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Thuy-An Ngo*, Dao-Chi Vo Thi, Nhan-Tanh Nguyen Tran

An Giang University, Vietnam National University, Ho Chi Minh city (VNU-HCM),
18 Ung Van Khiem Street, Dong Xuyen Ward, Long Xuyen City, An Giang Province, Vietnam

Received 2 June 2021; revised 22 June 2021; accepted 6 July 2021
Abstract:

A by-product of rice farming, rice straw is made up of lignin, cellulose, and hemicellulose and comprises lignocellulosic
biomass. Particularly rich in this biomass are rice-producing nations like Vietnam, which ranks sixth in the world for
rice exports. Because 30-40% of this bioresource is burned to make way for new rice fields for cultivation, its use has not
been optimum. Air pollution has been linked to this, particularly in Vietnam. Indeed, burning half of the world’s rice
straw produces almost 100 million tons of carbon dioxide emissions. Therefore, to increase the benefits of rice and reduce
environmental pollution, lignocellulosic biomass reuse is crucial. This paper reports the hemicellulose content in three
rice straw types (OM5451, IR50404, and 6976 commons from An Giang province, Vietnam). Alkaline extraction assisted
with ultrasound was employed. In this process, samples were mixed with 2 M sodium hydroxide and ultrasonicated
for 30 min at 90°C. Then, the mixture was continuously heated at 90°C and stirred at 40 rpm for 1.5 h. Ethanol was
used to precipitate hemicellulose. The highest yields obtained of crude hemicellulose were 23.17% in OM5451, 23.1%
in IR50404, and 22.94% in 6976 at pH 4.0, however, there was no significant difference at a 95% confidence level
as determined by a two-way ANOVA with p-values >0.05. The extracted hemicellulose was confirmed using Fourier-
transform infrared spectroscopy (FTIR), X-ray diffraction (XRD), and thermo-gravimetric analysis (TGA).
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1. Introduction The main acid groups of hemicellulose make them very
hydrophilic and soluble in alkaline. Hemicellulose is
easily hydrolysed by dilute acid, i.e., HCl and H,SO,,
or bases [9]. Hydrolysis of hemicellulose can produce
xylans that are widely used in commercial products such

as various pharmaceuticals, food, and biofuels [10].

Rice straw, a by-product of rice cultivation, contains
lignocellulosic biomass and is composed of lignin
(5-24%), cellulose (32-47%), and hemicellulose (19-
27%) [1, 2]. This biomass is particularly abundant in
rice countries such as Vietnam (the fifth in global rice
exportation) [3]. However, utilizing this bioresource has
not been optimized as 30-40% is burned to clear rice
fields for the next cultivation seasons. This has been
known to cause air pollution, especially in Vietnam
[4]. Indeed, approximately 100 million tons of carbon

Hemicellulose from plant cells can be isolated
by ionic liquid extraction, organic solvent solution,
alkaline treatment, and liquid hot water extraction. Of
these methods, the alkaline method is most commonly
used in industries and labs due to its efficiency. While

oxide is emitted from burning 50% of global rice straw
[5]. Therefore, the reuse of lignocellulosic biomass
is much needed to improve rice benefits and mitigate
environmental pollution [6].

