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Abstract: Soybean straw was utilized as a raw material to extract hemicellulose by employing an
alkaline solution. The structure of polysaccharides was analyzed using UV-visible, infrared, and
nuclear magnetic resonance (NMR) one-dimensional and two-dimensional spectra. At the same time,
the monosaccharide components and surface structure of xylan in soybean straw were analyzed. The
in vitro antioxidant activity of soybean straw xylooligosaccharides (XOS) was evaluated using DPPH
clearance and reducibility tests. Additionally, the probiotic activity of Lactobacillus acidophilus and
Bifidobacterium animalis was assessed. UV-visible light scanning indicates that the proteins and
nucleic acids in the hemicellulose have been removed. High-performance liquid chromatography
(HPLC) analysis reveals that soybean straw hemicellulose B primarily consists of L-glucuronic acid,
D-mannose, D-mannuronic acid, D-galactose, D-aminogalactose, D-glucose, D-xylose, and L-fucose,
with a molar mass ratio of D-xylose at 94.33%. After hydrolysis by xylanase, oligosaccharides with a
degree of polymerization of 2-3 are obtained. Scanning electron microscopy (SEM) showed that
oligosaccharides were polymerized. Fourier transform infrared (FT-IR) spectroscopy, one-dimensional
NMR, and two-dimensional NMR analyses indicate that XOS contain methyl and methoxy groups,
and sugar residues are primarily linked through B-1-4 glycosidic bonds. /n vitro antioxidant tests have
shown that soybean straw oligosaccharides exhibit strong DPPH scavenging and reducing abilities.
Furthermore, soybean straw oligosaccharides exhibit probiotic activity to Lactobacillus acidophilus

or Bifidobacterium animalis.

Keywords: Soybean straw oligosaccharides, Structural characteristics, HPLC profiling, NMR and SEM studies,
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Introduction

The production of soybean straw is
enormous and has long been overlooked as
agricultural waste. However, with the increasingly
prominent environmental issues, people have begun to
pay attention to the resource utilization of agricultural
waste [1]. Soybean straw, as a potential renewable
resource, has important components with significant
application value. Therefore, conducting in-depth
research on the main components of soybean straw
and exploring how to achieve its resource utilization
have become one of the current research hotspots in
the fields of industry and agriculture. Soybean straw is
rich in components such as cellulose, hemicellulose,
and lignin [2], which can not only be used as raw
materials for biofuels and biological fertilizers [3,4]; It

can also be widely applied in fields such as textiles,
medicine, and food. Therefore, understanding the
main components of soybean straw and exploring its
potential utilization value is of great significance for
promoting resource recycling and reducing
environmental  pollution [5]. Among them,
hemicellulose is cross-linked with xylan, which can be
enzymatically hydrolyzed into XOS [6].

XOS, as a functional polysaccharide and
dietary fiber, are widely used as additives [7]. They are
characterized by their low calorie content, low
viscosity, and stability. Research has shown that
oligosaccharides can improve animal growth
performance, enhance immunity, and promote the
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proliferation of bifidobacteria [7-9]. The main sources
of preparation are corn cobs, sugarcane bagasse, and
straw [10]. Experiments have shown that
oligosaccharides have inhibitory effects on
Staphylococcus aureus [11]; And it can also inhibit
inflammation induced by Salmonella [12].
Bifidobacterium exhibits good growth and metabolic
characteristics when exposed to XOS [9]. In addition,
oligosaccharides have been found to have good
antioxidant properties [8], which can regulate blood
sugar, lower blood lipids [13,14], and even serve as
anti-cancer drugs [15]. In summary, XOS have shown
promising application prospects in various biological
functions, offering new ideas and possibilities for the
advancement of fields such as food, medicine, feed,
and cosmetics.

To address the wvalue of sustainable
agricultural waste and the increasing demand for
prebiotics, XOS were extracted from soybean straw.
The primary objectives were to optimize the
enzymatic production of XOS, characterize their
structural properties, and evaluate their antioxidant
and probiotic-stimulating activities to establish their
potential for functional food or feed applications.
These findings lay the groundwork for transforming
soybean straw into high-value bioactive compounds.

