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SUMMARY

Infectious diseases caused by bacteria has become the global health issues especially
antibacterial drug resistance. The most serious concern with antibacterial resistance
is that some bacteria have become resistant to almost all antibacterial drugs and
making them less effective. Overusing or misusing of these drugs can make resistance
develop even faster. Various efforts have been made by many researchers to find
antibacterial drugs including through chemical constituent studies from natural plants.
Plants are the one of the most important natural resources because they are relatively
safe from the side effects and cheap. One of the potential plants that has antibacterial
properties is the jengkol plant (Archidendron jiringa (Jack) I. C. Nielsen). Jengkol
plant is the one of Lampung's natural resources that has not been optimally used, and
its utilization is in line with Unila's superior research focus in the field of technology
development and drug health. In this research, a chemical constituents study of roots
and stem barks of jengkol plants have been carried out through several stages
including isolation, purification, identification, and biological activity evaluation. The
stages of isolation of secondary metabolites were carried out by extraction technique
followed by fractionation using chromatographic methods such as vacuum liquid
chromatography (VLC), and column chromatography (CC). Meanwhile,
characterization and identification of the active fraction was carried out by proton
Nuclear Magnetic Resonance (*H-NMR). The pure compounds will be tested for their
biological activity against grams positive Bacillus subtilis and negative bacteria
Escherichia coli using the agar disc diffusion and dilution method. The research
outputs obtained has been prepared as a draft manuscript that ready to submit to
international reputable scientific journals such as the Brazillian Journal of
Pharmacognosy (International, Elsevier, IF: 1.754, Q2) or Pharmaceutical Biology
(International, Q2 Scimago, Scopus indexed).

Keywords: Jengkol plant; Archidendron jiringa; antibacterial; bioassay guided
fractionation; grams positive and negative bacteria
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I. INTRODUCTION
1.1 Research Background

Infection disease is a serious global health problem and its caused the deaths of
13 million people worldwide every year, especially in developing countries like
Indonesia. WHO data shows that viral, bacterial, fungal and parasitic infections are
the biggest cause of death for the world's population. The use of antibiotics in the
prevention of infectious diseases is the only solution!. While the continuous use of
antibiotics raises the new problems for health especially the resistance of
microorganisms that cause infection.

Bacteria are the most abundant organisms and widespread in living things. In
terms of distribution and number, most bacteria may cause disease in humans and
other living things?. Bacillus subtilis and Escherichia coli are the common pathogenic
bacteria in humans, E. coli is a gram-negative bacterium found in the large intestine
of humans, and it is a major cause of diarrheal diseases, especially in infants and
children®#. The mortality rate from diarrhea in Indonesia is still around 7.4%, while
the mortality rate due to persistent diarrhea is higher at 45%. In 1000 inhabitants, 200-
374 subjects experience diarrhea with 60-70% of whom are children under the age of
5 years®.

Bacterial resistance to antibiotics is a problem that has not been resolved until
now. Refdanita et al.® found that E. coli was resistant to chloramphenicol group
antibiotics by 83.9% and amoxicillin by 86.2%. The greater the percentage of
bacterial resistance to an antibiotic state that bacteria are no longer susceptible to these
antibiotics. Various studies to overcome the bacterial resistance have been carried out,
but there have been no effective reports. Thus, it is necessary to look for new
antibacterial substances that are still active and selective. The search for antibiotic
sources from natural ingredients is still the main trend for researchers. The ability of
bioactive compounds of natural materials as a healing medium is estimated because
of the content of secondary metabolites, including terpenoids, steroids, coumarin,
flavonoids, and alkaloids.

One of the plants that has not been studied intensively in Indonesia is the family
of Fabaceae. The Fabaceae family has quite interesting bioactivity such as
antioxidants, antimalarial, anticancer, and antibacterial. The jengkol plant



(Archidendron jiringa (Jack) I. C. Nielsen) which is belongs to the family Fabaceae
is commonly used by the Indonesian people as traditional medicine. Jengkol leaves
are efficacious as medicine for eczema, scabies, sores, and ulcers, the skin of the fruit
is used as ulcer medicine!. Several studies have been carried out on jengkol plants,
both the leaves, fruit peel, and seeds. Nurussakinah (2010)" has carried out the
phytochemical screening on jengkol fruit peel, seeds, bark and leaves extracts. Based
on these screening its contain alkaloids, steroids, triterpenoids, glycosides, saponins,
flavonoids, and tannins. While research on the roots and bark of the jengkol plant has
never been done.

Based on above explanation, it is necessary to do chemical research on the stem
bark of the jengkol plant (A. jiringa) by isolating and identifying secondary
metabolites, followed by testing the antibacterial activity against Staphylococcus
aureus, Escherichia coli, and Pseudomonas aurogenosa. Bioassay-guided approach
through their antibacterial activity will be used to isolate the bioactive compounds.
1.2 Objectives of Research

This study will be conducted through 3 stages: extraction, isolation / fractionation
/ purification based on antibacterial bioassays-guided approach. Antibacterial testing
shall be carried out using a dilution technique using grams positive and negative
bacteria. The specific objective of the study is to obtain antibacterial active
fractions/compounds from the roots and bark of A. jiringa which are described in
detail in the research method.

1.3 Importance of Research

The utilization of Lampung's local natural resources is one of the leading research
focuses by the University of Lampung (Unila) in the field of technology development
and medicinal health. The antibiotic resistance is the major issues and its encourages
researchers to study the antibacterial potential of available Lampung natural products
which is not been studied and utilized optimally. For example, jengkol plants was
chose to be studied because the chemical composition from this plant have potential
to explored as a natural antibacterial substance. This finding can be used for
preclinical screening in vitro / in vivo for the discovery of new antibiotic materials. It
also reflexes the Unila's strategic plan in the prevention of infectious and tropical
diseases caused by bacterial.



The theme proposed in this project is relevant to the 2016-2020 Unila research
strategic plan, and in line with the superior field road map outlined in the theme
research roadmap: Superior Material Based on Natural Resource Conservation,
output/expected product is a superior biological-based material product and local
natural resource-based organic active product®.

Based on this strategic plan and road map of researcher (Fig.1), the jengkol plant
which grows in Lampung will be used as a source of natural ingredients that is very
potential to be developed. The results of the research obtained are expected to increase
the economic value of jengkol plants and help improve the welfare and health of the
community through research that is synergized with other fields such as medicine,
pharmacy, and management in a sustainable manner. Thus, this research is very
urgent to be carried out to support the strategic plan achievements and the 2016-2020

Unila research road map.

