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stract
gngon wood sawdust (SWS) is a solid waste of the wood industry with the potential as a source of cellulose and can increaseits
economic value. However, cellulose in plants is tightly bound te lignin which is called lignocellulose therefore needs to be delignified
before utilization. In this study, we determined the optimum conditions for delignification from sengon wood sawdust cellulose
(SWSCQ). Optimization variables were determined with the parameter of obtained hemicellulose, cellulose, and lignin content. The
optimization of SWSC delignification was then carried out using the factorial design by analyzing the effect of sodium hydroxide
(NaOH) concentration (2% - 10%) and ratio (SWS : NaOH solution) (1:10 — 1:80) on hemicellulose, cellulose, and lignin content.
Optimal conditions were obtained at 2% NaOH (1:19.20) with concentrations of 8.01% hemicellulose, 52.49% cellulose, and 22.2%
lignin. One sample T-test analysis of predictive and research values of hemicellulose, cellulose, and lignin showed insignificant results
(P>0.05) which means that the optimization equation proved valid to determine the optimum coenditions for cellulose delignification
of sengon wood sawdust. FT-IR analysis, SEM imaging, and particle size distribution (PSA profile) showed that the cellulose produced
under these conditions has similar characteristics to the standard of Avicel® PH 102.
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1. INTRODUCTION

Sengon is a woody plant widely cultivated on the island of
Java, and it is an important raw material for wood industries
(Rahmawati etal, 2019). The high market interest is due to
the attractive texture, color, and fiber of sengon wood to be

quality needed 1o reach the pharmaceutical grade includes its
purity, which involves the separation of cellulose in the wood
sawdust from the other components.

Cellulose is a glucose polymer with a strong molecular struc-

ture and high molecular weight. It has the molecular formula
of 2C4H,yO5)n where nis the degree of 1500 polymerization
and 243,000 of the molecular weight (Sheskey et al., 2017).
The longer a cellulose chain, the stronger the fiber. The source
and the extraction process will affect the variation in the degree
of polymerization. Natural cellulose is almost always bou
to other materials, such as lignin and hemicellulose; while n
plants, cellulose is strongly bound to lignin which is called lig-
nocellulose. The lignocellulose needs to be delignified to break
the bond and obtain the free cellulose. In the last decade, delig-
nification has become the focal point of agro-industrial waste
processing (Mukherjee et al., 2018).

Apart from releasing bonds in lignocellulosic, delignifica-
tion also affects the effectiveness of the cellulose hydrolysis
process by increasing surface area and cell wall porosity and

used as fumiture material and has high potential as a source of
hiomass-based energy (Siregar et al., 2019). As a consequence,
this will result in the abundant waste produced by the wood in-
dustry with low-to-no value. The reported utilization is mostly
in the manufacture of particle boards (Laksono et al., 2022)
and electrocatalysts (Sudarsono et al,, 2020), while in the phar-
maceutical industry, it is still minimal. Interestingly, sengon
wood contains high cellulose content, namely 45,42% cellu-
lose, 21% hemicellulose, 26,5% lignin, and 7,08% ash (Hartau
et al., 2010). The use of cellulose is extensive and documented
(Taher et al.,, 2023; Bangar et al., 2023; Wang et al., 2023).
The cellulose, when provided in the appropriate quality, can
be used as a pharmaceutical excipient with a higher value. The
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maximizes cellulose conversion (Kundu et al,, 2021). It can be
carried out by using acids like sulfuric, hydrochloric, phospho-
ric, oxalic, and maleic acids, bases like ammonium, potassium,
calcium, and sodium hydroxide (Sanchez, 2007), and organic
solvents like ethanol (Cheng et al., 2018). Among those three
methods, the alkaline method is the most widely used for delig-
nification for its effectiveness. Alkaline solutions such as NaOH
can modify lignin by cutting the xylan and lignin bonds (Trache
et al., 2016; Ameram et al., 2019).