Experiment
Extraction of hemicellulose B

After soaking soybean (Glycine max) straw
powder in a boiling water bath with a 0.3% sodium
hydroxide solution for 1 h, the filter residue is obtained
through filtration. The residue was extracted by
boiling in a water bath with 0.8% ammonium oxalate
for 1 h to obtain dietary fiber through filtration.
Dietary fiber was further extracted by stirring with a
1.5% sodium hydroxide solution in a 40 °C water bath
for 24 h. After filtration, glacial acetic acid was used
to adjust the filtrate to a pH of around 5. Subsequently,
centrifugation at 5000 rpm for 5 min was carried out
to remove the precipitate. The supernatant was added
with three times the volume of anhydrous ethanol and
refrigerated overnight to precipitate hemicellulose B.
After removing the supernatant, the bottom precipitate
was centrifuged at 5000 rpm for 5 min [16]. After the
polysaccharide precipitate is dissolved in water, the
protein in the hemicellulose B solution is removed
using the Sevag method. After dialyzing the
supernatant (retaining molecules with a molecular
weight greater than 3500 D), the hemicellulose B
precipitate was obtained through ethanol precipitation
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once more. The precipitate dissolves in twice the
volume of water and then evaporates to eliminate
ethanol. The polysaccharide solution is dissolved
completely by adding water, and then freeze-dried.

Protein and nucleic acid testing

Using distilled water as a blank,
hemicellulose B is dissolved by distilled water at a
concentration ranging from 1 to 2 mg/mL.
Subsequently, centrifugation is performed to remove
insoluble substances. The supernatant is then scanned
using a UV-visible spectrophotometer (UV-1800)
within the wavelength range of 200 to 600 nm [17].

Monosaccharide detection

Polysaccharide hydrolysis: 10-20 mg of
hemicellulose B was placed in a 10 mL hydrolysis tube,
to which 5 mL of 2 mol/L trifluoroacetic acid was
added. The tube was sealed with N, (10 L/min, 1 min)
and hydrolyzed for 2 h in a 110 °C oven. After cooling,
1 mL of hydrolysis solution was taken out and added
with 1 mL methanol. The sample is dried with N, in a
70 °C water bath. Subsequently, methanol is added
again, and the sample is dried with N, twice to
eliminate trifluoroacetic acid. The tube was added with
1 mL of 0.3 mol/L NaOH solution to dissolve the
residue and obtain a polysaccharide hydrolysate. The
hydrolysate was then diluted to a certain extent and
used for monosaccharide derivatization.

Monosaccharide derivatives: 400 pL of
mixed monosaccharide solution or polysaccharide
hydrolysate is placed in a stoppered test tube, and then
400 pL of 0.5 mol/L 1-phenyl-3-methyl-5-pyrazolone
(PMP) methanol solution is added. The solution was
mixed and placed in a 70 °C water bath for 2 h to react.
After cooling to room temperature, 400 pL of 0.3
mol/L muriatic acid was added to adjust the pH to 6-7.
Subsequently, 1.2 mL of water was added to the
solution, followed by an equal volume of chloroform.
The mixed liquid is thoroughly blended using a vortex
oscillator, and then the chloroform is removed after
standing still. The solution was extracted for two times
with chloroform as described above. Finally, the
solution was filtered using a 0.45 um aqueous phase
membrane for HPLC injection analysis.

Monosaccharide HPLC analysis:
Agilent1100 (DAD detector) was used to detect the
monosaccharide composition. The chromatographic
conditions are presented as follows. A CI8
chromatography column (250 mm * 4.6 mm) is
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utilized. Mobile phase A consists of a 100 mM sodium
phosphate buffer with a pH of 6.7, while mobile phase
B is acetonitrile. The detection wavelength is set at 250

nm, and the column temperature is maintained at 30 °C.

The flow rate is 1 mL/min, and the injection volume is
5 pL. Regarding the gradient elution conditions, at 0
min, the A/B phase ratio is 86:14 (v/v). At 9 min, this
ratio changes to 83:17 (v/v). At 28 minutes, it adjusts
to 78:22 (v/v), and at 29 min, it reaches 50:50 (v/v).
Finally, at 32 min, the ratio returns to 86:14 (v/v).

