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PRODUCTION OF SUSTAINABLE FIBROUS MATERIAL
FROM RENEWABLE RESOURCE

Abstract: The article comprehensively studies the possibility of obtaining microcrystalline cellulose
(MCC) from the husk of sorghum (SbH) (Sorghum Bicolor), an agricultural crop growing in the country.
The research comprehensively studied the effective parameters for the production of MCC from SbH, its
yield and quality characteristics, as well as physicochemical properties. When using a hydromodule for the
extraction of MCC from SbH at a SbH/peroxyacetic acid ratio of 1:16 g/ml, the yield of MCC was high and
reached 57.24%. The amount of a-cellulose in the obtained MCC was 61.32%. It has been established that
the yield of MCC obtained by this organosolvent oxidation method is 10-25% higher than with the tradi-
tional method of alkaline treatment. The obtained MCC can be used as an ingredient in paper and cardboard

production, pharmaceuticals, and composite materials.
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Introduction

In line with sustainable development goals, in-
terest in biomaterials derived from environmentally
friendly and renewable raw materials is increasing
every day. Cellulose fibers are one such natural poly-
mer. It is the most abundant carbohydrate in plant
cells. It is widely used in industry as an environmen-
tally friendly, biocompatible material. Cellulose and
its derivatives are of great importance in the food in-
dustry, paper and textile products, pharmaceuticals
and biomedicine. (Roohallah et al., 2024). However,
existing cellulose fibers are still produced from tra-
ditional raw materials (wood, cotton fiber). This pro-
cess uses forest resources, causing enormous damage
to the environment (Shehrawat & Sindhu, 2015). In
this regard, obtaining cellulosic material from agri-
cultural waste and renewable raw materials becomes
a pressing issue for the transition to technology com-
patible with the circular economy within the frame-
work of the UN Sustainable Development Goals No.
9 “Industry, Innovation and Infrastructure”, No. 12
“Responsible Consumption and Production” and No.
13 “Actions related to environmental change”.
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In this regard, agricultural waste has great po-
tential as an alternative source of cellulose fibers
(Battalova et al., 2024b; Battalova et al., 2023;
Imasheva et al., 2020; Khalil et al., 2012; Li et al.,
2020; Rasaq et al., 2024). In the study of Jiang et al.
(2019), high-purity cellulose fibers were obtained
from rice husk and wheat straw by alkaline deligni-
fication. The studies (Battalova et al., 2024b; Batta-
lova et al., 2023; Imasheva et al., 2020) investigated
the possibility of obtaining microcrystalline cellu-
lose (MCC) from agricultural waste such as sun-
flower husk (SH) and rice husk (RH) by organosol-
vent oxidation. The MCC yield was 43.49-52.58%,
and the a-cellulose content was 40.5-65.57%. Simi-
larly, in (Battalova et al., 2024a), the possibility of
obtaining cellulose nanofibers (CNF) from agricul-
tural waste — SFH by formic acid hydrolysis was
investigated, resulting in CNF with a yield of 71%
and a zeta potential of -15.8 mV. In (Akatan et al.,
2022; Shahi et al., 2020), the authors of the study
developed biofilms based on nanocellulose obtained
from sugar beet pulp and residues accumulated dur-
ing sunflower oil production and investigated their
potential use as a “green” material. The results of
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this study showed that agricultural waste is a po-
tential source of raw material for the obtaining of
cellulose-based biopolymers.

In this regard, sorghum husk (Sorghum Husk)
has recently been studied as a promising raw mate-
rial for pulp production (Sani et al., 2020; Wagh-
mare et al., 2018). Sorghum is one of the five most
important grain crops grown in sustainable agri-
culture worldwide. It is grown primarily in tropi-
cal and arid climates (Charyulu et al., 2024; Dalton
& Hodjo, 2020). Sorghum is highly nutritious and
contains a variety of bioactive compounds such as
sterols, carotenoids, phenolic acids, and flavonoids,
which are known for their potent antioxidant, anti-
inflammatory, cholesterol-lowering, and anticancer
activities (Bakari et al., 2023). A significant share
of global sorghum seed production occurs in the
United States, Nigeria, Sudan, Mexico, India, and
Ethiopia (Pereverzin 2016). Annual global produc-
tion is approximately 70 million tons. Sorghum
production in our country, according to 2024 data,
increased by 231% compared to previous years and
is intended for the feed and food industries (West
Kazakhstan Region, Taskala District Akimat [ WKR
TDA], n.d.). This indicates that, in addition to waste
from manufacturing plants, the share of agricultural
waste is significantly higher.

