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Abstract. This study aimed to evaluate the biological activities of purified xy-
looligosaccharides (XOS) derived from food industry by-products using a com-
bination of biochemical, chromatographic, and in vivo experimental approaches.
XOS were extracted from wheat bran and brewery’s spent grains via enzymatic
hydrolysis following microwave-assisted pretreatment. The purity, degree of
polymerization, and composition of XOS were confirmed by TLC, HPLC and
FTIR. In vivo experiments were conducted on rats receiving 400 mg/kg of puri-
fied XOS for 18 days. Key results demonstrated that XOS administration signif-
icantly reduced serum cholesterol, triglycerides, and LDL levels, and enhanced
SCFA production and gut microbiota diversity, particularly Bifidobacterium spp
and Lactobacillus spp. The antioxidant activity was confirmed through DPPH
scavenging assay. These findings support the potential application of XOS as a
functional food ingredient with prebiotic and metabolic benefits. Valorizing
agro-industrial by-products into bioactive compounds like XOS contributes to
sustainable health interventions and circular bioeconomy development.
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1 Introduction

The global pursuit of sustainable health solutions has led to increased interest in prebi-
otics derived from renewable sources. Among them, xylooligosaccharides (XOS)—
non-digestible oligosaccharides composed of xylose units—are gaining attention for
their selective stimulation of beneficial gut microbiota such as Bifidobacterium and
Lactobacillus species. XOS are typically derived from xylan-rich hemicellulosic mate-
rials found in agricultural by-products, including wheat bran hask and brewery residues

[1].
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Prebiotic XOS have demonstrated multiple health-promoting effects, including im-
proved gut barrier function, enhanced short-chain fatty acid (SCFA) production, mod-
ulation of lipid metabolism, and antioxidant capacity [2]. The global prebiotics market
continues to grow, with demand for sustainable, low-cost, and safe prebiotics driving
research into novel sources and green extraction techniques [3-4].

In Mongolia, efforts to valorize food-industry waste streams are emerging, particu-
larly in the context of circular bioeconomy and functional food development. However,
the practical application of such by-products remains limited. In particular, wheat bran
peels (WBP) and brewery spent grains (BSG) are abundantly produced but underuti-
lized. In Mongolia, approximately 40,000 tons of wheat bran and 5,000 tons of brewery
spent grains are generated annually as underutilized by-products of the food and bev-
erage industries. These biomass residues are often discarded or used inefficiently, de-
spite their rich content of hemicellulose and prebiotic potential [5].

Recognizing this potential, the present study aims to extract and purify XOS from
wheat bran and BSG using enzyme-assisted hydrolysis, and to comprehensively evalu-
ate their biological activities, including prebiotic effects on gut microbiota, antioxidant
potential, and regulation of lipid metabolism. The study also contributes to the sustain-
able valorization of local agro-industrial waste, offering functional ingredients for fu-
ture food and nutraceutical applications [6].

2 Materials and Methods

2.1 Raw Materials and Pretreatment

XOS were produced from two types of agro-industrial by-products in Mongolia: WBP
and BSG. The raw materials were first milled and sieved through a 45 nm mesh. Sub-
sequently, the sieved biomass was subjected to microwave-assisted pretreatment at 700
W for 3 minutes to enhance the release of xylan for enzymatic hydrolysis.

2.2 Enzymatic Hydrolysis

Commercial endo-1,4-B-xylanase (Thermomyces lanuginosus, recombinant, produced
by Aspergillus oryzae, 2500 BXU/g) we used for the hydrolysis. The enzymatic reac-
tion was carried out by mixing 0.25 g enzyme per 100 g substrate in distilled water and
stirring thoroughly. The mixture was incubated in a thermostatic water bath at 55 °C
for 24 hours to promote oligosaccharide release.