Several delignification studies using NaOH solution with
various concentrations have been carried out including on
wheat straw at 2% (Krivokapic et al., 2020), Saccharum spon-
taneous (3%) (Baruah et al., 2020), coffee husk (4%) (Collazo-
Bigliardi et al., 2018), rice straw - banana plant waste (103%)
(Ibrahim et al, 2013), and date seeds (17.5%) (Abu-Thabit
et al, 2020). In the delignilication of Giant reed using 1.25 M
NaOH at 90 °C for 5 hours, 34.5% of cellulose was obtained
(Tarchoun, et al., 2019a), while on the use of 0.5 M NaOH at
80 °C. for 8 hours, 76.89 — 77.67% of cellulose was obtained
from para wood dust (Chuayplod and Aht-Ong, 2018). The
effectivity of the delignification process can also be reported
by the amount ol lignin lost, for example as shown by several
studies that 42.55% removal of lignin from sago by 10% NaOH
at 100 °C for 3 hours (Arnata et al., 2019), and 74.47% removal
of lignin from empty palm fruit bunches by 5.5% NaOH at
200 °C for 1 hour (Schran et al., 2018). These results showed
us the effectiveness and flexibility of the alkaline process of
delignification from various sources. Therefore, in this study,
we applied this method of delignilication on the sengon wood
sawdust (SWS).

Research has been done on ultrasonic alkali delignification
of SWS using 0.5 M NaOH at 40 °C for 30 minutes and
reported to yield 77.96% of cellulose (I'risant et al., 2020).
However, ultrasonication has a very limited capacity thus not
suitable for mass processing like producing pharmaceutical
excipients at an industrial scale. We need 1o ind an alternative
method that can be run in a scaled-up setup, but many factors
such as temperature, time, NaOH cond@®tration, and the ratio
of the solvent used are involved. Thus, m this study, we search
for the optimal conditions for the delignification of SWS with
a more applicable setup by using factorial design analysis. We
aim to determine the optimal concentration of NaOH solution
and solvent ratio in the delignification process of SWS.

2. EXPERIMENTAL SECTION

2.1 Materials

Sengon wood sawdust (SWS) was obtained as a by-product
from GV. Cahaya Abadi Chipp (Kaliwungu-Kendal), from the
sandpaper ol sengon wood pith processed with machine grid
number 250. Sodium hydroxide (NaOH), sodium hypochlo-
rite (NaQCl), and distilled water were used for the delignihica-
tion.

© 2023 The Authors.
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2.2 Methods

2.2.1 Optimization Variables

Optimization variables are the variables used to determine the
optimal condition for SWS cellulose delignification. Variables
of NaOH concentration (2% and 10%), temperature (30 °C and
95 °C), reaction time (30 and 360 minutes), and ratio (SWS :
NaOH solution) (1:10 and 1:80) were registered for selection
with cellulose production as the parameter. From each variable,
delignification was done on the lowest and highest values and
statistical comparison was applied. Finally, only the parameter
with significant differences in the comparison was selected for
the determination.

2.2.2 Delignification

Sengon sawdust was dried for 24 hours and then delignified
with an optimization design as shown in Table 2. The vields
from the delignification treatment were filtered and rinsed until
the pH 7.0 and then bleached with 5% NaOCI at 70 °C for 1
hour. The fiber was rinsed with neutral pH waste, dried at 60
“C for 24 hours, and mashed. The final yield obtained is called
sengon wood sawdust cellulose (SWSC).

2.2.3 Determination of the Percentages of Cellulose, Hemi-
cellulose, and Lignin

The percentage of cellulose, hemicellulose, and lignin contents

in the SWS was determined using the Chesson-Data method

(Chesson, 1981).

2.2.4 Optimization Analysis 3

Each delignification optimization parameter was analyzed using
Design Expert software version 10.0.1 where determination
was executed based on the highest value of the specified param-
eters. Comparative tests for the accuracy ol the optimization
equation of each parameter v arried out using the SPSS
23 program between the predictive data output from Design
Expert 10.0.1 and the experimental data.

2.2.5 Characterization of SWSC
Identification, Basic Characterizations, and Purity

The confirmation for cellulose content was done by a blue-
violet color formation after the addition of 2 mL ol iodized zinc
chloride solution to 10 mg of the sample in a test tube. The
acidity of the solution was assessed by adding a total of 5 grams
ol sample to 40 mL of distilled water, stirring for 20 minutes,
and measuring the pH with a pH meter (Pachuau et al,, 2019).
The confirmation for the purity of cellulose microcrystals was
conducted by adding a total of 10 mg of sample to 90 mL
of distilled water, followed by heating for 5 minutes, shaking,
filtering, and then cooling. The filirate obtained was then added
with 0.1 mL of a 0.05 M iodine solution, and confirmed to
be pure when no blue color was formed. Organic impurities
were checked by the observation of color change formed from
the reaction with 0.5 mL of 0.02 g/mL of phloroglucinol in
hydrochloric acid with 10 mg of cellulose. Ash content was
checked heating process of 2 g of the sample at 400 °C for 30
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minutes followed by 850 °C for 60 minutes (Mukherjee et al.,
2018).