Preparation of Xylooligosaccharides

Hemicellulose B (0.5 g) was mixed with 20
mL of pH 4.5 buffer solution. Xylanase was added to
the solution to reach 100 U/g of the substrate and
hydrolyzed under stirring conditions at 45°C for 1-7 h.
After boiling in water for 5 min, the enzymatic
solution was centrifuged to remove the precipitate.
The reducing sugar content of the supernatant was
analyzed by using the 3,5-dinitrosalicylic acid (DNS)
method [18]. Sulfuric acid was added to the
supernatant to reach a concentration of about 6%,
which was hydrolyzed in a boiling water bath for 2 h.
The acid hydrolysis solution is neutralized with
sodium hydroxide and then filtered. The total sugar
content of the filtrate was also determined using the
DNS method, and the degree of polymerization was
calculated [19]. The appropriate enzymatic hydrolysis
time is selected based on the degree of polymerization.

After activation, activated carbon particles
are filled into a 22x400 mm chromatography column.
According to literature [20], the enzymatic
hydrolysate was uniformly loaded onto activated
carbon. The chromatography column was first eluted
with 300 mL of deionized solution, and then with 400
mL of a 60% ethanol solution. The flow rate of the
eluent above is all controlled at 1 mL/min. The ethanol
eluent is evaporated to remove ethanol and then
freeze-dried for future use.

Characterization of XOS

FT-IR: A XOS sample weighing 0.005 g was
mixed with 0.5 g of KBr powder in an agate mortar,
ground evenly, and then pressed into a tablet. The
FTIR-650 Fourier transform infrared spectrometer
was used to scan the transmittance in the wavelength
range of 4000-450 cm™, with KBr as the background
[21].

SEM: Five milligrams of dried XOS was
attached to a conductive carbon film with double-sided
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adhesive. Then, the sample was placed in the sample
chamber of the ion sputtering equipment. Gold was
sprayed onto the sample for approximately 40 seconds.
The sample was then observed in the scanning electron
microscope observation room (Seiss Sigma 500) with
an acceleration voltage of 2 kV [22].

NMR: The 500 MHz nuclear magnetic
resonance spectrometer (500 MHz NMR, Bruker) was
utilized to record the NMR spectra of soybean straw
XOS samples. The sample of 25 mg was dissolved in
D,0, and NMR spectra were recorded at 25 °C [23].

In vitro antioxidant activity

DPPH: A 1 mL sample solution was mixed
thoroughly with 4 mL of pretreated DPPH ethanol
solution (mass fraction 0.004%) in a test tube.
Subsequently, the mixture reacted in the dark at room
temperature for 30 min. The absorbance of the reaction
solution was measured at 517 nm. Each measurement
was repeated three times. The calculation of the
clearance rate is shown in Formula 1. In the formula,
Ao represents the absorbance value of the DPPH
ethanol solution with the same volume of ethanol
sample; A; represents the absorbance value of the
DPPH ethanol solution when the sample is added. A
represents the absorbance value of the ethanol solution
of the sample when DPPH is not added.

x 100 Formula 1

o/ _ Ao= (A1-Ap)
E (%) B ve—

Reducibility: 1 mL of the sample solution
was mixed with 2.5 mL of 0.2 mol/L phosphate buffer
solution (pH 6.6) and 2.5 mL of a 1% mass fraction
potassium ferrocyanide solution. The mixture was
then incubated at 50 °C for 20 min. After cooling to
room temperature, 2.5 mL of a 10% trichloroacetic
acid solution, 0.4 mL of a 1% ferric chloride solution,
and 4 mL of distilled water were added to the mixture.
Afterward, the mixture was allowed to stand and react
for 15-20 min. The reaction solution was centrifuged
at 3500 rpm for 5 min, and the absorbance of the
supernatant was measured at 700 nm. Each group is
tested three times, and the calculation formula is
shown in Formula 2. In the formula, Ay is the
absorbance value of the solution in the blank group; A,
is the absorbance value of the sample group; A is the
absorbance value of the control group.
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E(%)=>1 - A—) x100 Formula 2
2

