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GroPro®,aYeast-Derived Feed Additive, Modulates Immune Markers
and Gut Microbiota in Laying Hens at the Starter Phase
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Abstract | The present study evaluated the effects of GroPro®, a yeast-derived feed additive, on splenic immune markers
and ileal gut microbiota in starter-phase Hy-Line laying hens. A total of 480 one-day-old chicks were allocated to four
dietary groups: control, 0.2% GroPro®, 0.5% GroPro®, and 1% GroPro® for 49 days. At the end of the trial, spleen
samples were analyzed by flow cytometry for CD4+, CD8+, and CD45+ cell populations, while ileal digesta from
the control and 1% level of GroPro®-supplemented group were subjected to full-length 16S rRNA sequencing using
Oxford Nanopore technology. GroPro® supplementation significantly modulated splenic CD4+ T-cell frequency,
with the 0.2% inclusion level showing the greatest increase compared with the control, whereas CD8+ and CD45+
populations were not significantly affected. Microbiota analysis showed that Bacillota dominated both groups at the
phylum level, indicating preservation of the core microbial structure. At the genus level, Lactobacillus remained the
predominant genus, while GroPro® supplementation expanded detectable genus diversity and altered the relative
abundance of Romboutsia, Streptococcus, Enterococcus, Limosilactobacillus, and Ligilactobacillus. Species-level profiling
revealed a broader distribution of lactic acid bacteria-associated taxa in the treatment group, including enrichment of
Lactobacillus johnsonii and Lactobacillus kitasatonis. Alpha diversity analysis showed a significant increase in Shannon
diversity in the treatment group, while NMDS ordination and PERMANOVA indicated no significant separation in
beta diversity. Overall, GroPro® improved selected immune and microbial diversity indicators without causing major
disruption of the ileal microbial community. These findings support its potential as a nutritional strategy for gut and
immune development in laying hens.
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INTRODUCTION will be used in the production of food animals by 2030.
Yeast has emerged as anatural alternative to antibiotic

he use of antibiotic feed additives to increase the growth promoters in laying hens, improving performance
growth and feed efficiency of poultry began in the (Alagawany ez al., 2023). Gropro®, a feed additive product
1940s (Jones and Ricke, 2003). Globally, Van Boeckel ez /. derived from yeast, is produced by PT Angel Yeast Co.,
(2015) estimated that 105,596 metric tons of antimicrobials Ltd. Gropro® contains up to (nucleic acid 10.56%),
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(TCA-N 33.67%), (MOS (mannan oligosaccharides)
13.95%), (small peptides 23.83%), (B-glucan 15.20%), and
other materials to meet the nutritional needs of chickens.
'The combination of nucleic acids and proteins from yeast
enhances the digestibility and health of internal organs,
which in turn promotes the productivity and well-being
of laying hens (Deryabin ez a/., 2024; Saint-Martin ez al.,
2022).

Numerous small peptides exhibit antimicrobial activities
that might aid in gut health and decrease the number of
diseases in chickens (Elahi ez @/, 2022). Small peptides
improve feed efficiency and growth rates, directly increasing
feed conversion ratio (FCR) and general productivity. These
two parameters are important for enabling the profitability
of poultry farming (Hou ez a/.,2017). Yeast B-glucan (YG)
is a polysaccharide extracted from Saccharomyces cerevisiae.
Yeast B-glucan has multiple biological functions, including
immune system enhancement, antioxidant protection,
tumor destruction, bacterial killing, virus elimination,
wound healing, toxin binding and growth promotion. It
is a strong immunomodulator that activates innate and
humoral immunity, increasing the body’s ability to combat
infections and reverse immunosuppression in chickens
(Zhen et al., 2020). Short-chain fatty acids (SCFAs),
primarily acetate, propionate, and butyrate, are produced
in the gut through the microbial fermentation of dietary
fibres such as B-glucan prebiotics. SCFAs also modulate
immune responses by decreasing inflammation and
promoting anti-inflammatory pathways. By strengthening
the gut barrier, SCFAs reduce the translocation of harmful
pathogens and toxins into the bloodstream, thereby
decreasing systemic inflammation and supporting liver
health (Liu ez a/.,2021). Mannan oligosaccharides (MOSs)
tunction as prebiotics by promoting nonpathogenic bacteria
within the intestinal contents while inhibiting pathogenic
bacteria (Jahanian and Ashnagar, 2015; Ghasemian and
Jahanian, 2016). Furthermore, supplementation with
MOS in the diet enhances intestinal barrier integrity and
enhances immunity (Perricone ez al., 2022). Yeast-based
teed additives act on the gut flora favourably in terms
of promoting animal immune responses and animal gut
health (Abd El-Ghany, 2025). Moreover, Trichloroacetic
acid (TCA)-soluble nitrogen is the low—molecular
weight protein fraction remaining after precipitation with
trichloroacetic acid and serves as an indicator of protein
hydrolysis. Its increase reflects microbial proteolysis,
producing small peptides and free amino acids that
enhance ileal digestibility and nutrient availability, making
it a reliable marker of improved protein quality in poultry

(Li et al., 2023).

Inaddition,aminoacidsplayapivotalroleinthe performance
of early-stage birds. The supplementation of tryptophan
and threonine can affect the growth performance of native

chicken breeds during the starter phase (Lisnahan and
Nahak, 2020). Moreover, lysine did not affect weight gain
during the starter phase hens (Leite ez a/., 2019). These
amino acids are known to support intestinal integrity
and enhance adaptive immune responses. The current
research aimed to assess how the immune response and
gut microbiota composition of laying hens changed after
they received dietary supplements of Gropro®, including
nucleic acid, TCA-N, MOS (mannan oligosaccharides),
small peptides, B-glucan and other materials. Researchers
anticipate that increasing Gropro® levels from 0.2%, 0.5%
and 1% would have dose-dependent effects on immune
system functions, including changes in immune parameter
responses (CD4*, CD8* and CD45* T cells), CD4* T-cell
populations and the microbiome. Researchers anticipate
that optimal inclusion levels, for instance, “increase
beneficial bacteria while reducing pathogenic bacteria in
laying hens at the starter-phase”. Further elaboration on
the functional implications of microbial shifts in relation
to nutrient absorption and pathogen resistance remains
uncertain but very important. Understanding how these
changes affect nutrient absorption and pathogen resistance
would be advantageous.

MATERIALS AND METHODS

EXPERIMENTAL DESIGN AND ANIMAL HOUSING

A total of 480 one-day-old Hy-Line Brown laying chicks
were obtained from Hy-Line Brown Chicks, Indonesia.
The birds were reared under standard management and
environmental conditions according to conventional laying
hen husbandry practices. The experiment was conducted
for 7 weeks, corresponding to the starter phase. Birds were
assigned to a completely randomized design consisting of
four dietary treatments, with six replicates per treatment
and 20 birds per replicate. Thus, 24 experimental units were
used. Each replicate was housed in a pen measuring 1 m x
1 m x 0.7 m and equipped with two chick feeders and one
drinker.

