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Background: The balance of intestinal microbiota plays a pivotal role in maintaining host health. Developing health
supplements with the potential to modulate gut flora is of significant value for promoting gastrointestinal function and
overall well-being.

Methods: In this study, forty 6-week-old male Sprague-Dawley (SD) rats were randomly assigned to four groups (n = 10
per group): a control group, a low-dose group (0.5X), a medium-dose group (1X), and a high-dose group (2X). The animals
were administered the functional protein complex daily for eight consecutive weeks. Fecal samples were collected at weeks
0, 4, and 8 to analyze the counts of total anaerobes, Lactobacillus, and Bifidobacterium. Following sacrifice at week 8, the
cecal microbiota was further analyzed.

Results: Compared with the control group, fecal analysis of the medium- and high-dose groups at weeks 4 and 8 showed
a significant increase in the populations of total anaerobes, Lactobacillus, and Bifidobacterium (p < 0.05). Similar trends
were observed in the cecal microbiota analysis of the medium- and high-dose groups.

Conclusion: This study demonstrates that the functional protein complex effectively increases the population of beneficial
bacteria (Lactobacillus and Bifidobacterium) in the intestines of rats, thereby improving the balance of gut microbiota.
Based on dose conversion, a daily intake of one sachet (20 g) for adults is suggested to enhance the count of beneficial
intestinal bacteria and improve gastrointestinal function.

INTRODUCTION syndrome, and colorectal cancer (Chiang et al., 2010; Derrien
etal, 2004). Modern dietary patterns—characterized by high
fat, high calories, and insufficient dietary fiber—often lead
to a reduction in beneficial microbiota and the dominance
of potential pathogens, increasing the risk of intestinal and

systemic metabolic diseases.

Diet is not only a fundamental requirement for human
survival but also a profound factor in shaping the microbial
communities residing in the digestive tract. The gut
microbiome decomposes dietary carbohydrates and fibers
to produce key metabolites, including short-chain fatty

acids (SCFAs). These metabolites provide energy for colonic  Among strategies to improve gut microbiota, dietary

epithelial cells and exert systemic physiological effects by
modulating immunity and influencing lipid and glucose
metabolism (Makki et al., 2018; Holscher, 2017; den Besten
et al,, 2013). Consequently, the type, quality, and source of
diet directly determine the composition and function of gut
microbes, thereby affecting host-microbe interactions and
health outcomes.

Recent epidemiological and mechanistic studies have
revealed that intestinal dysbiosis is significantly associated
with various chronic diseases, including obesity, metabolic

intervention to increase fermentable fibers or prebiotics
is a widely researched approach. These substances are
metabolized by intestinal microbes, triggering fermentation
pathways that produce SCFAs and other beneficial
metabolites, which inhibit pathogens and enhance mucosal
health (Holscher, 2017). In the cecum, anaerobic microbes
ferment dietary fiber to produce SCFAs, which enter the
bloodstream and influence lipid, glucose, and cholesterol
metabolism via G protein-coupled receptors (den Besten et
al,, 2013).
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While various functional foods based on dietary fiber or
prebiotics are available, their efficacy and mechanisms must
be validated through rigorous experimental data. This study
evaluates a functional protein complex primarily composed
of total dietary fiber using an animal model. The research
aims to explore its impact on functional indicators of gut
microbiota composition, providing a scientific basis for its
potential benefits in gastrointestinal health.

MATERIALS AND METHODS
Experimental Supplement

The functional protein complex was provided by SummitBio
Co., Ltd. The formulation contains soy protein, corn-derived
soluble fiber (Resistant Maltodextrin, RMD), calcium citrate,
magnesium oxide, vitamin C, xanthan gum, zinc gluconate,
vitamin E, ferrous glycinate, niacin, sucralose, vitamins D3,
A, B2, B1, B6, K1, B12, folic acid, and biotin.