Sorghum hulls (SH), formed during sorghum
processing, account for 15% of the total grain weight.
Its composition has been shown to be rich in carbo-
hydrates, such as polysaccharides, phenols, and pro-
teins, as well as silicon (Dong et al., 2019; Kshirsagar
etal., 2017).

Research has shown that sorghum pulp is a poten-
tial raw material for the production of cellulose fibers
(da Costa et al., 2024; Kumar et al., 2015; Yulianto
et al., 2020). The results indicate the possibility of
obtaining cellulose in the range of 30-40%. However,
these studies used a two-stage extraction method. Al-
kaline treatment was applied first, followed by hy-
drogen peroxide. This, in turn, increases the time and
cost of extraction, as well as the amount of additional
process fluids. Therefore, the efficiency and environ-
mental safety of the method used for processing cel-
lulose raw materials are of great importance.

Therefore, the aim of this study was to isolate
high-quality cellulose microcrystals through the ef-
ficient utilization of husks — a byproduct of sorghum
production grown in the southern region of the Re-
public of Kazakhstan. The resulting cellulose fibers
have high potential for use as key components in the
production of paper and cardboard, as well as bio-
composite materials.
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Materials and methods

Materials

Sorghum bicolor husks were obtained from
southern region of Kazakhstan. Hydrogen peroxide
(35%, H,0,), acetic acid (=44%, CH,COOH), potas-
sium permanganate (99%, KMnO,), ethanol (96%,
C,H,OH), sulfuric acid (98%, H,SO,), orthophos-
phoric acid (98%, H,PO,), sodium hydroxide (=99%,
NaOH), potassium bichromate (=99%, K,Cr,0.),
sodium thiosulfate (99%, Na,S,0,), potassium io-
dide (=99%, KI) and starchwere provided by Sigma-
Aldrich (Bangalore, India). All other reagents were
of analytical grade and were utilized without further
purification.

Methods

Preparation of raw materials

To obtain microcrystalline cellulose, a variety of
SbH raw material called “Sorghum bicolor” grown
in the southern region of Kazakhstan was used. In
sorghum, the fruit is a caryopsis. The sorghum fruit
coat is the membrane in which the seed coat is fused
with the pericarp. The pericarp is the outer part of the
fruit, developing from the wall of the ovary. The peri-
carp is divided into three layers: 1) Exocarp (outer
layer): consists of small, tightly adjacent cells with
thickened walls covered with a waxy coating. The
cells are prismatic in shape, elongated perpendicu-
lar to the surface. The cells are pigmented dark red,
brown. 2) Mesocarp (middle layer): is represented
by loose tissue consisting of parenchymatous cells.
The cells are larger than in the exocarp, with thin cel-
lulose walls. 3) Endocarp (inner layer): thin, tightly
adjacent to the seed coat. The pericarp is rich in grain
fibers, primarily cellulose, hemicellulose, starch, and
lignin. The seed coat is the membrane surrounding
the embryo. The seed coat is fused with the pericarp,
forming a single covering (Badigannavar et al., 2018;
Makhatov et al., 2017).

To remove residual substances from Sorghum
bicolor husks, they were pre-washed with distilled
water in a flask with a rotary condenser at 90+2°C
for 60 minutes with stirring. They were then filtered
through filter paper and dried in an oven at 60+2°C
for 5 hours until constant weight was reached.

The raw material samples from Sorghum bicolor
seed husks used in the study were conventionally re-
ferred to as sorghum bicolor husks (SbH), and the
MCC obtained from them was referred to as MCC .