The basal diet consisted of commercial complete feed
produced by Charoen Pokphand Indonesia, Tbk. Two
teed types were used during the study period: pre-starter
layer feed 520 from O to 5 weeks and starter layer feed 521
from 6 to 7 weeks. Feed and drinking water were provided
according to the standard feeding program. Dietary
supplementation was administered from week 1 to week
7 by mixing GroPro® directly into the basal diet before
teeding. GroPro® contains mannan oligosaccharides, small
peptides, B-glucan, nucleic acids, TCA-soluble nitrogen,
and other components according to the manufacturer’s

specification (Yeast, 2025).

The dietary treatments were as follows: T0, basal mash feed
without GroPro® supplementation; T1, basal mash feed
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supplemented with 0.2% GroPro®; T2, basal mash feed
supplemented with 0.5% GroPro®; and T3, basal mash feed
supplemented with 1% GroPro®. The inclusion levels were
selected to evaluate a graded supplementation response.
The 1% level was used as the highest inclusion level based
on manufacturer recommendation and preliminary safety
observations, whereas 0.2% and 0.5% were included to
assess lower and intermediate biological responses. At 49
days of age, samples were collected for immune activity
and gut microbiota analyses.

SPLEEN SAMPLE COLLECTION FOR IMMUNE ACTIVITY
ANALYSIS

At the end of the 7-week experimental period, one bird
was selected from each replicate for spleen collection.
The replicate pen was considered the experimental unit.
Therefore, six spleen samples were obtained from each
treatment group. Birds were selected from each replicate to
avoid pseudoreplication. The spleen was aseptically excised
and processed for splenic cell suspension preparation using

phosphate-buffered saline.

FLOW CYTOMETRIC ANALYSIS OF
PHENOTYPES

Immune activity was evaluated by flow cytometry based
on the relative frequency of splenic leukocyte markers,
including CD4" T cells, CD8" T cells, and CDA45*
leukocytes. Fixation buffer, intracellular staining perm
wash buffer, anti-chicken CD4, anti-chicken CD8, anti-
chicken CD45 primary antibodies, and FITC-conjugated
secondary antibody were obtained from BioLegend, USA.
The antibodies were validated by the manufacturer for
flow cytometric analysis of chicken lymphocytes. Staining
specificity was confirmed using unstained and isotype
controls.

IMMUNE CELL

Briefly, 50 uL of each splenic cell suspension was transferred
into a 1.5 mL microtube containing 400 uL. PBS and
centrifuged at 2500 rpm for 5 min at 4°C. The resulting
splenocyte pellet was incubated with fixation buffer for 30
min. The cells were then washed with intracellular staining
perm wash buffer and centrifuged again under the same
conditions. The pellet was incubated with the corresponding
primary antibody for 30 min, followed by washing with
perm wash buffer. After centrifugation, the cells were
incubated with FITC-conjugated secondary antibody for
20 min. The stained cells were resuspended in PBS and
analyzed using a BD FACS Calibur flow cytometer, USA.
Data acquisition and analysis were performed using BD

CellQuest Pro software (Hermanto e a/., 2020).

ILEAL DIGESTA COLLECTION FOR GUT MICROBIOTA
ANALYSIS
At 49 days of age, ileal digesta samples were collected

from the control group and the best-performing GroPro®-
supplemented group, as determined by the performance
and immune response parameters. Three birds were
randomly selected from each group, resulting in three
ileal digesta samples per group. The mid-ileal segment,
approximately 3 cm proximal to the cecal junction, was
carefully excised. Digesta contents were collected into
sterile tubes, immediately frozen in liquid nitrogen to
preserve microbial integrity, and stored at -80°C until

DNA extraction.

DNA EXTRACTION AND 16S RRNA GENE
AMPLIFICATION

Microbial DNA was extracted from ileal digesta
samples using the ZymoBIOMICS DNA Miniprep
Kit according to the manufacturer’s instructions. DNA
concentration was measured using a Qubit fluorometer.
The near full-length bacterial 768 rRNA gene, covering
the V1 to V9 regions and approximately 1,500 bp in
length, was amplified by polymerase chain reaction
using Promega GoTaq Green Master Mix M712B.
The primer pair used for amplification consisted of 27F,
5'-AGAGTTTGATCMTGGCTCAG-3, and 1492R,
5'-GGTTACCTTGTTACGACTT-3". The obtained
amplicons were purified using VAHTS DNA Clean
Beads, Vazyme, China, at a sample-to-bead ratio of 1:0.5.
Purified DNA was eluted in 20 pL elution buffer and used

for library preparation.

NANOPORE LIBRARY PREPARATION, SEQUENCING, AND
READ PROCESSING

Purified amplicon DNA was subjected to quality control
using a Qubit fluorometer before library preparation.
Sequencing libraries were prepared using the Native
Barcoding Kit SQK-NBD114-24, Oxford Nanopore
Technologies, according to the manufacturer’s protocol.
Sequencing was performed on a PromethlION platform,
Oxford Nanopore Technologies, UK, and run monitoring
was conducted using MinKNOW software. Basecalling

was performed using Dorado version 0.9.1.

Raw reads were filtered using a minimum Phred quality
score threshold of Q_> 10. Length filtering was applied to
retain reads between 1300 and 1600 bp, corresponding to
near full-length 16S rRNA gene sequences. Reads that did
not meet the quality and length criteria were excluded from
downstream analysis (Hermanto ez a/., 2026). Sequencing
quality was evaluated using NanoPlot (De Coster and
Rademakers, 2023) to assess read length distribution and
quality score profiles.

TAXONOMIC CLASSIFICATION AND DIVERSITY ANALYSIS
Taxonomic assignment was performed using the EPI2ME

wi-16S v1.4.0 workflow with the Kraken2 algorithm
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(Wood ez al., 2019). The NCBI_16S_18S_28S_ITS
database was used as the reference database for taxonomic
classification. Following taxonomic assignment, taxa and
abundance data were exported for downstream diversity

analysis.

Microbial diversity analysis was performed in RStudio
using the vegan package. Alpha diversity was evaluated
using Simpson’s index, Shannon index, Berger-Parker
dominance index, Fisher’s alpha, Pielou’s evenness, and
taxa richness. Alpha diversity indices were visualized using
boxplots. Beta diversity was assessed using Bray-Curtis,
Jaccard, and Canberra distance matrices and visualized
using nonmetric multidimensional scaling (NMDS)
ordination plot.

STATISTICAL ANALYSIS

Statistical analyses were performed using Microsoft
Excel 2019 and R-Studio. Immune phenotyping data
were analyzed using one-way analysis of variance. When
significant differences were detected, Duncan’s multiple
range test was applied as a post hoc test at a 95% confidence
level. Immune data are presented as mean * standard
deviation, and significant differences are indicated using
different superscript letters.

For gut microbiota analysis, relative abundance data were
converted into percentages and visualized as stacked bar

Data.001

plots at the phylum,genus,and specieslevels. Alpha diversity
indices between the control and GroPro®-supplemented
groups (treatment) were compared using an independent
t-test. Differences were considered statistically significant
at (p < 0.05). Beta diversity differences between groups
were assessed using PERMANOVA based on Bray-Curtis,
Jaccard, and Canberra distance matrices. NMDS plots
were generated in R to visualize microbial community
structure between the control and treatment groups.