Animal and Study Design

Forty male Sprague-Dawley (SD) rats (5 weeks old, 190-200
g) were purchased from Lasco Biotechnology. After one
week of acclimation, the intervention began at 6 weeks of
age. Rats were housed individually in stainless steel cages
under controlled conditions (23+2°C, 55+10% humidity,
12-h light/dark cycle). The product was dissolved in 12 mL
of deionized water and administered via oral gavage twice
daily (10:00 AM and 3:00 PM).

The dosage was calculated based on the human equivalent
dose (HED) factor of 6.2 for a 200 g rat relative to a 60 kg
human. The adult recommended intake is 1 sachet (20 g)
per day. Protocol Approval: LAC-2022-0166 (Taipei Medical
University).Groups were divided as follows (n=10):

¢ Control (C): Deionized water.

e Low Dose (L, 0.5X): 1.033 g/kg/day.

¢ Medium Dose (M, 1X): 2.067g/kg/day.
e High Dose (H, 2X): 4.133g/kg/day.
Fecal and Cecal Sampling

Fecal samples (1 g) were collected via anesthesia-induced
rectal relaxation at weeks 0, 4, and 8. After 8 weeks, rats
were sacrificed, and 1 g of cecal content was collected under
anaerobic conditions for microbiota analysis. All samples
were immediately placed in 9 mL of anaerobic diluent.

Preparation of Anaerobic Diluents and Culture
Media

Preparation of Anaerobic Diluent

The anaerobic diluent was prepared by mixing 0.2 g gelatin,
50 mL distilled water, 50 mL salts solution, and 0.4 mL
resazurin solution (25 mg/100 mL $H_20%). The mixture
was boiled, cooled, and supplemented with 0.05 g L-cysteine.
Under anaerobic conditions, the solution was aliquoted into
test tubes (9 mL per tube) and sterilized by autoclaving at
121°C for 15 minutes.

Medium for Total Anaerobic Bacteria Counts

Commercial CDC Anaerobe Blood Agar plates (BBL, B21734X)
were utilized to determine total anaerobic bacteria counts.

Selective Medium for Lactobacilli

Lactobacillus species were cultured using a modified MRS
agar (MRS + 0.5% CaCO,). The composition per liter of
distilled water included: 10 g peptone, 10 g beef extract, 5
g yeast extract, 20 g dextrose, 1 g Tween 80, 2 g K,HPO,, 5
g sodium acetate, 2 g ammonium citrate, 0.1 g MgS0O,, 0.05
g MnSO,, 5 g CaCO,, and 15 g agar. The basal medium was
autoclaved and cooled to 50°C before being poured into Petri
dishes and stored at 4°C.

Selective Medium for Bifidobacteria

Bifidobacteria iodoacetate medium-25 (BIM-25) was
employed. The medium contained: 38 g Reinforced Clostridial
Medium, 20 g agar, 0.02 g nalidixic acid, 0.0085 g polymyxin
B sulfate, 0.05 g kanamycin sulfate, 0.0025 g iodoacetic
acid, 0.025 g 2,3,5-triphenyltetrazolium chloride (TTC),
and 1 L distilled water. The Reinforced Clostridial Medium
was sterilized at 121°C for 15 minutes and cooled to 50°C.
Antibiotics and chemicals were then added via membrane
filtration (0.22 pm), mixed thoroughly, poured into plates,
and stored at 4°C.

Microbial Cultivation and Enumeration

A 1 mL aliquot of fecal or cecal homogenate was added to 9
mL of anaerobic diluent for a ten-fold serial dilution series.
Fifty microliters (50 pL) of the appropriate dilutions (three
concentrations per medium) were inoculated onto the
selective media using the spread plate method with a sterile
glass spreader.

Plates were placed in an anaerobic jar containing anaerobic
gas packs and indicators. Cultivation was performed at
35-37°C, and the colony-forming units (CFU) were counted.
Specifically, total anaerobic organisms (white colonies) were
grown on CDC Anaerobe Blood Agar; Lactobacilli (white
colonies) on MRS agar; and Bifidobacteria (pink colonies) on
BIM-25 medium.

Statistical analysis

The data are expressed as the mean #* standard deviation
(SD). Statistical comparisons among groups were made using
one-way analysis of variance (ANOVA), followed by Duncan’s
post hoc test. A p-value of less than 0.05 was considered
statistically significant. All statistical analyses were done
using SAS software (SAS Institute, Cary, NC, USA).

