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Abstract. Organic wastes from Swiettenia marcophylla L, Artocarpus heterophyllus L, Mangifera
indica L, and Annona muricata L were prepared by grinding into 0.1875, 0.3750, 0.7500 mm of
particle size and delignified by 2% NaOH at 80°C for 90 minutes. Acid dilution hydrolysis process
with H2SO4 1% was performed at 150°C for 120 minutes in a closed reactor. The effect of
particle size and delignification on and reducing sugar concentration were investigated. The
result showed (1) leaves that can be used as raw material to produce hydrogen should have 38—
49% cellulose and hemicellulose. (2) Reducing sugar concentration increased with particle size
reduction and delignification. (3) the best result with the highest reducing sugar concentration
was achieved by 0.1875 mm particle size with delignification on Annona muricata L.

1 Introduction

The increasing energy demand, the decreasing production
of crude oil, and the fluctuating crude oil prices have an
impact on the economies of Indonesia. Similarly, The
usage of fossil-based fuel has increased CO, accumulation
in the atmosphere that increased trigger global warming.
Furthermore, there are significant interest and challenge
to develop an alternative fuel that is affordable,
renewable sources, and eco-friendly such as biomass-
based energy.

Indonesia as a tropical country produced large
amounts of biomass about 3.9 billion tons of dry plant
biomass per year like agricultural waste, plantations, and
forestry residues. The usage of agricultural waste,
plantations, and forestry residues will minimize
environmental impacts because they can be used as
feedstocks for biofuel production or increase the value-
added chemical. Generally, hydrolysis process can
convert dry plant biomass into reducing sugar in some
ways, such as chemically [1], fermentatively [2], or
enzymatically [3-6]. In previous research, Enzymatic
hydrolysis of rice straw with pure or crude enzymes from
Aspergillus niger and Trichoderma reesei, showed that
hydrolysis in a batch process for seven hours more
increased significantly reducing sugar concentration than
the usage of commercial enzymes, but required time is too
long [7]. This will be an obstacle to produce in large
quantities. Anwar [8] has produced the same level
reducing sugar concentration from rice straw by acid
hydrolysis with a shorter time than enzymatic hydrolysis
and it can be converted into hydrogen by the fermentation
process.
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Other plant biomass that has large quantities
especially in University of Jendral Achmad Yani come
from falling leaves of trees. The falling leaves have high
lignocellulose concentration that can be converted into
reducing sugar. Therefore, the utilization of falling leaves
as biomass feedstock will be very potential and does not
interfere sustainability of food crops

The lignocellulose concentration of plant biomass
mainly consists of 40-50% cellulose, 25-30%
hemicellulose, 15-20% lignin, and traces of pectin,
nitrogen compounds, and inorganic ingredients [9,10].
Cellulose is a polysaccharide with B-1,4-glucoside bonds
in a linear chain. The B-1,4-glycoside bond on cellulose
fibers can be hydrolyzed to produce glucose monomers by
acid or enzymatic hydrolysis but the existence of lignin
composition make the conversion lignocelluloses to
energy is costly and ineffective up to now [2,11-15].
Besides that, differences of lignocelluloses composition
make difference structure of biomass. Thus, it is
necessary to design suitable pretreatment to break down
the structure of biomass to improve the effectiveness of
conversion.[16,17]

Prior to hydrolyzed, to increase reactivity in
hydrolysis process and to break down cellulose
crystallinity is necessary to remove lignin from the
lignocellulose. Because lignin is a polymer formed
through the phenylpropane units which have a function to
rigidified cellulose microfibril and has physically bond
with hemicellulose. Hemicellulose is a group low
molecular weight of polysaccharide that can hydrolize
into glucose, mannose, galactose, xylose, and arabinose.
This step will increase reagent accessibility to
polysaccharide in biomass [18-20]. Pretreatment is the

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution
License 4.0 (http://creativecommons.org/licenses/by/4.0/).



MATEC Web of Conferences 156, 03006 (2018)
RSCE 2017

https://doi.org/10.1051/matecconf/201815603006

important step to convert lignocelluloses to energy. It is
necessary to separate the complex components of
lignocellulose which consider the compatibility of
feedstocks, enzymes, and organisms. The pretreatment
process generally can be classified into physical [21],
chemical [22], physical-chemical, biological methods and
their combinations.