Il. LITERATURE REVIEW

Indonesia’'s biodiversity, especially on high and low levels of plants, places
Indonesia as the third 'megadiversity’ country after Brazil and China. This wealth
makes research and exploration of new sources of bioactive compounds from plants
will be more practical and beneficial especially for researchers in Indonesia. Because
until now, plants still play an important role in the discovery of new drugs to
overcome various human diseases®. According to Tulp et al.1°, it is estimated that
nearly 50% of the circulating drugs are now sourced from plants. Therefore, interest
in the source of bioactive compounds can help make the new drug industry more
efficient.

Exploration of new bioactive compounds from Indonesian plants, has become one
of the prospective and profitable research focuses, especially for the pharmaceutical
industries. Because until now, plants still play an important role in the discovery of
new drugs to overcome various diseases. The Leguminosae or Fabaceae plant family,
especially the species in the Papilionoideae subfamily has long attracted the attention
of researchers not only due to variations in the structure of the compounds produced,
but also because of their interesting biological activity. Several types of secondary

metabolite compounds such as alkaloids, flavonoids, coumarins, phenylpropanoids,



anthraquinones, terpenoids and cyanogenate glycosides have been successfully
isolated from this plant family't. Among the various groups of compounds, the type
of isoflavonoids is the main component found in the subfamily Papilionoideae.

In 2007, Veitch®? reported that more than 420 new compounds of isoflavonoid
were successfully isolated from this plant. In line with these findings, it turns out that
in nature, this group of compounds has a broad distribution of biological functions
such as antimicrobials, insect repellents, allelopathic substances®®, inhibitors of
pathogenic/disease attacks'. In addition, the results of clinical studies of isoflavonoid
compounds showed a positive effect on human health and nutrition including in the
prevention of heart disease, menopausal symptoms and osteoporosis>8,

Among 13,000 species in subfamily Papilionoideae, A. jiringa is one of the most
potent medicinal plants to be developed as a new source of bioactive compounds.
Several chemical studies have been reported from different species, including Lou et
al.'®, who have isolated two new 3,3 neolignan compounds, namely clypearianine A
(1) dan randaiol (2) from the twigs and leaves of Pithecellobium clypearia which
exhibited antioxidant activity. Other researchers reported that a new clypearoside (3)
along with a stereoisomer, (-)-(2S,3S)-epigallokatecin-7-gallate (4) has been obtained
from the water leaves and stem bark extracts of the same plant?°.

In 2008, a new compound was identified as (-) 19-B-D-glucopyranosil-6,7-
dihydroxikaurenoate (5) from P. albicans seeds?’. In addition, Li et al?? have
successfully isolated two antiviral flavan derivatives that were identified as 7-O-
galloyltricetifavan (6) and 7,4'-di-O-galloyltricetifavan (7) from the methanol extract
of P. clypearia leaves. Furthermore, compound (8) has been obtained from the twigs
and leaves of the same plant as well which showed to inhibit the expression of
proinflammatory cytokines IL-6 or MCP-1 induced by influenza HIN1 virus in
human A549 lung carcinoma cells?®. According to the literature search, the most
previous study that has been done were carried out on the seeds as well as the leaves
of plants, while the root and stembark had not been done intensively. Therefore, in
this study, the chemical investigation will be conducted on the root and stembark of
A. jiringa extract and the antibacterial activity will be evaluated.

Based on the research roadmap of the researcher (Fig.1) which is in line with
Unila's strategic plan, exploration of the secondary metabolites content from the
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Leguminosae family plants through isolation and characterization techniques has
been carried out since the last decade. From previous studies that have been done on
the roots of turi plants (Sesbania grandiflora), obtained one terpenoid, betulin acid,
seven compounds isoflavonoids, xenognosin B, liquiritigenin, 7,2',4'-
trihydroxyisoflavone, demethylvestitol, vestitol, medicarpin, sativan, together with
one new natural phenolic compound, 1,1'-bi-2-naphthol®*?°, All isolated compounds
were tested for their activity in vitro against strains of M. tuberculosis bacteria.
Another recent study on the part of S. grandiflora bark has been isolated from two
new phenolic compounds, sesbagrandiflorain A and B which also show anti-TB
bioactivity in the medium category?®. Based on the results of these studies, it can be
stated that S. grandiflora is a valuable traditional medicinal plant especially in dealing
with diseases caused by bacterial infections.
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Jengkol plant (A. jiringa) have close kinship with turi plant, both of which are
included in the Leguminosae family. Based on the chemotaxonomy of the plant,
jengkol plant is predicted containing the same bioactive components as turi plant.
This fact is also supported by the traditional knowledge of Indonesian in particular
Lampungnese people who have used some parts of the jengkol plant as traditional
medicine. Therefore, the study of jengkol plant is urgent to be done to find alternative
sources of other bioactive compounds and clarify other potential of these plants as a

11



useful source for the discovery of new types of drugs, especially those that have the

potential as antibiotics.

Activities Year 2008-2017 | Year 2018-2020 | Year 2021-2026 Year 2027-

2031

Isolation and Characterization of Biaoctive
Compounds from Plants Growth in Lampung

Isolation of Bioactive
Compounds from rool
and stembark of

Planning of
Advance
Research

Expected Output

In advance
Research

Implementation/
application of
product in advance
stage

Commercial
product expected

Final
Achievement

S.grandifiora

Synthesis and
modification of
functional group

bioactive compunds

Potential
antibiotic drug
(Pub.Inter.J/HKI)

Toxicity test,
in vivo bloassay,
QSAR study/drug
design and pre-
clinic test

Antibiotic Antibiotic

drug drug

| Publication of International Journal Scopus Indexed/Accred.Jour./HKI

J

Figure 1. The Road Map of Research
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In this study, isolation and identification of bioactive compounds from the root
bark and stem bark of A. jiringa were carried out. Bioactive compounds were obtained
through the bioassay guided fractination approach which relies on antibacterial tests
in vitro against gram positive and negative bacteria. Pure compounds that show strong
antibacterial activity will be used for the next stage of research such as in vivo and

pre-clinical trials with collaborators from various other disciplines.

I11. RESEARCH METHODOLOGY

This research will be carried out for approximately 7 months, starts from March
to September 2019 in Organic and LTSIT Laboratories University of Lampung and
NMR instrument facility at Universiti Sains Malaysia. The stem roots of A. jiringa
were collected in March 2019 in Gedongmeneng, Bandar Lampung, Indonesia. The
identity of the plant specimen was authenticated and deposited at the Bogoriense
Herbarium, Bogor, Indonesia.

3.1 Instruments, Chemicals, and Solvents

The laboratory equipments and instruments will be used in this study, including
laboratory glasswares, rotary evaporator, thin layer chromatography (TLC), vacuum
liquid chromatography (VLC), analitical balance, Eppendrof tubes, melting point
apparatus, UV lamp, NMR, and UV-Visible spectrophotometers.