RESULTS
Physiological Assessment

As shown in Table 1, which details the changes in body
weight throughout the feeding period, no physiological
abnormalities, illnesses, or fatalities were observed among the
experimental animals during the 8-week study. Furthermore,
there were no statistically significant differences in body
weight between the groups (p> 0.05).
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Table 1. Changes in body weight of rats in each group during the experimental period

Body weight (g)
Control Low-dose Medium-dose High-dose

Week 0 191.8+3.4a 192.1+3.8a 193.7+4.6 a 194.4+5.5a
Week 1 230.9+6.5 a 2349459 a 2329+75a 232.9+49a
Week 2 272.7+6.5 a 278.9+8.4 a 276.3t9.8a 2749484 a
Week 3 331.9£10.1a 343.7+16.0 a 333.2+16.5a 337.2+£16.7 a
Week 4 376.8£22.2 a 384.8+21.0a 376.4+20.6 a 383.2+18.5a
Week 5 408.8+25.0 a 411.9+285a 410.2+23.8a 411.3+25.0a
Week 6 441.2+28.2 a 448.8+27.7 a 439.8+24.7 a 444.7+23.5a
Week 7 477.6+26.8 a 489.0+29.3 a 479.8+17.5a 484.3+20.0 a
Week 8 505.7£30.1a 520.0+24.5a 509.1+24.4 a 512.4+25.3 a

Data are expressed as mean *SD (n = 10). The test product was administered daily at 10:00 AM via oral gavage for 8
consecutive weeks. Values within the same column followed by different superscript letters (a, b, ¢) indicate significant

differences compared to the control group (p < 0.05) based on one-way ANOVA and Duncan’s post hoc test.

Dietary Intake Records

Throughout the experimental period, rats were given ad libitum access to a standard diet (LabDiet® 5001 Rodent diet). The
dietary intake results (Table 2) indicate that there were no significant differences in food consumption between the groups

throughout the study (p> 0.05).

Table 2. Dietary intake of rats in each group during the experimental period

Food (g/day)
Control Low-dose Medium-dose High-dose

Week 1 25.1+0.4 a 25.4+0.6 a 25.4+0.7 a 25.6x1.1a
Week 2 29.8+0.6 a 29.7+0.7 a 29.3+1.0a 29.9+0.5a
Week 3 29.9+0.6 a 30.2+0.6 a 30.2+0.6 a 30.2+0.5a
Week 4 30.5+0.7 a 30.1+0.8 a 30.0+0.5a 30.1+0.7 a
Week 5 29.8+0.6 a 30.2+0.7 a 30.1+0.7 a 30.4+0.6 a
Week 6 30.4+0.6 a 30.5+0.7 a 30.7+0.7 a 30.3+0.6 a
Week 7 30.7+0.6 a 30.6+0.5 a 30.8+0.6 a 30.6+0.6 a
Week 8 30.9+0.5 a 30.8+0.4 a 30.8+0.6 a 30.6+0.5 a

Data are expressed as mean *#SD (n = 10). The test product was administered daily at 10:00 AM via oral gavage for 8
consecutive weeks. Values within the same column followed by different superscript letters (a, b, c¢) indicate significant

differences compared to the control group (p < 0.05) based on one-way ANOVA and Duncan’s post hoc test.

Water Consumption Records

The results of water intake (Table 3) showed that the animals had regular access to water without any significant differences
in consumption observed across all groups throughout the experimental period (p> 0.05).

