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ABSTRACT 

 

 Dairy cows in late lactation experience compromised immune status. A promising strategy to im-

prove immune health is to manipulate gut microbiota. This study evaluated the effect of fecal microbi-

ota transplant (FMT) on the immunity profile of Friesian Holstein cows during late lactation. Donor 

cow from the Ciawi, Bogor highlands were selected. Fecal microbiota transplants (FMT) were pre-

pared using donor Friesian Holstein cow feces, mixed with glycerol (1:1), diluted in saline, encapsulat-

ed in double-layered capsules, and stored at -20°C. The study used a Latin square design with three 

Friesian Holstein cows in late lactation, testing one control and two FMT levels (5 g and 10 g per day 

per cow) in a 3% body weight ration (60% elephant grass, 40% concentrate) over three cycles. Using a 

shotgun metagenomic approach, we identified key microbial populations that correlated with the 

maintenance of gut homeostasis and immune function. These microbial communities, including Bac-

teroides, Bifidobacterium, and Prevotella, produce gut-derived metabolites (acetate, butyrate, and pro-

pionate) that influence lymphocytes of T1 (4.02 x 10^3/uL) and T2 (3.87 x 103/uL) and monocytes of 

T1 (0.38 x 10^3/uL) and T2 (0.31 x 103/uL), thus modulate  adaptive immune responses, aid in the re-

pair of the intestinal barrier, and strengthened immune system. CAZy enzyme analysis revealed diverse 

carbohydrate-active enzymes, highlighting the microbial contributions to fiber degradation and SCFA 

production. Our findings provide valuable insights into the role of the microbiota in regulating the di-

gestive and immune systems of dairy cows in lowland climates.  

 Keywords: Dairy cows, Fecal microbiota transplant, Immune system, Low land, Microbiota 

INTRODUCTION 

  

 Indonesia is a tropical country with temper-

atures reaching 36°C and relative humidity levels 

of 70-90% (Asmarasari et al., 2023). High tem-

perature and relative humidity  result in heat 

stress in dairy cows, causing decreased produc-

tivity due to hormonal and metabolic disorders 

(Soriani et al., 2013). Metabolic disorders and 

autoimmune diseases are likely caused by an im-

balance (dysbiosis) in hindgut microbiota (Xu et 

al., 2019). The hindgut microbiota of dairy cows 

is related to various activities and functions such 

as short chain fatty acid (SCFA) production and 
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methane and nitrogen emissions. The diversity of 

intestinal microbiota in dairy cows includes Ac-

tinobacteria, Bacteroidetes, Firmicutes, Proteo-

bacteria, Fusobacteria, and Verrucomicrobia 

(Rinninella et al., 2019).  

Numerous studies have shown that intestinal 

dysbiosis plays a role in the emergence of ill-

nesses in dairy cows (Ma et al., 2018). Bacteria, 

such as Streptococcus, Enterobacteriaceae, Ru-

minobacter, Treponema, and Bacteroidaceae, 

produce higher quantities of lactate, which can 

cause heat stress in dairy cows (Zhao et al., 

2019). Lactate can activate certain pathways in 

immune cells, which contribute to chronic in-

flammation or immune responses (Manosalva et 

al., 2022). Lactate is carried by the monocarbox-

ylate transporter (MCT) as a mediator and inter-

acts with receptors, such as GPR81, which regu-

lates inflammation and the immune response of 

various immune cells, such as macrophages and 

T-cells (Wu et al., 2023).  

The diversity of the gut microbiome is es-

sential for ruminant health and production, and 

FMT is gaining recognition as a method of 

choice to bring about comprehensive and dynam-

ic changes in microbial communities (Elokil et 

al., 2022; Olivia et al., 2023; Wang et al., 2022). 

FMT can affect the structure of the gut microbio-

ta in ruminants without causing any significant 

negative side effects. FMT can be a useful strate-

gy for mitigating low milk yield and improving 

overall immune responses (Khan et al., 2023). 

Previous studies have demonstrated that FMT 

significantly alters the composition of gut micro-

biota in calves (Wu et al., 2018). Research con-

ducted by Ardiansyah et al. (2024) on the admin-

istration of FMT to Nellore cattle showed that 

FMT did not adversely affect animal health, as 

indicated by haematological values. We demon-

strated that FMT from a healthy donor can mod-

ulate the gut microbiota, alleviate microbiota 

dysbiosis, and help maintain immune system ho-

meostasis. 