Hemicellulose is the second-most abundant class
of short-chain polysaccharides, which is different from
cellulose and is branched in nature [7, 8]. As a non-
crystalline heteropolysaccharide, hemicellulose is made
of pyranoses and furanoses sugar including xylans
(predominant materials in plant cell walls), xyloglucans,
manans, and other compounds of linkage [B-glucans.
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sodium hydroxide solution is applied for the hydrolysis
of the soft plant cell wall, potassium hydroxide solution
is usually used for hardwood [11-13]. After hydrolysis,
ester linkages will be cut and this process produces
hemicelluloses. Then, ethanol can be used to precipitate
hemicelluloses from the alkaline extraction [14]. The
efficiency of hemicellulose can be increased by using
ultrasound, which can help reduce the extraction time
down to 1.5-2.5 h. The ultrasound waves easily break
rice straw cells by disturbing the cells of the biomass and
thus promote hemicellulose extraction [15-17].
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An Giang is a province of Vietnam with the largest
rice production in the Mekong delta with approximately
4 million tons in 2017 [18, 19]. Common rice varieties
in An Giang with high yield and good grain quality are
OM5451, IR50404, and 6976 [20]. The amount of rice
straw generated was about 3891 thousand tons, of which
62% was used for composting, cattle feed, and selling
while 36.36% was open-burned. As reported, the highest
emission of open-burning is CO, with 5.7 million tons
while other emissions are CO, SO,, NO,, PM, ; and PM |
with 135.1, 7.78, 0.28, 54.4, and 14.4 thousand tons,
respectively [21]. Since rice straw is a bioresource rich
in carbon, nitrogen, and potassium, such open-burning
contributes to global air pollution. Therefore, recycling
rice straw is necessary to reduce negative environmental
impacts.

The temperature and concentration of the alkaline
solution in the hemicellulose extraction process
significantly affects hemicellulose yield [22]. For example,
high yields of lignin, hemicellulose, and nanocellulose
fibres separated from rice straw were collected with a
2 M NaOH solution at 90°C. Another work indicated a
higher extraction yield versus pH conditions [23]. On the
other hand, hemicellulose is a group of polysaccharides in
biomass and they possess different properties depending
on the variety of biomass [24]. Therefore, the effect of pH
values on hemicellulose precipitation in ethanol and the
comparison of hemicellulose characteristics generated
from sources were two factors investigated in this study.
Knowing the hemicellulose concentration in rice straws
can aid in optimizing their benefits and recycling. Rice
straw from the rice cultivars in An Giang may contain
various hemicellulose concentrations, which have not
been well studied. Therefore, this research focused
on revealing the hemicellulose contents in rice straws
generated from those cultivars to provide background
data for rice straw hemicellulose studies.

2. Materials and methods

2.1. Sample preparation and materials

Rice straws of OM5451, IR50404, and 6976 were
collected from paddy fields in Cho Moi district, An
Giang province. All samples (10 kg) were firstly washed
by distilled water (room temperature) to remove fine
sand particles, then sun-dried for seven days to have the
average sample moisture of 4-5.5%. The samples were
milled to a size of 1 mm to obtain dried rice straw (DRS)
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for all the experiments as suggested by Kim, et al. (2020)
[25]. After that, the samples were cut into small forms,
finely ground (sieve screen: ¢=0.08 mm), kept in airtight
containers, and stored at room temperature [26].

The chemicals of acid hydrochloric, ethanol 99,5%,
sodium hydroxide, acid perchloric, and acetone were
purchased from Merck, Germany.

2.2. Extraction of hemicellulose

First, 360 ml of acetone 5% was added to 15 g DRS in
a Soxhlet system controlled at 70°C for 4 h, which then
became the extracted rice straw (ERS). After 4 h, the ERS
was dried in an oven at 105-110°C to constant mass [27].

Each ERS sample (10 g) was first mixed with NaOH
2 M by the ratio of 1 g straw ratio: 20 ml NaOH 2 M and
ultrasonicated for 30 min at 90°C. An S100-Elmasonic
was used to create the ultrasound waves. After that, the
mixture was heated at 90°C and continuously stirred at
40 rpm for 1.5 h. At the end of the 1.5 h period, vacuum
filtration was used to collect the filtrate containing
hemicellulose. Then, hydrochloric acid 6 M was added
to adjust the filtrate pH to the values of 3.5; 4.0; 4.5; and
5.0. The mixture was maintained to stand at 4°C for 24 h.
Then, three volumes (500 ml) of ethanol 95% were added
to the liquid fraction and this mixture was kept at 4°C for
6 h to precipitate hemicelluloses at the bottom. Vacuum
suction was employed to remove the clear solution
above the hemicellulose precipitate. The precipitate was
washed 3 times with 70% ethanol to remove the others.
The extracted hemicellulose was dried under sunlight
to constant mass. The crude hemicellulose (CH) yield
was the difference between the dried CH and ERS. All
samples are presented in Table 1.