2.3  Enzyme Inactivation and Supernatant Recovery

To terminate the enzymatic reaction, the mixture was boiled at 100°C in a water bath
for 5 minutes. The suspension was then centrifuged at 9000 rpm for 10 minutes. The
supernatant containing soluble XOS was collected for further purification.
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2.4 Purification of XOS

The supernatant was filtered through activated charcoal and subjected to ethanol pre-
cipitation using 50% (v/v) ethanol to remove monosaccharides and small molecules.
The precipitated XOS were further purified using 0.22 pm membrane filtration to ob-
tain food-grade quality oligosaccharides.

2.5 Structural Characterization

Thin-layer chromatography (TLC) we used for compositional analysis. The purified
XOS we compared with standards including D-xylose (X1), arabinose (Ara), xylobiose
(X2), xylotriose (X3), and xylotetraose (X4). Spots were visualized using an orcinol-
sulfuric acid reagent under UV light. XOS from both WB and BSG sources showed
presence of X2—X4 with negligible monosaccharide contamination.

High-performance liquid chromatography (HPLC) analysis of Monosaccharide
Composition in XOS Using PMP Derivatization: The monosaccharide composition of
XOS was determined using HPLC with 1-phenyl-3-methyl-5-pyrazolone (PMP) deri-
vatization. Standard solutions and XOS samples were prepared at 5 mg/mL in deionized
water. For derivatization, 100 pL of each sample was mixed with 100 uL of 0.3 M
NaOH and 120 pL of 0.5 M PMP (in methanol), then incubated at 70 °C for 1 hour with
ultrasonic assistance. After cooling to room temperature, 0.3 M NaCl was added, and
the mixture was extracted three times with 500 pL of chloroform to remove excess re-
agents. The aqueous phase was diluted with deionized water, and 10 uL was injected
into an Agilent 1260 Infinity Il HPLC system equipped with a C18 column. Separation
was achieved using a mobile phase of 80% acetonitrile and 20% deionized water at a
flow rate of 1.0 mL/min, with detection at 245 nm using a DAD detector. Monosaccha-
rides were identified by comparing retention times with standards.

Fourier-Transform Infrared (FTIR) Spectroscopic Analysis of Functional Groups:
To identify the functional groups present in the structure of purified XOS, FTIR spec-
troscopy was performed following the KBr pellet method described by Bjorkman. A
0.2 mg sample of XOS was mixed with 200 mg of potassium bromide (KBr) powder
and compressed into a pellet using a high-pressure press. The prepared pellet was ana-
lyzed using a BRUKER ALPHA-T FTIR spectrometer, and absorbance spectra were
recorded in the range of 500—4000 cm™ to determine the location and environment of
characteristic functional groups.

2.6 In Vivo Evaluation

The physiological effects of the purified XOS were assessed in male Wistar rats (n =
20), divided into four groups. XOS was administered orally at a dose of 400 mg/kg for
18 days. Blood samples were collected to assess lipid metabolism, glucose levels, and
antioxidant status. Animal protocols were approved by the Institutional Animal Ethics
Committee.
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2.7  Antioxidant Activity

Antioxidant capacity was assessed using the DPPH radical scavenging assay. Absorb-
ance was measured at 517 nm, and antioxidant activity was calculated as the percentage
of radical inhibition. Ascorbic acid was used as the reference standard. Each assay was
performed in triplicate.

2.8 Preparation of XOS-Enriched Media and In Vitro Growth Assessment
XOS solutions were prepared from purified powder (0.2 g/mL), autoclaved, and serially
diluted (100-0.1 mg/mL) before being incorporated (2 mL) into Lactobacillus M1180
and Bifidobacterium M1734 selective agar media; control plates received distilled
water. Clinical (Bifidobacterium spp.) and standard strains (L. fermentum ATCC9338,
L. casei ATCC334) were subcultured anaerobically at 37 °C for 48 h, standardized to
0.5 McFarland in 0.85% NaCl, and inoculated onto XOS-enriched media. Following
anaerobic incubation (48 h, 37 °C), colony-forming units were enumerated using a
“Protocol 3” automated colony counter.