 

MATERIALS AND METHODS 

 

Preparation of FMT 

Healthy, high yielding donor cow was se-

lected for fecal microbiota transplant. Fecal sam-

ples were collected and immediately placed in a 

cooler box containing ice gel packs to maintain a 

stable temperature during transport to the labora-

tory. After homogenization, 80 g of fecal materi-

al was weighed, transferred to a sterile plastic 

bag, and clipped. Glycerol was then added to the 

sample at a 1:1 ratio until total weight reach-

es160 g. To prepare the solution, 20 litters of 

saline (NaCl) was added to the mixture, which 

was stirred thoroughly to ensure uniform dilution 

and maintain solution balance. The prepared so-

lution was then drawn into a syringe and encap-

sulated, with each capsule having a volume of 

0.9 ml. The capsules were securely sealed and 

stored in a freezer at -20°C (Figure 1). 

 

Experimental Design 

The experimental unit used three Friesian 

Holstein dairy cows in the 8th month of lactation 

(late lactation). The encapsulated FMT was ad-

ministered orally. The feed was given in the form 

of a ration of 3% of their body weight (370 – 430 

kg) consisted of 60% elephant grass and 40% 

concentrate (Table 1) with dry matter intake T0 = 

11.91 kg, T1 = 12.48 kg, and T2 = 11.57 kg is 

shown in Table 2. This study uses a Latin square 

design with three cycles. The treatments consist-

ed of three concentrations with different FMT 

levels: T0 = Ration + FMT 0 g, T1 = T0 + FMT 

5 g, and T2 = T0 + FMT 10 g. 

 

Blood Sample Collection 

Data collection of blood parameters was 

carried out using a 10 ml syringe, and blood was 

taken through the jugular vein and inserted into a 

3 ml vacutainer. The vacutainer was placed in a 

cool box and brought to the Soeparwi Animal 

Hospital, Gadjah Mada University, for hematolo-

gy analysis. 

 

Fecal Sample Collection 

We collected fecal samples from four (1 

donor 3 experimental), donor (FeSCAcow), con-

trol (Fe_cowT0), and experimental Friesian Hol-

stein cows (Fe_cowT1, Fe_cowT2), preserved 

them in RNA/DNA shield tubes, and sent them 

to the laboratory for processing. Genomic DNA 

was extracted from 1 g of feces using a Zymo-

Biomics stool kit (catalog number D4304) for 

metagenomic analysis. The DNA quality was 

assessed using a NanoDrop spectrophotometer 

(Thermo Fisher Scientific, Waltham, MA, USA).  
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Shotgun Metagenomic Sequencing 

Genomic DNA was extracted and assessed 

for integrity using 1% agarose gel electrophore-

sis to ensure the quality of DNA for downstream 

analysis. Fragmentation of the DNA to 350 bp 

was achieved using a Covaris M200 instrument. 

Subsequently, a paired-end (PE) library was 

constructed using PCR amplification to enrich 

the library template. Library quantity was deter-

mined by quantitative real-time PCR (qPCR).  

High-quality libraries that met the specified cri-

teria were processed and sequenced using the 

Nova Hiseq X-ten platform. 

 

Statistical Analysis 

Haematological data analysis was per-

formed using statistical methods, specifically 

analysis of variance (ANOVA) with an F-test at 

a 5% significance level. To control for potential 

variability, a Latin square design was employed 

as the linear model for analysis to enhance the 

accuracy of the results. 

 

RESULTS AND DISCUSSION 

 

Relative Abundance of Bacteria in Control, 

Treated and Donor 

The data presented in Figure 2A provides 

critical insights into the impact of fecal microbi-

ota transplant (FMT) on microbial community 

composition and establishes a foundation for 

understanding dose-dependent microbial shifts. 

At baseline (T0), the untreated control group ex-

hibited low relative abundances of Alistipes 

(0.029%), Bacteroides (0.013%), Prevotella 

(0.02%), and Clostridium (0.007%), with 

Bifidobacterium being notably absent. Adminis-

tering 5 g of FMT (T1) led to measurable altera-

tions in the microbial composition. Bifidobacte-

rium emerged at a relative abundance of 0.002%, 

whereas Alistipes and Bacteroides increased to 

0.04% and 0.017%, respectively. Slight shifts 

were also observed in Prevotella and Clostridium 

with relative abundances of 0.02% and 0.009%, 

respectively. An increase in the FMT dosage to 

10 g (T2) further magnified these changes. The 

abundance of Alistipes and Clostridium in-

creased to 0.041% and 0.013%, respectively. 