Table 3. Water consumption of rats in each group during the experimental period

Water (g/day)
Control Low-dose Medium-dose High-dose

Week 1 20.2+0.6 a 20.1+0.7 a 20.5+0.7 a 20.3+0.6 a
Week 2 24.1+0.8 a 24.4+0.8 a 24.3+1.0a 24.2+0.7 a
Week 3 28.7+0.7 a 29.1+0.8 a 28.8+0.9 a 28.9+0.9 a
Week 4 34.5+0.8 a 35.0+0.7 a 34.9+0.9 a 35.1+0.6 a
Week 5 43.6x0.6 a 439+1.3a 43.8+0.8 a 43.8+1.0a
Week 6 459+1.1a 45.6+1.1a 46.1+0.8 a 46.0+1.2 a
Week 7 52.1#1.0 a 53.1#1.3a 53.0£1.0 a 52.6+0.9 a
Week 8 54.3+0.5a 54.6+0.6 a 54.3+0.7 a 54.8+0.6 a
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Data are expressed as mean *SD (n = 10). The test product was administered daily at 10:00 AM via oral gavage for 8
consecutive weeks. Values within the same column followed by different superscript letters (a, b, c) indicate significant
differences compared to the control group (p < 0.05) based on one-way ANOVA and Duncan’s post hoc test.

Analysis of Total Anaerobic Bacteria Counts

The analysis of total anaerobic bacteria counts (Figure 1) demonstrated that at week 0, there were no significant differences
in fecal anaerobic bacteria between the low-, medium-, and high-dose groups compared to the control group (p<0.05).
However, by week 4, total anaerobic bacteria counts in the medium- and high-dose groups increased significantly (p<0.05).
At week 8, both groups continued to show a significant increase in fecal counts (p<0.05). Following sacrifice at week 8,
analysis of the cecal content also revealed significantly higher anaerobic bacteria counts in the medium- and high-dose
groups compared to the control (p<0.05).

Total anaerobic bacteria
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Figure 1. Analysis of Total anaerobic bacteria counts s counts in feces at weeks 0, 4, and 8, and in the cecum after sacrifice
at week 8

Data are expressed as mean *#SD (n = 10). The test product was administered daily at 10:00 AM via oral gavage for 8
consecutive weeks. Values within the same column followed by different superscript letters (a, b, c¢) indicate significant
differences compared to the control group (p < 0.05) based on one-way ANOVA and Duncan’s post hoc test.

Analysis of Lactobacillus Counts

The results for Lactobacillus counts (Figure 2) indicated no significant baseline differences at week 0 across all groups
(p<0.05). At weeks 4 and 8, the medium- and high-dose groups exhibited significant increases in fecal Lactobacillus counts
compared to the control group (p<0.05). Consistent with the fecal results, cecal analysis at week 8 showed a significant
increase in Lactobacillus populations in both the medium- and high-dose groups (p<0.05).
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Figure 2. Analysis of Lactobacillus counts in feces at weeks 0, 4, and 8, and in the cecum after sacrifice at week 8

Data are expressed as mean *+SD (n = 10). The test product was administered daily at 10:00 AM via oral gavage for 8
consecutive weeks. Values within the same column followed by different superscript letters (a, b, c) indicate significant
differences compared to the control group (p < 0.05) based on one-way ANOVA and Duncan’s post hoc test.
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Analysis of Bifidobacterium Counts

As illustrated in Figure 3, Bifidobacterium counts at week 0 showed no significant differences among the dose groups
(p<0.05). At weeks 4 and 8, fecal Bifidobacterium counts were significantly elevated in the medium- and high-dose groups
compared to the control (p<0.05). Similarly, cecal analysis after sacrifice at week 8 demonstrated that the medium- and high-
dose groups achieved significantly higher Bifidobacterium counts than the control group.(p<0.05).

7.7
76
7.5
74
7.3

G ']

Total anaerobic bacteria counts (log
CFU/g)

Bifidobacterium

o

7.1
7
6.9
6.8
0 Week fecal 4 Week fecal
Em Control ® Low-dose

Medium-dose

T

8 Week fecal 8 Week cecum

High-dose

Figure 3. Analysis of Bifidobacterium counts in feces at weeks 0, 4, and 8, and in the cecum after sacrifice at week 8

Data are expressed as mean *#SD (n = 10). The test product was administered daily at 10:00 AM via oral gavage for 8
consecutive weeks. Values within the same column followed by different superscript letters (a, b, ¢) indicate significant
differences compared to the control group (p < 0.05) based on one-way ANOVA and Duncan’s post hoc test.