Table 1. Hemicellulose extraction samples.

pH values 3.5 4.0 4.5 5.0
OM5451 OM5451 OM5451 OM5451

Extracted rice straw

types 1IR50404 IR50404 IR50404 IR50404
6976 6976 6976 6976

The fixed factors in the extraction experiments:

Sodium hydroxide concentration (mol/l): 2M

Ultrasonication time (min): 30

Reaction temperature (°C): 90

Hydrochloric acid concentration (mol/l): 6M

Replicates: 3

PASSN 25252061 * EISSH 2615.99;
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2.3. Hemicellulose characterization
Hemicellulose yields:

The yield of pH was determined regarding the reported
study and calculated by using Eq. (1) [28]:

1’nl
Yield = — x100% M

where m,: the mass of crude hemicellulose; m: the
mass of extracted rice straw (ERS) employed in above
section.

Hemicellulose characteristics:

This study used XRD and TGA to assess
hemicellulose characteristics [29, 30]. Hemicelluloses
were characterized using FTIR with an Alpha Bruker
spectrophotometer with a resolution of 4 cm™ in the
range of 400-4500 cm'.

XRD was performed with an Aeris Benchtop X-ray
Diffractometer Malvern PANalytical to investigate the
phase and crystallinity of the hemicelluloses, of which
the XRD patterns were recorded in the region of 20 from
5-40° [31].

Thermogravimetric analyses were applied to
investigate hemicellulose thermal degradation [32]. In
this paper, the thermal decompositions of samples were
measured on a TGA instrument Q5000 with temperature
ranging from ambient temperature (28°C) to 600°C with
nitrogen as the purge gas at a rate of 40 ml/min.

Statistical analysis:

All experiments were performed in triplicate. Data
were analysed using a two-way ANOVA to determine the
significant differences of variance.

3. Results and discussion
3.1. Hemicellulose extraction

Results of raw hemicellulose yields were showed in
Table 2. The total crude hemicellulose obtained varied
in the range of 15.12-23.09% for all samples. A two-
way ANOVA was used to analyse the hemicellulose
yield variance with one dependent variable (yield)
and two factors (pH and grains). ANOVA test results
showed a statistically significant difference in average
hemicellulose yield according to pH values at the 95%
significance level (p<0.05), whereas there was no
significant difference at 95% confidence level between
experiments of grains in the same treatment of pH level
(p=0.330).
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Table 2. Hemicellulose yields from three rice straw grains

) pH value
¢ 3.5 4.0 4.5 5.0
OM5451 18.05+£0.07* 23.17+0.48>  20.07+0.29° 15.21+0.32¢
1IR50404 17.97£0.07* 23.11+0.13>  19.98+0.11°  15.06+0.06¢
6976 18.10+0.14*  22.94+0.08> 20.02+0.11° 15.08+0.11¢
Average yields  18.04£0.09  23.09+0.23  20.09+£0.17  15.12+0.17

Note: F-value: 455.762, CV: 1.3, MeansSE=*<¢ (i.e 18.05+0.07%) with
difference letters are significantly different at 95% confidence level.

