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ABSTRACT

Ionic liquids (ILs) pretreatment is currently becoming an attractive approach for improving the efficiency of
enzymatic hydrolysis on lignocellulose. Cholinium acetate (ChOAc) ILs that contain choline cation combined
with carboxylic acid-based anion is not only marked as biocompatible ILs but also known as a useful catalyst
in the pretreatment of lignocellulosic biomass, which results in an increase of enzymatic saccharification rate
of the biomass. In this study hydrolytic activities of cellulase and xylanase which produce extra-cellularly by
isolated actinomycetes under the presence of ChOAc were investigated. ChOAc/biomass ratio (g/g) were set
up between 0.0 and 3.0 for pretreatment followed by hydrolysis using cellulase and xylanase that excreted
when actinomycetes were grown up in pretreated bagasse successively. Act-7 was used as inoculum in saccha-
rification, and the optimum of ChOAc/biomass ratio was as identified to be 1, which achieved high saccharifi-
cation with a yield of reducing sugar 74.58%. Since the cellulase activities reduced to around 30-70% while
ChOAc/biomass ratio was increased to 2-3, in contrast, xylanase activities remain stable at the range of
58.97-75.19 U/mL. This experiment demonstrates the promising bio-hydrolysis of biomass in green technol-
ogy to increase the yield of the biomass saccharification process.

1. Introduction

Due to its potential to renewable organic materials, lignocellulosic
biomass was considered to provide as a low-cost feedstock for biocon-
version into fermentable sugar which can be further utilized for bio-
fuel and valuable chemicals production (Gomez et al., 2008;
Uppugundla et al., 2014; Wu et al., 2016). This material primarily
contains three bio-polymers particularly cellulose, hemicellulose and
lignin with a low number part of trace components such as acetyl
groups, phenolic substituents, and minerals unitedly. The quantities of
these bio-polymers in biomass, depending on the source of biomass,
commonly the biocomposite composed of cellulose, hemicellulose,
and lignin with the various concentration of fractions biopolymers at
35-50%, 20-35%, 10-25% respectively. (Isikgor and Becer, 2015;
Menon and Rao, 2012). The interaction of polymers in biomass pro-
duces the recalcitrance which comes from the crystallinity of cellu-
lose, coating of cellulose by the lignin-hemicellulose matrix, and, hy-
drophobicity of lignin (Agbor et al., 2011; Isikgor and Becer, 2015;
Mosier et al., 2005). Native lignocellulose structure forms strong re-
calcitrance to enzymatic hydrolysis and results in poor digestibility of
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the material itself. A convenient pretreatment method is involved to
overcome this limitation and makes the polymers easily accessible for
enzyme digestion (Sun et al., 2016).

Ionic liquids (ILs) pretreatment, which is a kind of chemical pre-
treatment technique, has earned high interest after some types of ILs
were invented as solvents that have the ability to soluble cellulose
(Swatloski et al., 2002). ILs are organic salts generally consisted of or-
ganic cations and inorganic anions and the forms are in the liquid bel-
low 100 °C (Macfarlane and Kar, 2017; Welton, 2018). Recently, ILs
have been pointed out to deconstruct the compact structure of ligno-
cellulose. Some of ILs have been exhibited to dissolve lignin, hemicel-
lulose, and cellulose so that the main polymers could be separated one
and each other. Furthermore, the crystallinity of regenerated cellulose
became diminish significantly after the cellulose was being soluble in
the ILs. This fragile cellulose would be promoted more efficient enzy-
matic hydrolysis (Brandt et al., 2013). However, compared with the
other addition of chemicals on pretreatment such as dilute acid or am-
monia, the application of ILs on lignocellulosic pretreatment is not
only have been shown more effective than conventional ones, but it
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has also been proven to be applicable to various types of lignocellu-
losic biomass (Kilpeldinen et al., 2007; Brandt et al., 2013).