The commercial chemicals and reagents used in the isolation and characterization
of all the isolated compounds were as follows: acetone, acetonitrile, benzene, cerium
(IV) sulphate tetrahydrat, chloroform, dichloromethane, diethyl ether, dimethyl
sulfoxide, ethanol, ethyl acetate, n-hexane, hydrochloric acid, isopropylalcohol,
methanol, sephadex LH-20 silica gel G 60, silica gel 60 GF2sa4, silica gel 60 PF2s4
containing gypsum, TLC aluminium sheets, and toluene.

3.2 Antibiotics, Bacterial Strains, and Consumables

Chloramphenicol, amoxicillin; gram positive bacteria: Bacillus subtilis and gram

negative bacteria: Escherichia coli; nutrient agar broth, Resazurin; disposable sterile

petri dishes, disposable syringe, micropipette tips, tissue culture plates 96-well.

3.3 Experimental Procedures

A. Preparation of extracts
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Fresh chopped roots/stembarks (2.5 kg/each part of plant) were cleaned by rinsing
under running tap water to remove soil and dirt. The roots was dried in an open space
for three weeks and the air-dried roots are finally ground into powder form. The
powdered air-dried roots (1.5 kg) were extracted with polar gradient solvent
maceration technique. The solvent used at this stage starts from the solvent which has
the lowest polarity, n-hexane, followed by ethylacetate and ends with a high polarity
organic solvent, methanol. Each extraction was going carried out three times in each
type of solvent. Before changing the type of solvent, the extract residue was first dried
air for at least three days or until the residue is dry / free of solvent. The filtrates
obtained from maceration obtained from polar gradient solvents were then separated
from the residue by ordinary filtration. The filtrates were then concentrated under
reduced pressure using a vacuum rotary evaporator. The process of isolation and
purification have been carried out to concentrated methanol extract obtained.

B. Isolation and purification

Isolation and purification of methanol extract from roots/stembarks of jengkol
plant was done in the usual way, through several stages of chromatographic separation
which includes vacuum liquid chromatography and column chromatography using
various gradient organic solvents polarity such as n-hexane, chloroform,
dichloromethane, ethylacetate, acetone, isopropyl alcohol and methanol, either in the
form of a mixture with a certain ratio or without a solvent mixture. The active extract
was then purified by column chromatography using a suitable solvent. The biactive
fraction was determined by determination of NMR spectroscopy and by thin layer
chromatography (TLC) using eluent variations.

C. Structure Elucidation
Determination of the predictions of bioactive fraction has been determined

spectroscopically using NMR spectroscopic analysis.

3.4 Screening of the Antibacterial activity

For the testing antibacterial activity, the microbial strains employed in the
biological assay are Gram positive bacteria: Bacillus subtilis and gram negative
bacteria: Escherichia coli (obtained from stock culture Hospital Abdul Muluk, Bandar

Lampung, Indonesia). Original culture were further stored at low temperature in the
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refrigerator to maintain stock culture. Fresh cultures were used for testing
antibacterial activity using disc diffusion assay method.
A. Disc diffusion assay

The antibacterial activity of the stem roots extract (n-hexane, ethyl acetate and
methanol) have been tested by disc diffusion method?’ against pathogenic bacteria
gram negative (Escherichia coli) and gram positive (Bacillus subtilis). In this method,
freshly prepared agar media was dispensed into the sterilized petri-dish. The agar was
allowed to solidify and 100pl of bacterial suspension poured over the agar media and
spread by a spreader or a rod. Ampicillin and chloramfenicol (30ug/dish) were used
as positive control, while methanol was used as a negative control. In the each culture
medium petri-dish four dish were used, one disk of antibiotics, two discs separately
for (n-hexane, ethyl acetate and methanol) extracts, one disk used as a control
(methanol). The plates were sealed and incubated overnight at 37°C in the incubator.
Antibacterial activity was assigned by measuring the inhibition zone formed around
the discs. The diameter of zone of inhibition (mean of three replicates SD) as
indicated by clear area was measured to determine the antibacterial activity. The
experiment was replicated three times to confirm the reproducible.
B. Determination of MIC via Resazurin assay

Resazurin assay has been performed in 96 well titration plates with some
modification?®. In complete nutrient broth two fold dilutions of plant extracts and
antibiotics were prepared in the test wells. The final concentration were 20 of each
bacterial suspension was added to 180 ul of antibiotics and plant extracts (30-
0.02mg/ml in sequence) contained in culture medium as well as the antibiotics
concentration will be 0.06 mg/l amphicilin and chloramfenicol 0.12mg/l. For
comparative study control plates were prepared only with culture medium and
bacterial suspension. The plates were sealed and incubated for 12 hours at 37 C for
additional 5 hour. At the intervals of 1 hour plates were observed for colour change
blue to pink and pink to colorless in live bacterial strains containing wells.
Preliminary micro titre plate assay revealed that the fast decolonization of resazurin
extract didn’t possessed antibacterial potential. The bioactivity of extracts were
screened which showed that the extracts inhibit the dye reduction. The flow chart of
the research can be seen in Fig.2.
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Figure 2. The Flow Chart of Research

IV. RESULTS AND DISCUSSIONS

The plant material was macerated using gradient polarity of solvent and afforded
n-hexane (3.6 kg), ethyl acetate (55.8 kg), and methanol (67.2 kg) extracts. EtOAc
extract performed the most bioactive extract against two bacterial strains, Escherichia
coli and Bacillus subtilis using agar disc diffusion (Fig. 3; Table 1) and microdilution
methods (Fig. 4; Table 2).
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(©) (d)
A: n-hexane; B: EtOAc; C: methanol; (+): chloramphenicol (B. subtilis) and
amoxicillin (E. coli); (-): MeOH 12,5%

Figure 3. Antibacterial assay result by disc diffusion method (a) E. coli (0,5 g/disc);

(b) E. coli (0,3 g/disc); (c) B subtilis (0,5 g/disc); (d) B. subtilis (0,3
g/disc)

Table 1. Zone diameter of inhibition of stem roots extracts (in mm) against E. coli

and B. subtilis
. Zone diameter of inhibition Zone diameter of inhibition
Concentration . . . ..
against E. coli against B. subtilis
n-hexane EtOAc MeOH n-hexane EtOAc MeOH
0,3 mg/ disc - 10 8 - 8 7
0,5 mg/ disc - 11 9 - 9 8

Among three extracts tested as tabulated on Table 1, EtOAc extract was found as

the most active with the inhibition zone ranging of 8-11 mm against both bacterial
strains.