Solubility and Loss on Drying

The solubility of the samples was checked on water, Hy SOy,
and NaOH. One gram of samples were dissolved in distilled
water until saturated and then filtered using filter paper. The
Qlter paper and the residue were dried in an oven lor 3 hours
at 105 °C then weighed, cooled in a desiccator, and the final
weight was measured for subtraction. For the loss on drying,
1 g of the sample was placed in a porcelain crucible and then
dried in an oven at 105 °C for 3 hours or until the weight
was constant after two or more measurements (Kharismi and
Suryadi, 2018).

Microbial Limit

The microbial limit was carried out using the Total Plate
Number method. Five tubes were hlled with 9 mL of Peptone
Dilution Fluid (PDF) where the sample solutions were diluted
with PDF to obtain a yield of 10-1 to 10-6. Each dilution was
pipetied for 1 mL to be put into a Duplo petri dish containing
15 mL of Plate Count Agar (PCA) media at 3721 °C for 24
hours (yeast) and on Potato Dextrose Agar (PDA) media 25%1
°C lor 5x24 hours (fungi).

Particles Morphology and Structure

The cellulose from SWS obtained from the optimum con-
ditions was characterized for the morphology. IR spectraand
ze distribution were compared to Avicel® PH102.
e and the distribution of the cellulose particle from
¢ determined using a Particle Size Analyzer (PSA)
r 3000 Malvern Instruments). Scanning Electron
Microscopy (SEM) was used to visualize the cellulose surface
morphology of SWS (Tarchoun et al, 2019). The SWSC mi-
crofibrils were identified by 15 KV acceleration SEM (JEOL
JSM-6510LA). Fourier Transform Infrared Spectroscopy (FT-
IR) was carried out using an infrared spectrometer (Agilent
Technologies Cary 630 FT-IR) with spectra measurements
produced in the range of wave numbers 1250-8750 cm™!
(Kian et al., 2017).

3. RESULTS AND DISCUSSION

3.1 Optimization Variables

The selection was done by analyzing if the cellulose produc-
tions were significantly different between the processes applying
the lowest and the highest value. As shown in Table 1. only
the concentration of NaOH and the ratio between SWS and
NaOH showed significantly different comparisons between val-
ues (p<0.05) and therefore selected for the next optimization
step of cellulose delignification. Delignification of cellulose can
be influenced by several treatment factors including physical
treatment (temperature, time, pressure, and liber particle size),
chemical treatment (acid or base), or a combination of the two
as in rice straw (Mukherjee et al,, 2018) rice husk (Novia et al.,
2019) and biological treatment with the help of microorgan-
isms as in kapuk cortex cellulose isolation (Mi'rajunnisa et al.,
2023). Some of the chemical factors that influence the re-
sults of delignification are the type, concentration, and ratio

© 2023 The Authors.
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Table 1. Screening of Optimization Variable

Variable Cellulose (%) p-value
Concentration (9 -
of NaOH (%) 2 43.88 £ 0.78 0.005

10 5412 1.63
Temperawre 9y 58002036 0.083
("C)
95 59.00 £ 0.11
Time 30 59.00=0.11  0.069
(minute)
360  60.55£0.18
Ratio
(SWS:NaOH  1:10  54.16 = 1.60  0.000%*
solution)
1:80 64.24 £ 0.38

Note: * (P<0.05 means significantly different)

of fiber weight to the amount of solvent used (Schran et al.,
2018). The optimization variable screening carried out aims
to determine a more effective delignification treatment to be
[urther determined as an optimization factor. The results of
the screening showed that the NaOH concentration and ratio
had a significant effect on the resulting cellulose content (Table
1). This is because NaOH forms a strong alkali which releases
heat when dissolved in water and reacts exothermically. NaOH

functions as a reducing agent that degrades lignin in lignocel-
lulosic, so it is more effective in breaking lignin and cellulose
bonds compared to the effects of physical treatment (tempera-
ture and time). Chemical delignification using acid (Hy SO 1%)
on wood plants, was more effective as evidenced by an increase
in cellulose content of up to 23.9% and a decrease in lignin of
85.1%. Whereas in the physical delignification treatment, the
increase in cellulose was only 1.7% with a decrease in lignin of
29.3%. This is because the increase in temperature and time
which is very high in the physical delignification treatment does
not only break the lignocellulosic bonds but can also damage
the structure of the cellulose molecule (Reddy et al., 2013)
resulting in a decrease in the degree of crystallinity of cellulose
sago fronds (Arnata etal, 2019).