Bacterial activity of XOS

The strain was activated in MRS liquid
medium at 37 °C for 48 h, and then reactivated twice
in the same way. MRS liquid medium without glucose
was prepared and adjusted to pH 6.8. Two 5 mL MRS
liquid media were added with 50 mg glucose and XOS
respectively, and then sterilized at 121 °C for 15 min.
The medium was added with 4% (v/v) activated
Lactobacillus  acidophilus  or  Bifidobacterium
animalis. The inoculum was incubated in oscillatory
anaerobic culture at 37 °C, and the absorbance of
OD600 was measured every 4 h [24].

The strain was activated in MRS liquid
medium at 37°C for 48 h, and then reactivated twice
using the same method. MRS liquid medium without
glucose was prepared and adjusted to pH 6.8. Two 5
mL MRS liquid media were each supplemented with
50 mg glucose and XOS respectively, and then
sterilized at 121 °C for 15 min. The medium was
supplemented with 4% (v/v) activated Lactobacillus
acidophilus or Bifidobacterium animalis. The
inoculum was incubated in oscillatory anaerobic
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culture at 37 °C, and the absorbance at OD600 was
measured every 4 h [24].

Data analysis

All data are presented as mean * standard
deviation. The experiment was conducted three times.
ANOVA was employed to analyze the data results. A
difference was considered significant when p < 0.05.

Results and discussion

Detection of polysaccharide and monosaccharide
composition

To determine the removal of proteins and
nucleic acids, XOS is typically analyzed using
ultraviolet-visible full-wavelength scanning. The
maximum absorption wavelengths of nucleic acids
and proteins were 260 nm and 280 nm, respectively 21,
Therefore, we can determine whether the proteins and
nucleic acids have been completely removed by
measuring UV absorption. It can be seen from Fig. 1A
that soybean straw XOS does not exhibit any distinct
characteristic absorption peaks at 260 nm and 280 nm.
This indicates that the protein or nucleic acid in the
sample has been removed.

2.0 A a
L5 =
3
Q ]
=
<
=
2 1.0 H
O
<
0.5 +
0.0 T T Y T J T Y T Y T T T T T T
200 250 300 350 400 450 500 550

Wavelength (nm)



460

Wenming Jiang et al J.Chem.Soc.Pak., Vol. 47, No. 05, 2025
500 - b
8
A
A
400
=
<
é 300 y
8
2 3
5 200+ -
= e e 8 R g 2
100 - E e85 (7
2 8§ 5 A i
5 =24 z
a8
0___J L\'»
T I T I T I T I T I T I 1 I 1 I 1
0 4 8 12 16 20 24 28 32

Retention time (min)

Fig. 1 (a) UV-Vis scanning of hemicellulose B; (b) Monosaccharide analysis of hemicellulose B.

HPLC can be used to analyze the
composition of monosaccharides [26]. In this study,
hemicellulose B from soybean straw was determined.
As shown in Fig. 1B, hemicellulose B is composed of
L-guluronic acid, D-mannose, D-mannuronic acid, D-
galactose, D-galacturonic acid, D-galactosamine, D-
glucose, D-glucuronic acid, D-xylose, and L-fucose,
all of which are reductive. Therefore, enzymatic
hydrolysis of soybean straw hemicellulose B will
release a large amount of reducibility [27]. Xylose
content in hemicellulose B was the highest, accounting
for 94.332% of the total sugar content, followed by D-
glucose. Other monosaccharides and their derivatives
are relatively small (Table 1).