RESULTS AND DISCUSSION

RESULTS FOR IMMUNE ACTIVITY

In this research, the influence of Gropro®, a yeast-derived
supplementary feed additive, on immune cell markers
(CD4, CD8, and CD45) in laying hens was determined
and is summarized in Table 1. Flow cytometric analysis
of splenocytes revealed that the experimental groups had
different CD4* T-cell frequencies. The results between the
treatment and control groups revealed that the T1 group
had 3.03* + 0.39 CD4" T cells in the spleen, whereas TO
had 1.99° + 0.49 CD4* T cells, which was a statistically
significant difference (P < 0.05) during the starter phase.
T1 was the best treatment among the other treatments.
The CD4* of T cells was identified using a validated flow
cytometric gating strategy for avian splenocytes (Table 1
and Figure 1).
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Figure 1: (A) Control and (B) Treatment Group using Gropro as feed additive showing CD4 cells in laying hen’s at

starter phase.
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Table 1: CD4 in laying hens at starter phase under control
and Gropro® treatments.

Treatment  CD4 CDs CD45

TO 1.99* +0.49 10.36+1.86 3.46+1.05

T1 3.03+0.39* 6.91+1.85 2.70+0.82

T2 2.81%0+0.82 8.74+3.07 3.58+1.26
2.76*+0.39 10.00£2.44 4.23+1.56

T3
*a-b Superscripts columns suggest that the treatment had a very

substantial significant effect (P<0.05) for CD4 cells.

In this study, FSC/SSC-based gating was used to identify
the lymphocyte populations in splenic lymphocytes, which
were then analysed by quadrant measurements of CD4-
FITC expression. Flow cytometry analysis was performed
by utilizing a gating system that operates in multiple stages.
Forward scatter (FSC) and side scatter (SSC) parameters
were used to detect cell populations while filtering out
debris and noncellular events. Gates were established for
leukocytes, which the scientists used to identify all CD45*
cells as total leukocyte populations. Scientists have used
CD4 and CD8 expression to classify T-cell subsets within
this population. The researchers used quadrant gating to
identify four separate populations, which included CD4*
and CD8" cells and double-positive and double-negative
cells. The researchers established gating boundaries
through the use of two controls, which included unstained
and isotype control samples.

Then, uniform gating thresholds were applied to all the
samples in their study, the control and treatment groups,
using GroPro® because consistent analytical results were
expected to be maintained throughout their research. The
average percentage of CD4* T cells in the spleen (mean
+ SD) is shown below. The control group (T0) had a
percentage of 1.99 and a standard deviation of 0.49. The
recommended level of GroPro® (T1) was 3.03%, with a
standard deviation of 0.39%. The intermediate level of
GroPro® (T2) was 2.81%, with a standard deviation of
0.82. The maximum level of GroPro® (T3) was 2.76, with
a standard deviation of 0.39. One-way ANOVA revealed
significant differences among the treatment groups (P =
0.0219). Compared with the TO treatment group, the T1
treatment group presented the highest CD4" frequency,
with a 1.04% increase, which was equal to a 52.3% relative
increase. Compared with the control group, the T2 and
T3 groups displayed moderate increases of 41.2% and
38.7%, respectively. Compared with the other groups, the
T2 group showed greater individual differences in the
test results, with a standard deviation of 0.82. Dot plot
visualization revealed that compared with TO, T1 had
higher CD4-FITC fluorescence intensity, confirming the
researchers’ quantitative results. Leukocyte populations
were identified on the basis of FSC/SSC characteristics;
however, no additional lineage-specific marker (e.g., CD45)

was used, which may limit the precision of cell population
identification. Figure 1 for both the immunophenotyping
of the CD4 control and treatment groups is shown below.

This study examined CD4* T cells because they serve
as primary coordinators of adaptive immune responses,
but only their relative presence was evaluated. CD4" cell
percentages increased at the 0.2% supplementation level,
indicating an effect on the immune system functions of
helper T cells. The observed change does not demonstrate
associated with immune system functions because the study
lacks functional tests, which include cytokine production
and antibody responses and pathogen challenge tests. A
modest increase in CD4* cell frequency may indicate a
shift in immune cell composition, yet the actual impact
of this change on bird health and productivity remains
unknown. The percentages of CD4* T cells differed among
the groups (one-way ANOVA, P = 0.0219). The ANOVA
results showed a major treatment effect because the (p <
0.05). The Tukey HSD test did not confirm consistent
differences between pairs of groups. The specific group
differences which were found in the study should be
treated with caution.

The increased variability observed in the T2 group
may reflect heterogeneous biological responses to the
intermediate treatment level. Such variability is common
in immunological parameters, where individual differences
in immune activation and regulation can lead to broader
dispersion without necessarily altering group-level
statistical significance. CD8" expression showed the
opposite pattern. No statistically significant difference
was detected in CD8+ or CD45+ cells (P>0.05); CD8*
expression was greatest in the control group (T0: 10.3683
+ 1.8620), followed by that in the T3 group (10.0 *
2.4466). The number of CD8" cells decreased significantly
in the T1 treatment group (6.9133 + 1.8516) because
of the suppressive/regulatory effects on cytotoxic T
lymphocyte activity. The expression of CD45*, a marker of
all leukocytes, was moderately increased in the T3 group
(4.2316 + 1.5675) compared with that in the other groups,
whereas the lowest expression of CD45" was detected in
the T1 group (2.7066 + 0.8236). These results suggest that
changes in leukocyte activation or proliferation that are
treatment-specific effect size—based interpretations may

provide additional insight beyond p values.

ErrecT OF GROPRO® ON spLENIC CD4* T CELLS

The significant ANOVA results (P < 0.05) indicate that
GroPro® supplementation modulated the splenic CD4"
T-cell frequency in starter-stage laying hens. The elevation
observed in T1 (~52% relative increase over T0) suggests
enhanced helper T lymphocyte expansion or activation.
The 0.2% inclusion level (T'1) resulted in an increased
average CD4" T-cell percentage but showed no dose-
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dependent response, while higher inclusion levels resulted
in greater variability, which indicated that the effects did
not follow a linear pattern. This pattern shows that the
relationship between increasing supplementation and the
results reaches a threshold point that does not continue
to improve after that threshold. The findings from T2 and
T3 present large standard deviations that reflect either
biological variability or sample size constraints.

This immunomodulatory effect is attributed to the
bioactive components of GroPro®. B-glucan, a well-
characterized pathogen-associated molecular pattern,
binds to pattern recognition receptors on antigen-
presenting cells and promotes the differentiation of T
lymphocytes into CD4* T cells (Cao ez al., 2023; Schwartz
et al., 2021). Mannan oligosaccharides have been shown
to increase CD4" and CD8" T lymphocyte populations
in poultry, enhancing both mucosal and systemic immune
surveillance (Lourenco e /., 2015). The nucleic acids and
small peptides in GroPro® serve as conditionally essential
nutrients during rapid immune cell proliferation, providing
building blocks for DNA synthesis and immunoglobulin
production during the critical starter-phase (Zhao ez al.,
2022; Dibakoane e al., 2025). CD4* T cells orchestrate
adaptive immune responses by regulating B-cell activation,
antibody production, and cytotoxic T-cell priming
through cytokines such as IL-2 and IFN-y (Selvaraj,
2013). Therefore, the increase observed in T1 likely reflects
enhanced systemic immune competence during this
developmental period when the foundation for lifelong
immunological capacity is established.