2.9 Dose-Dependent Prebiotic Effects of XOS on Probiotic

Growth Probiotic strains Bifidobacterium spp, Lactobacillus casei, and Lactobacillus
fermentum were cultured in media supplemented with 1%, 2%, and 3% concentrations
of WB-XOS and BSG-XOS. Glucose was used as the control. Bacterial growth was
monitored by measuring optical density at 600 nm over 72 hours.

2.10 Comparative Substrate

Efficiency Growth curves of probiotic strains were analyzed to compare the efficacy of
WB-XO0S and BSG-XOS relative to glucose. Statistical comparisons were made using
independent t-tests with significance set at p<0.05.

2.11 Lipid Metabolism Regulation (In Vivo)

Male Wistar rats were divided into four groups (n=5): control, glucose, WB-XOS, and
BSG-XOS (400 mg/kg). Over 18 days, changes in body weight, serum lipid profile
(TC, TG, LDL-C, HDL-C), and liver histology were recorded. Blood samples were
analyzed enzymatically using commercial diagnostic kits. ANOVA was used for sta-
tistical analysis.
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3 Results

3.1 Extraction Yield and Chemical Composition

The enzymatic hydrolysis of pretreated WBP and BSG substrates yielded high-purity
XOS with average extraction yields of 12.5% and 10.3%, respectively. Total carbohy-
drate content of the purified XOS we measured at 89.6% for wheat-bran-derived XOS
(WB-XOS) and 87.2% for BSG-derived XOS (BSG-XOS), with residual protein and
ash content below 2%.

3.2 Structural Characterization

A.TLC, FTIR and HPLC analysis confirmed the presence of monomeric xylose (X1),
arabinose (Ara), and oligomeric fractions including xylobiose (X2), xylotriose (X3),
and xylotetraose (X4). Figure 1 illustrates the chromatographic profiles of WB-XOS
and BSG-XOS.

Fig. 1. TLC profiles of XOS derived from A) WBP and B) BSG. X1: xylose, Ara: arabinose,
X2-X4: oligosaccharide fractions.

B. Determination of XOS Composition by High-Performance Liquid Chromatography
(HPLC)

The composition of XOS purified from WB and BSG was analyzed by HPLC, revealing
six major peaks. Three of these peaks were identified by comparing their retention times
with those of standard xylooligosaccharides: xylotetraose (13.2 = 0.5 min), xylotriose
(17.54 0.5 min), and xylobiose (22.0 = 0.5 min). The remaining three peaks (7.1, 9.2,
and 10.6 min) were unidentified and require further structural investigation. The chro-
matograms of purified samples are shown in Figure 2.
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Fig 2. Chromatograms of Purified XOS Samples
Note: A. WBP-XOS; B. BSG-XOS; PMP — 1-phenyl-3-methyl-5-pyrazolone; X4 —
xylotetraose; X3 — xylotriose; X2 — xylobiose.
Irregular peak shapes may be attributed to differences in sample purity and detector
sensitivity.

In WBP-XOS, xylotetraose was the dominant component (47.84%), followed by xy-
lotriose (33.27%) and xylobiose (18.89%). In contrast, BSG-XOS contained a higher
proportion of xylobiose (47.48%), with lower levels of xylotriose (30.98%) and xylo-
tetraose (21.54%). These results indicate that the monomer composition of XOS var-
ies depending on the raw material, which may influence their structural characteristics
and biological activity.

C. FTIR Spectral Analysis of Purified XOS Samples
As shown in Table 1, the FTIR spectra of XOS purified from WBP-XOS and BSG-
XOS revealed characteristic absorption peaks corresponding to O-H, C-H, C=0,
COO-H, C-0-C, and B-glycosidic linkages, all of which were located at similar posi-
tions and matched those of the xylo-tetraose standard (Table 1).