Recently among the type of ILs, imidazolium ILs type has been ex-
tensively studied in particular. In contrast, their abilities in the decon-
struction of the lignocellulosic tight structure were faced by biocom-
patibility issues including their disadvantage points for example in cy-
totoxicity and biodegradability, and also in the high expense reason
(Datta et al., 2010; Ouellet et al., 2011, 2015; Ninomiya et al.,
2015a). On the other hand, compare with imidazolium ILs, some
types of cholinium ILs have been apparent more biocompatible
(Petkovic et al., 2009) and are also have a lower price generated by
the low expense of the source cation (Plechkova and Seddon, 2008).
Cholinium ILs are composed of either choline cations associated with
two commons of anions such as the amino acid-based (Hu et al.,
2007), or carboxylic acid-based (Fukaya et al., 2007) ones. Many ob-
servations remarked the advantageous of cholinium ILs in the pre-
treatment of biomass that improves the hydrolysis of lignocellulosic
biomass using cellulase (Ninomiya et al., 2015a, 2015b; 2015c,
2015d, 2014, 2013a; 2013b, 2013c). In addition, choline acetate
(ChOAc), Fig. 1, has applied to pretreat bagasse in high-loading bio-
mass (100 g/L) which has risen up the hydrolysis of cellulose and
hemicellulose efficiency into 95% and 93% respectively (Ninomiya et
al., 2018).

Since many previous studies conducted the enzymatic saccharifica-
tion using pure cellulase and/or hemicellulase, there were fewer stud-
ies that investigated the application of native enzyme which secreted
extracellularly by microorganisms when they cultivate on lignocellu-
losic biomass. However, this working was exploring the opportunity
of impured extracellular hydrolytic enzyme which produces by some
indigenous actinomycetes isolate in ChOAc-pretreated bagasse
medium to enhance saccharification of cellulose and xylan contained
therein. The aim of the study is to investigate the synergistic between
a pretreatment of bagasse using a biocompatible ionic liquid (ChOAc)
and enzymatic saccharification by applying the inoculum of actino-
mycetes that adequates to excrete extracellular cellulase and xylanase
sequentially. The future prospect of this study is to develop a one-pot
bioconversion of lignocellulosic biomass into fermentable sugar and
its derivative product such as ethanol, organic acids, and other ad-
vanced chemicals.

2. Materials and methods
2.1. Materials

Row bagasse was obtained from useless sugar production residue
of Sweet Indo Lampung (SIL) Company located in Lampung Province,
Indonesia. The bagasse was dried and mashed up and screened using
a sieve to obtain the less than 250 pm particle. The biomass was
stored in an oven at 90 °C until used. Choline acetate was bought
from Sigma-Aldrich and all chemicals classified in laboratory guaran-
teed reagent (GR), which purchased from a variety of commercial
companies.

2.2. Isolation of actinomycetes and screening for cellulase and xylanase
actinomycetes

Decomposed bagasse as a source of indigenous actinomycetes was
collected directly from the waste area of SIL Company. One gram of
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Fig. 1. Molecule structure of Choline acetate.
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the bagasse then was transferred into 100 mL of saline water (NaCl
0.95% w/v) and was shaken using shaker incubator at 120 rpm for
60 min. The suspension which formed was subjected to serial dilu-
tions up to 10~7. Isolation of actinomycetes was conducted by pour
plate methods in which each different dilution suspension was inocu-
lated onto Yeast Maltose Agar (YMA) Medium (4 g/L of Yeast extract,
10 g/L of Malt extract powder, 4 g/L of Glucose, and 18 g/L Agar) in-
appropriate in triplicate. The colony of actinomycetes was then identi-
fied base on morphology appearing after incubated for 7-14 days at
37 °C.

Purification of actinomycetes was conducted by quadrant-
streaking the single colony on a specific medium ISP-2 (Himedia)
(Shirling and Gottlieb, 1966). The pure culture isolates are cultivated
in the slant ISP-2 medium at 4 °C and glycerol stock was provided for
the next examination.