Preparation and observation of XOS

The aim of this experiment was to prepare
XOS by decomposing hemicellulose B from soybean
straw. The prolonged enzymatic hydrolysis will result
in an increase in monosaccharide content and a

corresponding decrease in XOS content. Insufficient
enzymolysis and a high degree of polymerization can
result from a too short enzymolysis time. It can be seen
from Fig. 2A that the total sugar content started to
decrease slowly after 4 h of enzymatic hydrolysis,
which may be attributed to the oxidation of some
reducing sugars [28]. In the early stage of enzymatic
hydrolysis (<4 h), the degree of polymerization
decreased significantly. Afterward, the degree of
polymerization  decreased  gradually, possibly
attributed to the reduced activity of certain enzymes
(291 The content of reducing sugar increased with the
increase in enzymolysis time and remained constant
after 6 h. Based on the variations in reducing sugar
content and degree of polymerization, the enzymolysis
time was determined to be 4-5 h.

In this study, the surface structure of XOS
from soybean straw was observed using SEM. Fig.
2B-D shows the surface structure at magnifications of
100, 1000, and 10000 times, respectively. After
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magnifying 100 times, the XOS appeared as irregular
fragments with a relatively smooth surface. When the
magnification is set to 1000, the fracture trace on the
surface of XOS can be observed, and the surface is
slightly rough. After magnification of 10,000 times,
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the material surface appears relatively smooth and
opaque, possibly as a result of the crosslinking of
oligosaccharide molecules during the drying process
[30].

Table-1: Monosaccharide composition of soybean straw hemicellulose B.
Monosaccharide Retention time Mass concentration Mole percent
min mg/g %
L-guluronic acid 11.017 1.062 0.134
D-mannuronic acid 12.123 0.398 0.050
D-mannose 13.108 2.235 0.304
D-glucuronic acid 16.786 2.961 0.374
D-galacturonic acid 18.216 1.371 0.173
D-galactosamine 18.860 2.560 0.291
D-glucose 20.320 20.662 2.813
D-galactose 21.594 4.934 0.672
D-xylose 22.118 577.372 94.332
L-fucose 24.126 5.730 0.856
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100 um EHT = 10.00 kV Signal A = InLens Date: 24 Mar 2024
WD= 6.2 mm Mag= 100X Time: 13:55:01

WD= 6.2mm Mag= 1.00KX Time: 13:54:29

10 um EHT = 10.00 kV Signal A = InLens Date: 24 Mar 2024 ﬁ
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Fig. 2:
and 10000 (d) times.

FT-IR and one-dimensional NMR analysis

FT-IR is a powerful tool to analyze the
structure of matter. It can be seen from Fig. 3 that the
absorption peaks of XOS from soybean straw at 3000-
3600 cm'! are disordered, including the tensile bending
dynamic absorption peak of O-H, the bending
vibration absorption peak of -COOH, and the
absorption peak of N-H [31,32]. The absorption peak
at 2915 cm’! is the tensile vibration absorption peak of
C-H [33].The absorption peak at 1633 cm’!
corresponds to the stretching vibration absorption
peak of -OH [34].The peaks at 1417 cm™ and 1378 cm”
! correspond to the bending deformation of -CH,- and
the symmetrical deformation of -CHs, respectively
[35].The absorption peak at 1245 cm™ corresponds to
the C-H bending vibration absorption peak [36].The
absorption peaks at 1158 cm™ and 1050 cm’!
correspond to C-O absorption on the sugar ring
[37,38]. The strong characteristic peak at 895 cm
corresponds to the B-type glycosidic bond [39].

One-dimensional NMR mainly includes 'H
NMR, *C NMR, and DEPT 135, which can be used to
assign the chemical shifts of carbon and hydrogen in
sugar residues and analyze the types of carbon atoms

(a) Enzymatic hydrolysis of hemicellulose B; SEM images with magnification of 100 (b), 1000 (c)

in oligosaccharides. In this study, the structure of XOS
from soybean straw was characterized using one-
dimensional NMR. The results are shown in Fig. 3B-
D and Table 2.