Although T2 and T3 also displayed higher means than
TO did, the greater variability in T2 (SD= 0.82) suggests
heterogeneous biological responsiveness at the intermediate
supplementation level. Gropro® treatment (T2) was
selected because of its superior performance in terms of
growth metrics (body weight gain, FCR) and immune
indices (CD4*/CD8" ratio). The CD4" frequency of the T3
group, which received the highest GroPro® concentration,
did not exceed that of the T1 group, suggesting potential
immunoregulatory feedback at higher doses. This pattern
aligns with the concept of hormesis in immunonutrition,
where moderate supplementation optimizes immune
enhancement. Furthermore, CD8" and CD45" yeast-based
additives in poultry did not result in consistent changes
in immune markers. The starter-phase represents a critical
period for immune system development, and increased
CD4" expression during this phase may increase the
capacity of helper T cells to respond to subsequent immune
challenges, including associated with changes vaccine
responses and pathogen resistance. More investigations
into the different developmental stages or other immune
markers will be necessary to clarify the potential of

Gropro® to alter immune responses in poultry.

Errect OF GROPRO® ON GUT MICROBIOTA
COMPOSITION

Yeast B-glucans reach the large intestine, where the
microbiota breaks them down through anaerobic
digestion and fermentation. In animals, Lactobacillus and
Bifidobacterium bacteria act as prebiotic substrates for lactic
acid-producing bacteria and other beneficial taxa. These
fermentation processes can yield short-chain fatty acids
that are associated with gut health and immune system
support (Taylor, 2026). More specifically, compared with
the controls, layers fed yeast B-glucan had higher levels of
Lactobacillus spp., suggesting that there is a better microbiota
balance and healthier intestines (Zhen er al, 2021).
Microbiota analysis was performed on ileal digesta samples
collected from all treatment groups (control and treatment),
with one sample per replicate included in the sequencing
dataset. All the samples produced clear amplicons of the
expected size, confirming their suitability for sequencing.
A secondary PCR optimization step using varying DNA
concentrations was performed to standardize amplification
efficiency across samples with differing DNA yields, which
is a common practice in 16S rRNA workflows and does not
reflect sample degradation or inhibition.

PCR AMPLIFICATION

PCR amplification of the bacterial 16S rRNA gene (V1-V9
region; ~1,500 bp) was performed using Promega GoTaq
Green Master Mix (M712B) and evaluated by agarose gel
electrophoresis in two independent trials (Figure 2).

In the first trial (Figure 2A), samples T0.1, T0.2, T3.1,
T3.2, and T3.3 (200 ng DNA input) produced a distinct
band corresponding to the expected amplicon size of
approximately 1.5 kb, as determined relative to the
molecular weight marker (M). The bands were clearly
visible and localized near the 1.5 kb reference band,
indicating successful amplification of the full-length 16S
V1-V9 region. No prominent nonspecific bands were
observed within the lower molecular weight range (e.g.,
~500 bp), although minor background smearing was visible
in some lanes. In the second trial (Figure 2B), amplification
was optimized for sample T0.4 using varying DNA input
concentrations (100 ng, 200 ng, and 400 ng). A clear and
specific ~1.5 kb band was observed for T0.4, particularly
at 100 ng of input DNA, with minimal background
smearing compared with higher template concentrations.
The band intensity increased with increasing template
concentration; however, increased background signal and
slight smearing were also noted at 200 ng and 400 ng.
Overall, successful amplification of the target 16S V1-V9
region was achieved for samples T0.1, T0.2, T3.1, T3.2,
and T3.3 in the first trial and for T0.4 in the second trial.
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'The confirmed amplicons were subsequently subjected to
sequencing analysis. For TO and T4, 100 ng of template-
derived product was selected for sequencing because of its

optimal band clarity and specificity.

PCR OPTIMIZATION FOR STARTER-PHASE HEN
SAMPLES

This study successfully validated a PCR protocol for
amplifying the near-full-length bacterial 765 rRNA gene
(V1-V9; ~1,500 bp) from the gut microbiota of laying
hens during the starter phase. The consistent generation
of strong, discrete bands at the target size confirms that
the methodology is robust for use with poultry samples, a
critical first step toward understanding early-life microbial
colonization in laying hens. Amplification specificity in
poultry samples. The observation of a single, discrete band
at approximately 1.5 kb in size in samples from starter-
phase hens (T0.1, T0.2, T3.1, T3.2, and T3.3) confirms
high primer specificity for the bacterial 16S rRNA gene.
The absence of nonspecific amplification is particularly
relevant for poultry gut contents, which often contain a
complex mixture of feed particles, host cells, and diverse
microbial taxa (Bjerrum ez a/, 2006). The successful
amplification across these samples indicates that the PCR
conditions effectively targeted the bacterial community
despite this complexity, ensuring that downstream
sequencing accurately captured the composition of the
developing microbiota in young hens. The period between
weeks zero and six is a critical stage because it marks the
rapid development of microorganisms, which will affect
future health outcomes, immune system development, and
system production efficiency (Ballou ¢z 4/, 2016).

The second trial, which utilized sample T0.4 from the

starter-phase, provided essential insights into template
normalization. The finding thatalower DNA concentration

To.1T0.2 TO.3 T3.1T3.2 T3.3

1.5kb 1.5kb

500bp 500bp-

A
Figure 2: Electrophoresis results (a) 1 trial sample and (b) 2" trial sample processing.

(100 ng) resulted in a clearer amplicon profile than a higher
concentration (200-400 ng) has practical implications for
processing poultry gut samples. Cecal and ileal contents
from young birds can vary significantly in microbial
density and may contain relatively high concentrations of
PCR inhibitors, such as bile salts, complex polysaccharides
from feed, or uric acid (Pu ez a/.,2025; Pandit ez al., 2018).
'The improved clarity at 100 ng suggests that reducing the
template volume minimizes the carryover of co-extracted
inhibitors, which can otherwise lead to background
smearing or primer-dimer formation. For starter-phase
hens, where sample biomass may be limited, these findings
indicate that prioritizing purity over quantity is key to
generating high-quality amplicons suitable for sequencing.

Although PCR-based approaches can introduce
amplification  bias, maintaining uniform reaction
conditions across samples minimizes this effect. The
limited variation in template DNA input in this study
was necessary to ensure successful amplification and is
unlikely to have significantly influenced the observed
microbial community structure but no negative control
(no-template control (Figure 2). Relevance to early life
microbiome studies in layers. The ability to consistently
amplify the full-length 16S gene from starter-phase hens
is methodologically significant for poultry science. While
short-read sequencing of hypervariable regions (e.g., V3—
V4) is common, it often provides insufficient resolution to
discriminate between closely related species that may have
different functional roles in the developing gut (Johnson e7
al.,2018). Full-length 16S sequencing offers the taxonomic
depth required to track the colonization of specific genera
(e.g., Lactobacillus, Bifidobacterium, and Faecalibacterium)
or potential pathogens during this critical early life window

(Oakley and Kogut, 2016).