Screening of cellulolytic and xylanolytic was examined by the
Congo-Red method which the pure selected isolates were grown on
YMA medium-enriched using 0.5% (w/v) carboxymethylcellulose/
CMC (Sigma) and 0.5% (w/v) birchwood xylan (Sigma) respectively
for 14 days. Ability to degrade CMC/birchwood xylan of the isolate
was evaluated after the growth period by incubation with staining so-
lution of Congo Red 0.1% (w/v) for 30 min and afterward was
washed out using NaCl (5 M) (Amore et al., 2014, 2012; Teather and
Wood, 1982). The clear halo zone around the colony of the isolate
was signed as a positive isolate that has cellulase/xylanase activity.

The Yeast Maltose Broth (YMB) base medium used for enzyme pro-
duction by the isolates contained the following components: 4 g/L of
Yeast extract, 10 g/L of Malt extract powder, and 4 g/L of Glucose.
The medium was enriched by 1% of CMC and 1% of Birchwood xylan
to produce cellulase and xylanase respectively. All along with the pro-
duction time, a repeatedly supernatant was collected for enzyme ac-
tivity assay.

2.3. Pretreatment bagasse using choline acetate

Pretreatment of bagasse using ChOAc was applied according to the
Ninomiya's group working (Ninomiya et al., 2018) with slight modifi-
cations. Definitely, ratios ChOAc/biomass (g/g) at 0, 0.5, 1, 1.5, 2, 2.5
and 3 for pretreatment of bagasse by ChOAc was conducted by im-
mersing 5 g of bagasse powder with 0, 2.5, 5, 7.5, 10, 12.5 and 15 g
of ChOAc in Erlenmeyer respectively. The mixture was then stirred
gently using a magnetic stirrer for 60 min at room temperature. Fur-
thermore, the pretreatment was conducted by using an autoclave at
110 °C for 1 h and the heating was extended in a thermal oven at
110 °C for 20 h. After this pretreatment step was complete, the mix-
ture was cooled down at room temperature which placed on a clean
bench.

2.4. Saccharification pretreated bagasse using actinomycetes

Actinomycetes medium was prepared by adding the previously
pretreated bagasse as a biomass source ingredient. The pretreated
bagasse was suspended well with 50 mL sterile YMB medium asepti-
cally. Fermentation was then undertaken by inoculating 2 cork bore
(® = 5 mm) of cultivated actinomycetes into the previous suspension
medium. Incubation was conducted using a horizontal shaker incuba-
tor at 37 °C, 120 rpm. During the fermentation, a periodically liquid
sample was taken up after 1-14 days. The collected samples were cen-
trifuged at 6000 rpm for 5 min, obtained supernatants were trans-
ferred into sample labeled clean tube and was stored in a refrigerator
for future analysis. The optimization of initial pH was conducted by
setting up the initial pH at 6.0, 6.4,7.0, 7.2, 7.6 and 8.0 using 0.2N
Na,HPO4— NaH,PO, buffer solution.
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2.5. Cellulase and xylanase activity assay

The activity of cellulase and xylanase was examined according to
the Carboxymethyl cellulose-ase/CMCase (Ghose, 1987) and Xylanase
(Bailey et al., 1992) assay method respectively. The measurement of
CMC-ase activity was conducted by adding 0.5 mL of the collected
sample as a native enzyme into 0.5 mL of soluble 1% CMC in sodium
citrate buffer (0.05M, pH 5.0) at 37 °C for 30 min. After finishing in-
cubation, the reaction was cut off by pipetting 1.0 mL of 3,5-
dinitrosalicylic acid (DNS) reagent and was then boiled at 95 °C for
15 min. The spectrophotometric method was applied to determine re-
ducing sugars with DNS (Miller, 1959) using glucose as standard. The
CMC-ase activity was calculated according to the amount of released
glucose from CMC, Moreover, the examination of xylanase by mixing
0.5 mL of obtained crude xylanase enzyme filtrate sample with 0.5 mL
of 1% birchwood xylan in 0.05M sodium citrate buffer (pH 5.0) at
37 °C for 30 min. The reaction was then terminated by adding 1.0 mL
of DNS reagent and was then heated at 95 °C for 15 min. Xylose con-
centrations were estimated by using similar methods with reduction
sugar analysis using xylose as standard. The xylanase activity was
measured base on the amount of liberated xylose from xylan.