Preparation of peroxyacetic acid (PAA)

Peroxyacetic acid (PAA) was used to extract
MCC from the raw material. The concentrations of
the starting reagents for PAA production were re-
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duced by half and prepared according to the method
described in (Akatan et al., 2022; Battalova et al.,
2024b; Battalova et al., 2023; Imasheva et al., 2020).
The resulting PAA was stored in a freezer at 5+0.5°C.

Chemical composition of sorghum bicolor husks
(SbHs)

The mineral composition of raw SbH was deter-
mined using X-ray fluorescence (XRF) spectroscopy
on an EDX3600H (Skyray Instruments, China). In
order to determine the amount of water-soluble hy-
drocarbons, 5 £ 0.001 g of raw material was heated
for 2 h, with continuous stirring in 50 mL of distilled
water. After this process, the SbHs were filtered, dried
at 80°C = 2°C for 5 h, and then the mass was mea-
sured on an LV 210-A analytical scale (Sartogosm,
Russia). The quantity of hydrolyzable hydrocarbons
in water was determined from the difference between
the initial mass and the final mass.

To assess the ash content of SbH, 5 g of MCC was
incinerated in an 8.2/1100 L muffle furnace (SNOL,
Lithuania) at a temperature of 700°C + 5°C for a du-
ration of 90 minutes. The weight of the resulting ash
(Si0,) was recorded using an LV 210-A analytical
scale (Sartogosm, Russian) until an average measure-
ment was achieved. The ash content was calculated
by subtracting the final mass from the initial mass.

Preparation of MCC from SbH by organosolvent
oxidation and determination of its yield

The synthesis of microcrystalline cellulose
(MCC) based on SbH was carried out according to
the method described in (Akatan et al., 2022; Bat-
talova et al., 2024b; Battalova et al., 2023; Imasheva
et al., 2020). The SbH and PAA ratio was extracted
under hydromodule conditions with proportions of
1:10, 1:12, 1:14, 1:16, 1:18, and 1:20 g/ml. To ob-
tain MCC, the raw material and delignifying agent
were boiled in a flask fitted with a rotary condenser
at a temperature of 90+£2°C for 90 minutes, with con-
tinuous and vigorous stirring. The resulting MCC
solution was then cooled to 25+2°C, filtered using a
paper filter, and neutralized with distilled water until
reaching a pH of 7 (Fig. 1). The resulting product
was dried at 80+£2°C for 6 hours to constant weight,
weighed on an analytical balance with an accuracy
of 0.0001 g, and the yield was calculated using the
formula:

M = (Mgy-Mye )My, ¥100% ()

— the mass of

where, m,  is the mass of SbH, g; m, ..

obtained MCC, g.

Int. j. biol. chem. (Online)

Figure 1
Scheme of obtaining MCC from SbH by the
organosolvent oxidation

Filtration
dist. H20 pH=7

Determination of microcrystalline cellulose
quality indicators

The moisture content of the synthesized MCC
was determined using the GOST-16932 method
(state standard), the a-cellulose content — using the
GOST-6840 method, the residual lignin content —
using the GOST-11960 method, the hemicellulose
content — using the GOST-9002 method, and the ash
content — using the GOST 18461-93 method.

Scanning electron microscopy (SEM)

The surface characteristics of the MCC were
analyzed using a Quanta 200i 3D SEM from FEI in
the Netherlands. The analysis was conducted in high
vacuum mode with a secondary electron detector op-
erating at an accelerating voltage of 15 kV. To en-
hance electron transfer, the MCC surface was coated
with gold nanoparticles, and the samples were affixed
to aluminum pins using carbon tape.

FTIR spectroscopy

The chemical composition of the samples was
analyzed using an FTIR FT-801 IR spectrometer
(Simex, Russia). This analysis employed an internal
and variable-diffuse reflection technique, achieving
an accuracy of 1 cm™ across a wave number range of
450-4700 cm™. The procedure involved 50 scans at a
temperature of 25+20°C, with the sample placed on
the attachment’s surface.