T03 703 TQ.3 TR4 TPA4 T4
M (100ng) (20Cng) (4UCng) (1UOng) (200ng) (400ng)
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Figure 3: Phylum-level microbial composition of gut microbiota in control and GroPro®-supplemented treatment
groups. (A) Venn diagram showing the number of phyla detected in the analyzed groups, and (B) Stacked bar plot

showing the relative abundance of phyla in the control and treatment groups based on the summed abundance of three

replicates per group.
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Figure 4: Genus-level microbial composition of gut microbiota in control and GroPro®-supplemented treatment groups.
(A) Venn diagram showing the number of genera detected in the analyzed groups, and (B) Stacked bar plot showing

the relative abundance of bacterial genera in the control and treatment groups based on the summed abundance of three

replicates per group.

PHYLUM-LEVEL MICROBIAL CHANGES

At the phylum level, the Venn diagram showed that seven
phyla were shared between the control and GroPro®-
supplemented treatment groups, whereas three phyla were
exclusively detected in the treatment group and no phylum
was uniquely detected in the control group (Figure 3A).
This pattern indicates that GroPro® supplementation did
not replace the core phylum-level microbial structure, but
may have expanded the detectable phylum-level diversity by
introducing or supporting low-abundance bacterial groups.
The relative abundance profile further demonstrated that
both groups were overwhelmingly dominated by Bacillota,
accounting for 99.857% of the total microbial community
in the control group and 99.657% in the treatment group
(Figure 3B).This high dominance of Bacillota suggests that
the ileal microbiota of starter-phase laying hens remained
largely stable at the broad taxonomic level, regardless of
dietary supplementation.

Although the overall phylum-level composition was
similar between groups, several low-abundance phyla
showed treatment-associated changes. Campylobacterota
increased from 0.064% in the control group to 0.232%
in the treatment group, while Pseudomonadota increased
from 0.009% to 0.027%. Fusobacteriota was also more
detectable in the treatment group, reaching 0.012%.
Despite these numerical shifts, the abundance of these

phyla remained very low relative to Bacillota, indicating
that GroPro® supplementation did not induce major
phylum-level dysbiosis. Biologically, this result suggests
that the beneficial effects of GroPro® may not be reflected
by large-scale changes at the phylum level, but rather
by more specific modulation at lower taxonomic ranks,
particularly within Bacillota. Moreover, the treatment
group showed an increase in both the number and
distribution of observed taxa, suggesting that GroPro®
may modulate the gut microbiota by enhancing taxonomic
richness and promoting a broader distribution of microbial
taxa to achieve a balance gut microbial community
structure (Chen-Liaw ez a/., 2024; Xie et al., 2024).

GGENUS-LEVEL MICROBIAL CHANGES

Similar pattern also observed at the genus level, with the
Venn diagram showed that 35 genera were shared between
the control and GroPro®-supplemented treatment
groups, whereas 11 genera were uniquely detected in the
treatment group and no genus was exclusively detected
in the control group (Figure 4A). This pattern suggests
that GroPro® supplementation did not eliminate the core
genus-level microbial community present in the control
group, but rather expanded the detectable genus diversity
by supporting additional low-abundance genera. The
relative abundance profile demonstrated that both groups
were dominated by lactic acid bacteria and other Bacillota-
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associated genera. Lactobacillus was the most abundant
genus in both groups, with comparable relative abundance
between the control and treatment groups, accounting for
53.123% and 52.411%, respectively (Figure 4B). However,
several genus-level shifts were observed after GroPro®
supplementation. Romboutsia decreased from 29.013%
in the control group to 19.802% in the treatment group,
whereas Streptococcus increased markedly from 1.817%
to 10.827%. Enterococcus also increased in the treatment
group, reaching 5.203%, while Limosilactobacillus showed
a slight reduction from 6.758% in the control group to
5.769% in the treatment group. In contrast, Ligilactobacillus
increased from 2.827% to 3.501% following GroPro®

supplementation.

These findings indicate that GroPro® supplementation
induced a selective genus-level modulation rather than
a complete restructuring of the gut microbiota. The
persistence of Lactobacillus as the dominant genus in both
groupsindicates thattheileal microbiotaremained primarily
characterized by lactic acid bacteria, which are commonly
associated with intestinal homeostasis, competitive
exclusion of pathogens, organic acid production, and
immune regulation (Jansseune ez /., 2025). The increase in
Ligilactobacillus, together with the sustained abundance of
Lactobacillus and Limosilactobacillus, suggests that GroPro®
may support beneficial lactic acid bacteria groups within
the gut ecosystem. This is biologically relevant because
yeast-derived components, including B-glucan, mannan
oligosaccharides, nucleotides, and small peptides, may
act as prebiotic and immunonutritional substrates that
selectively promote beneficial taxa and improve host—
microbe interactions (Sartono ez al., 2025; Jin et al., 2026;
Kiran ez al., 2026). Although Streptococcus and Enterococcus
increased in the treatment group, these genera include
both commensal and opportunistic species (Krawczyk
et al., 2021; Krzysciak er al., 2013). Therefore, their
biological interpretation should be supported by species-
level analysis and pathogenicity classification. Overall,
the genus-level data suggest that the effect of GroPro®

A B

Treatment 19.34

Control___

A Control

is more likely reflected by taxa-specific shifts within the
dominant Bacillota and lactic acid bacteria community
rather than by broad phylum-level changes, supporting the
need to integrate genus- and species-level profiling when
evaluating the microbiota-modulating potential of yeast-
derived feed additives.

SPECIES-LEVEL MICROBIAL CHANGES

At the species level, the Venn diagram showed that 135
bacterial species were shared between the control and
GroPro®-supplemented treatment groups, whereas 11
species were uniquely detected in the control group
and 39 species were uniquely detected in the treatment
group (Figure 5A). This pattern suggests that GroPro®
supplementation did not disrupt the core species-level
microbiota, but it increased the number of detectable
treatment-associated species. The relative abundance
profile further showed that the control group was mainly
dominated by Lactobacillus crispatus and Romboutsia
timonensis, which accounted for 32.23% and 28.47% of
the total community, respectively (Figure 5B). In contrast,
the treatment group showed a more distributed species-
level composition, with Romboutsia timonensis as the most
abundant species at 19.34%, followed by Lactobacillus
Johnsonii at 17.27%, Lactobacillus kitasatonis at 14.80%, and
Lactobacillus crispatus at 14.57%. This shift indicates that
GroPro® supplementation reduced the dominance of a
few major species and promoted a broader distribution of
lactic acid bacteria-associated taxa.

Several beneficial bacterial species increased or became
more prominent in the GroPro®-supplemented group. In
particular, Lactobacillus johnsonii increased from 14.37%
in the control group to 17.27% in the treatment group,
while Lactobacillus kitasatonis was markedly enriched in the
treatment group, reaching 14.80%. Streptococcus alactolyticus
also increased from 2.74% to 10.70%, while Enterococcus
cecorum increased from 1.79% to 4.15%. In addition,
Lactobacillus hamsteri was more abundant in the treatment

2.18
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Figure 5: Species-level microbial composition of gut microbiota in control and GroPro®-supplemented treatment
groups. (A) Venn diagram showing the number of bacterial species detected in the analyzed group, and (B) Stacked
bar plot showing the relative abundance of dominant bacterial species in the control and treatment groups based on the

summed abundance of three replicates per group.
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Figure 6: Alpha diversity indices of gut microbiota in control and GroPro®-supplemented groups.