Table 1. FTIR Absorption Band Positions (cm™) of Purified XOS Samples and
Xylotetraose Standard (mean + SD)

Absorption Band Position of

Functional Group Samples (cm™)

Xylotetraose
Standard (cm™)

WBP-X0S BSG-XOS

O-H 3396.80+22.3 3384.14+31.1 3376.80+22.8

C-H 2918.84+12.4 2922.87+32.4 2916.59+26.1
Carbonyl (C=0 or 1604.63+£27.2 1729.86+52.1 1647.78+27.6

0O=COR)
Furanose/Oligosac- 1078.41+18.1 1030.39+£22.1 1184.30+26.4
charide Ring
B-Glycosidic Link- 895.67+14.7 898.08+21.8 896.73+12.1
age

These spectral features indicate the presence of B-glycosidic linkages and uronic acid-
containing furanose-ring oligosaccharide structures. Notably, the absorption bands near
895-898 cm™! confirm the B-glycosidic linkage between xylose units. Statistical analy-
sis using the independent t-test showed significant differences in the absorption fre-
quencies for the carbonyl group (p <0.01) and furanose-related bands (p <0.001) when
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compared with the xylo-tetraose standard, suggesting minor structural and composi-
tional differences in WBH- and SBH-derived XOS. However, no significant differences
were observed in the frequencies associated with O—H, C—H, and B-glycosidic linkages
(p>0.05), supporting structural similarity to the standard.

3.3  Antioxidant Activity

The DPPH radical scavenging assay revealed that both XOS preparations possessed
moderate antioxidant activity. WB-XOS exhibited a scavenging capacity of 41.3% at 2
mg/mL concentration, while BSG-XOS showed 36.8%. Total antioxidant capacity
(TAC) results were consistent with DPPH findings, indicating functional antioxidant
potential (Table 2).

Table 2. Total phenolic content (expressed as ascorbic acid equivalents, AAE)

Parameter WBP-XO0S BSG-XO0OS

DPPH scavenging 413421 36.8+1.9
(2mg/ml) ’ ’ ’ ’

TAC (mg AAE/g sample) 235+ 1.6 19.7+1.3

Note: AAE refers to Ascorbic Acid Equivalents, used here to express the antioxidant
activity and total phenolic content of the samples.

The antioxidant capacities of XOS derived from WB-XOS and BSG-XOS we com-
pared using both DPPH radical scavenging assays. Both XOS types exhibited signifi-
cantly higher antioxidant activity than the glucose control (p < 0.01). Notably, WB-
XOS showed slightly greater radical scavenging effects than BSG-XOS; however, the
difference was not statistically significant (p > 0.05), indicating comparable antioxidant
potential between the two XOS sources.

3.4  Prebiotic Activity on Beneficial Microbiota

Dose-Dependent Prebiotic Effects of XOS on Probiotic Growth

In vitro fermentation with Bifidobacterium spp, Lactobacillus casei, and Lactobacillus
fermentum showed significant growth stimulation when cultured with XOS. Growth
promotion was particularly evident in Bifidobacterium spp, with a 2.3-fold increase
observed after 24 hours compared to water control (Figure 3).
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312

Control

Fig. 3. Growth-promoting effect of XOS on A-D: standard strains of Bifidobacterium spp., and
E-H: Lactobacillus fermentum ATCC 9338.

The dose-response growth of three probiotic strains—Bifidobacteria spp. A-D, and
Lactobacillus fermentum E-H, —in the presence of increasing concentrations is pre-
sented in Figure 3. Both XOS types stimulated bacterial growth in a concentration-
dependent manner, particularly between 6.25 to 50 mg/mL.

In the WB-XOS group, Bifidobacteria spp. exhibited a marked increase in colony-
forming units (CFU), peaking at 50 mg/mL with an average of 4800 CFU/dish, repre-
senting a 4.6-fold increase over the 0 mg/mL control group. Similar, though slightly
less pronounced trends were observed for L. fermentum and L. casei. In the BSG-XOS
group, Bifidobacteria spp. again showed the highest growth, with the maximum re-
sponse seen at 50 mg/mL (up to 4100 CFU/dish).