As can be seen from the 'H NMR spectrum
(Fig. 3B), the signals in the '"H NMR are concentrated
at 3.16-5.17 ppm, and there are also signal peaks at 1-
2 ppm. In general, the chemical shift value of a-type
glycosyl isomers is more than 5.0 ppm, while the
signal value of B-type glycosyl isomers is less than 5.0
ppm [40].The hydrogen spectrum signals of soybean
straw oligosaccharides were mainly concentrated in
the range of 4.37-5.17 ppm, indicating that most of the
isomers had a B-glycosidic bond configuration and
contained a small amount of a-glycosidic bonds.*® The
chemical shift of 3.16 ppm is attributed to the proton
on methoxy group. The chemical shift of 3.33-4.02
ppm is mainly attributed to the hydrogen chemical
shift on C2-C5 [41]. The hydrogen chemical shift at
4.37-5.17 ppm corresponds to C1. In addition, signal
peaks at 1.08-1.20 ppm and 1.95 ppm are present.
These are usually characteristic peaks of methyl [42].

The 13C NMR spectra of XOS are shown in
Fig. 3C. The chemical shift of C1 is 96.47-100.41 ppm.
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The signal peak at 69.16-82.40 ppm corresponds to the
chemical shift of C2-C4. The chemical shift of 21.56
ppm was attributed to the methyl group. There is a
chemical shift of methylene and methoxy between
58.81 and 65.18. Among them, the chemical shift of
59.86 ppm may belong to methoxy [43].

In DEPT 135, CH and CH3 exhibit positive
signal peaks, while CH2 shows negative signal peaks
[44]. According to the results of DEPT 135 (as shown
in Fig. 3D), the signal at 92.00—101.82 ppm is positive,

Table-2: Spectral analysis of XOS.
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which is consistent with C1 in the sugar ring. The
chemical shift of 69.17-76.37 ppm represents the
positive signal peak, corresponding to C2-C4. The
chemical shift of 62.96-65.19 ppm represents the
negative signal peak, corresponding to pentose CS5
[45]. The signal peaks at 60.93 and 59.83 ppm
correspond to C6 in certain hexose [46]. The chemical
shift of 59.87 ppm was attributed to the methoxy
signal peak. The chemical shift of 21.52 ppm
corresponds to the signal peak of methyl.

FT-1R Wavelength (cm™)

Assignment

3000-3600 O-H tensile bending dynamic absorption; -COOH bending vibration absorption; N-H absorption peak
2915 C-H tensile vibration absorption
1633 -OH stretching vibration absorption peak of
1417 -CH:- bending deformation
1378 -CHj; symmetrical deformation
1245 C-H bending vibration absorption
1158, 1050 C-O absorption on the sugar ring
895 B-type glycosidic bond
"H-NMR .
Chemical shift (ppm) Assignment
5.09-5.17 Anomeric proton of a-L-arabinofuranose
4.37-4.70 Anomeric proton of B-D-xylopyranose
3.16 Methoxy group
3.33-4.02 Protons on xylose subunits
1.08-1.20, 1.95 Characteristic peaks of methyl
*13C-NMR/DEPT135 Assignment
Chemical shift (ppm) Y
96.47-100.41 Chemical shift of C1
69.16-82.40 Chemical shift of C2-C4
62.83-65.18 Pentose C5
58.81, 60.91 Hexose C6
59.86 Methoxyl group
21.56 Methyl group

* The chemical shift of DEPT135 is analyzed together with *C NMR

Transmittance (%)

2500

2000

Wavelength (cm™)
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Fig. 3:

Two-dimensiona NMR spectra

Two-dimensional NMR technology plays a
crucial role in the analysis of molecular structures. To
further analyze the molecular structure of XOS from
soybean straw, a two-dimensional NMR analysis was
conducted. COSY reflects the coupling relationship
between adjacent hydrogen atoms. As can be seen
from Fig. 4A, the 'H signal coupling of adjacent
carbons is relatively strong. Moreover, it is relatively
dense on the diagonal line, which mainly represents
the coupling between the hydrogens on xylose CS5,
methyl, and methoxy [47]. The HSQC spectrum is a

correlation spectrum between adjacent C-H atoms [48].

60 50 40 30 20 10

(a) FT-IR analysis of XOS; 'H (b), '*C (c) and dept135 (d) observation of XOS.