Boxplots show six alpha diversity indices, including Simpson’s index, Shannon index, Berger—Parker dominance index,
Fisher’s alpha, Pielou’s evenness, and taxa richness. The control group is shown in blue, while the GroPro®-supplemented
treatment group is shown in red. Each point represents an individual sample, with three samples per group. Statistical
comparisons between groups were performed using an independent t-test.

group than in the control group, although it remained at a relatively low proportion. The lower proportion of Lactobacillus
crispatus in the treatment group does not necessarily indicate an unfavorable microbial shift, because other lactic acid
bacteria, particularly L. johnsonii and L. kitasatonis, were enriched and may contribute similar or complementary roles in
maintaining gut homeostasis. These results support the interpretation that GroPro® may exert its microbiota-modulating
effect through species-specific rearrangement within the lactic acid bacteria community rather than through broad

changes in overall microbial diversity.

Biologically, the enrichment of several Lactobacillus
species in the treatment group is important because lactic
acid bacteria are widely associated with intestinal barrier
support, organic acid production, competitive exclusion
of pathogens, and modulation of mucosal immunity
(Jin ez al., 2026). Yeast-derived components in GroPro®,
such as B-glucan, mannan oligosaccharides, nucleotides,
and small peptides, may provide selective substrates or
immunonutritional support that favor beneficial bacterial
species and improve host-microbe interactions. Moreover,
because this analysis was based on 16S rRNA sequencing,
species-level assignments should be considered indicative
and require cautious interpretation. Overall, the species-
level profile suggests that GroPro® supplementation
promoted a more diverse and taxa-specific microbial

arrangement, especially involving lactic acid bacteria,
which may explain potential beneficial effects even when
broad beta diversity patterns do not show significant
separation.

PATHOGENIC AND NONPATHOGENIC SPECIES

'There were 123 non-pathogenic species and 61 pathogenic
species in the gut microbiome. A total of 185 species were
co-observed between the control and treatment groups
(Supplementary Table 1). 16S rRNA sequencing data for
the control and treatment groups (1% Gropro®). Species
known as opportunistic pathogens can cause disease under
conditions of dysbiosis or immune stress. The relative
abundance of potential pathogenic bacteria varied between
the control and treatment groups. Pathogenic species, with
the majority being Streptococcus, Enterobacterus, Clostridium,
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Figure 7: Beta diversity analysis of gut microbiota in control and GroPro®-supplemented treatment groups. Non-metric
multidimensional scaling (NMDS) ordination plots were generated using three distance matrices: Bray—Curtis, Jaccard,
and Canberra. Each point represents an individual sample, with blue points indicating the control group and red points
indicating the GroPro®-supplemented treatment group. Polygons represent the distribution area of samples within
each group. Across all three distance matrices, the control and treatment groups showed partial overlap, indicating that
GroPro® supplementation did not produce a clear separation in overall microbial community structure. This suggests
that the treatment did not markedly alter global beta diversity, although taxa-specific microbial changes may still occur

at the genus or species level.

and Corynebacterium, varied significantly depending on
the type of treatment. Treatment TO contained a moderate
number of pathogenic species associated with Enterococcus
and Streptococcus. Previous studies have shown that bacteria
are present in the ceca of clinically healthy birds, indicating
that Streptococcus infections are rare in commercial layer
hens but can be severe, such as septicemia, increasing
death rates, and lowering egg production (Garmyn et al.,
2020). Moreover, dietary supplementation with yeast-
derived B-glucans (200 mg/kg) significantly improved
body weight gain, feed efficiency, intestinal morphology,
and anti—Clostridium perfringens antibody responses while
reducing intestinal C. perfringens colonization in infected

broilers (Tian et al., 2016).

ALPHA DIVERSITY

Alpha diversity analysis was performed to evaluate
within-sample microbial diversity between the control
and GroPro®-supplemented groups using six ecological
indices, including Simpson’s index, Shannon index, Berger—
Parker dominance index, Fisher’s alpha, Pielou’s evenness,
and taxa richness (Figure 6). Among these indices, only
the Shannon index showed a significant difference
between groups, with the treatment group exhibiting a
significantly higher Shannon diversity than the control
group (p = 0.0342). This result indicates that GroPro®
supplementation increased overall microbial diversity by
improving both richness and proportional distribution of
bacterial taxa. Although Simpson’s index was numerically
higher in the treatment group than in the control group,
the difference was not statistically significant (p = 0.113).
Similarly, Pielou’s evenness tended to be higher in the
treatment group (p = 0.115), suggesting a more balanced
microbial community, although this pattern did not reach
statistical significance. Taxa richness was also numerically

increased in the treatment group compared with the
control group, but the difference was not significant (p =

0.235).

The Berger—Parker dominance index was lower in the
GroPro®-supplemented group than in the control group,
although the difference was not statistically significant
(p = 0.0846). Since the Berger—Parker index reflects the
proportional dominance of the most abundant taxon, this
decreasing trend suggests that GroPro® supplementation
may reduce the dominance of a single bacterial group and
promote a more evenly distributed gut microbial ecosystem.
In contrast, Fisher’s alpha showed nearly identical values
between the control and treatment groups (p = 0.952),
indicating that the abundance of rare taxa was not
markedly affected by the dietary intervention. Collectively,
these findings suggest that GroPro® supplementation
did not broadly alter all components of alpha diversity
but selectively improved microbial diversity as reflected
by the Shannon index, with supportive nonsignificant
trends toward higher Simpson diversity, greater evenness,
increased taxa richness, and reduced dominance.

From a biological perspective, the significant increase in
Shannon diversity, together with the tendency toward
reduced dominance and improved evenness, may indicate
a more stable and resilient gut microbial community in the
GroPro®-supplemented group. Yeast-derived components
in GroPro®, including B-glucan, mannan oligosaccharides,
nucleotides, and small peptides, may function as prebiotic
and immunonutritional substrates that support microbial
balance and intestinal homeostasis (Luo e al, 2025;
Yang et al., 2024; Sharma, 2025; Mio ez al., 2021). This
is consistent with the concept discussed in the earlier
review that yeast-based additives may not always induce
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large-scale alterations in microbiota structure, but can
still improve gut health through selective modulation
of beneficial taxa and microbial ecological balance,
particularly lactic acid bacteria groups such as Lactobacillus,
Ligilactobacillus, and Limosilactobacillus (Cerdin-Aldudn ez
al., 2026). Therefore, even though several alpha diversity
indices did not reach statistical significance, the significant
enhancement of Shannon diversity suggests that GroPro®
supplementation may contribute to a more diverse and
tunctionally favorable gut microbial environment during
the starter phase.