Krishnan [23] had given attention increasing the
accessibility reagent to carbohydrates by chemical
pretreatment, ammonia solution, adding ammonia
solution had removed lignin and swelled the solid residue.
Zhang [24] had pretreated lignocellulosic biomass using
the synergistic effect of mechanical crushing and metal
salts. Then compare both with different oxidation
numbers on polymerization and crystallinity of biomass.
Yu [25] had used an alkaline condition on softwood and
hardwood to determine the effect of delignification
methods on enzymatic hydrolysis of forest biomass. Both
delignifications had improved enzymatic hydrolysis,
especially for softwood.

J. Yoo [26] had compared the effect of two traditional
methods using dilute acid (1% sulfuric acid) and alkali
(1% sodium hydroxide) and thermal mechanical extrusion
pretreatment on the enzymatic hydrolysis of xylose from
soybean. Pretreatment acid, alkali, and hot extrusion had
successfully increased the xylose yield on the enzymatic
hydrolysis by 69.6%, 128.7%, and 132.2%, respectively.
Based on some previous research, alkali pretreatment is
the best chemical pretreatment and important to remove
lignin from biomass to increase the efficiency of
hydrolysis process.

Current studies on pretreatment mainly focus on,
identifying, evaluating, and understanding potential
approaches on the effect of particle size and
delignification, alkaline pretreatment, for subsequent acid
hydrolysis with different feedstock biomass from falling
leaves.

2 Experimental

1.1 Material

Plant biomass waste, Swietenia marcophylla L,
Artocarpus heterophyllus L, Mangifera indica L, and
Annona muricata L were collected from University of
Jendral Achmad Yani. Natrium hydroxide (NaOH),
Sulfuric acid (H2SOs), reducing sugar standard, Somogy
I, Somogy II, and Nelson chemical reagents were of
analytical grade.

1.2 Preparation of feedstock

1.2.1 Reducing particle size

The preparation methods for all the three feedstock was
basically with an objective of reducing the particle size to
increase the surface area of targeted reactions. Plant
biomass waste, falling leaves, were prepared by cutting
into £ 1 cm, then dried under sunlight. Dried biomass was

ground in an electric mixer to give a fine powder and
screened into 0.1875, 0.3750, 0.7500 mm of particle size.

1.2.2 Analysis of Cellulose and Lignin

Analysis of lignin and cellulose followed the
method of Chesson [32]. 1 g of dried biomass (a) and 150
mL of aquadest was heated in a water bath at a 90-100°C
for 1 hour. The mixture filtered, washed, and dried until
the weight was constant (b). The residue was added to
150 mL of H»SO4 1 N and heated in the water bath at 90—
100°C for 1 hour. The mixture was filtered and washed
with 300 mL of aquadest and then the residue was dried
(c). The dried residue was soaked with 10 mL H»>SOj at
room temperature. After that, 150 mL of 1 N H,SO4 was
added to the mixture and refluxed in the water bath for 1
hour. The solid was washed with 400 mL of aquadest,
heated in the oven at 105°C and weighed until the
constant weight (d). Finally the solid was heated until
becoming ash and weighted (e).The percentage of
cellulose and lignin was calculated as follows:

% cellulose = % # 100% (1)
gnin = 1_° @

% lignin = - % 100%

where: a = sample weight (g), ¢ = the residue weight (g)

at the third weighing, d = the residue weight (g) at the
fourth weighing, e = the weight of ash (g).

1.3 Alkaline treatment.

A 2500 mL beaker glass reactor was used for the
delignification studies. A uniform suspension of the
selected sample in distilled water with a by addition of
2% NaOH at 80°C for 90 minutes in a batch-closed mixed
flow reactor and the agitation was started using a
mechanical stirrer. Before and after process weight of
sample was determined to know the effect of chemical
pretreatment on delignification,

1.4 Acid Hydrolysis of lignocellulose

Prior to hydrolysis process, organic wastes were divided
into two types, with or without delignification. they were
hydrolyzed using 1% H>SO4 with a ratio of acid-biomass
1: 20. The hydrolysis was performed 150°C, pH 5.5 for
120 minutes in a batch-closed reactor.