The unit of cellulase or xylanase activity (U/mL) was defined as
amount of the enzyme that catalyze the CMC or birchwood xylan into
1 pmol glucose or xylose as the product respectively per minute.

3. Results and discussion
3.1. Isolation and screening actinomycetes

Some indigenous actinomycetes from decomposed bagasse were
successfully isolated on the YMA medium. Using a dilution series of
initial samples to obtain a separated grown strain colony, the dilution
factor at 10~> was noted as the best suspension sample to be culti-
vated. The single different separate colonies grew on the YMA
medium so that the single colony could be collected and characterized
base on its shape and color appearance (Fig. 2).

Moreover, the purification step was conducted to collect a pure
single colony that would be screened for their cellulolytic and xy-
lanolytic ability. The actinomycetes strain which is able to hydrolyze
cellulose and xylan was recognized by the formation of halo clear
zone around the colony after applying Congo-Red staining on the se-

Fig. 2. Culturable actinomycetes on the YMA medium resulted from culti-
vated 1075 suspension of decomposed bagasse.
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lected cellulolytic or xylanolytic medium assay. In this working, seven
actinomycetes isolate, namely Act-1 to Act-7, could grow consistently
when they cultivated on the YMA medium and the isolate also exhib-
ited hydrolytic activity on CMC-YMA and either on Xylan-YMA
medium. In addition, cellulolytic and xylanolytic indexes were esti-
mated base on a comparison between the diameter of a formed halo
clear zone to the estimated diameter of the colony. The colony of
strain has a diameter between 8 and 24 mm, and the diameter varies
between the assay medium. The cellulolytic indexes were between
1.05 and 2.10 since the xylanolytic ones were 1.20-1.80 approxi-
mately. Table 1 describes a measurement both of cellulolytic and xy-
lanolytic indexes of purified strains.

3.2. Cellulase and xylanase activities of actinomycetes

The plate assay using Congo-red staining has been widely applied
in many studies to screen microorganisms were able to degrade cellu-
lose and hemicellulose. Despite, Teather and Wood evaluated that the
diameter of a formed halo zone was not always according to the en-
zyme-producing ability of microorganisms and also the activity degree
(Teather and Wood, 1982). To confirm the ability to enzyme activities
of isolate, in this study, the development of enzyme activities during
cultivation actinomycetes was observed.

The observation of both cellulase and xylanase activities started to
develop after seven days of the incubation period. It was detected that
almost the highest activities of cellulase were seen on the thirteenth
day and the activities saw decreasing after the fifteenth day. However,
high activity of cellulase was detected over 20 U/mL to 50 U/mL from
several isolates since the others have low activity under 15 U/mL. In
addition, among seven isolates that have cultivated in batch culture,
the cellulase activities from Act-1, Act-3, Act-7 were higher than the
other isolate. The increasing of cellulase activity from these three iso-
lates has a similar pattern which enlarged between eighth to the thir-
teenth day. The optimum cellulase activities of Act-1, Act-3, and Act-7
achieved to 35.34, 42.41, and 50.18 U/mL respectively and it tends to
remain stable after the peak for the next three days production. It also
appeared clearly, the cellulase activity from Act-7 was the highest
one. The activity was over the others since the cellulase was released
after tenth-day production with the range activity of 26.37-50.18 U/
mL. All of the enzyme activities which are described in this work
serve in Fig. 3.

