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ARTICLE INFO ABSTRACT

Keywords: Lignocellulose is the most abundant material to be a renewable raw material for bioethanol production. How-
Lignpcellulose ever, the high percentage of lignin content makes it resistant to be hydrolyzed thus inhibits the production of
g' Zlgelr . reduced sugar. This problem is overcome by performing a proper pretreatment prior to hydrolysis.

ydrolysis

This study examined the feasibility oil palm empty fruit bunch (OPEFB) as the source of lignocellulose and
Aspergillus niger as cellulase-producing fungus respectively. The hydrolysis was performed by growing A. niger
on the OPEFB. Prior to hydrolysis, OPEFB was pretreated with NaOH at different percentage and were heated
simultaneously at 170 °C to destroy lignin that hindered cellulase from contacting cellulose. A. niger was further
grown on pretreated OPEFB and the reducing sugar was determined via dinitrosalicylic acid method with
spectrophotometer reading at 540 nm periodically every 24 h for 9 consecutive days. Kinetics study showed that
the yield of the reducing sugar is relatively higher for OPEFB pretreated with 1% NaOH due to the reduction of

Reducing sugar

the cellulose crystallinity which further increase the hydrolysis rate.

1. Introduction

The increasing worldwide ethanol demands due to rapid growth in
population and the expansion of industrialization had made bioethanol
as one of the attractive alternatives to reduce the consumption of crude
oil. One of the paramount predicaments in the production of bioethanol
is the availability of the raw materials (Zabed et al., 2016; Sarkar et al.,
2012). The advancement of technology in this field is moving towards
minimizing the derivation of bioethanol from conventional crops such as
corn and sugar cane. This is to avoid the conflicts between the usage of
these corps in food and fuel production (Sarkar et al., 2012). Hence,
lignocellulosic agricultural waste biomass has been receiving a wide-
spread interest as one of the promising feedstocks for bioethanol pro-
duction due to its abundant availability and low-cost as compared to the
conventional bioethanol source.

Lignocellulose is a complex carbohydrate polymer of cellulose,
hemicellulose, and lignin. As it is widely known, cellulose is a polymeric
compound consisting of sugar monomers which theoretically can be
used as raw material for bioethanol (Piarpuzan et al., 2011). Unfortu-
nately, the lignin content in lignocellulose may hamper the hydrolysis
process. Lignin, which is hydrophobic in nature, disturbs the hydrolysis
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by hindering the enzyme to reach the cellulose and by binding to the
enzyme and acting as inhibitors (Li et al., 2016). Therefore, efficient
pretreatment method towards total delignification of lignocellulose
material is crucial to alter and break down the biomass recalcitrance and
further liberate cellulose and hemicellulose for the efficiency enhance-
ment of subsequent enzymatic hydrolysis process (Bommarius et al.,
2008, Zheng et al., 2009). Lignin can also reduce cellulose hydrolysis by
passively bind to the cellulolytic enzyme (Esteghlalian et al., 2001). The
disconnection of celluloses from the lignin will further provide pathways
for enzymatic hydrolysis.

Cellulase designates the group of enzymes belong to the hydrolase
class that play a role in the hydrolysis reaction (Bhat, 2008). Consisting
of endoglucanase, exoglucanase, and B-glucosidase, they work simulta-
neously to hydrolyze cellulose (Deswal et al., 2011). There are many
organisms that act as cellulase producers, mainly from groups of fungi
and bacteria, but filamentous fungi are preferred because of their ability
to adapt to new environments (Abd-Aziz et al., 2008). Some researchers
have reported that fungi of the genus Aspergillus are able to produce
cellulase (Shahriarinour et al., 2011; Sun and Cheng, 2002; Bakar et al.,
2012).

In Indonesia and Malaysia, palm oil is one of the major profitable
agricultural commodities. This industry generates huge quantities of
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Nomenclature

Cg Enzyme concentration, g/L

Cs substrate concentration, g/L

Cx mold concentration, g/L

Ky constant for half-velocity hydrolysis, gsubstrate/L
Te mold consumption rate, gsugar/h

'y rate of mold hydrolysis, gsugar/day

T'main Rate of cell maintenance, g,g../day

Yps) ratio of produced sugar according to substrate

consumed, gsugar/Zsubstrate

Yor) ratio of produced mold according to consumed sugar,
gmold/ 8sugar

ﬁ constant, genzyme/ 8mold

BH constant of hydrolysis rate, gsubstrate/ (8mold-day)

Pmain Constant for rate of cell maintenance, gsugar/(8motd-day)