Hemicelluloses are soluble in the dilute alkali because
of the deprotonated hydroxyl groups on hemicelluloses.
The yield of hemicellulose started to increase from 15.12
and 20.09% at pH 5 and pH 4.5, respectively. This could
be explained when the pH of the liquid started to decrease,
the pronation dominated and hemicellulose precipitation
occurred. At pH 4.0, hydroxyl groups on hemicelluloses
were neutralized, so the yield of raw hemicellulose was
23.09%. However, at pH 3.5, the average yield of three
rice straw grains was 18.04% because the glycosidic
bonds of hemicellulose can be broken in an acidic medium
and promote hemicellulose degradation with lower pH
[33]. The hemicellulose yields can increase from pH
5-4.5 because of the high lignin contents released due to
lower pH (Fig. 1) [34].
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Fig. 1. Effect of pH on the yield of hemicellulose.
3.2. Hemicellulose characteristics

Figure 2 obtained from FTIR shows that the structures
of the three hemicelluloses (OM5451, IR50404, 6976)
within the spectra of 500-4000 cm™! were similar, but
the contents of functional groups were different. The
broadbands were between 3453.37 and 3451.76 cm’,
at which signals of hydroxyl groups were present in
the hemicellulose components [35]. The presence of
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an absorption band at 2362.13 cm' was understood
as the stretching vibrations of O=C=0O. The carbonyl
stretching region was at 1644.13 cm™ from 1326.54 to
1476.54 cm', which was the appearance of OH or CH,
linkage [36]. As shown in Fig. 2, the typical spectrum
region of hemicellulose ranged from 850 to 1200 cm!
encompassing the absorption band at about 1157.71-
1159.13 cm!, which indicated the presence of C-O
vibration, while the absorption band at 1093 and 1095
cm! was that of the C—O-C stretching glycosidic bonds
in the xylan groups [37, 38]. The absorption at 471 to
nearly 800 cm™ was low because the samples contained
lignin components. In general, the three rice straw
samples’ FTIR spectra had similar functional groups and
bands as the hemicelluloses extracted from the different
varieties of the rice straw carried out by previous studies
mentioned.
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Fig. 2. FTIR spectra of hemicellulose extracted from rice straw.

The XRD patterns (Fig. 3) of the hemicellulose
samples had a wide peak at a 20 angle close to 22°, which
indicates the amorphous nature of hemicellulose [39].
The height of the peaks at 26=22° was clearly. They had
a non-crystalline structure related to their heterogeneous
chemical structure [40]. These structures were similar
among the samples. Compared to the XRD analysis of
hemicelluloses from untreated rice straws investigated by
[41], the crystallinity regions of this study were broader.
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Fig. 3. XRD analysis of rice straw hemicelluloses.

Figure 4 shows the TGA curves of OMS5451,
IR50404, and 6976, respectively. The initial weight loss
at about 50°C was related to the release of moisture in
the samples. The decomposition of hemicellulose started
easily, with weight loss commonly occurring between 270
and 300°C. The weights of the three samples suddenly
decreased from 250 to 300°C. At 280°C, the weight loss
of the three samples was approximately 15 to 42%. When
the temperature was raised to 400°C, the weight loss
reached nearly 53%. The TGA characteristics of the three
hemicellulose samples were the same, which were not
stable at higher temperatures (>250°C). The experiment
outcome indicated that the thermal degradation of rice
straw hemicellulose occurred at about 250°C, which
agrees with previous studies [42].
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Fig. 4. TGA of rice straw hemicelluloses.
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Conclusions

The hemicellulose contents of three rice straws did
not significantly differ at each pH. We were able to obtain
the highest yield of hemicellulose of 23.09% at pH 4.0.
The FTIR results showed lignin in the samples, which
could affect the purity of the extracted hemicellulose.
XRD revealed the amorphous region was at 20=22°
TGA indicated the weight loss of hemicellulose samples
was nearly 53% at 400°C. This study is a comprehensive
demonstration of hemicellulose in rice straws of common
rice grains from the An Giang Province. We highlight
that the application of the simple techniques used in our
study efficiently extract hemicellulose.

CRediT author statement

Thuy-An Ngo: Conceptualization, Methodology,
Software, Writing and Editing; Dao-Chi Vo Thi: Data
curation, Writing - Original draft preparation; Nhan-
Tanh Nguyen Tran: Conceptualisation, Methodology and
Writing.