(a) (b)

Figure 4. Antibacterial assay result by dillution method (a) E. coli; (b) E. coli
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Table 2. MIC’s values of n—hexane, EtOAc, and methanol against E. coli and B.
subtilis

oD OD mean MIC’s value  MIC’s value
No Extracttypes mean of of B. (ug/mL) of E.  (ug/mL) of B.

E. coli subtilis coli subtilis
1 n—hexane 0.76838 0.54231 - -
2 EtOAC 1.88706 1.48556 12,5 50
3 methanol 1.68644 1.66288 6,25 6.25
4 positive 1.773 1.48025 0,78 0,78
5 negative 0.74013 0.57575 - -

Antibacterial bioactivity testing using dilution method against E. coli and B.
subtilis bacteria was carried out to find out extracts that had better antibacterial
bioactivity. Each extract was dissolved in 12.5% methanol and made in a
concentration of 2 mg/ mL, then the ability of the three extracts was tested as an
antibacterial agent. Methanol is a good solvent in the extraction of bioactive
compounds, because methanol is able to dissolve all types of compounds ranging
from those that are polar, semi-polar and even non-polar in small concentrations?®.
The test results based on Table 5 showed that semi-polar ethyl acetate extract and
polar methanol have a minimum inhibitory concentration better than n-hexane extract.
In the dilution antibacterial test it is not enough to use visual observation only to
observe the presence or absence of bacterial growth. But this tends to be subjective
from each person'’s eyesight so the risk of error is relatively greater. This is because
the color test makes it difficult to observe, so absorbance values before and after
incubation are used to help determine the presence or absence of bacteria. The
wavelength used to measure the number of microbes is 600 nm, because cells in the
mitochondria and cytoplasm absorb at that wavelength®.

After incubating for 18 hours and measuring Optical Density, the reaction color
was added to rezazurin and re-incubated for 4 hours until the color changes. This color
change occurs because rezazurin has a blue color that does not flourescent and can be
reduced to a flourescent pink color. The change in color from blue to pink is an
indicator of cell reduction. Color change in rezazurin is carried out by enzymes in
cells in the mitochondria and cytoplasm3!. Based on the results of the antibacterial
tests that have been carried out, ethyl acetate extract (EA) was chosen for the
fractionation and purification process because it has the best antibacterial activity in
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inhibiting bacterial growth to a minimum inhibitory concentration of 12.5 and 50
pMg/mL compared to extract n-hexane which has no inhibition against all bacterial
strains. Furthermore, the EA extract was monitored using thin layer chromatography
(TLC) to determine the separation pattern using a combination of eluents in order to
obtain the separation pattern of the components of the compound. The eluent

combination used is ethyl acetate/acetone 1: 1 as can be seen in Figure 5.

N
P

(@) (b)

Figure 5. TLC chromatogram of EtOAC with eluent EtOAc / acetone 1:1 (a)
sprayed by staining reagent of cerium(IV)sulphate; (b) observed under
UV lamp A 254 nm

Based on the antibacterial activity results of extracts, the ethyl acetate extract (55.8
g) was selected to be isolated and fractionated further using VLC method on silica-
gel (35-70 Mesh). The column was eluted with a stepwise gradient polarity of solvent
systems including n-hexane-EtOAc (100%-0% of n-hexane); EtOAc-acetone (100%-
0% of EtOAC); and acetone-MeOH (100%-0% of acetone), affording 23 fractions
(200 mL each). Due to the similarity of TLC’s profile of some fractions using EtOAc-
acetone (1:1) as eluent (Fig.2), these fractions were analysed also by H-NMR
spectroscopy. According to their chemicals profile analysed by TLC and their proton
NMR spectrum, these fractions were grouped and combined into seven primary
fractions, E21 (fr.1-10), E»>2 (fr.11), E23 (fr.12), E24 (fr.13), E25 (fr.14-15), E26 (fr.16-
19), E>7 (fr.20-23). All fractions E21- E»7 were tested for their antibacterial property
separately using disc diffusion and microdilution methods. The MIC’s values and

optical density (OD) means of bioactive fractions tested were tabulated on Table 3.
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Figure 6. TLC chromatogram of EtOAc extract fractionation by VLC

Tabel 3. The MICS’s values and optical density (OD) means of all fractions tested

against E. coli and B. subtilis

oD
Ob mean
N Fraction mean . MIC (ug/mL) MIC (ug/mL)
0 : against ) . ) /.
code against B against E. coli  against B. subtilis
E. coli -
subtilis
1 E»l 1.16363 1.02819 50 _
2 E»2 1.49338 1.54488 25 25
3 E>3 1.25269  1.74956 25 25
4 E,7 1.39525  2.34931 25 6,25
5 Positive 2.16563 2.28425 0,78 0,78
control
6 Negative 0.86413  0.60838 - -
control

Noted: (+) control: chloramphenicol (B. subtilis) and amoxicillin (E. coli); (-) control:
MeOH 12.5%

Three fractions exhibited antibacterial activity against both bacterial strains with
quite similar MIC’s values, therefore fraction E22 (439.5 mg) was subjected to further
fractionate due to the simplest chemical profile on its TLC (Fig.7). Fraction E22 was
redissolved in acetone and then purified with CC on silica gel G-60 (35-70 Mesh)
using n — hexane / isopropyle alcohol with the ratio volumes of 70/30, 60/40, 50/50,
and 40/60, generating 6 major subfractions, E22a (132.0 mg); E22b (8.4 mg); E22c (9.0
mg); E22d (47.0 mg); Ez2e (2.0 mg); and E»2f (50.3 mg). All subfractions were
screened against both bacterial strains tested using microdilution methods. The MIC’s
values and optical density (OD) means of bioactive subfractions were described on
Table 4. Among them, two subfractions (E>2e and E»2f) performed the most

antibacterial activity against B. subtilis and E. coli with the MIC’s values ranging of

20



12.5-25 pg/mL. Only subfraction E22f was selected to be analyzed further by *H-

NMR spectroscopy as having sufficient quantity.

n—hexane (6/4)

R

Figure 7. TLC chromatogram of CC of fraction E28: with eluent isopropyl alcohol /

Table 1. The MIC’s values and optical density (OD) means of sub fractions tested
against E. coli and B. subtilis

oD
oD mean
N Subfractions  mean . MIC (png/mL) MIC (ng/mL)
0 . against ; : . /.
code against B against E. coli against B. subtilis
E. coli -
subtilis
1 E28:1 1.49731 1.27825 50 100
2 E2812 1.44425 1.22788 50 50
3 E28:3 1.29094 0.99919 25 50
4 E.8:4 1.259 0.84613 25 50
5 E2815 1.39463 1.18294 12,5 25
6 E»8:6 1.34638 1.141 25 25
7 Positive 1.54525 1.45938 0,78 0,78
control
8 Negative 0.85238 0.5695 0 0
control

Based on the results obtained it can be seen a decrease in the minimum inhibitory

concentration compared to the antibacterial activity test on VLC results as observed

on the purification results of fraction Eis. This fact occurs due to the possible
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composition of active compounds contained in the sample. According to Priya et al.>?,
when an increase or decrease in a component of an active compound there is a
possibility of influencing the activeness of the compound itself. From the test results
shown in Table 4, it was found that the E28:16 subfraction gave a smaller value of the
minimum inhibitory concentration compared to other subfractions both against E. coli
and B. subtilis bacteria. Based on the activeness of the two subfractions, E2816 was
then selected for *H-NMR analysis to predicted the structure of the E2816 subfraction.