3.2 Effect of NaOH Concentration and Ratio (SWS : NaOH
Solution) on the Percentage of Hemicellulose, Cellulose,
and Lignin

The contents of hemicellulose, cellulose, and lignin produced

from the process applying the variations of NaOH concentra-

tion and SWS : NaOH ratio are presented in Table 2. Analysis
using Design Expert 10 provided Equations 1-8 where the
positive value of the coeflicient indicates a synergistic and the
negative value indicates an antagonistic influence (Karim et al,

2014). From the equations, we found that NaOH concentra-

tion (X;), NaOH ratio (Xg), and the interaction between the

two (X Xg), have a signilicant effect (P<0.05) on the hemicellu-
lose (Y1), cellulose (Yy), and lignin (Yy) contents. The analysis
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Figure 1. Contour Plot 3D Effect Concentration of NaOH and Ratio (SWS : NaOH Solution) on (a) Hemicellulose; (b)

Cellulose; and (c) Lignin

shows that either X or Xg was reducing the percentage of
hemicellulose. However, the reduction was more influenced
by the concentration of NaOH than the ratio where the value
ol X1 (-0.86) was higher than Xy (-4.06 .1 0% (Equation 1;
Figure 1a). The NaOH concentration increased the cellulose
produced from the delignification process of SWS, while the
ratio (raw : NaOH solution) did the opposite, as marked by
the value of X of + 0.07 and Xy of - 0.03 (Equation 2; Fig-
ure 1b). The effectivity of delignification from SWS can be
assessed [rom the value of the lignin percentage. The process
was expected to remove lignin as much as possible, marked by
the lowest possible lignin content in the resulting vield. Finally,
based on Equation 3, the interaction of two variables X;Xg
(-4.76 .107) would reduce lignin level where the decrease
would be more influenced by the ratio than the concentration
of NaOH as shown in Figure lc.

Y1 =8.70-0.36(X;)—4.06x107%(Xy) +2.86 x 1073 (X1 Xg)
(0

Yo = 52.61+0.07(X;) —0.03(X2)+8.01x 107% (X, Xg) (2)

Yy = 21.3440.37(X)+6.57x1073(X0)—4.76x 10~ (X, Xy)
(5]

© 2023 The Authors.

Where; Y| = Hemicellulose response; Yo = Cellulose re-
sponse; Yy = Lignin response; X, = Concentration of NaOH;
Xg = Ratio (SWS:NaOH solution).

Variation of NaOH concentration and solvent ratio gave
significantly different results on hemicellulose, cellulose, and
lignin concentrations. Equations 1-3 show that an increase in
the concentration of NaOH (X)) has a synergistic (positive)
relationship with the cellulose content. This is because the
higher the concentration of NaOH used, the reaction will oc-
cur causing many broken aryl-ester, carbon-carbon, and alkyl-
alkyl bonds. So that the lignocellulosic bond will be released
which is marked by the formation of a blackish brown solution.
NaOH as a strong alkali is not only able to break lignocellulosic
bonds but will also change monosaccharides and end groups on
polysaccharides (1,4 glycosidic and hemicellulose bonds) into
various carboxylic acids by breaking bonds from end to end.
Part of the cellulose chain that is left over [rom this process isa
compound called e-cellulose. Hemicellulose is more sensitive
to bases when compared to lignin and cellulose (Reddy et al.,
2013), this causes an antagonistic (negative) relationship to be
seen from increasing the concentration of NaOH (X)) with
hemicellulose levels.