PmaxH constant for maximum hydrolysis rate, gsupstrate/ (8mold-
day)

biomass including the oil palm empty fruit bunch (OPEFB) which is
resilient and hard to be degraded naturally (Bakar, 2012). The accu-
mulation of the OPEFB had triggered waste problems. The abundance of
this material had put OPEFB as a prominent candidate for the source of
lignocellulose. The conversion of this waste into bioethanol not only
could alleviate the pollution load but also drive the palm oil to its fullest
potential. It is reported in some literatures that the main setback of
lignocellulose hydrolysis using living microorganism to produce the
enzyme is the poor yield of glucose (Chinedu et al., 2001). As it is
known, glucose is the main nutrient for the majority of living things so
there is a high possibility that the resulted glucose from hydrolysis will
be re-consumed by the enzyme-producing microorganisms. Therefore,
in this research, the effect of combined pretreatment of lignocellulose
towards the enzymatic hydrolysis by Aspergillus niger and the kinetics
analysis of the reactions included were analyzed.

2. Methods
2.1. Pretreatment

Five grams of OPEFB was cut into smaller pieces around 1-2 cm and
was further undergone a combination of chemical and thermal pre-
treatment. The OPEFB was soaked in sodium hydroxide at various per-
centage (0%, 0.5%, 1% and 2%) with simultaneous heating at 170 °C
The optimized NaOH concentration are crucial to determine the effect of
the pretreatment towards the total delignification of the lignocellulose.
This process lasted for 2 h. The pretreated OPEFB was then washed with
water several times until the pH was around 7. The OPEFB was further
dried in an oven at 50 °C overnight. The composition of lignocellulose
was assessed using Chesson-Datta Method (Chesson, 1981).

2.2. Hydrolysis

A. niger was grown in Potato Dextrose Agar for 7 days. The spores
were then harvested in physiological salt 0.85% using centrifuge at
6000 rpm and at a room temperature. The spores were immediately used
without further purification within 15 min. Hydrolysis was done by
growing A. niger on the sterilized, pretreated OPEFB. The microorganism
growth was supported using basal medium. For every 100 g of basal
medium it contained KHPOy, 5 g; corn steep liquor, 5 g; industrial yeast
extract, 0.5 g; CoSO4-7H0, 0.1 g; and CuSO4-5H20, 0.5 g. The pH of the
basal medium was adjusted to 7.0 with the addition of acetic acid buffer
(Kang et al., 2004). The medium was sterilized at 121 °C for 30 min. The
moisture was adjusted to 80% by adding sterile medium. The
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experiment was done in series of Erlenmeyers with various sampling
times. Samples were taken every 24h for 9 consecutive days. The
resulting sugar was analyzed using dinitrosalicylic acid (DNS) method
(Ghose, 1987).

In this case, the portion of sugar re-consumed as cell growth and
maintenance must be determined at first. These phenomena were
observed by two separate experiments. The first experiment was
growing A. niger on medium with filter paper as the only carbon source
in attempt to trigger the cellulase production. The amount of filter paper
hydrolyzed into sugar was measured. The second experiment was
growing A. niger on the medium with glucose as the carbon source. The
amount of glucose consumed was also measured.

2.3. Kinetics analysis

Reaction mechanisms for hydrolysis and sugar consumption were
also observed in analogue with Monod equation. The steps of the whole
mechanism were:

1. A. niger secreted cellulase (E) to hydrolyze cellulose.

2. Cellulase (E) hydrolyzed pretreated lignocellulose to produce simple
sugars. The reaction rate constant for this step was assumed to follow
Monod equation:

_ Ponaxti CS (1)

P = o ¥ Ky

Hydrolysis rate was approached by an assumption that its rate was in
comparison with the mold concentration:

ry = py-Cx 2)

3. Parts of produced sugar were re-consumed by A. niger for growth.
The consumption rate constant was approached by Monod equation:

_ HPmaxc CP (3)

He=c, 1k,

Next, the consumption rate was also assumed to be in comparison
with the concentration of mold:

re = pe-Cx ()]

The sugar consumed was also used for several cellular processes
including cell maintenance. The consumption rate could be approached
by equation (5):

FYmain = Mmain'CX (5)
Cellulose mass balance could be written as follow:

dC.
S_ *,M;VCE (6)

dt

Enzyme concentration was assumed in comparison with the con-
centration of mold.

ﬁ _'M

TR O )

Sugar mass balance modeling was derived from equations (3), (6)
and (7) as follow:

Rate of sugar

Rate of sugar _ Rate of sugar\ consumed
accumulated produced
for growth
rate of sugar
- consumed
for maintenance

dC .C ..C
—P:'M.CX.YP/S—MC Cy (8)

dt Cs + Ky Cp+ K¢ X Hnain:
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The mass balance of A. niger could be written on the base of equation
(9) as follow:

In this case, Yps) and Y(xp) were determined by two separate ex-
periments as described in section 2.2.
dCy My Cp
——==Uc.Cy. Yy/p = 25— Cy.Y, 9
dr He X/P Cr + Ko x-Yx/p (C))

From the description of the above equations, there are several pa-
rameters that must be sought, i.e. pmax, Pmaxc, Ku, Ke,

3. Results

Based on the preliminary assessment, OPEFB contained 35.2% of
cellulose, 17.9% of hemicellulose, 22.8% of lignin and the rest was ash
content. After the pretreatment, the composition of OPEFB was pre-
sented on Table 1.