The spectrum shown in Figure 8 indicates that the E2816 subfraction is not pure.
However, interpretation of the 'H-NMR data can still be done by referring to the
results of the phytochemical test of the fraction which shows the content of phenolic
compounds or flavonoids in the subfraction, therefore a comparison is sought in
journals reporting the presence of phenolic or flavonoid compounds in the same plant
type to estimate the types of bioactive compounds which is obtained. From the NMR
spectrum of proton subfraction E28:6 shows indications of aromatic protons in the
chemical shift region 6H 6 - 8H 7 ppm. The signal for the methoxy group (-OCHa) at
oH 3.7 ppm, the proton signal at 8.01 ppm with the peak of the chemical shift of the
hydroxyl group (-OH) attached to an aromatic ring. As well as the typical peaks for
alkanes at 0.89 - 6H 2.2 ppm.

Alkana

| Aromatik \ Metoksi

G e

=’
Hidroksi
Aromatik
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!‘n . l i .r " llp‘ 5.' ||\ ¢ ""n " 1 ‘Tl y‘ I. l'- ?nn wpt |.A "l‘

X . parm per Millios - Proton

Figure 8. 'H-NMR spectrum of E2816 subfraction
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Sopian et al.® (2019) have succeeded in isolating phenolic compounds from the
stem of the jengkol plant and were identified as 1-(2,6-dihydroxy-4-methoxyphenyl)-
decan-1-one (Figure 19). Based on the comparison of the proton chemical shift values
between the isolated subfaction and 1-(2,6-dihydroxy-4-methoxyphenyl)-decan-1-
one, it is estimated that the main active compound contained in the E2816 subfaction
is the phenolic compounds namely 1-(2,6-dihydroxy-4-methoxyphenyl) decan-1-one
(Fig. 9). However, further purification in the E2816 subfaction still needs to be done
to ensure the active compounds which are responsible for inhibiting the test bacteria.

CH,

H,CO OH

Figure 9. Proposed structure of E2816 subfaction: 1-(2,6-dihydroxy-4-
methoxyphenyl)-decan-1-one

V. OUTPUTS

The targeted outputs of the research (both mandatory and additional) are mentioned

as below:

1. Publishing in International reputable scientific journals (Targeted: submitted to
Asian Pacific Journal of Tropical Medicine, Q2 Scimago, Scopus indexed or if
possible the Journal of Asian Natural Products Research, Q2 Scimago, Taylor and
Francis, IF: 1091). These journal targeted were proposed and mentioned in the
proposal, but due to the insufficient data obtained from the research, the targeted
journal was changed to Brazillian Journal of Pharmacognosy (International,
Elsevier, IF: 1.754, Q2) or Pharmaceutical Biology (International, Q2 Scimago,
Scopus indexed). Additionally, the status of paper in this research is still as a draft
of manuscript (Appendix 1). The preparation of manuscript is still going in
progress. However, we will update the status of the paper once it has been
submitted and under review.

2. Attending to International Conference/Seminar as oral presenter (Targeted:
registered). This output has been achieved and approved as can be seen in

Appendix 2.
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3. The Technology Readiness Level (TRL) has been achieved from this study is TRL
6.

4. Obtained the prototipe/lead componds: some bioactive fractions exhibited good
antibacterial activity with the MIC’s values ranging of 12.5-25 pg/mL (see
Appendix 3).

The final output of the research is described on fishbone chart which can be seen on

Fig.10.
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V1. CONCLUSIONS

Based on the results of the research conducted it can be concluded that:

1. Ethyl acetate extract of jengkol (Archidendron jiringa (Jack) I. C. Nielsen) root
bark has antibacterial activity against E. coli and B. subtilis bacteria which is better
than n-hexane extract.

2. E13 fraction and E28 fraction have better antibacterial activity against E. coli and

B. subtilis bacteria compared to other fractions from the same column.
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3. E13 fraction and E28 fraction have better antibacterial activity against E. coli and
B. subtilis compared to E13 subfaction and E28 fraction as a result of its
purification.

4. Based on the 'H-NMR result data the compounds detected in the E2816 subfraction

is phenolic compound type.

VIl. SCHEDULE OF RESEARCH

Month, year 2019
4 1516 |7

No Aktivities

Sampling for roots and stembark of jengkol
Maceration

Extraction and fractionation

Bioassay guided fractionation

Isolation using chromatography techniques
Purification

Structure elucidation

Antibacterial assay of pure compounds
Final report and write up the manuscript
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ABSTRACT

Infectious diseases caused by bacteria has become the global health issues especially
antibacterial drug resistance. The most serious concern with antibacterial resistance is
that some bacteria have become resistant to almost all antibacterial drugs and making
them less effective. Archidendron jiringa is one of the most potent medicinal plants
to be developed as a new source of antibacterial components. In current study, the
separation of bioactive fractions of A. jiringa stem roots was carried out through
several stages including isolation, fractionation, and characterization based on the
antibacterial assay-guided approach. The stages of isolation of secondary metabolites
were conducted by gradually extraction followed by fractionation using
chromatographic methods. The antibacterial potential of extracts has been evaluated
by the disc diffusion and microdilution methods employing the resazurin assay against
one gram negative resistant bacteria, Escherichia coli and one positive bacteria,
Bacillus subtilis. Among three extracts obtained, the ethyl acetate and methanol
extracts performed the significant antibacterial effect, while no antibacterial activity
was showed on the hexane extract. The fractionation of ethyl acetate extract led to
the isolation of the most bioactive fractions (E28:5 and E2816) with the MIC’s values
ranging of 12.5 - 25 pg/mL for both bacteria strains. Due to the less quantity, only the
fraction E2816 was subjected to analyse by H-NMR spectroscopy. The results
exhibited that the bioactive fraction was obtained as a mixture of at least three major
constituents. However, the purification of the bioactive fraction is required to further
clarify the antibacterial compound that can be utilized as a new promising antibacterial
agent. The bioassay-guided separation approach and the dye resazurin as an indicator
of the growth of bacteria are applied for the first time for the phytopharmacological
investigation from this plant. The present study represented the effective method for
subsequent finding and isolation of potential novel antibacterial constituents from A.
jiringa stem roots, in particular against the multi-drug resistant strains.