International Journal of Biology and Chemistry 19, Ne 1 (2026)



S. Nauryzova et al. 159

X-ray diffraction

The structural and phase properties of the samples
were investigated by X-ray diffraction (XRD) analy-
sis using monochromatic copper radiation (CuKa, A =
0.1542 A) on an X PertPRO diffractometer (Malvern
Panalytical Empyrean, Netherlands). The diffraction
patterns were recorded within a 20 range of 10-45°
with a scanning increment of 0.02°. The X-ray tube
was operated at 45 kV and 30 mA, while the counting
time for each step was set to 0.5 s. A universal alumi-
num sample holder (PW1172/01) was employed dur-
ing the measurements. The obtained diffraction data
were interpreted using the ICDD PDF-4/AXIOM X-
ray diffraction database.

Thermogravimetric analysis (TGA)

The thermal stability of the obtained samples was
evaluated under an argon atmosphere using a Lab-
Sys Evo differential thermogravimetric analyzer (Se-
taram, France). The measurements were carried out
over a temperature range of 30 = 5 to 800 + 5°C at a
heating rate of 10 + 1°C/min. The sample mass used
for analysis was 20 + 2 mg.

Results and discussion
Chemical composition of SODH
A quantitative analysis of the chemical composi-

tion of the initial SbH raw material was carried out,
and the obtained results are presented in Table 1.

Figure 2

Table 1
Chemical composition of the initial SbH sample

Compounds Quantity, %

K 16.3

P 2.55

Ca 3.76

Si 65.8

Al 4.23

Fe 2.28

Mn 0.08

Ni 0.06

Cu 0.07

Zn 0.08

Cr 0.18

Ti 0.57

Cl 1.84

S 1.94

Water soluble hydrocarbons 0.26

The MCC,,, from SbH by organosolvent oxida-

tion method

Figure 2a shows the initial material—sorghum
seed husk (SbH), and Figure 2b shows the obtained
MCC . The initial material, SbH, had a reddish-
brown color, while the obtained MCC, , had a flaky,
fibrous structure and a light grayish tint.

Sorghumbicolor husks and MCC samples from SbH:

a—SbH; b—-MCC,

SbH

A4

The yield and quality indicators of MCC,,,,

The yield and quality indicators of MCC,
obtained at different SbH:PAA g/ml ratios under
“mild” conditions of the organosolvent oxidation
method are presented in Table 2. The results of the
study showed that the yield of SbH:PAA obtained at
an SbH:PAA ratio of 1:16 g/ml was 57.24%, mois-

ture content was 4.23%, a-cellulose content was

Int. j. biol. chem. (Online)

(hydromodule 1:16)

61.32%, residual lignin was 0.71%, hemicellulose
was 0.55%, and SiO, was 29.78%. Since the yield
and quality indicators determined in other hydro-
modules were relatively low, 1:16 g/ml was recog-
nized as the effective hydromodule. A study (Reddy
& Yang, 2007) found that up to 35-40% MCC can
be obtained from sorghum stems and leaves using
alkaline and acid hydrolysis. It was found that at an

International Journal of Biology and Chemistry 19, Ne 1 (2026)
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SbH:PAA ratio of 1:16 g/ml, the yield of MCC
obtained using the organosolvent method increases
by 10.6-25%. In addition, an additional bleaching
process occurs for the cellulose obtained using tra-
ditional alkaline and mineral acids. This increas-

Table 2
Effect of SbH:PAA ratio on MCCy,, quality

es economic and energy costs. It should be noted
that the organosolvent oxidation method does not
require additional technological processes and in-
creases the possibility of extracting cellulose under
“mild” conditions.

Quality indicators of MCC,,, %

SOH:PAA, g/l Yield of MCC Humidity a-cellulose Residual lignin cgﬁl r?;;e ASl(lsci(gl;em
1:10 50.81+2 4.82+0.5 44.61+3 0.68+0.5 0.48+2 30.27+0.5
1:12 52.25+2 4.41+0.5 54.20+£3 0.65+0.5 0.48+2 29.82+0.5
1:14 54.60+2 4.44+0.5 61.0243 0.59+0.5 0.66+2 30.65+0.5
1:16 57.24£2 4.23+0.5 61.32+3 0.71+0.5 0.55+2 29.78+0.5
1:18 53.2242 4.26+0.5 553143 0.70+0.5 0.63+2 29.97+0.5
1:20 52.61£2 4.16+0.5 52.9143 0.76+0.5 0.56+2 30.19+0.5
FTIR spectroscopy vibration of the O—H groups is recorded in the region