DISCUSSION

In this study, we evaluated the effects of a functional protein
complex on intestinal microbiota by comparing SD rats
administered different doses with a control group. Over
the 8-week intervention, no significant differences were
observed in body weight, water intake, or food consumption
across groups. The rats exhibited normal behavior and
physiological growth. Given that rats aged 6-8 weeks
typically gain approximately 50 g per week and consume
10-12 mL/100g/day of water, our findings indicate that
the supplement does not negatively impact basic growth
parameters.

Our results demonstrate that daily intake of the supplement
significantly increased the populations of total anaerobes,
Lactobacillus, and Bifidobacterium in fecal samples starting
from Week 4. Cecal microbiota analysis at Week 8 further
confirmed that these bacterial counts remained significantly
higher than those in the control group. These findings
collectively suggest that the functional protein complex
effectively promotes the proliferation of beneficial intestinal
bacteria.

Total anaerobic bacteria constitute one of the primary
microbial communities in the gut, encompassing beneficial
genera such as Bacteroides, Clostridium, and Lactobacillus
(Eckburg et al,, 2005). These bacteria ferment dietary fibers
to produce short-chain fatty acids (SCFAs), which maintain
intestinal pH balance and epithelial barrier integrity (Louis
& Flint, 2017). Changes in total anaerobic counts serve
as a critical indicator of gut microbiota stability and host

metabolic health (Rowland et al, 2018; Marchesi et al,
2016).

Similarly, Bifidobacterium and Lactobacillus are vital
commensal probiotics. Bifidobacterium ferments dietary
oligosaccharides to produce SCFAs, lowering intestinal pH
and inhibiting pathogens while promoting immune stability
(O’Callaghan & van Sinderen, 2016; Ruiz et al, 2017).
Lactobacillus maintains the microbial balance by producing
lactic acid, which enhances barrier integrity and digestive
function (Marco et al,, 2021; O’Toole et al., 2017).

The efficacy of the product is largely attributed to RMD, a corn-
derived soluble fiber. RMD acts as a prebiotic, significantly
increasing Bifidobacterium abundance and enhancing
mucosal defense (Nishimoto et al, 2022). Furthermore,
RMD has been shown to stimulate the production of IL-10
by intestinal cells, thereby reducing inflammation risks (Mai
etal, 2022).

The inclusion of vitamins also plays a synergistic role in
modulating the gut environment:Vitamin A: Supports
mucosal immunity by promoting IgA secretion (Okayasu et
al,, 2016).Vitamin B complex: Supports bacterial metabolism
and stabilizes beneficial microbial populations (Sharma et
al,, 2019).Vitamin C: Lowers fecal pH and redox potential,
enhancing microbial diversity (Pham et al., 2021).Vitamin D:
Promotes the abundance of healthy taxa such as Akkermansia
and Bifidobacterium (Bashir et al,, 2016).Vitamin E: Reduces
inflammation by scavenging free radicals and modulating
microbial composition (Wu et al.,, 2024).

In conclusion, our dose-response analysis over eight weeks
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revealed that even the Medium Dose (equivalent to an adult
intake of 20 g/day) is sufficient to significantly enhance
Lactobacillus, Bifidobacterium, and total anaerobic counts
in both feces and the cecum. Based on these data, a daily
supplement of one sachet (20 g) is recommended for adults
to improve intestinal microbiota composition and enhance
gastrointestinal function.

CONCLUSION

In summary, the results of this study demonstrate that an
8-week intervention with the functional protein complex—
at both medium and high doses—significantly increases the
counts of total anaerobes, Lactobacillus, and Bifidobacterium
in both the feces and cecum of Sprague-Dawley rats.
Consequently, daily consumption of the functional
protein complex provides the following health benefits.
Enhancement of total anaerobic bacteria populations within
the intestinal tract.Promotion of Lactobacillus proliferation,
supporting a healthy microbial environment.Stimulation of
Bifidobacterium growth, contributing to gut flora balance.

By modulating the composition of the intestinal microbiota,
this supplement effectively improves gastrointestinal
function and supports overall host health.
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