ACKNOWLEDGEMENTS

This research is funded by Vietnam National
University, Ho Chi Minh city (VNU-HCM) under grant
number “C2020-16-01".

COMPETING INTERESTS

The authors declare that there is no conflict of interest
regarding the publication of this article.

REFERENCES

[1] C. Harada, Y. Nakamura, H. Minato (1999), “Effect of sodium
hydroxide treatment of rice straw on cell wall composition and
digestibility of dry matter”, Animal Science Journal, 70(2), pp.61-66,
DOI: 10.2508/chikusan.70.61.

[2] A. Guzman, S. Delvasto, E. Sanchez (2015), “Valorization of
rice straw waste: An alternative ceramic raw material”, Ceramica, 61,
pp-126-136, DOIL: 10.1590/0366-69132015613571888.

[3] T.T. Do (2017), “A review of the role of collectors in Vietnam’s
rice value network”, Review of Socio-Economic Perspectives, 2(2),
pp-85-98, DOI: 10.19275/RSEP019.

[4] T.D. Pham, H. Yoshiro (2015), “Current situation and
possibilities of rice straw management in Vietnam”, Semantic
Scholar, pp.1-7.

[5] B. Gadde, S. Bonnet, C. Menke, et al. (2009), “Air pollutant
emissions from rice straw open field burning in India, Thailand
and the Philippines”, Journal of Environmental Pollution, 157(5),
pp.1554-1558, DOI: 10.1016/j.envpol.2009.01.004.

PISSN 25252061 + E4SSN 26159937

Vietnam Journal of Science,

Technology and Engineering

[6] N. Nadiha, B. Jamilah (2020), “Hemicellulose extraction
and characterization of rice straw and Leucaena Leucocephala”,
Knowledge E Social Sciences, pp.46-54, DOI: 10.18502/kss.
v4i9.7314.

[71 L. Hu, M. Du, J. Zhang (2018), “Hemicellulose based
hydrogels present status and application prospects: A brief review”,
Open Journal of Forestry, 8, pp.13-28, DOI: 10.4236/0jf.2018.81002.

[8] B.C. Saha (2003), “Hemicellulose bioconversion”, Journal of
Industrial Microbiology and Biotechnology, 30(5), pp.279-291, DOI:
10.1007/510295-003-0049-x.

[9] J.P. Patel, P.H. Parsania (2018), “Characterization, testing, and
reinforcing materials of biodegradable composites”, Biodegradable
and Biocompatible Polymer Composites, pp.55-79, DOIL: 10.1016/
B978-0-08-100970-3.00003-1.

[10] S.S. Hanim, A.M.S. Norsafurah (2012),
properties of hemicellulose films from sugarcane bagasse”, Procedia
Engineering, 42, pp.1390-1395, DOI: 10.1016/j.proeng.2012.07.532.

“Physical

[11] S.L. Sun, J.L. Wen, M.G. Ma, et al. (2013), “Successive
alkali extraction and structural characterization of hemicelluloses
from sweet sorghum stem”, Carbohydrate Polymers, 92(2), pp.2224-
2231, DOI: 10.1016/j.carbpol.2012.11.098.

[12] C. Froschauer, M. Hummel, M. Lakovlev, et al. (2013),
“Separation of hemicellulose and cellulose from wood pulp by
means of ionic liquid/cosolvent systems”, Biomacromolecules, 14(6),
pp-1741-1750, DOI: 10.1021/bm400106h.

[13] P. Peng, F. Peng, J. Bian, et al. (2011), “Isolation and
structural characterization of hemicelluloses from the bamboo species

phyllostachys incarnata Wen”, Carbohydrate Polymers, 86(2),
pp-883-890, DOT: 10.1016/j.carbpol.2011.05.038.

[14] R.J. Stoklosa, D.B. Hodge (2012), “Extraction, recovery, and
characterization of hardwood and grass”, Industrial & Engineering
Chemistry Research, 51(34), pp.11045-11053, DOI: 10.1021/
ie301260w.