Statistical analysis using one-way ANOVA followed by Tukey's post-hoc test con-
firmed significant differences in bacterial growth between 0 mg/mL and concentrations
>6.25 mg/mL (p < 0.01). No statistically significant difference we observed between
50 and 100 mg/mL groups for any strain (p > 0.05), indicating a saturation point in the
prebiotic effect.

These results clearly demonstrate the prebiotic efficacy of XOS, with WB-XOS pro-
ducing slightly superior growth responses. The concentration range of 12.5-50 mg/mL
appears optimal for probiotic stimulation.

Comparative Substrate Efficiency.

All three probiotic strains—_Bifidobacterium spp, Lactobacillus fermentum, and Lacto-
bacillus casei—demonstrated significantly enhanced growth with XOS substrates com-
pared to glucose. The OD600 value for Bifidobacterium spp with WB-XOS at 24 hours
was 0.65 £ 0.01, compared to 0.50 £ 0.02 with glucose (p = 0.0005). Similar trends
were observed for L. fermentum and L. casei, with statistically significant differences
in final cell density (all p < 0.01) favoring WB-XOS and BSG-XOS (see Figure 4).
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Fig.4. Growth Curves of Probiotic Strains with Different Substrates
(OD600 values over 24 hours comparing Glucose, WB-XOS, and BSG-XOS)

Figure 3 illustrates the growth dynamics of Bifidobacterium spp, Lactobacillus fermen-
tum, and Lactobacillus casei over 24 hours using glucose, WB-XOS, and BSG-XOS as
carbon sources. All three strains demonstrated a gradual increase in optical density
(OD600), indicating active cell proliferation.

At 24 hours, the final OD600 values for Bifidobacterium spp were 0.65 = 0.01 with
WB-XO0S, 0.61 + 0.02 with BSG-XOS, and 0.50 + 0.02 with glucose. Similar growth
trends were observed for L.fermentum and L.casei. Both XOS substrates supported sig-
nificantly higher growth compared to glucose (p < 0.01, unpaired t-test).

The data confirm that XOS, especially from wheat bran, provide superior fermenta-
ble substrates for probiotic proliferation. This enhancement may be attributed to the
selective utilization of xylooligosaccharide chains by probiotic enzymes, reinforcing
the prebiotic potential of WB-XOS and BSG-XOS.

Statistical analysis using independent t-tests demonstrated that both WB-XOS and
BSG-XOS significantly improved the growth of probiotic strains compared to glucose
(p = 0.0005 for both comparisons). However, no statistically significant difference we
observed between the two types of XOS substrates themselves (p = 0.189), indicating
that both wheat bran and brewer’s spent grain-derived XOS exhibit comparable prebi-
otic effects on probiotic proliferation.

Findings on the Metabolic Effects of XOS

Evaluation of the Effects of XOS on Body Weight and Metabolic Indicators

To assess the potential metabolic effects of XOS, changes in body weight before and
after the experimental period were measured across the treatment groups, as shown in
Table 3. Laboratory rats were administered XOS derived from WBP-XOS and BSG-
XOS for 18 consecutive days.
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Table 3. Effect of XOS-Enriched Diets on the Body Weight of Experimental Rats

(mean £ SD)
l;jlfepnetl:l- Diet Compo-  Pre-treatment Post-treatment p value
Group sition Weight (g) Weight (g)
Negative Pellet diet +
Control Water 315.6+106.5 302.4+943 0.109
Commercial Pellet diet +
Commercial 320.6+93.04 269.6+62.38 0.04
XOS
XOS
Pellet diet +
WBP-XO0S WBP-XOS 324.8 +£82.38 261.2+57.31 0.02
Pellet diet +
BSG-XO0OS BSG-XOS 342.6+80.44 289.6+57.84 0.03

Note: Body weight changes (g) in experimental and control groups before and after
XOS-enriched diet administration. Statistically significant reductions (p < 0.05) are in-
dicated in bold.