Keywords
Antibacterial assay, Archidendron jiringa, bioassay-guided separation,
medicinal plant; resistant bacteria

ABBREVIATIONS

B. subtilis Bacillus subtilis

CcC column chromatography

E. coli Escherichia coli

EtOAC ethyl acetate

IPA isopropyl alcohol

IR infrared

MeOH methanol

M. tuberculosis Mycobacterium tuberculosis
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NMR nuclear magnetic resonance

TLC thin layer chromatography
uv ultraviolet
VLC vacuum liquid chromatography

Introduction

Infection disease is a serious global health problem and its caused the deaths of
13 million people worldwide every year, especially in developing countries like
Indonesia. WHO data shows that viral, bacterial, fungal and parasitic infections are
the biggest cause of death for the world's population. The use of antibiotics in the
prevention of infectious diseases is the only solution®. While the continuous use of
antibiotics raises the new problems for health especially the resistance of
microorganisms that cause infection. Bacteria are the most abundant organisms and
widespread in living things. In terms of distribution and number, most bacteria may
cause disease in humans and other living things?. Bacillus subtilis and Escherichia
coli are the common pathogenic bacteria in humans, E. coli is a gram-negative
bacterium found in the large intestine of humans, and it is a major cause of diarrheal
diseases, especially in infants and children®*. The mortality rate from diarrhea in
Indonesia is still around 7.4%, while the mortality rate due to persistent diarrhea is
higher at 45%. In 1000 inhabitants, 200-374 subjects experience diarrhea with 60-
70% of whom are children under the age of 5 years®.

Bacterial resistance to antibiotics is a problem that has not been resolved until
now. Refdanita et al.® found that E. coli was resistant to chloramphenicol group
antibiotics by 83.9% and amoxicillin by 86.2%. The greater the percentage of
bacterial resistance to an antibiotic state that bacteria are no longer susceptible to
these antibiotics. Various studies to overcome the bacterial resistance have been
carried out, but there have been no effective reports. Thus, it is necessary to look for
new antibacterial substances that are still active and selective. The search for
antibiotic sources from natural ingredients is still the main trend for researchers. The
ability of bioactive compounds of natural materials as a healing medium is
estimated because of the content of secondary metabolites, including terpenoids,

steroids, coumarin, flavonoids, and alkaloids.
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One of the plants that has not been studied intensively in Indonesia is the family
of Fabaceae. The Fabaceae family has quite interesting bioactivity such as
antioxidants, antimalarial, anticancer, and antibacterial. The jengkol plant
(Archidendron jiringa (Jack) I. C. Nielsen) which is belongs to the family Fabaceae
is commonly used by the Indonesian people as traditional medicine. Jengkol leaves
are efficacious as medicine for eczema, scabies, sores, and ulcers, the skin of the
fruit is used as ulcer medicine!. Several studies have been carried out on jengkol
plants, both the leaves, fruit peel, and seeds. Nurussakinah (2010)’ has carried out
the phytochemical screening on jengkol fruit peel, seeds, bark and leaves extracts.
Based on these screening its contain alkaloids, steroids, triterpenoids, glycosides,
saponins, flavonoids, and tannins. While research on the stem roots of the jengkol
plant has never been done.

In our ongoing investigation for new lead constituents from medicinal plants, we
elaborated the bioactive secondary metabolites of A. jiringa stem roots and assayed
their antibacterial activity. The aims of the study is to obtain antibacterial active
fractions from the stem roots of A. jiringa based on bioassay-guided separation

approach through their antibacterial property.

Materials and methods

Plant material

Samples of the stem roots of A. jiringa were assembled on 25 January 2018 from
Unila’s Housing area at Gedongmeneng District, Bandar Lampung, Lampung
Province, Indonesia. The plant specimens (NV6/NRGD/2018) was identified at the

Herbarium Bogoriense, LIPI Bogor, Indonesia.

General experimental procedures

TLC was done on silica gel 60 GF2s4 plates (Merck; 0.25 mm) and sprayed with
staining reagen Ce(S0O4)2. Column chromatography (CC) was made on silica gel
(Kieselgel 60, 70-230 mesh ASTM; Merck) and sephadex LH-20. *H NMR
spectrum was measured in acetone-ds (TMS as an internal standard), on an NMR
Agilent 500 MHz spectrophotometer (Agilent Technologies, INM-ECZ500R/S1) or

Bruker 500 MHz spectrometer. Finally, Microplate Reader Hospitex-Italy was used
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to measure the absorbance resulted on the Resazurin assay, while UV spectra were

performed using an Eppendorf BioSpectrometer® Kinetic instrument.

Bacteria strains and biochemicals

Ampicillin and chloramphenicol were purchased from Sigma Aldrich, resazurin
sodium salt was purchased from Sigma-Aldrich, gram positive bacteria: Bacillus
subtilis ITBCCB148 was obtained from the Microbiology and Fermentation
Technology Laboratory, Bandung Institute of Technology, gram negative bacteria:
Escherichia coli UNIATCC25922, nutrient agar broth, disposable sterile petri
dishes (ldealcare), disposable syringe, micropipette tips, sterile tissue culture plates
96-well.

Preparation of extracts

Fresh chopped the stem roots of A. jiringa (2.5 kg) was cleaned by rinsing under
running tap water to remove soil and dirt. The samples was dried in an open space
for three weeks and the air-dried roots are finally ground into powder form. The
powdered air-dried stem roots (1.5 kg) were extracted with polar gradient polarity of
solvent using maceration technique. The solvent used at this stage starts from the
solvent which has the lowest polarity, n-hexane, followed by ethyl acetate and
finally with a high polarity organic solvent, methanol. Each extraction was
conducted three times in each type of solvent. Before changing the type of solvent,
the extract residue is first dried air for at least three days or until the residue is
dry/free of solvent. The filtrates obtained from maceration obtained from polar
gradient solvents are then separated from the residue by ordinary filtration. The
filtrates are then concentrated under reduced pressure using a vacuum rotary
evaporator to yield n-hexane (3.6 kg), ethyl acetate (55.8 kg), and methanol (67.2
kg) extracts, respectively. Each extract obtained was subjected to assay of its
antibacterial activity using agar disc diffusion and microdilution methods. The

general research flowchart can be seen in Fig.1.
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Figure 1. Research flow chart of bioassay guided separation