BETA DIVERSITY

'The NMDS ordination plots demonstrated a high degree
of similarity in gut microbial community composition
between the control and inactive yeast-supplemented
groups. Across the three distance matrices evaluated,
namely Bray-Curtis, Canberra, and Jaccard, the control
group and the 10 kg/MT GroPro® supplementation group
showed overlapping polygon distributions, indicating
the absence of a clear separation in overall microbial
community structure (Figure 7). This observation was
turther supported by PERMANOVA analysis, in which
all distance matrices produced p-values greater than
0.05 (Supplementary Table 2). These findings suggest
that dietary inclusion of GroPro® at 10 kg/MT did not
significantly alter the global gut microbiota structure
compared with the control group.

Although beta diversity analysis indicated no significant
shift in the overall microbial community structure, this
result does not necessarily exclude the possibility of
biologically meaningful microbial modulation. Beta
diversity primarily reflects broad-scale differences in
community composition and may not capture subtle
but functionally relevant changes in specific bacterial
taxa (Walters and Martiny, 2020). In this context, the
beneficial effects of inactive yeast supplementation may
arise from taxa-specific responses rather than whole-
community restructuring. Particular attention should
be given to beneficial bacterial groups, especially lactic
acid bacteria, such as Lactobacillus, Ligilactobacillus, and
Limosilactobacillus, which are commonly associated
with improved intestinal health, competitive exclusion
of pathogens, modulation of immune responses, and
enhancement of nutrient utilization (Sartono ez a/., 2025;
Jin et al., 2026; Kiran ef al., 2026). Therefore, even in the
absence of significant beta diversity differences, an increase
or functional enrichment of selected beneficial taxa may
still contribute to improved gut homeostasis and host
performance. These findings highlight the importance of
complementing beta diversity analysis with taxonomic
abundance profiling and targeted evaluation of beneficial
microbial groups to better understand the biological effects

of GroPro® supplementation.

LIMITATION OF STUDY

Although compared with short-read sequencing, full-
length 16S rRNA sequencing using Oxford Nanopore
technology enables improved taxonomic resolution, it
is associated with higher per-read error rates. As such,
species-level assignments should be interpreted cautiously,
and future studies incorporating error-correction pipelines
or complementary sequencing platforms (e.g., Illumina-
based approaches) are recommended to validate these
findings. Future studies incorporating polishing tools or
complementary sequencing approaches are recommended
to improve taxonomic resolution.

The wuse of a general-purpose reference database
(NCBI_16S_18S_28S_ITS) may limit the accuracy of
species-level taxonomic assignments, particularly for
host-specific microbiota such as those of poultry. As
such, species-level identifications should be interpreted
cautiously. Future studies should consider the use of curated
databases (e.g., SILVA or GTDB) and/or complementary
validation approaches to improve taxonomic resolution

and reliability.