Following the previous observations, the activity of xylanase along
with the cultivation of selected actinomycetes strains was conducted.
It was coming into sight that the xylanase activities were grown up
initially after the eighth day of fermentation. The increasing of xy-
lanase activity dramatically rose between the twelfth to the fourteenth
day, which the highest one was seen on the fourteenth. Contrastly, it
has been viewed that the xylanase activity of Act-4 and Act-5 isolate
were higher than their cellulase activities, herein, both xylanase activ-
ities exceed the activity of Act-1. Comparing with its cellulase activity

Table 1
Indexes of cellulolytic and xylanolytic of strains.

Strains Cellulolytic Xylanolytic
D d Index D d Index
(mm) (mm) (mm) (mm)
Act-1 30 21 1.42 23 16 1.46
Act-2 19 18 1.05 10 8 1.20
Act-3 29 14 2.10 25 21 1.20
Act-4 38 32 1.20 26 24 1.10
Act-5 29 19 1.50 30 21 1.42
Act-6 39 28 1.38 18 12 1.46
Act-7 32 18 1.80 29 16 1.8

D; halo clear zone diameter; d: colony diameter.
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Fig. 3. Time course of cellulase production by selected actinomycetes strains in 1% CMC enriched YMB medium.

(35.33 U/mL), the xylanase activity of Act-1 was almost equal at
36.26 U/mL. Meanwhile, it was noted that xylanase activity from Act-
3 and Act-7 rose above the other xylanase activity, and Act-7 has the
highest xylanase activity. Fig. 4 summarizes the xylanase activities of
actinomycetes strain Act-1 to Act-7 in the course of xylanase produc-
tion.

Both of cellulase and xylanase activities declined after their maxi-
mum peak activities which it was coming after 14 days cultivation.
The alighting could be associate to a condition after stationary growth
phase of the actinomycetes isolate, whereas might be attributed to
substrates depletion and/or the activity of contained proteases
(Fatokun et al., 2016) or catabolic repression of byproduct such as
cellobiose and glucose (El-Naggar, 2012). Lowering of carbon and ni-
trogen supply in the growth medium could affect the growth of the
actinomycetes and production of excretion hydrolytic enzyme in the
isolate were directly affected. On the other hands, the presence of hy-
drolytic product of bagasse such as cellobiose, glucose and xylose in
sufficient concentration might be give a feedback inhibition which
could inhibit enzyme activities (Andri¢ et al., 2010; Lammirato et al.,
2010; Mithra and Padmaja, 2017).

Base on the highest enzyme activity of Act-7 isolate, it has been
chosen as an enzyme source in the hydrolysis of the pretreated
bagasse experiment. In previous procedure, the fermentation was con-
ducted using YMB enriched medium that has initial pH at 6.4. To op-
timize the production of hydrolytic enzyme, in this study, the initial
pH for both production of cellulase and xylanase were examined. Fig.
5 shows the activities of cellulase and xylanase that collected at 14

days in production period at different initial pH levels, and it exhibits
the optimum initial pH was 7.0 that is the most suitable initial pH set
up to achieve the peak of produced cellulase and xylanase at 79.97
and 95.95 U/mL respectively.