The hemicellulose (Y)) and cellulose (Yy) equations show
that the hemicellulose and cellulose levels have an antagonistic
(negative) relationship with the SWS and solvent ratio vari-
ables, where the greater the ratio the lower the hemicellulose
content. Hemicellulose is easily soluble in water (hydrophilic),
easily expands, and has short and branched bonds so that the
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Table 2. Design and Optimization Response to Delignification of Cellulose from SWS
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Run  Concentration of NaOH Ratio Time Temperature Hemicellulose  Cellulose  Lignin
(%) (SWS : NaOH solution)  (min) ("C) (%) (%) (%)
1 2 1:80 30 50 7.08 49.86 23.09
2 2 1:80 30 50 7.49 54.05 21.75
3 2 1:80 30 50 9.75 51.06 22.79
4 10 1:10 30 50 5.52 51.26 26.32
5 10 1:10 30 50 5.17 55.82 23.23
6 10 1:10 30 50 5.29 54.38 25.78
7 10 1:80 30 50 6.25 56.78 25.47
8 10 1:80 30 50 7.47 58.16 26.44
9 10 1:80 30 50 7.42 57.10 23.80
10 2 1:10 30 50 8.47 55.81 21.62
11 2 1:10 30 50 7.62 50.33 21.14
12 2 1:10 30 50 7.88 52.21 23.69

solvent penetrates more easily into it (Abraham et al,, 2011).
This causes the breaking of polysaccharide bonds so that hemi-
cellulose is more easily dissolved. While cellulose is composed
ol units B-D-glucopyranose with glycosidic linkages (1-4). Cel-
lulose molecules are linear and have hydrogen bonds so their
solubility is low, but the -OH group on cellulose causes the
surface to become hydrophilic (Siqueira et al., 2010). So with
an increase in the ratio, the interaction of cellulose and wa-
ter molecules will be easier and the cellulose content will de-
crease. The interaction between the two variables, namely
NaOH content, and ratio, showed a synergistic (positive) effect
on hemicellulose and cellulose levels. However, the coellicient
of increase in cellulose is greater (+8.0 1%10~%) than hemicel-
lulose (+2.86x10~3), this indicates that the interaction effect
of cellulose and water molecules is lower than the ability of
NaOH to delignification cellulose.

The synergistic effect is seen in the effect of NaOH levels
(X1) and the ratio (X2) on lignin content. Lignin is a three-
dimensional polymer compound consisting of phenol propane
units with G-0O-C and C-C bonds. The arylakil bond (C-C) of
the ester bond makes lignin resistant to hydrolysis. Lignin is in-
soluble in water and difhicult to degrade because of its complex
and heterogenecous structure. The same results were seen in
the delignification of kenal fiber as evidenced by FTIR analysis
showing the loss of C=0 at the absorption peak that previously
appeared before treatment, but there was an appearance at an-
other absorption peak indicating that lignin was not completely
reduced after NaOH treatment. The presence of absorption
peaks of O-H groups (stretching) which is a component of
cellulose bound to lignin indicates that lignin has not been
completely reduced and needs further treatment. Such as In
the delignification of Stipa Obtusa fibers which showed that
most of the lignin and hemicellulose remaining after the alka-
line treatment was removed during bleaching (Chavez et al.,
2023). However, at the right concentration and solvent ratio,
delignification treatment with NaOH can reduce lignin con-

© 2023 The Authors.

centrations. It can be seen that there is an antagonistic effect
on the X Xy interaction (-4.76x107%) because the OH- ions
from NaOH can react with the phenolic ring in lignin so that
it can increase its hydrophilicity. Delignification of NaOH
can remove up to 54% of lignin in palm kernel cellulose (Hii
and Mashitah, 2014) and 62.7% in empty palm fruit bunches
(Zawawi et al., 2018).

3.3 Optimization of Cellulose Delignification From SW§
Optimum conditions for cellulose delignification from SW§
were obtained based on aregression model of the desirability of
hemicellulose, cellulose, and lignin content. These conditions
were optimized to degrade hemicellulose and lignin to obtain
maximized cellulose content in the selected ranges that have
been determined for the priority [rom high to low for each
ol cellulose, lignin, and hemicellulose at the weight of 0.1-1.
Furthermore, the optimization analysis would provide a desir-
ability function, which in this study, each expected response
value is considered individually as an objective function and the
desirability function is developed to obtain optimal conditions
(Mesa et al., 2017). As results from the model analysis, the
optimum conditions for cellulose delignifica@@n from SWS
was using 2% NaOH solution with a ratio of T°: 19.20, with
the predicted percentage of 8.01% for hemicellulose, 52.49%
for cellulose, and 22.20% for lignin. These conditions result
in the desirability of 0.849. This high desirability value (from
the maximum ol 1) indicates that the system would produce
predicted results close to the ideal (Amdoun et al,, 2018). To
confirm this finding, a t-test comparison analysis was conducted
between the predicted data and the experimental results of the
concentrations ol hemicellulose, cellulose, and lignin. It was
shown that the levels of hemicellulose, cellulose, and lignin
between the predicted and experimental data were not signifi-
cantly different (P>0.05) as shown in Table 3.
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Table 3. Comparative Analysis of Predictions and Observed
Data