Figure 3 presents the FTIR spectrum of the initial
SbH material. The broad absorption band observed
in the range of 3500-3000 cm™ is attributed to the
stretching vibrations of O—H groups. The peaks at
2920 cm™ and 2850 cm™! correspond to C—H stretch-
ing vibrations typical of polysaccharides (Zghari et
al., 2018). In addition, the absorption bands in this
region are associated with silanol (Si—-OH) groups
present in SbH (Cichosz & Masek, 2020; Zghari et
al., 2018). The bands at approximately 1700 cm™
and 1600 cm™ are related to acetyl groups of hemi-
cellulose and carbonyl groups within the lignin struc-
ture (Battalova et al., 2024b; Battalova et al., 2023;
Kacurakova et al., 2002). The absorption region be-
tween 1600 cm™ and 1510 cm™ corresponds to the
vibrations of aromatic rings in lignin (Battalova et
al., 2024b; Battalova et al., 2023; Imasheva et al.,
2020). The peaks in the range of 1250-1020 cm™ are
assigned to B-1,4-glycosidic bonds as well as C—O—
C and C—O-H vibrations of cellulose (Akatan et al.,
2025; Battalova et al., 2024b; Battalova et al., 2023;
Guzman et al., 2017; Imasheva et al., 2020). These
results confirm that sorghum husk is a lignocellulosic
raw material rich in cellulose, hemicellulose, lignin,
and other hydrocarbon compounds.

Comparative IR spectra of the chemical structure
of MCC,, ,, obtained in different ratios, are shown in
Figure 4. All spectra of the MCC, , samples contain
signals of the main functional groups characteristic of
cellulose. In particular, a broad and intense stretching

Int. j. biol. chem. (Online)

of 3300-3400 cm™. This indicates a large number of
hydroxyl groups and the presence of intermolecular
hydrogen bonds (Cichosz & Masek, 2020). In addi-
tion, the absorption bands at 2895 cm™ are attributed
to the symmetric and asymmetric stretching vibra-
tions of C—H bonds (Cichosz & Masek, 2020; Zghari
etal., 2018).

Several characteristic peaks associated with the
structural features of cellulose are observed within
the 1800-800 cm™ region. The band at approxi-
mately 1430 cm™ corresponds to the deformation
vibrations of C—H bonds in the crystalline regions
of cellulose and is commonly used to evaluate the
crystallinity degree of cellulose (Kacurakova et al.,
2002; Zghari et al., 2018). The peak at 1370 cm™
is assigned to C—H deformation vibrations, while the
intense band at 1160 cm™ is related to the stretching
vibrations of C—O—-C bonds within the pyranose ring,
characteristic of B-1,4-glycosidic linkages. Further-
more, the peaks observed in the range of 1050—1030
cm™! correspond to the stretching vibrations of C-O
bonds in the aromatic ring, confirming the polysac-
charide nature of cellulose (Kacurakova et al., 2002;
Zghari et al., 2018). The absorption peak at 895 cm™
indicates the presence of B-glycosidic bonds and
reflects the crystalline structure of cellulose (Batta-
lova et al., 2024b; Battalova et al., 2023; Cichosz &
Masek, 2020). Meanwhile, weak absorption bands
at 1508.9 cm™ and 1734.4 cm™" are associated with
the stretching vibrations of aromatic C=C bonds in
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residual lignin, as well as C=0 vibrations of acetyl
and ester groups in hemicellulose present in MCC
(Akatan et al., 2025; Guzman et al., 2017; Imasheva
et al., 2024). This clarifies the quantitative values of
residual lignin and hemicellulose given in Table 2.
The obtained results (Bakari et al., 2023; Charyulu
et al., 2024) are in good agreement with the FTIR
absorption spectra of microcrystalline cellulose ob-
tained from sorghum residues are presented in Fig-
ure X. A noticeable decrease in the intensity of the
absorption peaks was observed with increasing PAA