According to Table 1, the percentage of cellulose in OPEFB pre-
treated by 1% of NaOH is relatively higher as compared to the one using
0.5% of NaOH. This result is in agreement with previous literature
where NaOH was reported to cause swelling, boosting the internal sur-
face of cellulose and diminishing the degree of crystallinity and further
enhancing the lignin disruption (Taherzadeh and Karimi, 2008; Car-
velheiro et al., 2008). Further, by visual observation it was seen that the
fiber treated by 1% NaOH possessed a suppler structure which can
pre-concluded to have lower crystallinity due to the disruption of the
lignin (Mulyaningtyas et al., 2017).

The concentration of sugar obtained from the enzymatic hydrolysis
was plotted against time and the resulting graphs were shown in Fig. 1.

As depicted in Fig. 1, the concentration of sugar initially rose then
decreased. This phenomenon occurred due to the consumption of sugar
for the growth and production of other metabolic products by A. niger.
The further depletion of sugar concentration was due to the growth of
A. niger in aerobic phase before the anaerobic stage which would further
convert the sugar to ethanol.

To find the parameters values included in the reactions, the resulting
data from hydrolysis with OPEFB treated at 170 °C with two concen-
trations of NaOH were plotted.

From Table 2, the consumption rate constant, pmaxe, Was much
higher than the hydrolysis rate constant, pmaxh. It indicated that the
sugar consumption rate was expressively faster than the hydrolysis rate.
The phenomenon of sugar consumption by the mold had made the sugar
concentration restricted. But, in overall, to compare both rates, the
amount of substrate must be considered. Hydrolysis rate had more
amount of substrate, i.e. OPEFB, than sugar consumption rate as it relied
on the sugar production from hydrolysis. Hence, the hydrolysis rate was
faster than sugar consumption.

From this study it was known that the phenomenon of sugar re-
consumption by cellulase-producing mold had suppressed the sugar
production. To overcome this, there were several ways that could
possibly be done. First, the sugar harvesting time must be carefully
determined in order to obtain the optimal concentrations. The second
way was to design a separation process that was simultaneous with the
hydrolysis. This could minimize the consumption of sugar by the mold
so that the whole process produced higher sugar concentration. Based on
the pattern of Fig. 1, it was better to harvest the sugar on day 8-9.
Different substrate, microorganism and operation conditions would give
different time although it should make the same curve pattern.

4. Conclusion

Lignin content existed in OPEFB structures decreased after combined
pretreatment to make it feasible for A. niger to grow. Combined pre-
treatment was done at 170 °C with a series of NaOH concentrations.
Both pretreatment resulted comparable lignocellulose compositions as
shown in Table 1 as it was shown that the cellulose content were 62.4%
and 71.0% for 0.5% and 1% NaOH respectively. Hydrolysis using OPEFB
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Table 1
The composition of OPEFB before and after pretreatment.

Composition (%) No pretreatment NaOH concentration

0.5% 1%
Cellulose 35.2 62.4 71.0
Hemicellulose 17.9 11.4 10.6
Lignin 22.8 7.0 7.4
Others 24.1 19.2 11.0

Sugar concentration (g/L)

Time (day)

Fig. 1. Two different sugar concentrations between OPEFB. treated by NaOH
0.5% (square marks) and NaOH 1% (round marks).

Table 2
Resulting parameters for hydrolysis and sugar consumption rates.
Parameters 1% NaOH 0.5% NaOH
Penaxh 0.62 0.58
Ky 26 7.5
Hmaxe 11.8 12
K. 4 4

pretreated at 170 °C using NaOH 1% produced more sugar due to lower
crystallinity of OPEFB. From the results of this study, it was known that
the constant of sugar consumption was much higher than constant of the
hydrolysis rate which meant that A. niger consumption rate was greater
than the hydrolysis rate. However, the hydrolysis rate had much more
substrate that makes the hydrolysis rate became substantial.

As it had been explained above and stated in Fig. 1, the rate of sugar
consumption was faster than the hydrolysis rate. However, in general,
with higher substrate availability, hydrolysis rate was higher than sugar
consumption rate. This was reasonable considering sugar is the main
source for microorganisms. To obtain relatively high sugar concentra-
tions in this case, it was proposed to harvest the results of hydrolysis on
day 8-9.
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