Changes in body weight were evaluated alongside key biochemical indicators of me-
tabolism, including serum cholesterol, triglycerides, low-density lipoprotein choles-
terol (LDL-C), high-density lipoprotein cholesterol (HDL-C), and glucose levels.
These parameters were analyzed through laboratory assays conducted before and after
the intervention.

Throughout the study, rats fed with WBP-XOS and BSG-XOS showed a mean
weight reduction of approximately 55.9 g, which was statistically significant compared
to their baseline weights (p < 0.05). This reduction suggests a potential metabolic reg-
ulatory effect of purified XOS.

In vivo studies in Wistar rats demonstrated significant improvements in serum lipid
profiles after 18 days of XOS supplementation (400 mg/kg BW). WB-XOS signifi-
cantly reduced total cholesterol (—18%), triglycerides (—21%), and LDL-C (—24%)
compared to the high-fat diet group, while HDL-C levels increased by 15% (p < 0.05).

Figure 5. Effects of commercial and purified XOS (WB-XOS and BSG-XOS) on
serum cholesterol, triglycerides, LDL-C, HDL-C, and glucose levels in rats. Data rep-
resent mean = SD. *p < 0.05, **p < 0.01 compared to the control group.
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Fig 5. Effects of Commercial and Purified XOS on Lipid Metabolism in Rats
Figure 5 shows the impact of commercial XOS, WB-XOS, and BSG-XOS on key se-
rum biochemical parameters after 18 days of oral administration in high-fat diet-fed
Wistar rats. Compared to the control group, all XOS-treated groups showed significant
improvements in lipid metabolism.

Total cholesterol levels were reduced in all XOS groups, with the greatest reduction
observed in the WB-XOS group (p < 0.01). Triglyceride levels were also significantly
decreased in response to all XOS treatments, particularly in the BSG-XOS group (p <
0.01). A notable decrease in low-density lipoprotein cholesterol (LDL-C) and a corre-
sponding increase in high-density lipoprotein cholesterol (HDL-C) were seen in rats
receiving purified XOS, with statistical significance compared to the control (p < 0.05).
Glucose levels were modestly but significantly lower in the XOS groups, indicating
improved glycemic regulation (p < 0.05).

These findings confirm that both WB-XOS and BSG-XOS exhibit favorable meta-
bolic effects, including hypolipidemic and antihyperglycemic actions. No statistically
significant differences were observed between the two types of purified XOS in any of
the biochemical parameters tested (p > 0.05), suggesting comparable efficacy.

From a clinical perspective, the ability of XOS to reduce serum triglycerides and
LDL-C while elevating HDL-C may contribute to cardiovascular risk reduction. The
modest but consistent glucose-lowering effect also supports their potential as adjunct
dietary components for managing early metabolic syndrome and prediabetic condi-
tions.
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4 Discussion

4.1 Extraction Yield and Chemical Composition

The yield and purity of XOS extracted from wheat bran and brewer’s spent grain in this
study were within the range reported by previous researchers using enzymatic hydrol-
ysis methods [7]. For instance, Li et al. (2018) reported XOS yields of 10—-14% from
corncob using similar enzymatic approaches, which is consistent with our yields of
10.3%-12.5%. The high purity of our XOS fractions (>87%) suggests effective re-
moval of monosaccharides and protein contaminants, confirming the efficiency of mi-
crowave-assisted pretreatment. These results highlight the feasibility of using local
agro-industrial by-products in Mongolia as viable substrates for functional oligosac-
charide production [8].

4.2 Structural Characterization

TLC and HPLC confirmed the presence of short-chain XOS fractions such as xylobi-
ose, xylotriose, and xylotetraose, consistent with reports by Vazquez et al. (2020), who
emphasized the high fermentability of these structures by gut microbiota. The predom-
inance of X2 to X4 fractions is relevant to their selective utilization by probiotics and
may explain the biological efficacy observed in the current study [6].