Screening of cellulolytic and xylanolytic and the character of its
activity from microorganisms have already exposed by many re-
searchers. Actinomycetes are famous as a source of many industrial
enzymes including cellulase and xylanase and have the ability to re-
lease the hydrolytic enzyme (Lynd et al., 2002; Mukhtar et al., 2017).
The hydrolytic activity can be quantified by a variety of methods and
its value also diverse depending on the medium setting in the produc-
tion procedure (Johnsen and Krause, 2014). Cellulase produced by
isolated actinomycetes from a different region in India has examined
which CMC-ase activity of actinomycetes strain NAA2 was the highest
at 0.366 U/mL. It was resulted from the culture using modified Man-
del's medium at 30 °C for seven days incubation (Saini et al., 2016).
Furthermore, two Streptomyces strains isolated from Brazilian soil for-
est, M17a and M23, have cellulase activity at 235 and 95 U/mL re-
spectively. In another study, by using modified Hosikoshi liquid
medium, actinomycetes were secreted xylanase with range activities
between 105 and 149 U/mL. It was also noted in many studies that
the appropriate and optimum pH for cellulase and xylanase produc-
tion using actinomycetes was nearly neutral (7.0) (Kulkarni et al.,
1999; McCarthy et al., 1985; Lynd et al., 2002). The cellulase and xy-
lanase activities in this working have been in the range of the activi-
ties and range of the initial pH production achieved by the previous
researchers.

80
70
—-—Act-1
60 —-—Act-2
»’J; 50 - Act-3
2 40 - Act-4
Z
:E 30 -©-Act-5
<
<
20 ——Act-6
—&-Act-7
10
0

18

Time (d)

Fig. 4. Time course of xylanase production by selected actinomycetes strains in 1% Birchwood xylan enriched YMB medium.
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Fig. 5. The optimization of initial pH production in YMB medium that was en-
riched by 1% of CMC and 1% of Birchwood xylan to produce cellulase and xy-
lanase by Act-7 respectively.

3.3. Cellulase and xylanase activities on saccharification in presence of
ChOAc (Act-7)

The pretreatment of bagasse using ChOAc was then conducted to
prepare a pretreated biomass substrate for hydrolysis enterprise. The
procedure was applied to obtain similar substrate conditions to Ni-
nomiya's group working (Ninomiya et al., 2018, 2015d). They men-
tioned that pretreatment using ChOAc up to ChOAc/biomass ratio at
1.5 (g/g) provided a sufficient specific surface area (SSA) herein it ex-
pected to accomplish enzyme accessibility for bagasse and also the de-
creasing of crystallinity index (Crl) of bagasse was 50-60%. Since that
research used a pure hydrolytic enzyme, nevertheless this research ap-
plied a source of the hydrolytic enzyme from actinomycetes that se-
creted to the pretreated bagasse when they were grown up. Therefore,
observation of the effect of the ChOAc amount used in pretreatment
to hydrolytic enzyme activities was necessary to be explored. Adopt-
ing the previous optimum hydrolysis condition, the measurement of
both cellulase and xylanase were examined. Fig. 6(a) and (b) describe
the fluctuation of cellulase and xylanase activity in presence of ChOAc
when they produced to hydrolyze pretreated bagasse in the growth
medium respectively. The cellulase activities at the ChOAc/biomass
ratios 0.0-1.5 (g/g) were observed stable since at the ratio 2 (g/g) the
activity initiated to decline and the declining was clearly seen at the
ratio 2.5-3.0 (g/g). The highest cellulase activity appears at the ratio
was 1 (g/g). On the other hand, the xylanase activities seem stable at
all of the ChOAc/biomass ratios, whereas the high activity was shown
also at the ratio 1 (g/g). In order to explain the trend of the enzyme
activities in Fig. 6 (a) and (b), the amount of ChOAc in the hydrolysis
medium was calculated and it describes in Fig S-1 (in the electronic

(@
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80
60

40

Activity (U/mL)

20

0 0,5 1 1,5 2 2,5 3
ChOAc/biomass ratio (g/g)
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supplementary information). It was pointed out that in the range pres-
ence of ChOAc between 0.0 and 0.2 g/mlL, cellulase activities were
settled at 46.23-66.40 U/mL, nevertheless, the activity dramatically
reduced into 17.87 U/mL in the presence of ChOAc up to over 0.25 g/
mL. On the contrary, the presence of ChOAc did not cause the xy-
lanase activity to fluctuate, which the xylanase activity remain stable
in the range of 58.97-75.19 U/mL. For all of the ChOAc/biomass ra-
tios were given, from the standpoint of aspect the enzyme activity,
this study acquired the optimum ratio was 1 (g/g) whereas the cellu-
lase and the xylanase have activity at 66.40 U/mL and 75.19 U/mL
respectively.