The response Prediction  Rescarch = SD p-value

Hemicellulose (%) 8.01 7.86+0.28 0.310
Cellulose (%) 5249 5247077 0956
Lignin (%) 22.20 21.62+0.85 0202

Note: (P<0.05 means significantly different)

3.4 Cellulose Characterization of SWS

The SWSC obtained rom the delignification pro was an
off-white, tasteless, and odorless fine powder. The results of
the cellulose characterization of SW'S are presented in Table
4. The presence of cellulose was identified with the formation
of a violet-blue color as also found in SWSC. Starch was not
identified in the resulting SWSC. Organic impurities found in
the SWS were no longer found after the delignification pro-
cess, confirmed by the negative result in the SWSC. The other
confirmed characteristics are according to the following phar-
maceutical standards pH of 5-7, ash content of £0.1%, loss on
drying of less than 7%, the microbial limit of 108 cfu/g, slightly
soluble in 5% NaOH, and practically insoluble in water and
HCI (Sheskey et al., 2017).

The test results show that SWSC has characteristics that
comply with pharmaceutical excipeint standards with a neutral
pH value which is expected to be inert and not incompati-
ble with active ingredients. This indicates that the prepared
cellulose is simply washed with water after extraction. There
is a SWSC mineral content at standard limits which are ex-
pected not to affect the quality of the resulting preparations.
The solubility of SWSC in slightly soluble NaOH indicates the
presence of long-chain cellulose and is the highest purity level
of cellulose which is often referred to as a-cellulose (Irache
et al, 2016). Loss on drying SWSC (7%) was lower than SWS
(8.62%), this indicated that the delignification process was able
to reduce the number of compounds lost in the drying process.

b v ssan o — . -

Figure 2. SEM Images of (a) Avicel® PH 102 and (b) SWSC

All of this characterization information is important to know
as a basis for considering the use of cellulose, especially in the
pharmaceutical industry. Several tests were carried out by
the cellulose test in the handbook of pharmaceutical excipi-
ents, which is a quality standard for pharmaceutical excipients
such as identification, starch, organic impurities, loss on drying

© 2023 The Authors.
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cellulose and ash content, to ensure the purity of the SWSC
produced so that it is expected that there are no other impuri-
ties when used in the formulation pharmaceutical preparations
including microbial contamination as evidenced by microbial
limit tests with the result below the standard limit. Pharma-
ceutical dosage forms vary in solid, semi-solid, and liquid so
SWSC solubility information will be very necessary when se-
lecting excipients according to the target dosage form to be
made.

110
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2500 2000
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Figure 3. FT-IR Spectrum of Avicel® PH 102 and SWSC

T T
3500 3000 1500

In addition to the characterization test to confirm the con-
stituent groups of cellulose, FTIR analysis was also carried out.
The typical chemical bonds to check to identity cellulose struc-
ture in this study are C-O (stretching) at (1300-1000) rm’],
-OH (stretching) at (3650-3200) em- ! and CH (stretching)
at (3000-2850) cm~ L. The FT-IR spectra of SCWS and com-
mercial cellulose (Avicel® PH 102) can be seen in Figure
3. Both spectra show identical patterns with the -OH func-
tional group detected at 83400 em™! as in-plane deformation
and the C-O stretching vibration group with peaks at 1025
em™!. The presence of the C-H group with stretching and
bending vibrations is shown at 2875 em~'. 1.4-g -glycosidic
produces -CH vibrations which indicate the presence of cellu-
lose from the appearance ol a signal at around 2875 em~!. The
presence of acetyl groups and hemicellulose ester groups or
carboxyl groups in lignin are shown in the spectra that appear
in the 1700 em~! area which is marked with the C=0. There
is no peak at 1700 em™! which indicates that by delignifica-
tion treatment, the non-cellulose content in SWSC was lost
because it is dissolved in the solvent used. In addition, the C=C
(stretching) of the aromatic chain in lignin is absent the the
spectra indicating the partial elimination of lignin and hemi-
cellulose (Abdul Rahman etal, 2017). The spectra formed at
1009 em™"' = 1147 em™! are G-O-C (stretching) vibrations of
hemicellulose and cellulose components (Pujiasih et al,, 2018).
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Table 4. Characteristics of SWSC
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Characteristics SWS SWSC
Identification Violet-blue Violet-blue
pH 7.0 7.0
Starch Nil Nil
Organic impurities Positif Nil
Hemicellulose (%) 9.14 7.86
Cellulose (%) 50.85 52.47
Lignin (%) 24.37 21.62
Ash (%) 0.44 0.92

