in wavelength range of 1671 - 1753 nm, and 1905 - 1958 nm.
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ABSTRACT

Objectives of the program were to : (1) improve performance of human resource in handling pollution
and financial management, (2) improve quality of crafts and production capacity, and (3) broaden
marketing coverage. The program was conducted in the year of 2013 to 2015. In the first year (2013),
performance of the human resource in handling pollution was improved by a training and intruduction
of low pollution machine in coconut shell grinding process. Financial management was also improved.
In the second year (2014), capacity in producing better quality of crafts was improved by a training.
Variety of craft was also developed by a training and introduction of cutting and hollow drilling mahine.
Production capacity was increased by establishing 5 plasms . Marketing coverage was broadened by
promoting crafts product in some exibition at Jakarta and Semarang. An outlet in center of Purwokerto
city was also provided by the local government of Banyumas regency. In the third year (2015), smoke
pollution produced in copra processing was reduced by improvement of smoke drying room. Coconut
shell waste produced in craft production was used to make charcoal bricket. For this purpose, a charcoal
production building was built and a set of charcoal bricket machine was introduced.

Keywords : copra, coconat shell, pollution, charcoal bricket, crafts.
I. INTRODUCTION

Small-middle scale industry in Banyumas regency has been giving contribution to local economy growth. Role
of this scale industry should to be strengthened to enable the industry to give greater contribution because
population of the industry is high in Banyumas regency. Obstacles in developing the industry are lack of human
resource skills and lack of management capability.

Initial observation indicated that Somacoco was one of potential family owned industries to be developed
towards better performance. The Somacoco produces copra, coconut shell crafts, and coconut shell charcoal.
Motivation of the owner to develop the company was considerably high. Many supports have been accepted from
Local Government of Banyumas regency. However, some problems have not been solved yet and these became
obstacles for the company to achieve more profit. Available tools, machine, and building were limited and not
considerably safe nor healthful to workers. Workers were exposed to pollution emitted from copra and coconut
shell crafts processing. Smoke dryer room was not built properly and it caused heavy smoke pollution to the
surrounding area. Heavy smoke emitted from charcoal production was also improperly managed. In crafts
production, dust produced from grinding process was not properly anticipated either, and seriously threatened
the workers health. In terms of profit gain, the company faced difficulties in providing sufficient quantity and
quality to customers’ need due to insufficient availability of production machine and capability of the workers in
developing variety of products. This caused limitation of the company to gain greater profits.

Considering the above problems, a community service program was conducted. Objectives of the program
were to: (1) improve performance of human resource in handling pollution and financial management, (2)
improve quality of crafts and production capacity, and (3) broaden marketing coverage.
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II. MATERIALS AND METHODS

The program was funded by the DGHE- Indonesia Ministry of Education through multiyear program of Hi-Link.
Support was also given by the Local Government of Banyumas regency. This was a funded by Hi-Link program of
DGHE-Ministry of Education, the Government of Indonesia. Activities were conducted in three phases since 2013
to 2015. The activity objectives can be seen in Table 1.

Table 1. Activities of Hi-Link programs were conducted in three phases since 2013 to 2015

Year Objectives of Activity

2013 to strengthen management capacity of the company, to transfer knowledge and technology,
and to provide appropriate tools and machines.

2014 to improve production capacity and quality of coconut shell crafts.

2015 to improve capacity of charcoal production and to develop variety of crafts

III. RESULTS AND DISCUSSION
A. First Phase (2013)
Outputs of the first phase can be seen on Table 2. In this phase, performance of the company was evaluated

and necessary remedial action was taken both in technological and management aspects.

Table 2. Outputs in the first phase (Margiwiyatno et al.,, 2013).

Activity Outputs Remarks
Strengthening Improvement of company staffs in understanding  In house training was conducted to
Management  and skill on simple financial management. improve capacity of the company

Availability of computer facilities for financial staffs
cash flow.
Improving Availability of machines for supporting crafts 1 unit endless tape sanding machines,
production production. 3 units of circular sanding machines, 1
capacity unit circular saw, 1 unit wire cutter,
and Drilling machine.
Availability of machine for producing charcoal 1 unit grinding machine, 1 unit sieving
briquette. machine, 1 unit mixer, and 1 unit
charcoal briquette machine.
Availability of apparatus for producing liquid 2 units of retorts and distillatory
smoke.
Improvement of company staffs in designing and In house training
producing crafts
Students Availability of information about performance of 5 students were involved in this
Research sanding machine and apparatus for producing activity

liquid smoke.