However, Bifidobacterium showed a minor de-

cline of 0.001%, suggesting a differential re-

sponse of microbial taxa to higher FMT doses. 

Bifidobacterium species were more abundant at 

T1 than at T2 or T0. Covian et al., (2013) report-

ed that Bifidobacterium produces exopolysaccha-

rides (EPS), which serve as a carbon source for 

Bacteroides, and metabolizes these EPS to gen-

erate short-chain fatty acids (SCFAs). Further-

more, Bifidobacterium helps improve the growth 

and development of calves by optimizing the 

metabolic functions in the digestive tract 

(Zhuang et al., 2024). Ruminococcus are an im-

portant category of gut microbes that break down 

complex polysaccharides by cellulosomes and 

produce butyrate that maintains host health 

 

Figure 1. FMT Encapsulation Procedure. Feces were Collected from Donor Cow, Weighed, and 

Packed. Glycerol was Added to the Mixture and Dilute with Saline Solution, Encapsulated and 

Stored for Future Use.  
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(Reau and Suen, 2018; Artzi et al., 2017; El-

Sayed et al., 2021). Prevotella-derived metabo-

lites, particularly propionic acid, can indirectly 

influence immune function. However, the activa-

tion of antigen-presenting cells (APCs), includ-

ing dendritic cells, is predominantly driven by 

the microbial components of Prevotella, such as 

lipopolysaccharide (LPS) and peptidoglycan 

(Larsen, 2017). 

Heatmap data showed that Bacteroides was 

the most dominant (Figure 2B) in T1 compared 

to that in T2 and T0. Portincasa et al. (2022) re-

ported that Bacteroides species are correlated 

with gut-derived bioactive compounds (SFAs), 

such as propionate and acetate, which help to 

maintain a healthy intestinal barrier and reduce 

inflammation.  Bacteroides plays a major role in 

the fermentation of complex carbohydrates, pro-

duction of SCFAs, and protein digestion (Tufail 

and Schmitz, 2024). SCFAs contribute to 

strengthening the gut barrier, enhancing glucose 

and lipid metabolism, modulating the immune 

system, managing inflammation, and regulating 

blood pressure (Nogal et al., 2021).  

 

Carbohydrate-Active Enzyme response to 

FMT treatment 

Carbohydrate-Active Enzyme (CAZy) is a 

specialized database that categorizes and arrang-

es data regarding the enzymes that create, break 

down, and alter carbohydrates. CAZymes are 

categorized into six major groups in the CAZy 

database: Glycoside Hydrolases, Glycosyl Trans-

ferases, Polysaccharide Lyases, Carbohydrate 

Table 1. Feed Composition and Nutrient Content  

Feed Ingredients % Content (DM basis) 

Dry Cassava Pulp 30 

Brand Polard 21 

Palm Kernel Meal 38 
1Extruded soybean (Soyxyl) 7 
1Mineral mix (St.Vit) 1 

CALCIT 1 

Salt 1 
1Suplement RDP (GoPro) 1 

2Nutrient Content % 

Dry Matter 85.56 

Inorganic Ash 5.28 

Crude Protein 17.08 

Total Digestible Nutrients 76.83 

Crude Fat 8.38 

Crude Fiber 15.04 

Nitrogen-Free Extract 54.21 
2Nutrient Content of Pennisetum purpureum % 

Dry Matter 19.9 

Inorganic Ash 12.76 

Crude Protein 10.2 

Total Digestible Nutrients 45.99 

Crude Fat 1.6 

Crude Fiber 42.3 

Nitrogen-Free Extract 33.14 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Table 2. Daily Feed Intake 

Variable T0 T1 T2 

Dry Matter Intake (kg) 11.91 12.48 11.57 
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Esterases, Auxiliary Activities, and Carbohy-

drate-Binding Modules (Lombart et al., 2014). 

These CAZymes interact simultaneously to de-

compose dietary fibers, such as cellulose, hemi-

cellulose, and pectin. In addition, carbohydrate-

binding modules (CBMs), which are non-

enzymatic components, play a vital role in en-

hancing enzymatic activity. Studies have shown 

that CBMs significantly improve the catalytic 

efficiency of enzymes by specifically binding to 

polysaccharides, thereby localizing them to their 

target substrates and optimizing their functional-

ity (Wang et al., 2019). To determine function, 

the resulting CAZymes were compared to the 

KEGG pathway database (Al-Shareef, 2024), as 

shown in (Figure 3A) and (3B). 