[15] C. Wang, C. Tallian, J. Su, et al. (2018), “Ultrasound-assisted
extraction of hemicellulose and phenolic compounds from bamboo
bast fiber powder”, PLOS ONE, 13(6), DOI: 10.1371/Journal.
pone.0197537.

[16] D.V. Ngo, T.H. Tran, D.N. Bui, et al. (2017), “Lignin and
cellulose extraction from Vietnam’s rice straw using ultrasound-
assisted alkaline treatment method”, International Journal of Polymer
Science, 2017(2), pp.1-8, DOI: 10.1155/2017/1063695.

[17] RM. Fuentes, A. Femenia, M.C. Garau, et al. (2016),
“Ultrasound-assisted extraction of hemicelluloses from grape pomace
using response surface methodology”, Carbohydrate Polymers, 138,
pp-180-191, DOI: 10.1016/j.carbpol.2015.11.045.

[18] H.V. Vo, N.K. Dang, T.N. Le, et al. (2013), “Assessment of
a farmer base network in promoting an integrated farming system
at the Mekong delta in Vietnam”, Asian Journal of Agriculture and
Development, 10(1), pp.39-58.

MARCH 2022 « VOLUME 64 NUMBER 1



[19] D.K. Do (2017), “The technologies to make rice husk
into materials”, Vietnam Agriculture Journal, 23, pp.23-29 (in
Vietnamese).

[20] T.N.C. Truong, T.T.A. Tran, T. Paris, et al. (2015), “Farmers’
feedback on rice varieties tested under farmer - managed trials”,
Omonrice, 20, pp.93-108.

[21] TM.T. Pham (2019), “Research on emissions inventory for
rice straw open burning in An Giang province”, Journal of Science
and Technology in Civil Engineering Nuce, 13(1), pp.100-108, DOI:
10.31814/stce.nuce2019-13(1)-10.

[22] N.H. Zulyadi, S.H. Saleh, S.H. Sarijo (2016), “Fractionation
of hemicellulose from rice straw by alkaline extraction and ethanol
precipitation”, Malaysian Journal of Analytical Sciences, 20(2),
pp.329-333, DOI: 10.17576/mjas-2016-2002-15.

[23] T. Song, A. Pranovich, I. Sumerskiy, et al. (2008), “Extraction
of galactoglucomannan from spruce wood with pressurised hot
water”, Holzforschung, 62, pp.659-666, DOI: 10.1515/HF.2008.131.

[24] Z. Jin, K.S. Katsumata, T.B.T. Lam, et al. (2006), “Covalent
linkages between cellulose and lignin in cell walls of coniferous
and nonconiferous woods”, Biopolymers, 83(2), pp.103-110, DOI:
10.1002/bip.20533.

[25] TH. Kim, H. Kwak, T.H. Kim, et al. (2020), “Extraction
behaviors of lignin and hemicellulose-derived sugars during
organosolv fractionation of agricultural residues using a bench-
scale ball milling reactor”, Energies, 13(2), pp.1-15, DOI: 10.3390/
en13020352.

[26]L.M.F. Bardo, A.G. Cordoba, J.E.L. Galan (2018), “Evaluation
of different methods for efficient extraction of hemicelluloses leaves
and tops of sugarcan”, Dyna (Medellin, Colombia), 85(204), pp.18-
27, DOI: 10.15446/dyna.v85n204.66626.

[27] AM. Mansora, J.S. Lima, FN. Anib, et al. (2019),
“Characteristics of cellulose, hemicellulose and lignin of mD?2

pineapple biomass”, Chemical Engineering Transactions, 72, pp.79-
84, DOI: 10.3303/CET1972014.

[28] K. Luo, Y. Wang, H. Xiao, et al. (2019), “Preparation of
convertible cellulose from rice straw using combined organosolv
fractionation and alkaline bleaching”, Earth and Environmental
Science, 237, pp.1-6, DOI: 10.1088/1755-1315/237/5/052053.