4.3  Antioxidant Activity

Both WB-XOS and BSG-XOS demonstrated moderate antioxidant activity, compara-
ble to findings by Huang et al. (2019), who observed similar radical scavenging poten-
tial in XOS derived from sugarcane bagasse. Although WB-XOS showed slightly
higher antioxidant capacity than BSG-XOS, the difference was not statistically signif-
icant [9]. This suggests that both sources offer similar bioactivity and could serve as
natural antioxidant agents in functional foods aimed at reducing oxidative stress [10].

4.4  Prebiotic Activity on Beneficial Microbiota

Dose-Dependent Prebiotic Effects of XOS on Probiotic Growth.Our results demon-
strated a clear dose-dependent growth stimulation of Bifidobacteria spp. and Lactoba-
cillus strains, with a plateau effect observed at 50 mg/mL. This aligns with research by
Zhou et al. (2021), who reported enhanced CFU counts of probiotics up to 40—60
mg/mL XOS supplementation. The optimal concentration range (12.5-50 mg/mL)
identified here supports targeted formulation in synbiotics for gut health interventions

[11].

Comparative Substrate Efficiency
While WB-XOS showed slightly better growth promotion than BSG-XOS, the differ-
ences were not statistically significant. These findings are in line with comparative
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analyses by Yang et al. (2015), who showed that XOS from various plant sources ex-
hibit similar prebiotic potency. This indicates that both wheat bran and spent grain are
equally viable sources for XOS intended for probiotic stimulation [12-14].

Lipid Metabolism Regulation (In Vivo)

In vivo experiments confirmed the lipid-lowering and glycemia-improving effects of
XOS, particularly reductions in serum triglycerides, total cholesterol, and LDL-C. Our
results mirror findings by Chen et al. (2022), who demonstrated XOS-induced improve-
ments in lipid metabolism via modulation of SCFA production and liver lipid pathways.
The observed increase in HDL-C and modest glucose reduction further underscores the
metabolic benefits of XOS. Clinically, these effects suggest that purified XOS can be
employed as a complementary dietary intervention in managing dyslipidemia and met-
abolic syndrome [15].

Study Limitations

This study acknowledges certain limitations that should be considered when interpret-
ing the findings. First, microbiome profiling through 16S rRNA sequencing was not
performed in this trial. However, detailed microbiome analysis for the same experi-
mental setting has already been conducted and published in a previous study by our
team, and thus was not duplicated in the current report [16].

Second, standard prebiotics such as inulin or fructooligosaccharides (FOS) were not
included as direct controls. Instead, we used a commercially available XOS product as
a reference comparator, which served as a practical benchmark to evaluate the func-
tional efficacy of purified XOS from local sources. This approach allowed for mean-
ingful comparisons with products currently used in the market, although further studies
incorporating multiple standard prebiotics as controls are recommended to validate
these findings more comprehensively.

5 Conclusion

This study demonstrated that xylooligosaccharides (XOS) purified from wheat bran and
brewer’s spent grain, two underutilized agro-industrial by-products in Mongolia, pos-
sess significant biological activity and hold promise as functional food ingredients. The
use of microwave-assisted enzymatic hydrolysis enabled the production of high-purity
XOS enriched with short-chain oligomers such as xylobiose and xylotriose.
Both in vitro and in vivo evaluations confirmed that the purified XOS enhanced the
growth of beneficial probiotic strains, exhibited moderate antioxidant activity, and con-
tributed to the regulation of serum lipid and glucose levels. These findings align with
existing global evidence supporting the prebiotic and metabolic effects of XOS and
further expand its potential application to locally sourced biomass.

Importantly, the study validates the practical feasibility of converting Mongolian
food-processing residues into health-promoting oligosaccharides through eco-friendly,
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scalable methods. These results provide a scientific foundation for future development
of sustainable functional foods and dietary supplements that support gut and metabolic
health. Further clinical research and formulation studies are encouraged to translate
these preclinical findings into real-world nutritional strategies.
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