A total of 19 CAZy enzyme families were 

detected in fecal microbiome samples (Figure 

3A). Eleven GH families (GH2, GH3, GH78, 

GH109, GH36, GH77, GH25, GH31, GH20, 

GH97, and GH95) were detected in abundance 

in our study. GH families, such as GH2, GH3, 

GH31, GH97, and GH95, are oligosaccharide-

degrading enzymes. Previously, oligosaccharide-

degrading glycoside hydrolases (oligo-GHs) ex-

hibited the highest bacterial diversity, with Bac-

teroides and Prevotella serving as the primary 

contributors to oligosaccharide breakdown, fol-

lowed by Clostridium and Ruminococcus (Wang 

et al., 2019). Moreover, GH78 (α-l-

rhamnosidase) is involved in debranching and 

hemicellulose degradation (Mu et al. 2021). Five 

GT families (GT2, GT4, GT41, GT35, and GT5) 

and four CE families (CE1, CE10, CE4, and 

CE9) were identified in our study. These en-

zymes play a critical role in polysaccharide deg-

radation, glycan synthesis, and carbohydrate uti-

lization (Bains et al., 2024). The gut microbiota 

produces CAZy enzymes that metabolize dietary 

fibers into short-chain fatty acids (SCFAs), in-

cluding butyrate and propionate. The metabolism 

of carbohydrates by microbes in the gut influ-

ences immunological development and control 

(Kim, 2018). Dysbiosis can disrupt immunologi-

cal tolerance and result in persistent inflamma-

tion and autoimmune disorders. Bacteroides pro-

duce short-chain fatty acids (SCFAs) and interact 

with gut hormones, such as G protein-coupled 

 

Figure 2A. Bar Graph of the Relative Abundance of Bacterial Communities at Genus Level among the 

Donor and Treated Groups. 

Figure 2B.  Heatmap Species level among Donor and Treated Groups. 
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receptors (GPCRs), including GPR41, GPR43, 

and GPR109A, present on immune cells (e.g., 

neutrophils, macrophages, and dendritic cells) 

(Liu et al., 2023). The short chain fatty acids bu-

tyrate and propionate mediate Treg cell prolifera-

tion through the G protein-coupled receptor path-

way and upregulation of the anti-inflammatory 

pathway due to inhibition of NF-κB activity 

(Fusco et al., 2023). 

 

Impact of FMT on Immune System 

Numerous factors, particularly challenging 

environments such as heat stress, can adversely 

affect the health of cattle. Heat stress can disrupt 

physiological homeostasis and impair immuno-

logical processes in dairy cattle by hindering 

both humoral and cell-mediated immunity 

(Bagath et al., 2022). Fecal Microbiota Trans-

plant (FMT) is a potential therapeutic interven-

tion to alleviate heat stress by restoring the com-

mensal microbial community within the intes-

tine. This approach involves the transfer of a di-

verse community of beneficial microorganisms 

from a screened donor to recipient. 

Researchers have identified FMT as a via-

ble treatment option for conditions associated 

with various common diseases, particularly for 

patients who have exhausted other therapeutic 

alternatives. Karimi et al. (2024) demonstrated 

that FMT is both safe and effective. Further-

more, Mahmoudi and Hadi (2023) highlighted 

that FMT can effectively restore gut microbial 

communities, emphasizing its potential as a re-

storative therapy for dysbiosis of gut microbiota. 

FMT is associated with enhanced immune 

tolerance by reshaping gut microbiota, modulat-

ing immune cell activity, and influencing cyto-

kine production (Soveral et al., 2022). Immune 

function is significantly affected by the abun-

dance of gut microbiota and the quantities of 

specific metabolites they produce, which interact 

with both the innate and adaptive immune sys-

tems. These interactions are crucial for maintain-

ing immune homeostasis and for preventing im-

mune-related diseases. The composition of gut 

microbiota is influenced by innate immunity in a 

 

Figure 3A. Percentage Community of CAZy Enzymes at Family Level among the Donor and Treated 

Groups.  

Figure 3B. Heatmap of CAZy Enzymes among Donor and Treated Groups.  
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healthy gut environment (Verberkmoes et al., 

2009). Table 3 presents leukocyte profile data 

that provide additional information regarding the 

impact of microbial metabolites on the immune 

system. 