Figure 3
FTIR spectra of SDH

content in the SbH:PAA ratio (g/mL). This behav-
ior can be attributed to the progressive hydrolysis
process, which weakens the glycosidic bonds in the
cellulose macromolecule and alters the symmetry of
its molecular structure (Battalova et al., 2024b; Bat-
talova et al., 2023; Imasheva et al., 2024; Zghari et
al., 2018). In particular, the reduced intensity of the
peaks corresponding to O—H and C—H bond vibra-
tions in the samples with SbH:PAA ratios of 1:18 and
1:20 indicates structural deformation of the cellulose
matrix.
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FTIR spectra of MCC,,, in different ratios
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X-ray diffraction

The results of comparative X-ray diffraction
analysis carried out to determine the structural and
phase composition of the initial SbH raw material
and MCCSbH samples (1:16 g/ml) obtained in the
effective hydromodulus are shown in Figures 5a
and 5b. The crystalline structure of the samples was
determined in accordance with the studies (French,
2014; Imasheva et al., 2024; Podgorbunskikh et al.,
2018). Peaks 26=16.1°(110), 22.4°(200), 34.1°(004)
recorded in the diffraction pattern of SbH (Figure 5a)
indicate an amorphous and semi-crystalline structure
of sorghum fiber. Moreover, an intense signal at the
diffraction reflection angle 26=27.2°(101) is char-
acteristic of the signal of silica in the raw material
(Bolatkan et al., 2025). It is evident that this corre-
sponds to the elemental composition and quality indi-
cators of the initial SbH raw material given in Tables
1 and 2.

The X-ray diffraction (XRD) pattern of MCC-
SbH exhibits characteristic diffraction peaks at 20 =
15.3°(110), 22.3° (200), and 34.8° (004), confirming
the crystalline structure of MCCSbH (Fig. 5b). The
observed diffraction peaks indicate that the crystal
structure of MCC is a double-chain monoclinic form
corresponding to cellulose If (Imasheva et al., 2024;
Kacurakova et al., 2002). These results confirm the
effective removal of lignin, hemicellulose, and other
non-cellulosic hydrocarbon components during the
extraction of cellulose from sorghum husk. Further-
more, the intensity of the diffraction peak associated
with silica at 20 = 27.2° (101) decreased by approxi-
mately 1.2 times in MCC compared to the initial SbH
material. This reduction may be attributed to the par-
tial hydrolysis of silica occurring during the organo-
solvent oxidation treatment of the original SbH raw
material.

The results of the X-ray diffraction analysis dem-
onstrated that the initial SbH material possesses a
predominantly semicrystalline or amorphous struc-
ture, whereas the microcrystalline cellulose obtained
after treatment exhibits well-defined crystalline char-
acteristics. These findings are in good agreement
with previously reported studies (Akatan et al., 2022;
Battalova et al., 2024b; Battalova et al., 2023; Ima-
sheva et al., 2024; Imasheva et al., 2020).

Int. j. biol. chem. (Online)

Figure 5
XRD diffractions of: a — SbH; b — MCCSbH

145l b (200) ——MCCggl/16

116

(1-10) (110)
87 1

I (004)

n
=]

3
=

170

Intensity (a.u.)

136

102

68

34

10 15 20 25 30 35 40

20 degree, (Cu Ka)

SEM analysis

Figure 6 shows the surface morphology of the
initial material SbH (Fig. 6a) and MCCSbH ob-
tained at an effective hydromodulus of 1:16 g/ml
(Fig. 6b). It is evident that the initial material — sor-
ghum husk — has a multilayer structure. It can be ob-
served that the cellulose fibers on the surface of the
husk are densely covered with silica, waxes, pectin,
lignin, hemicellulose, and other hydrocarbon com-
pounds, which contribute to the high mechanical
strength and hydrophobic properties of the material
(Li et al., 2018; Zhang et al., 2018). This indicates
that the composition of the starting material SbH,
shown in Figure 3, is consistent with the results ob-
tained by IR analysis.
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In Fig. 6b, the surface morphology of MCCSbH
extracted at an effective hydromodulus of 1:16 g/ml
has a ribbon-like shape consisting of fibrils of vary-
ing sizes. The length of the cellulose fibers is approx-
imately 193.5-993.0 um, and the width is 13.66—
21.55 pm (Fig. 6b). This indicates a fibrous structure
of MCCSbH fragments. In addition, roughness of

Figure 6
SEM images of: a — SbH; b — MCCShH

— 100 pm —

Thermogravimetric analysis of MCC, ,

The resulting thermogram of MCC,, is shown
in Figure 7. According to the obtained results, ini-
tial mass loss was observed in the range from 25 to
106°C. It is evident that over this period, the mass of
the material decreased by approximately 3.3% due
to the evaporation of moisture from the air and water
sorbed by the sample.