1. Financial management

One staff has been successfully trained to improve his capacity on simple financial database management by
using computer. Before implementation of the project, there was no financial and products record document. This
caused difficulties for the company in evaluating benefits and costs of production activities. Moreover, difficulties
occurred when the company applying bank loan because the bank could not assess financial performance of the
company.

2. Dust pollution

Dust pollution produced in coconut shell sanding process was also anticipated in this phase. A sanding machine
was designed and built for that purpose. Performance test of the machine indicated that the sanding machine
could work properly. The dust was blown into a container during sanding process. In addition, this machine could
double the capacity of sanding process, i.e.,, 20 coconut shells/hour compared to capacity before the program
implementation which was only 9 coconut shells/hour (Pratama, 2015). Before the program implementation, the
company could only provide 20.000 coconut shells cup per months (Margiwiyatno, et. al., 2013), whilst the new
machine could produced 50.000 coconut shells cup per month (Margiwiyatno et. al, 2014). Financial analysis to
the new machine indicated that Break Even Point was found at about 62 hours/year or 1240 coconut shells/year
(Pratama, 2015; Nugroho, 2015) .
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(c)

Fig. 1. Sanding machine : (a) sanding machine used before program implementation, (b) the new built machine
(circular type), (c) the new built machine (endless tape type) (Margiwiyatno et. al., 2013).

3. Liquid smoke of coconut shell production apparatus

The apparatus was provided by Local Government of Banyumas regency. In performance test was found that
the apparatus was not working properly. Improvement was not conducted because it was beyond the coverage of
the program.
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Fig. 2. Liquid smoke of coconut shell production apparatus (Margiwiyatno et al., 2013).

B. Second Phase (2014)
1. Financial management

Investment in the previous year by the program has given considerable financial performance of the company.
In the period of January to September 2014, total sales booked by company was Rp. 455.675.700,- and the net
profit was 34%.

2. Crafts design development

Training was conducted to improve creativity of the company in developing crafts products (Fig. 2). To support
the training, some machines were provided by the program, i.e. bench grinder machine, scroll saw machine, and
hollow drill machine.

Fig. 3. In house training on coconut shell crafts (Margiwiyatno et al., 2014).
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3. Broadening marketing coverage

Before the program implementation the company has no strategy to promote the products. In the second phase
of the program, a website was made to promote the products, especially coconut shell crafts. In addition, the
company participated in many exhibitions at Purwokerto, Jakarta, and Semarang. The Local Government of
Banyumas regency provided a space in city business center for selling the company products (Fig. 4).

Fig. 4. Outlet at city business center (Margiwiyatno et al., 2014).

To broaden marketing vision of the company, a study excursion was made to Tropica Nucifera Industries at
Yogyakarta. In this industry, the company staffs could learn marketing and processing method in making high
quality liquid smoke and charcoal of coconut shell.

C. Third Phase (2015)
1. Financial management

During the period of January to September 2015, total sale was Rp. 313.353.500,- and the profit was 20%.
There was a decrease in total sales because there was lack of coconut availability (Margiwiyatno et al., 2015).

2. Charcoal Production

Before implementation of the program, production of charcoal was conducted in open space. Smoke produced
during charcoal processing was spreaded to the environment. This caused pollution to the surrounding area. To
alleviate this problem, charcoal processing building was built (Fig. 5). This could prevent the surrounding area
from the smoke. Capacity of charcoal production was 1500 kg/day; this increased about 3 times than that before
the implementation of the program (Margiwiyatno et al., 2015).

Fig. 5 Charcoal processing building(Margiwiyatno et al., 2015).

3. Development of craft products from coconut shell sanding dust
In the third phase, a new craft product was developed, namely coconut shell sanding dust was used to make
leather (Fig. 6). This product can be used for many purposes as can be seen in Fig. 7.
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Fig. 7. Use of leather for making various products(Margiwiyatno et al., 2015).

4. Broadening market coverage
A website was also built to promote the coconut shell crafts (Margiwiyatno et al,, 2015). A training was

conducted to enable the company staffs maintaining the website.
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Fig. 8. Website to promote crafts (Margiwiyatno et al., 2015).

