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In the present study, attention has been focused on the preparation of nanoxylan from wheat straw, and a simple and scale-up method for the synthesis of high-purity
nanoxylan from wheat straw was presented. This preparation method was performed in a series of steps including alkaline peroxide extraction, ethanol precipitation, and
freeze-drying. These steps ensure high purity and yield of nanoxylan under controllable and cost-effective conditions. The particle diameters of the prepared nanoxylan
ranged from 30 nm to 90 nm with more than 90% xylose content and a weight-average molecular weight of 15,000-30,000 g/mol. Such unique properties as high
dispersibility and solubility provide nanoxylan with huge potential applications in food packaging, biomedicine, agriculture, and so on.

Introduction

Xylan is a polymeric sugar and one major hemicellulose
component present throughout plant biomass and in much
greater amounts in certain feedstocks such as straws, grasses,
and hardwoods [1-5]. Xylan accounts for 20% - 35% of wood
fiber, although its detailed structure varies between species
and plant tissues [6]. Through the side chains, different xylan
derivatives are produced from B-D-1,4-xyloside bonds in a
linear main chain: glucuronoxylan [7], arabinoxylan [8] and
glucurono-arabinoxylan. This unique molecular structure
confers remarkable biological activity on xylan, as it manifests
excellent physiological functions [9,10]. Concerning cellulose
and chitosan, xylan demonstrates excellent hydrophilicity,
biocompatibility, biodegradation characteristics, and even
antitumor properties [11-13]. These attributes make it highly
valued in the food industry for its incorporation into functional
foods used in the management of hyperglycemia, and
hyperlipidemia [14]. Besides, xylan is used in dairy products,
beverages, and edible films, enhancing taste, nutrient
absorption, and environmental sustainability [15].

In recent years, great interest has been focused on
the conversion of xylan into nanoparticles, the so-called
nanoxylan. The mechanical properties, thermal stability, and
barrier properties of nanoxylan have been greatly improved
with nanoscale dimensions. These improvements widen its
application area in food packaging, biomedicine, and tissue
engineering [16-18]. For example, nanoxylan-based materials
have shown excellent drug-loading capacity with controlled
and targeted drug delivery and few side effects [19,20]. The
functional films from nanoxylan were safe, biodegradable, and
energy-efficient, and the preparation met the requirement
for sustainable development. However, poor dispersibility and
solubility seriously limit the practical utility of the traditional
xylan particles [21,22]. Improvements in the mechanical and
barrier properties are similarly presented in the nanoparticles
discussed in the paper; moreover, the nanoscale benefits of
nanoxylan open bright prospects in those fields. Besides,
their compatibility with sustainable development goals
speaks for their application in food packaging, medicine,
and similar industries. Further research aimed at improving
their dispersibility and solubility could probably enable the
extension of their practical applications.
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This study focuses on how xylan is being redesigned into
nanoxylan to avoid the problems of using regular xylan, given
its poor dispersibility and solubility. Nanoxylan shows much
better mechanical properties, thermal stability, and barrier
performance; thus, it is fitting for usage in food packaging,
biomedicine, and even tissue engineering. This work presents a
significant enhancement of functionality, employing advanced
synthesis and characterization techniques while being aligned
with the goals of sustainable development. In this paper,
a simple scale-up method for the synthesis of high-purity
nanoxylan from wheat straw was presented. The method
proposed here comprised a series of well-controlled steps,
such as alkaline peroxide extraction, ethanol precipitation, and
freeze-drying. Here the particle diameter of nanoxylan was
30-90 nm, and the structural formula of xylan is as follows
(Figure 1).

Experimental
Materials

Wheat straw powder, the primary raw material, was
collected from fields in Xi’an, China. Reagents, including NaOH,
EDTA, H:0., NaBH., and ethanol, were of analytical grade and
obtained from standard suppliers (Tianjin, China). Deionized
water was used in all preparation steps.

Extraction of xylan from wheat straw

First, wheat straws were crushed and passed through a 40-
mesh sieve. In method I, 30 g of the wheat straw powder was
dissolved in 750 mL of water, and 3.75 g of EDTA was added.
The mixture was reacted at 80 °C in a constant temperature
oil bath for 1 hour, then filtered and washed. After drying, the
sample was mixed with 600 mL of water, 12.25 g of NaOH, and
63.7 mL of a 30% H.0: solution, and the reaction was carried
out at 90 °C for 2 hours. Following this, 20 mmol/L NaBH.
was added for a 4-hour reaction. The solution, upon cooling,
was filtered, and concentrated, and three times its volume of
ethanol was added to the filtrate to precipitate the xylan. It was
then filtered and dried at 60 °C. In method II, the process was
similar, with the NaOH amount being 12.25 g, that of H.0. being
54.6 ml, and the reaction temperature reduced to 80 °C. In the
case of method III, the mixture consists of 2.25 g EDTA, the
reaction temperature at 90 °C, and 42.8 mL of 30% H:0.. On the
other hand, a mixture consisting of 2.1 g of EDTA and 31.58 mL
of H.0. was used for method IV at 50 °C reaction temperature.
After the reactions, subsequent hemicellulose treatments with
0.1 mol/L hydrochloric acid at 40 °C -60 °C were used for the
provision of xylan (Figure 2).