The first phase of thermal degradation begins at
temperatures from 106 to 263°C, and in this tem-
perature range, mainly residual hemicellulose and
low molecular weight fractions of lignin undergo
thermal degradation (Battalova et al., 2024b). The
studies (Chen et al., 2011; Henrique et al., 2015)
have shown that thermal decomposition of ligno-
cellulosic biomass occurs in the range from 150 to
500°C. The research (Wang et al., 2021) has shown
that most of the hemicellulose decomposes gradu-
ally and over a wide temperature range from 150

Int. j. biol. chem. (Online)

the surface of the cellulose fibers is observed. This
is explained by partial hydrolysis of the amorphous
regions and the release of crystalline fibers during
hydrolysis (Cichosz & Masek, 2020). In the study
(Zhang et al., 2018), it was found that the rough sur-
face structure of the cellulose fibers indicates a large
surface area and high sorption properties.

— 100 pm

to 350°C, cellulose at 275-350°C, and lignin at
250-500°C.

The major thermal degradation of MCC , oc-
curred within the temperature range of 263-387°C.
During this stage, the MCC , sample lost approxi-
mately 49.5% of its initial mass, indicating the thermal
decomposition of high-molecular-weight cellulose
chains (Hou et al., 2017). This degradation process led
to the formation of volatile compounds and the break-
down of the organic structure of MCC, ..

During the thermal degradation of cellulose at
temperatures of 387-600°C, combustion of interme-
diate products occurs (Hou et al., 2017). At this stage,
54% of the total mass of the sample undergoes ther-
mal degradation, and the residual substance — silica
(Si0,) — accounts for approximately 35%. This is
consistent with the results of determining the mineral
composition and ash content of the initial material
and MCC, , presented in Tables 1 and 2.
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Figure 7
TGA curve of MCC
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Conclusion

Summarizing the obtained results, it should be
noted that in the course of the research work, the
possibility of obtaining microcrystalline cellulose
(MCCy, ) from sorghum seed husk (SbH) grown in
the southern region of Kazakhstan, using the organo-
solvent oxidation method was studied. The elemental
analysis of the feedstock (SbH) showed that its com-
position is dominated by Si (65.8%), K (16.3%), Ca
(3.76%) and P (2.55%). IR analysis showed that it
is rich in hydrocarbons. In this regard, it was estab-
lished that the effective hydromodulus for obtaining
MCC,,, from SbH is the SbBH:PAA ratio of 1:16 g/
ml. The yield of the obtained MCC,, , sample was
57.24%, and the a-cellulose content was 61.32%.

The surface morphology of the obtained MCC-
on Sample was found to be fibrous, with a length
of approximately 193.5-993.0 um and a width of
13.66-21.55 pm. Fourier transform infrared (FTIR)
spectroscopy analysis demonstrated that the ob-
tained product contained the main functional groups
characteristic of MCC and was effectively purified
from residual lignin and hemicellulose components.
X-ray diffraction analysis revealed that the original
SbH sample had a semi-amorphous structure, while
the obtained MCC , was characterized by a distinct

crystalline structure. The cellulose crystal structure
was double-chain monoclinic, typical of cellulose
IB. Furthermore, thermogravimetric analysis (TGA)
showed that the thermal stability of the MCC, , sam-
ple was maintained at temperatures up to 263°C.

The obtained results confirm that this material is
a promising raw material for producing high-quali-
ty microcrystalline cellulose using mild organosolv
oxidation. The resulting MCC,, , has significant po-
tential as a promising bio-based raw material for the
development of pharmaceuticals, food packaging,
and the production of environmentally friendly bio-
degradable materials.
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