Solubilty Practically insoluble in water, Slightly soluble in 5% NaOH,
5% NaOH and HCL practically insoluble in water and HCI
Loss on drving (%) 8.62 7.00
Microbial limit
The total plate number (cfu/g) 1,9x102 0

The yeast fungus number (cfu/g)

3,3 x102

2,0x 102

AVICEL PH 102
WSC

Volume Density (%)
- -

~
h

0

o 1'!0 ‘U‘D 560 '0‘0 10‘00 12IUU 14‘00 15‘00 'WIUU 2000
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Figure 4. Particle Size Distribution Profiles of SWSC and

Avicel® PH 102

The spectra generated from the SWSC analysis confirmed that
cellulose was proven by the SWSC spectra to have the same
pattern as commercial cellulose (Avicel® PH 102). In these
results, it was found that there was a spectrum of cellulose while
the absorption band characteristics of lignin and hemicellulose
were not found this indicates that the non-cellulose compo-
nent has been removed in the delignification process. Sesame
hull cellulose pretreatment results also showed the same result
(Zhang et al., 2021).

The particle size average of SWSC was larger than the
commerdal cellulose Avicel® PH 102, with homogeneous
distribution as shown in Figure 4. The results of measuring
SWSC and Avicel® PH 102 particles at Dx (10) were 106,783

© 2023 The Authors.

pm and 26.57 pm respectively; Dx (50) were 289,493 pm
and 110,489 ram; Dx (90) were 654.724 pom and 234.472
pm; and Dx (100) were 1428986 pm and 452,794 ym. SEM
images in Figure 2 show that the morphology of SWSC (Figure
2b) and commercial cellulose (Avicel® PH 102) (Figure 2a)
looks similar in the form of plates. The cross-sectional images
show a porous and dense layer, with a wide range of pore sizes.

Particle size distribution and the results of the SWSC SEM
analysis greatly determine its ability as a solid dosage excipient
because uniform particle shape and size can determine the How
properties ol the powder which allects the compressibility and
uniformity of the resulting tablet weights, especially for direct
compress. by damage to the pore walls due to the merging of
several small pore walls to become larger. The two SEM results
show that the non-uniform size can be caused by the very wide
range of cellulose molecular weights. The results are similar 1o
the morphology of rosella cellulose fibers (Kian et al., 2017),
and grapefruit peel (Liu et al., 2018). The rod-shaped SWSC
structure looks like a sheet with a compact structure (Figure
2h), as can be seen in the cellulose structure of maize straw
(Yu etal, 2020). These results indicate the presence of free
cellulose in which lignin and hemicellulose have been removed
in the delignification process.

4. CONCLUSION

NaOH concentration and ratio (SWS: NaOH solution) on the
cellulose delignification from sengg@wood sawdust had a sig-
nificant effect on the concentration of hemicellulose, cellulose,
and lignin (P<0.05). Optimum conditions with the factorial
design method ol cellulose delignification process from sen-
gon wood sawdust used a 2% NaOH solution ratio (1:19.20)
at the predicted concen@tions of hemicellulose 8.01%, cellu-
lose 52.49%, and lignin 22.2%. One sample T-test analysis of
predictive and research values of hemicellulose, cellulose, and
lignin showed insignificant results (P=0.05) which means that
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the optimization equation proved valid to determine the opti-
mum qu:inns for cellulose delignification of sengon wood
sawdust. The cellulose produced under these conditions has
similar characteristics according to the standard with F1-IR
and SEM to Avicel® PH 102.
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