Preparation of nanoxylan

To prepare nanoxylan, the extracted xylan was dissolved in
NaOH solution and neutralized with dilute acid to pH 5.5, and
then precipitated by ethanol. The filter cake, after filtration,
was re-dissolved in ethanol and freeze-dried to get nanoxylan.
In method I, 1 g of xylan was dissolved in 2% NaOH (50 mL) at
60 °C, neutralized, precipitated, and dried. Method II follows
the same procedures as described above except that 100 mL of
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Figure 1: Structural formula of xylan [23].

Where n =100 - 200; m = 10 - 20; the content of xylose is over 90%; and the weight-
average molecular weight is 15,000 - 30,000 g/mol.

Wheat straws
Add 0.2% - 0.5% of EDTA, 2% of NaOH,
2% - 3% of hydrogen peroxide, and 20
mmol/L sodium borohydride, filter and dry
the mixture at SO - 90°C

Filtrate . . _ Cellnlose -
Neutralize the filtrate till the pH value is 5.5, and precipitate
the filtrate in ethanol of three times in volume

!

Lignin Precipitate
Wash the precipitate with 75% ethanol
three times, and vacuum dry the
l precipitate

Hemicelluloses

Treat the hemicelluloses with 0.03 - 0.1

l mol/L dilute hydrochloric acid at 40 - 60°C
for1-3h

Xylan

Dissolve the xylan ina 1 — 2% NaOH

l solution, and freeze and dry the xylan after
being precipitated and dispersed again

Nanoxylan

Figure 2: Procedure of extraction of xylan from wheat straw.

2% NaOH was used at 50 °C. The xylan, according to method
111, was dissolved in 200 mL of NaOH at a temperature of 40
°C, while according to method IV, it was dissolved in 200 mL
of NaOH at 30 °C, followed by precipitation and drying steps to
obtain the nanoxylan.

Results and discussion

In Figure 3, TEM analysis shows the morphology and size
distribution of nanoxylan particles. The nanoparticles are
spherical in structure, with sizes on the same scale, ranging
from 30 nm to 90 nm. As evidenced, nanoscale dimensions
are important to improve the dispersibility, solubility, and
functional properties of xylan. There is no evidence of any
significant aggregation, which means the preparation method
prevents the clumping of the particles, hence producing a
quality product. Figure 3 points out that the particle size
distribution of nanoxylan is within the range of 30-90 nm but
in spherical shapes uniformly. Poor aggregation indicates that
the preparation method was quite effective in giving a well-
dispersed particulate system. An appropriately controlled size
distribution can improve the dispersibility, solubility, and
functionality of nanoxylan for various applications [22].

Table 1 shows the molecular weights of four nanoxylan
samples, and Table 2 shows the monosaccharide composition
of four nanoxylan samples. The treatment temperature of
dilute hydrochloric acid had a significant influence on the
molecular weights and the xylose percent of nano xylans,
and the molecular weight of prepared nano xylan decreased
and the xylose percent increased with increasing temperature
[24,25]. Figure 4 shows the dependence of treatment time
and temperature of \dilute hydrochloric acid versus the
xylose content in xylan. This graph indeed shows that with an
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moderate to highly elevated temperatures (40 °C - 60 °C) and
treatment duration (1-3 hours) while minimizing degradation
or loss. The reduction of xylan percentage after 2 hours can
be attributed to the degradation of xylose, the main hydrolysis
product, into products such as furfural and formic acid during
prolonged acid treatment. This emphasizes the kinetic interplay
involving hydrolysis and degradation hence underscoring the
need for optimizing the treatment time to achieve maximum
yields in xylose while minimizing losses [26,27].

S50 nm

: : Conclusions and future perspectives

In this work, a scalable method for preparing nanoxylan
Table 1: Molecular weights of four nanoxylans. from wheat straw with high purity and nanoscale particle sizes

- (30 nm - 90 nm) was developed. Optimal conditions for diluting
. H | W [ s [ H ] hydrochloric acid hydrolysis, such as 40 °C - 60 °C for 1-3 hours,

M 16715 18934 23602 28836 were obtained to maximize the xylose content of nanoxylan for
v efficient extraction and processing. The resulting nanoxylan
v can be applied in biodegradable packaging and targeted dru
N 12,227 13,826 17,278 18,008 ' be app plodegradable packaging targ rug
delivery. More optimization industrially for scaling regarding
M /M 137 132 137 160 the environment needs to be done. Nevertheless, this work
w n . . . .

hereby places nano xylan among promising biomaterials in
various applications through which sustainability is combined
Table 2: Monosaccharide composition of four nanoxylans. with advances in functionality. In the future, research should

Monosaccharide (%) focus on improving the dispersibility and solubility of nanoxylan
I P N in wider applications. Making nanoxylan compatible with

a-L-Arabinose 4.5 7.5 8.3 9.6 . . . . .
B-D-Xylose 954 925 916 903 various materials such as biopolymers and drug carriers merits
adding exploration to this aspect of research. Other important
contributions will include the environmental impact of nano
. _ xylan production as well as life cycle assessments because
o5 | : i:;g such evaluations will ensure that the commercialization of
60°C the product is sustainable and eco-friendly at the same time.
- al i The efforts will also focus on ever more collaboration between
:j e academia and industry towards developing cost-effective
E methods of scaling up production without compromising the
;0 er . quality and performance of the product. Such breakthroughs
% ol should realize nanoxylan into active food packaging, drug
8 o . delivery systems, or state-of-the-art biomaterials for tissue
ur engineering applications.
)
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