It can be seen from Fig. 4B that XOS contains methyl
or methoxy groups. According to the HSQC spectral
analysis, the methyl group may connect to the C1
position of the XOS tail sugar residue. The methoxy
group may be attached to the C2 position of the tail
sugar residue. HMBC spectrum can detect the
coupling signal between hydrogen and remote carbon
[49]. of

monosaccharide residues can be inferred by coupling

The linker fragments and sequences
heterocephalic hydrogen with carbon linked to another
sugar residue. It can be seen from Fig. 4C that sugar

residues are connected by 1-4 glycosidic bonds.
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ppm)

65 6.0 55 50 45 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0
2 (ppm)

65 6.0 55 50 45 40 3.5 3.0 25 20 1.5 1.0 0.5 0.0
2 (ppm)



Wenming Jiang et al

J.Chem.Soc.Pak., Vol. 47, No. 05,2025 468

MMWWWWWWJW\\ L

6.5 60 55 50 45 40 35 30 25 20 1.5 1.0 05 0.0
2 (ppm)

Fig. 4:

Activity verification

Xylan is a type of polysaccharide found in
plant cell walls, constituting 15% to 35% of the plant
cell's dry weight, and serving as the primary
component of plant hemicellulose B. XOS generated
through its breakdown exhibit strong antioxidant and
probiotic properties. In this study, the antioxidant
activity was evaluated through DPPH clearance and
reduction ability, while the beneficial activity was
assessed acidophilus and
Bifidobacterium animalis (Fig. 5). It can be seen from
the figure that as the concentration increases, the
antioxidant activity and reducibility of soybean straw
hemicellulose B and XOS also increase. When the
concentration reached 3.2 mg/mL, the activity did not

using Lactobacillus

increase. Comparatively, XOS has higher activity than
hemicellulose B, which indicates that the enzymatic
hydrolysis reaction releases the reducing hemiacetal

COSY (a), HSQC (b), and HMBC (c) analysis of XOS from soybean straw.

hydroxyl [50]. Taking Lactobacillus acidophilus as
the research subject, the study examined the growth-
promoting effect of XOS derived from soybean straw.
It can be seen from Fig. 5C that XOS and glucose
exhibited a clear ability to enhance production during
the initial stage of strain growth. In the early stage of
fermentation, glucose has a better growth-promoting
effect. During the later stage of fermentation, XOS and
glucose exhibited similar growth-promoting effects.
According to the results of a study on the impact of
soybean straw XOS on the growth of Bifidobacterium
animalis in vitro, it was found that XOS and glucose
exhibited a similar growth-promoting effect during the
initial stage of fermentation. XOS showed a higher
growth-promoting effect in the late fermentation stage.
Therefore, XOS has a probiotic-promoting effect on
Lactobacillus  acidophilus
animalis [51].

and Bifidobacterium
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Conclusion

To enhance the economic value of soybean
straw, XOS was prepared from soybean straw.
Soybean straw hemicellulose B was extracted using an
alkali solution. After UV-Vis full-wavelength
scanning, no significant absorption peaks were found
at 260 and 280 nm, indicating that proteins and nucleic
acids had been removed by the Sevage method. After
the hydrolysis of soybean straw hemicellulose B,
HPLC analysis revealed that soybean straw
hemicellulose B mainly consisted of L-guluronic acid,
D-mannose, D-mannuronic acid, D-galactose, D-
galacturonic acid, D-galactosamine, D-glucose, D-
glucuronic acid, D-xylose, and L-fucose. The molar
mass ratio of D-xylose is 94.33%. XOS with a degree
of polymerization of 2-3 were obtained through
xylanase hydrolysis. SEM analysis revealed that XOS
had polymerized, resulting in an opaque and smooth
surface. FT-IR, one-dimensional NMR, and two-
dimensional NMR analyses revealed that XOS
contained methyl and methoxy groups, and sugar
residues were primarily connected by B-1-4 glycosidic
bonds. Antioxidant tests conducted in vitro
demonstrated that soybean straw XOS exhibited
strong DPPH scavenging ability and reducibility. In
addition, XOS also has probiotic activities of
Lactobacillus  acidophilus and  Bifidobacterium
animalis. In conclusion, this study provides an
experimental basis for the utilization of XOS from
soybean straw.
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