Bioassay guided separation of ethyl acetate extract

Based on the antibacterial activity results of extracts, the ethyl acetate extract
(55.8 g) was selected to be isolated and fractionated further using VLC method on
silica-gel (35-70 Mesh). The column was eluted with a stepwise gradient polarity of
solvent systems including n-hexane—-EtOAc (100%-0% of n-hexane); EtOAc-
acetone (100%-0% of EtOAC); and acetone-MeOH (100%-0% of acetone), affording
23 fractions (200 mL each). Due to the similarity of TLC’s profile of some fractions
using EtOAc-acetone (1:1) as eluent (Fig.2), these fractions were analysed also by
'H-NMR spectroscopy. According to their chemicals profile analysed by TLC and
their proton NMR spectrum, these fractions were grouped and combined into seven
primary fractions, E>1 (fr.1-10), E22 (fr.11), E23 (fr.12), E24 (fr.13), E25 (fr.14-15),
E26 (fr.16-19), E>7 (fr.20-23). All fractions E21- E27 were tested for their

antibacterial property separately using disc diffusion and microdilution methods.
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The MIC’s values and optical density (OD) means of bioactive fractions tested were

tabulated on Table 1.

g X4 5 6 7 8 910 11 12 131415 | 16 171819 20 21 22 23

Figure 2. TLC chromatogram of EtOAc extract fractionation by VLC

Tabel 1. The MIC’s values and optical density (OD) means of all fractions tested
against E. coli and B. subtilis

oD
ob mean
N Fraction mean . MIC (ug/mL) MIC (ug/mL)
0 : against ) . ) /.
code against B against E. coli  against B. subtilis
E. coli -
subtilis
1 E2l 1.16363  1.02819 50 -
2 E,2 1.49338  1.54488 25 25
3 E23 1.25269  1.74956 25 25
4 E,7 1.39525  2.34931 25 6,25
5 Positive 2.16563 2.28425 0,78 0,78
control
6 Negative 0.86413  0.60838 - -
control

Noted: (+) control: chloramphenicol (B. subtilis) and amoxicillin (E. coli); (-)
control: MeOH 12.5%

Three fractions exhibited antibacterial activity against both bacterial strains with
quite similar MIC’s values, therefore fraction E22 (439.5 mg) was subjected to
further fractionate due to the simplest chemical profile on its TLC. Fraction E»2 was
redissolved in acetone and then purified with CC on silica gel G-60 (35-70 Mesh)
using n — hexane / isopropyle alcohol with the ratio volumes of 70/30, 60/40, 50/50,
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and 40/60, generating 6 major subfractions, Ez2a (132.0 mg); E22b (8.4 mg); E22c
(9.0 mg); E22d (47.0 mg); E22e (2.0 mg); and E22f (50.3 mg). All subfractions were
screened against both bacterial strains tested using microdilution methods. The
MIC’s values and optical density (OD) means of bioactive subfractions were
described on Table 2. Among them, two subfractions (E2>2e and E22f) performed the
most antibacterial activity against B. subtilis and E. coli with the MIC’s values
ranging of 12.5-25 pg/mL. Only subfraction E>2f was selected to be analyzed further
by H-NMR spectroscopy as having sufficient quantity.

Alr-dried stem roots (1.5 kg) * The most active extracts/fraction/subfration
Maczeration with n-heksana 1a24h (3x); fltration
Filtrat residue Extract
esvaporation Maceration with F10A« 1e2dh (3x); filtration -
(3.6 kg) sy residus Filtrat
Moceration with EtOA: 1x24h [3x); filtration Svepevavien
E {s5. .w Antibactenal aszay
Filtrat Fractionstion with VLC wiing mharane—E10Ac; E1OAc-atetone, stetone-MeOH (V/V)
wvaporation B Ermetians

MeOH mxtract €1 62" £3 EA E;S E6 E7

Antibacteris! ey ” 2 = Antibacteris) szay
(67.2xg) (23mgl  (438mg)  (1336mg)  (37mg) (BAmg)  (681mg) (R67Smg) Extraction/
¥ CC uning rhek eropyle alcohal (VWV} 2 isolation

Subfrections
£2s E.2b E2¢ E£2d €20 E2f*
(132mg)  (2.4mg) (9 me) (a7mg)  (2mg)  (SO.3me)

Antibactarial 3czay

Proton NMR analysis

Figure 3. Scheme of bioassay guided separation of EtOAc extract

Phytochemical screening

The phytochemical screening was performed for triterpenes/steroids, alkaloids,
flavonoids and saponins by using the standard procedures®. The formation of
precipitate or the colour intensity was applied for analytical response of screening

results.

Evaluation of antibacterial activity

For the testing antibacterial activity, the microbial strains employed in the
biological assay are Gram positive bacteria: Bacillus subtilis ; Gram negative bacteria:
Escherichia coli has been obtained from stock culture Hospital Abdul Muluk, Bandar

Lampung, Indonesia. Original culture are further stored at low temperature in the
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refrigerator to maintain stock culture. Fresh cultures are used for testing antibacterial
activity using disc diffusion assay and dillution methods.
Disc diffusion assay

The antibacterial activity of the stem roots extract (n-hexane, ethyl acetate and
methanol) were tested by disc diffusion method® against pathogenic bacteria gram
negative (Escherichia coli) and gram positive (Bacillus subtilis). In this method,
freshly prepared agar media is dispensed into the sterilized Petri-dish. The agar is
allowed to solidify and 100pl of bacterial suspension poured over the agar media and
spread by a spreader or a rod. Ampicillin and chloramfenicol (30ug/dish) is used as
positive control, while methanol is used as a negative control. In the each culture
medium petri-dish four dish were used, one disk of antibiotics, two discs separately
for (n-hexane, ethyl acetate and methanol) extracts, one disk used as a control
(methanol). The plates are sealed and incubated overnight at 37°C in the incubator.
Antibacterial activity is assigned by measuring the inhibition zone formed around the
discs. The diameter of zone of inhibition (mean of three replicates SD) as indicated
by clear area was measured to determine the antibacterial activity. The experiment is
replicated three times to confirm the reproducible.
Determination of MIC via Resazurin assay

Resazurin assay was carried out in 96 well titration plates with some minor
modification®®. In complete nutrient broth two fold dilutions of plant extracts and
antibiotics are prepared in the test wells. The final concentration (20uL of each
bacterial suspension) was added to 180 pl of antibiotics and plant extracts (30-0.02
mg/mL in sequence) contained in culture medium as well as the antibiotics
concentrations of 0.06 mg/mL and 0.12 mg/mL for amphicilin and chloramphenicol,
respectively. For comparative study control plates were prepared only with culture
medium and bacterial suspension. The plates were sealed and incubated for 12 hours
at 37 C for additional 5 hour. At the intervals of 1 hour plates were observed for colour
change blue to pink and pink to colorless in live bacterial strains containing wells.
Preliminary micro titre plate assay reveal that the fast decolonization of resazurin
extract doesn’t possessed antibacterial potential. The bioactivity of extracts were

screened which shows that the extracts inhibit the dye reduction.
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Results and discussion

The plant material was macerated using gradient polarity of solvent and afforded n-
hexane (3.6 kg), ethyl acetate (55.8 kg), and methanol (67.2 kg) extracts. EtOAc
extract performed the most bioactive extract against two bacterial strains,
Escherichia coli and Bacillus subtilis using agar disc diffusion and microdilution

methods.