CONCLUSION

GroPro® supplementation modulated immune and gut
microbial indicators in starter-phase laying hens. The
most evident immunological response was the increase in
splenic CD4+ T-cell frequency, whereas CD8+ and CD45+
populations remained unchanged. Ileal microbiota analysis
indicated that GroPro® preserved the core ileal microbial
structure dominated by Bacillota and Lactobacillus, while
promoting a broader distribution of beneficial lactic acid
bacteria at genus and species levels. The significant increase
in Shannon diversity suggests improved microbial balance,
despite the absence of significant beta diversity separation.
'These results support GroPro® as a potential yeast-derived
additive for enhancing early gut and immune development
in young layers.
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hens without disrupting the core microbial community.
The novelty lies in the integrated evaluation of immune
(CD4* T-cell frequency) and microbial responses, reveal-
ing that supplementation increases CD4" expression and
enhances Shannon diversity. Importantly, GroPro® pro-
motes beneficial Lactobacillus species (L. johnsonii and L.
kitasatonis) and expands genus-level diversity, indicating
taxa-specific modulation rather than broad community re-
structuring. These findings support yeast-derived additives
as targeted modulators of early gut and immune develop-
ment in young layers.
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Supplementary Ta(l;le 1: Identified bacterial s'pccics‘ N Species Group Patho-
control and Gropro®-treated group (treatment), including Control Treatment SENicity
pathogenicity profiles of each species. : _
. Lactobacillus panisapium 41 135 NO
Species Group Patho- Foli i ail o NO
o actobacillus paragasseri
Control Treatment Senicity B parag -
. Lactobacillus pasteurii 312 632 NO
Glycomyces phytohabitans 0 19 NO . .
S Lactobacillus porci 172 489 NO
Glycomyces sediminimaris 0 16 NO . o
: . : Lactobacillus psittaci 109 143 NO
Brevibacterium pigmentatum 0 14 NO ) )
Lactobacillus rodentium 365 1487 NO
Brevibacterium profundi 0 17 NO . .
Lactobacillus selangorensis 50 68 NO
Brevibacterium siliguriense 0 10 NO ) ) )
Lactobacillus taiwanensis 39 61 NO
Corynebacterium glutamicum 17 0 NO :
: . Lactobacillus terrae 14 11 NO
Corynebacterium humireducens 0 24 NO . .
Lactobacillus ultunensis 316 834 NO
Corynebacterium sphenisci 76 0 NO : N :
Lactobacillus xujianguonis 630 1055 NO
Dietzia aerolata 13 24 NO o . °
S ) Ligilactobacillus agilis 76 34 NO
Ornithinibacillus heyuanensis 0 12 NO = . o
; Ligilactobacillus aviarius 449 523 NO
Salibacterium halotolerans 0 14 NO = ) . .
i . Ligilactobacillus saerimneri 211 143 NO
Ruoffia tabacinasalis 64 61 NO ° . o
i Ligilactobacillus salivarius 23706 34552 NO
Lactobacillus acetotolerans 1030 1784 NO c i )
Limosilactobacillus alvi 659 357 NO
Lactobacillus acidophilus 281 627 NO o ; .
: : Limosilactobacillus antri 231 882 NO
Lactobacillus amylolyticus 751 1683 NO o i o
i Limosilactobacillus coleohominis 1759 1152 NO
Lactobacillus amylovorus 135 524 NO S ; ) )
; i Limosilactobacillus equigenerosi 113 177 NO
Lactobacillus apis 262 467 NO o i °
Limosilactobacillus fastidiosus 449 1896 NO
Lactobacillus bombicola 99 222 NO
Limosilactobacillus fermentum 12 0 NO
Lactobacillus colini 707 860 NO
i o Limosilactobacillus frumenti 702 786 NO
Lactobacillus corticis 505 831 NO
: : Limosilactobacillus ingluviei 9020 1551 NO
Lactobacillus crispatus 278646 146741  NO o .
Limosilactobacillus mucosae 78 154 NO
Lactobacillus delbrueckii 727 1312 NO o . .
e ; . pen = NO Limosilactobacillus oris 8930 2812 NO
11
Lﬂf obzzcz’”us equzc'ur[s'orzs G e NG Limosilactobacillus panis 4427 6354 NO
Lactabacz.”usfo r;;zm " po BV — Limosilactobacillus pontis 40 39 NO
acto acz. e zm'zrum o O Limosilactobacillus reuteri 21892 31636 NO
Lactobacz.[lus gc.zsser.z 190 250 Limosilactobacillus rudii 180 227 NO
Lactobacz.l/us gzgerwrz'zm o 114 MO Limosilactobacillus secaliphilus 207 119 NO
Lactobacz‘[lus bamsz‘efrz £ B Limosilactobacillus vaginalis 9492 9758 NO
LTS AT LY S50 b Lactobacillus timonensis 235 201 NO
Lactobacillus hominis 427 543 NO Podiococcus siamensis 0 14 NO
Lactobacillus iners 876 1292 NO Periweissella cryptocerci 0 23 NO
Lactobacillus intestinalis 1957 3205 NO Secundilactobacillus angelensis 0 29 NO
Lactobacillus jenseni 208 575 NO Streptococcus caledonicus 24 170 NO
Lactobacillus johnsonii 124237 173941 NO Streptococcus chenjunshii 42 167 NO
Lactobacillus kalixensis 717 1483 NO Streptococcus dentasini 0 35 NO
Lactobacillus kefiranofaciens 899 1642 NO Streptococcus dentiloxodontae 0 11 NO
Lactobacillus kimbladii 16 24 NO Streptococcus hyovaginalis 46 58 NO
Lactobacillus kitasatonis 27685 149003 NO Streptococcus oricebi 0 12 NO
Lactobacillus kullabergensis 25 82 NO Streptococcus pantholopis 0 32 NO
Lactobacillus melliventris 91 141 NO Cllassribmn calbllaammmms 0 17 NO
Lactobacillus mulieris 57 65 NO Clostridium chromiireducens 52 19 NO
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Species Group Patho- Species Group Patho-
Control Treatment 8enicity Control Treatment Senicity
Clostridium ganghwense 12 0 NO Globicatella sanguinis 87 21 YES
Clostridium isatidis 23 12 NO Enterococcus asini 12 0 YES
Clostridium jeddahitimonense ~ 3238 2635 NO Enterococcus canis 31 36 YES
Clostridium luticellarii 10 10 NO Enterococcus cecorum 10549 41801 YES
Clostridium manihotivorum 23 27 NO Enterococcus columbae 2682 10174 YES
Clostridium prolinivorans 27 0 NO Enterococcus dispar 0 12 YES
Clostridium sartagoforme 16 133 NO Enterococcus eurekensis 19 28 YES
Clostridium tarantellae 42 23 NO Enterococcus faecium 20 39 YES
Senegalia massiliensis 31 54 NO Enterococcus hermanniensis 25 45 YES
Cellulosilyticum lentocellum 20 26 NO Enterococcus mundtii 12 12 YES
Asaccharospora irregularis 18 28 NO Enterococcus ratti 132 250 YES
Intestinibacter bartlettii 35 27 NO Enterococcus saccharolyticus 12 0 YES
Metaclostridioides mangenotii 70 56 NO Streptococcus acidominimus 0 11 YES
Peptacetobacter hiranonis 109 78 NO Streptococcus agalactiae 0 14 YES
Peptacetobacter hominis 123 82 NO Streprococcus alactolyticus 15489 107723  YES
Candidatus Peptostreptococcus 23 25 NO Streptococcus caballi 0 11 YES
massiliensis Streptococcus canis 0 14 YES
Romboutsia hominis 29 54 NO Streprococcus chosunense 24 115 YES
Romboutsia ilealis 4156 3989 NO Streptococcus constellatus 15 43 YES
Romboutsia lituseburensis 134 125 NO Streptococcus danieliae 0 21 YES
Romboutsia maritimum 271 209 NO Streptococcus didelphis 0 24 YES
Romboutsia sedimentorum 135 288 NO Streptococcus entericus 10 62 YES
Romboutsia timonensis 246098 194752 NO Streptococcus equi 0 12 YES
Tepidibacter formicigenes 36 13 NO Streptococcus gallolyticus 10 44 YES
Tepidibacter mesophilus 11 0 NO Streptococcus infantarius 0 13 YES
Tepidibacter thalassicus 12 0 NO Streptococcus koreensis 0 33 YES
Alkalithermobacter paradoxus 13 0 NO Streptococcus macacae 0 12 YES
Alkalithermobacter thermoalca- 227 183 NO Streptococcus minor 0 13 YES
liphilus Streptococcus orisratti 25 120 YES
Sporacetigenium mesophilum 28 21 NO Streptococcus ovuberis 0 12 YES
Turicibacter bilis 22924 2792 NO Streptococcus phocae 0 30 YES
Turicibacter sanguinis 1977 263 NO Streptococcus sanguinis 0 19 YES
Gallicola barnesae 566 67 NO Streprococcus vestibularis 27 207 YES
Helicobacter apri 0 13 NO Clostridium carnis 0 22 YES
Sulfuricurvum kujiense 0 27 NO Clostridium chauvoei 0 192 YES
Fischerella indica 79 122 NO Clostridium disporicum 1749 1066 YES
Cetobacterium somerae 11 102 NO Clostridium fermenticellae 13 10 YES
Lignipirellula cremea 12 30 NO Clostridium neonatale 0 10 YES
Nordella oligomobilis 0 276 NO Clostridium oryzae 371 273 YES
Fervidobacterium riparium 0 39 NO Clostridium paraputrificum 288 229 YES
Limisphaera ngatamarikiensis 17 47 NO Clostridium saudiense 730 507 YES
Corynebacterium stationis 71 112 YES Clostridium septicum 49 103 YES
Corynebacterium xerosis 393 250 YES Clostridium tertium 19 142 YES
Fundicoccus ignavus 60 14 YES Clostridium tetani 13 14 YES
Table continues on next page................ Table continues on next page................

%0 .
Qals Links
OResearchers

August 2026 | Volume 14 | Issue 8 | Page 1861



OPEN a ACCESS Advances in Animal and Veterinary Sciences

Species Group Patho-
Control Treatment 8€Nicity

Niameybacter massiliensis 80 101 YES
Peproanaerobacter stomatis 10 0 YES
Eubacterium yurii 38 41 YES
Clostridioides difficile 844 625 YES
Faecalimicrobium dakarense 844 1117 YES
Paraclostridium sordellii 284 272 YES
Paraclostridium tenue 341 541 YES
Peptostreptococcus anaerobius 172 273 YES
Peptostreptococcus russellii 137 112 YES
Terrisporobacter glycolicus 1486 5786 YES
Terrisporobacter mayombei 148 271 YES
Terrisporobacter petrolearius 3640 3103 YES
Helicobacter brantae 551 2285 YES
Helicobacter fennelliae 0 10 YES
TOTAL 864531 1007037

Note: The abundance values were obtained by summing all of
the abundance value of each replication for every group (n=3

per group).

Supplementary Table 2: The PERMANOVA results for
comparing the control and treatment group according to
bacterial species by using bray-curtis,jaccard,and Canberra
distance matrix.

Metric Term  Df Sumof R2 F P
Sqs value

Bray Model 1 0.106724 0.12657 0.579644 0.9
curtis  Residual 4 0.736483 0.87343 NA NA
Total 5 0.843207 1 NA NA
Jaccard Model 1 0.227901 0.177873 0.865427 0.7
Residual 4 1.053358 0.822127 NA NA
Total 5 1.281259 1 NA NA
Canberra Model 1 0.146227 0.116214 0.525983 1
Residual 4 1.112027 0.883786 NA NA
Total 5 1.258254 1 NA NA
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