Moreover, in this step, the yield of reducing sugar was calculated
base on the amount of released reducing sugar compare with carbohy-
drate (cellulose and xylan) content of bagasse (the composition of
bagasse was depicted in Fig. S2). Fig. S3 presents the yield of reducing
sugar from the saccharification of pretreated bagasse in this observa-
tion. It was confirmed that the highest obtained reducing sugar yield
was achieved at the condition in which the highest both of cellulase
and xylanase enzyme activity were produced. Turning into detail, the
pretreatment by using the ChOAc/biomass ratio at 1 (g/g) resulted in
the yield at 74.58%. Eventhough the yield of reducing sugar in this
experiment was noted as a high result as a hydrolytic action of cellu-
lase and xylanase, however it might also be involved by other hy-
drolytic enzymes.

ChOACc is categorized as biocompatible ILs (Petkovic et al., 2009)
than imidazolium or the other traditional ILs. The effectiveness of
ChOAc in using for pretreatment of lignocellulosic biomass which not
only increases the accessibility of enzyme on saccharification of bio-
mass already proved in many experiments but also has slight in-
hibitory impacts on microorganisms an enzyme while 1-ethyl-3-
methylimidazolium (EmimOAc) acetate has negative effect signifi-
cantly (Liu et al., 2012; Ninomiya et al., 2015b, 2015c, 2015d, 2013b,
2013c). In this study, we observed that up to 0.15 g/mL or equiva-
lently with 1 M of ChOAc concentration did not affect the decrease in
the enzyme activity significantly. Conversely, the other explorations
have underlined that imidazolium ILs type even in millimolar was
able to inhibit the activity saccharolytic enzymes (such as cellulase)
and have significant toxicity to fermentative microorganisms (such as
yeast) inoculated in bioethanol production from biomass (Datta et al.,
2010; Ouellet et al., 2011, 2015). Although the future observation is
involved to explain the effect of concentration ChOAc into the reduc-
ing of enzyme activity, however, at least this study was encouraging
in the use of ChOAc in the successive process of bioconversion ligno-
cellulose into bioethanol or the other valuable biochemicals using fer-
mentative microorganisms.

(b)

100
80

60

Activity (U/mL)

20

0 0,5 1 1,5 2 2,5 3
ChOAc/biomass ratio (g/g)

Fig. 6. The produced cellulase activity (a) and the xylanase activity (b) in the presence of remain ChOAc in pretreated bagasse.

5



H. Satria et al.
4. Conclusions

This study found eight different indigenous actinomycetes that
have shown both cellulolytic and xylanolytic activity. The halo clear
zone on Congo-red plate assay suggested the isolates are capable to
produce the hydrolytic enzyme that can employ cellulosic and hemi-
cellulosic substrates. Among the strains tested, Act-7 exhibited the
highest cellulase and xylanase activity at 66.40 and 75.19 U/mL re-
spectively. In addition, the optimum initial pH for enzyme production
using the YMB medium was 7.0, since the optimum time production
was 14 days. Furthermore, in the presence of ChOAc up to 0.15 g/mL
the cellulase activity showed stable, however, the cellulase activity
starts to decline in the presence of 0.2 g/mL ChOAc and it appeared a
dramatically decreasing of cellulase activity in occupancy of 0.25 g/
mL ChOAc. On the other hand, the activity of xylanase was remaining
in low fluctuation in various ChOAc concentration that was examined.
The pretreatment of bagasse using ChOAc increased the yield of re-
ducing sugar to the extent of 74.58%. This study has initiated the op-
portunity of a one-pot process in bioconversion of lignocellulose bio-
mass using a biocompatible ionic liquid and potential indigenous
actinomycetes.
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