2. Conclusions

The ethyl acetate extract of jengkol (Archidendron jiringa (Jack) I. C. Nielsen) root
bark has antibacterial activity against E. coli and B. subtilis bacteria which is better
than n-hexane extract. E13 fraction and E28 fraction have better antibacterial activity
against E. coli and B. subtilis bacteria compared to other fractions from the same
column. E13 fraction and E28 fraction have better antibacterial activity against E. coli
and B. subtilis compared to E13 subfaction and E28 fraction as a result of its
purification. Based on the *H-NMR result data the compounds detected in the E28:6
subfraction is phenolic compound type. This study is the first reported from this plant
and could be potential to further investigated for the invention of new promising

antibacterial agent from plants.
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1. ABSTRACT
Isolation and Separation Bioactive Secondary Metabolites from Jengkol Plant
(Archidendron jiringa (Jack) I. C. Nielsen) Through

Bioassay Guided Fractination Approach
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*Corresponding author: noviany@fmipa.unila.ac.id

Infectious diseases caused by bacteria has become the global health issues especially
antibacterial drug resistance. The most serious concern with antibacterial resistance is
that some bacteria have become resistant to almost all antibacterial drugs and making
them less effective. Plants are the one of the most important natural resources because
they are relatively less side effects and cheap. One of the potential plants that has
antibacterial properties is the jengkol plant (Archidendron jiringa (Jack) I. C.
Nielsen). Jengkol plant is the one of Lampung's natural resources that has not been
optimally used, particularly in the field of technology development and drug health.
In current research, isolation and separation secondary metabolites of the roots bark
of A. jiringa have been conducted through Bioassay Guided Fractination Approach.
Bioactive secondary metabolites from jengkol plant roots has been carried out using
general isolation procedures including extraction with maceration method,
fractionation and purification by various chromatographic technigques such as vacuum
chromatography (VLC), column chromatography (CC) and medium performance
liqguid chromatography (MPLC). The preliminary identification of bioactive
metabolites were recognized by TLC monitoring and *H-NMR spectroscopy analysis,
and its displayed a good antibacterial activity against resistant bacteria, S. aureus and
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E. coli with the same MIC value of 25 (g / mL Based on the *H-NMR spectroscopy
analysis, the major compound identified on the bioactive metabolites was predicted
as a phenolic compound. However, the purification of these bioactive metabolites is
still in progress and will be reported in the future.

Keywords: Archidendron jiringa; jengkol plant; bioassay guided fractionation;
antibacterial activity; Staphylococcus aureus; Escherichia coli;

2. ACCEPTANCE LETTER

Click here for printer friendly version

The 14" Joint Conference on Chemistry "
“Stxengthening the foundation of sustainable deuclopment seseanch, practise, alululualﬂnn‘
mwmmﬂsuopmmmm

-

UNS

o) lux
‘.\.A" NERSITY

No: 004/08/2019 18" August
2019

LETTER OF ACCEPTANCE
Dear Mrs. Dr Noviany Noviany S.Si., M.Si,

On behalf of the organizing committee, | would like to inform you that the The
14™ Joint Conference on Chemistry (14" JCC) will be held on 10-11
September 2019 at Solo Paragon Hotel and Residence, Surakarta, Indonesia.

We have accepted your abstract entitled: “Isolation and Separation
Bioactive Secondary Metabolites from Jengkol Plant (Archidendron
jiringa (Jack) I. C. Nielsen) Through Bioassay Guided Fractination
Approach”
for Oral_Presentation.

For presenter(s) who interesting to submit their full article, please submit your

41


https://mailchi.mp/b1cbe346a9c6/abstract-acceptance-261887?e=f4379ae1ea

T —— v o S AT ST A T

full-paper manuscript on (https:/jcc.uns.ac.id) and sign in to your dashboard, by

August 14", 2019. All submitted paper will be peer reviewed. Selected paper
will be published in AIP Conference proceeding, which thus author should
prepare their paper according the AIP template
(https://aip.scitation.org/apc/authors/preppapers). In case the Scientific

Committee suggested paper to be publish in others publisher/journal and the
author(s) agree to do so, the author(s) should reformat their paper according to
its respective template (https://jcc.uns.ac.id/index.php/abstract-and-paper-

submission/). The author may have to pay additional cost for submission to
and/or publication in journal.

If you have any questions feel free to contact the conference committee
at (https://jcc.uns.ac.id/index.php/contact-us/) or jccl4@mail.uns.ac.id.

Regards,

Organizing Committee

g&z’ﬁ'{ioaf e
Na.  5.1/1.200/00/2019

> This is ‘lo certify that

Noviany

as

Presenter
in The 14" Joint Conference on Chemistry 2019
“Strengthening the Foundation of Sustainable Development: Research, Practice and Education™
neld between 10%-11" September 2019
at Solo Paragon Hotel & Residences, Surakarta indonesia

v“, and Natural Schences Chaleman ul'ﬂw u” dnl Conference em
‘{\ ] lUann“y /
53 >‘ B P "‘l
G ==~/ &)1 t ~1c3c
W":P’I i Y
\":'- .,-:.:;f Joint Conferench be Chemistry
Tlarjonn, M.Si., M.Sc., PhD Dr. rer: nat. umm Hers Wibowe, S.5i. M.SI

NIP 19597251540601 1001 I* 1974081 32000021001

A‘A

42



https://jcc.uns.ac.id/
https://aip.scitation.org/apc/authors/preppapers
https://jcc.uns.ac.id/index.php/abstract-and-paper-submission/
https://jcc.uns.ac.id/index.php/abstract-and-paper-submission/
https://jcc.uns.ac.id/index.php/contact-us/
mailto:jcc14@mail.uns.ac.id