The reducing sugar was analyzed by Nelson-Somogy
method with Uv-Vis Spectrophotometer. The schematic
of Experimental can be seen in Fig. 1
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Fig. 1. The schematic of Experimental

3 Result and discussion

The following section analyzes the effect of particle size
and delignification on hydrolysis process to produce
reducing sugar. This research will compare with or
without delignification treatment to produce reducing
sugar concentration. The experimental results provide a
basis data for the understanding of pretreatment biomass,
which resulted in highest concentration of reducing sugar.

3.1 The effect of feedstock type

Different types of leaves as feedstock of had given effect
on the process of hydrolysis. The effect was derived from
lignocellulose content which is different from each leaf
type. The result of lignocellulose analysis in Table 1.
showed that leaves contained 14-15% cellulose, 21-35%
hemicellulose, 17-29% lignin, with a total potential of the
hydrolyzable component to produce reducing sugars such
as glucose and xylose 38-49%.

Table 1. the result of lignocellulose analysis

. Lignin +
Feedstock Cellulose | Hemicellulose
Ash
Swiettenia
marcophylla 17% 21% 23%
L
Artocarpus
heterophyllus 25% 21% 29%
L
Mangifera
14% 35% 22%
indica L
Annona
) 20% 24% 17%
muricata L

Based on table 1, different types of leaves as a
feedstock have different lignocellulose composition with
cellulose content slightly smaller than lignin + ash. It

makes the difference in characteristic leaf fiber,
microfibril in the cell wall, pore structure on the cellulose
surface and strong bond between cellulose, hemicellulose,
and lignin in the crystallization zone than others[2]. In
addition, these will increase the ability to block the
accessibility reagent to cellulose and stability of cell
walls.

Artocarpus Heterophyllus L has the highest
lignintash content. Thus, it will need extra effort to
degrade lignin. Because with highest lignin content, it
will have the highest stability and ability to protect
cellulose. Otherwise, Annona muricata L has the lowest
lignint+ash content that makes more easily to degrade
lignin from the feedstock. It is proved with some data on
Tabel 2. that Annona muricata L has the highest weight
loss after addition of NaOH.

3.2 The effect of delignification

The result of lignocellulose analysis in Table 2 showed
that decreasing particle size causes increasing weight loss
from delignification results. A small particle will have
larger contact surface area between NaOH and
lignocellulose, thus solvent gives more chance to remove
lignin. In addition, the weight loss after delignification is
greater than the weight of previous lignin concentration.
Based on weight loss after the delignification process,
Annona muricata L is the highest, followed by Swiettenia
marcophylla L, Mangifera indica L, and the last Artocarpus
heterophyllus L. This showed that addition of alkali on
biomass has removed some lignin from lignocellulose.

Tabel 2. The result of alkali pretreatment for delignification

Feedsiock Particle Weight (gram)

cedstoc size Before After
delignification | delignification
Swiettenia | 0,750 50.00 19.15
marcophylla 0,3750 50.00 16.22
L 0,1875 50.00 15.24
Artocarpus 0,7500 50.00 30.79
heterophyllus |0 3750 50.00 22.26
L 0,1875 50.00 20.06
Mangif 0,7500 50.00 23.49
i:s;?c’ae]i” 0,3750 50.00 23.17
0,1875 50.00 21.39
0,7500 50.00 17.12
Annona

muricata L |_0.3750 50.00 1630
0,1875 50.00 13.93

The solubility of lignin in an alkali solution is the key
to determine the effectiveness of alkali treatment by
saponification reaction between inner molecules that will
breakage the aryl ether linkages present in the lignin
(contributing to about 50-70% of all the linkages)
[33,34]. Consequently, the connecting bond lignocellulose
will break and changes the pore structures,
microstructure, macrostructure, chemical composition of
and crystallinity of lignocellulose[2,35]. Tabel 2. Showed
that the highest initial lignin content will give the highest
weight feedstock after the delignification process. In other
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Fig. 2. The result of reducing sugar analysis, a) and c) without delignification, b) and d) with delignification