[29] 1. Carrillo, R.T. Mendonca, M. Ago, et al. (2018),
“Comparative study of cellulosic components isolated from different
eucalyptus species”, Hindawi International Journal of Polymer
Science, 25, pp.1011-1029, DOI: 10.1007/s10570-018-1653-2.

[30] Z. Ahmad, I. Sopyan, Z. Halim, et al. (2011), “Effect of fiber
length variations on properties of coir fiber reinforced cementalbumen
composite”, International Islamic University Malaysia (IITUM)
Engineering Journal, 12(1), pp.63-76, DOI: 10.31436/iiume;j.

vi2il.116.

MARCH 2022 « VOLUME 64 NUMBER 1

PHYSICAL SCIENCES | CHEMISTRY m

[31] T. Liang, L. Wang (2017), “Thermal treatment of poplar
hemicelluloses at 180 to 220°C under nitrogen atmosphere”,
BioResources, 12(1), pp-1128-1135, DOI: 10.15376/
biores.12.1.1128-1135.

[32] M.V. Ramiah (1970), “Thermogravimetric and differential
thermal analysis of cellulose, hemicellulose, and lignin”, Journal
of Applied Polymer Science, 14(5), pp.1323-1337, DOI: 10.1002/
app.1970.070140518.

[33] S. Mhiri, N. Mignard, M. Abid, et al. (2017), “Thermally
reversible and biodegradable polyglycolicacid-based networks”,
European Polymer Journal, 88, pp.292-310, DOI: 10.1016/.
eurpolym;j.2017.01.020.

[34] W. He, P. Fatehi (2015), “Preparation of sulfomethylated
softwood kraft lignin as a dispersant for cement admixture”, The
Royal Society of Chemistry (RSC Advances), 58, pp.1-19, DOL:
10.1039/c5ra04526f.

[35] Y. He, Y. Pang, Y. Liu, et al. (2008), “Physicochemical
characterization of rice straw pretreated with sodium hydroxide in the
solid state for enhancing biogas production”, Energy & Fuels, 28(4),
pp.2775-2781, DOI: 10.1021/ef8000967.

[37] R.C. Suna, J. Tomkinsona, P.L. Mab, et al. (1999),
“Comparative study of hemicelluloses from rice straw by alkali
and hydrogen peroxide treatments”, Carbohydrate Polymers, 42(2),
pp-111-122, DOIL: 10.1016/S0144-8617(99)00136-8.

[38] F. Peng, J.L. Ren, F. Xu, et al. (2009), “Comparative study
of hemicelluloses obtained by graded ethanol precipitation from
sugarcane bagasse”, Journal of Agricultural and Food Chemistry,
57(14), pp.6305-6317.

[39]L.Huang, Z. Yang, M. Li, etal. (2020), “Effect of pre-corrected
pH on the carbohydrate hydrolysis of bamboo during hydrothermal
pretreatment”, Polymers, 12(3), DOI: 10.3390/polym12030612.

[40] D. Gautam, S. Kumari, B. Ram, et al. (2018), “A new
hemicellulose-based adsorbent for malachite green”, Journal of
Environmental Chemical Engineering, 6(4), pp.3889-3897, DOI:
10.1016/j.jece.2018.05.029.

[41] Z. Yang, L. Cao, Y. Li, et al. (2020), “Effect of pH on
hemicellulose extraction and physicochemical characteristics of solids
during hydrothermal pretreatment of eucalyptus”, Bioresources,
15(3), pp.6627-6635, DOI: 10.15376/biores.15.3.6627-6635.

[42] X\N. Nie, J. Liu, D. She, et al. (2013), “Physicochemical
and structural characterization of hemicelluloses isolated by different
alcohols from rice straw”, Bioresources, 3(8), pp.3817-3832, DOI:
10.15376/biores.8.3.3817-3832.

PASSN 25252061 * EISSN 2615.9937

Vietnam Journal of Science,

Technology and Engineering