IV. CONCLUSION
Based on the program implementation results, it can be concluded that:
1. Weaknesses of the company were observed mainly in management, technological skill aspects, and awareness
of pollution. Strengths of the company was mainly high motivation of the owner to develop the company.
2. Remedial action during the program implementation was considered successfully applied. It is indicated by
improvement of the company in managing financial records using computerized simple system.
3. Technological intervention was successfully applied to solve problem in pollution and capacity of production.
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ABSTRACT
Farmers are rarely to conduct the fermentation process of cacao beans due to it requires a long time and
should be done in a large scale. Indeed, they are not consider an uniform of maturity level during cacao
beans are harvested. This research has purpose to determine the minimum mass of cacao bean in small
scale and the effect of maturity level on fermentation product.
The main materials and equipments used cacao which was Lindak from Gedong Tataan Districts and
small fermentation boxes (26 x 20 x 45 cm). This research conducted by using factorial RAL. The first
factor was maturity levels (A, B, and C) and the second factor was mass cacao beans (10, 15, and 20 kg)
that used three repetitions. The measured of parameter involved temperature, pH (acidity level), cut-
test, and fat content. The data were analysed by using ANOVA and LSD for futher testing.
The result of ANOVA indicated that only mass factor had significant on temperature during fermentation
process, total full fermented beans, and fat content of cacao beans. As a result, the mass recomendation
of cacao beans for small-scale in fermentation process is 20 kg.

Key words : cacao beans, mass, maturity level, small-scale fermentation
I. INTRODUCTION

Kakao is one of the best product of Indonesian plantation. In 2010, the production of cacao in Indonesia reached

the third position in worldwide after Pantai Gading and Ghana (Karmawati et.al, 2010). In 2014, Indonesian cacao
productions experienced about 709.331 ton with the plantation areas were approximately 1.719.087 ha and the
biggest portion at 95% was community plantation (Dirjen Perkebunan, 2014). Therefore, this condition creates
cacao being the important product in economic development of farmers in Indonesia.
According to SNI 2323-2008, the good quality of cacao comes from Mulia cacao or Lindak cacao which has been
fermented, with or without washed, dryed, and cleaned (BSN, 2008). Indeed, the fermentation is one of an essential
process in postharvest handling of cacao. This step has aims to inactive of seed so the changes happened inside of
seed can be done easily such as, the colour changes, the improvement of flavour, and odour also.

Most of farmers dry process of cacao seeds use the poor equipment and simple process, so there is 90% of the
bad cacao beans which are produced by farmers. The main characteristics do not passing fermented process, are
less dried, are attacked by fungus, and had a contaminant. Besides lack of facilites and skill for handling, the
farmers are not interest to apply the standard of process due to the minimum of cost incentive. In other words,
there is no differences of the price between a good and bad cacao processed by passing handling methods.

To improve the quality of cacao bean produced by the farmer, it needs government’s contribution to provide a
box for fermentation. In contrast, those support is not the effective way because the majority farmers rarely
conduct the fermentation. They consider that the fermentation should be done in a large scale. The average
capacity of cacao which wants to be added to fermentation in the boxes has at around 40-50 kg for each process,
while many farmers processing the cacao bean are less than that capacity. From those reason, the research about
the quality of fermented cacao bean in small scale is needed to conduct. This research has purpose to determine
the minimum mass of cacao bean in small scale and the effect of maturity level on fermentation product.

II. MATERIALS AND METHODS
This research was conducted from April to October 2016 in Bioprocess Engineering and Post-Harvest Handling

Laboratory, Department of Agricultural Engineering. The instruments used include small fermentation boxes 26 x
20 x 45 cm (Fig. 1), analytical balance, magnetic stire, desicator, pH scale, blender, oven, measuring cylinder, and
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volumetric flask. While the object of this research used cacao beans with different maturity levels (Fig. 2), aquades,
and petrolium benzen.

Fig. 1. A small fermentation box (26 x 20 x 45 cm)

(b) (@

Fig. 2. Maturity levels of cacao; (a) Yellow color covers at all of the skin, (b) Yellow color appears only on the
grove and backs’ fruit, and (c) Yellow color appears only on the grove.

A. Design Experiment

This experiment conducted with Completely Randomized Design of Factorial. The first factor was maturity
levels A, B, and C and the second factor was the mass of fermentation (10, 15, and 20 