words, slightly lignin which can soluble in NaOH.
Dissolving lignin changes crystalline structure of
cellulose and improve the availability to release some
hemicellulose and cellulose and slightly soluble in NaOH.
This proved with average percent weight loss after
delignification, 60.15%, although initial lignin + ash
content before delignification only 22.75%. Otherwise,
the smaller initial lignin content will give the highest
weight loss of cellulose and hemicellulose. It also shows
the function of lignin to protect cellulose from the action
of reagent chemicals and microorganism.

3.3 Hydrolysis process

The result of this study is consistent, that is proven by
increasing production of reducing sugar as a result of acid
hydrolysis of plant biomass with increasing lignin
removal. Acid hydrolysis was conducted on feed stock
with or without delignification using 1% H2SOq,
Hydrolysis was converted cellulose into glucose and
hemicellulose into glucose, mannose, galactose, xylose,
and arabinose. Fig. 2a. and 2b showed reducing sugar
concentration as g/LL and percent weight to investigate the
influence of delignification treatment. As a result, plant
biomass with delignification almost have higher reducing
sugar  concentration three times than  without
delignification especially for Annona muricata L.
Hydrolysis with delignification treatment had removed
lignin by breakage the lignin bond that one of the major

barriers for acid to hydrolyze cellulose and hemicellulose.
Removal of lignin with alkaline improves the
performance of acid to penetrate cellulose in hydrolysis
process. Besides that, Fig 2a-d showed that reducing
particle size makes the surface area of leaves more larger
and increase chance contact between acid and cellulose.
Its makes smaller particle will have higher reducing sugar
concentration than the bigger one. The highest reducing
sugar concentration is about 0.1875 mm particle leaves
size.

There are some factors to understanding the effect of
without delignification on hydrolysis process. The first,
acid hydrolysis process is limited by lignin that will block
the accessibility of acid to penetrate to cellulose. Second,
lignin has ability binding with acid. Almost 70% of the
total added acid can be bound to lignin after complete
hydrolysis. Finally, lignin-carbohydrate limits reaction
acid-cellulose on hydrolysis process. This scheme will
reduce the concentration of acid to convert cellulose into
glucose [25].

The yield of reducing sugar is substantially
proportional to its concentration. Fig 2 shows a slightly
non-linearity for both with and without delignification
leaves. This is due to the difference in the volume of
sugar solution that can be separated from the residual
solids. In addition, Fig. 2b inform that the highest
reducing sugar concentration in this study was 2,642 g /
L. It is still too small if the sugar-producing will be used
as a fermentation feedstock to produce hydrogen. To
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produce hydrogen required reducing sugar concentration
higher than 1% (10 g/L). For further study higher
reducing sugar concentrations can still be obtained by
improving operating conditions such as increasing the
ratio of solid to Liquid, increasing acid concentration or
using other acids such as HCI and others Using higher
acid concentrations decreases the pH, thus more
chemicals are needed to neutralize the acid. This needs
further studied because using large chemicals can increase
cations and anions in the solution that will affect the
resilience of cell membrane microorganisms in the next
fermentation.

4 Conclusion

Pretreatment of lignocellulose and evaluation on its
conversion to reducing sugar have been conducted by
comparing with and without delignification. The presence
of alkali treatment with 2% NaOH changes the structure
and removed lignin from lignocellulose in a closed
reactor. Thus improve the accessibility of acid by
creating pore and breaking the lignin complex. This
treatment makes cellulose and hemicellulose can convert
more easily than without delignification. Leaves that can
be used as feedstock to produce hydrogen should have

38-49% cellulose and hemicellulose. With
delignification, 2,642 g/ was produced by acid
hydrolysis. Its three times higher than without

delignification on Annona muricata L.

Besides that, reducing particle size makes the surface
area of leaves more larger and increase possibility contact
between acid and leaves particle. It makes smaller particle
have higher reducing sugar concentration than the bigger
one. The highest reducing sugar concentration is about
0.1875 mm particle leaves size.
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