The immune system functions through the 

involvement of leukocytes or white blood cells 

(Tigner et al., 2022). Table 3 shows the variable 

leukocyte profiles in the normal range. The re-

sults of leukocytes examination, white blood 

cells (6.26 - 7.20 x 103/μL); neutrophils (1.27 – 

1.40 x 103/uL); eosinophils (0.62 - 0.72 x 103/

uL); lymphocytes (3.78 – 4.02 x 103/uL) and 

monocytes (0.31 – 0.45 x 103/uL) after admin-

istration of FMT. An increased leukocyte count 

is generally considered a sign of an immune re-

sponse to infection (Sordillo, 2016). Recently, 

eosinophils have been shown to be the most 

abundant leukocyte population in bovine adipose 

tissue (Bentley et al., 2019). Eosinophils also 

play a role in maintaining tissue homeostasis and 

immunity (Broberg et al., 2021). Eosinophils and 

Neutrophils play an important role in the innate 

immune system (Dorosz et al., 2020). Neutro-

phils, a key component of the immune system, 

are produced in the bone marrow and released 

into the bloodstream. In the present analysis, 

neutrophil levels remained within the normal 

range and were not significantly different be-

tween the treatment groups. This observation 

suggests the absence of bacterial infections or 

other inflammatory conditions. Neutrophils serve 

as first responders to bacterial infections and 

play a critical role in the innate immune response 

by rapidly targeting and neutralizing pathogens 

(Alhussien and Dang, 2019). Neutrophils influ-

ence adaptive immunity by acting as antigen-

presenting cells and activating T-cells. They per-

form several functions, including pathogen phag-

ocytosis, release of reactive oxygen species 

(ROS), and secretion of proinflammatory cyto-

kines. Upon detection of infection, neutrophils 

rapidly migrate to the infection site (Rutkowska 

et al., 2024).  

Lymphocytes are white blood cells that play 

important roles in the immune system. Lympho-

cytes have 2 types, namely T lymphocytes and B 

lymphocytes. T and B lymphocytes cells interact 

closely within secondary lymphoid organs to 

elicit an effective immune response against in-

vading pathogens with T lymphocytes attacking 

infectect cell and B lymphocytes produce vanti-

bodies to neutralize certain phatogens (Langelaar 

et al., 2020). T cells (T lymphocytes) comprise 

various subtypes, each with distinct roles in im-

mune functions. The two most prevalent and 

widely studied subtypes are CD4+ T cells, com-

monly referred to as helper T cells, and CD8+ T 

cells, also known as cytotoxic or killer T cells. 

CD4+ T cells can be further classified as regula-

tory T cells (Tregs), which play a critical role in 

main- taining immune tolerance and preventing 

autoimmunity (Sauls et al., 2023; Corthay, 

2009). A key advantage of lymphocytes is their 

ability to develop immunological memory, which 

enables them to respond more effectively to sub-

sequent encounters with the same pathogen or 

foreign molecules (Dachlan, 2019). The increase 

in lymphocyte parameters in T1 (4.02 10 3 /uL)  

results may be due to the immunomodulatory 

effects of microbes present in the gut environ-

ment. SCFA-producing microbes, such as Bac- 

Table 3. The Leukocyte Profile of Control and Treatment Groups after Administration of FMT. 

          Variables T0 T1 T2      Range Signification 

White blood cell (10^3/uL) 7.2 6.54 6.26 5.1 – 7.6* P > 0.05 

Neutrophils (10^3/uL) 1.40 1.27 1.28 1.0 – 3.5** P > 0.05 

Eosinophils (10^3/uL) 0.72 0.70 0.62 0 – 0.9* P > 0.05 

Limphocyets (10^3/uL) 3.78 4.02 3.87 1,6 – 5.6* P > 0.05 

Monocytes (10^3/uL) 0.45 0.38 0.31 0 – 0.8* P < 0.05  

* George, J. W., J. Snipes and V. M. Lane. 2010. Comparison of bovine hematology reference intervals from 1957 to 2006. 

Vet Clin Pathol 39:138–148. 

**Kraft W and U. M Durr. 2005. Klinische Labordiagnostik in der Tiermedizin [Clinical laboratory dianostics in 

veterinary medicine], 6th ed. Schattauer, Stuttgart, Germany, In German. 
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teroides, increase Foxp3 expression through the 

GPR43 pathways and inhibit HDAC activity, 

which is important for Treg differentiation 

(Fusco et al., 2023). Moreover, lactate can sig-

nificantly affect the lymphocytes. Elevated lac-

tate levels can induce lactate reversal through 

Monocarboxylate Transporters (MCT), where 

lactate re-enters the cell and disrupts the glucose 

metabolism pathway (glycolysis), causing T cells 

to lose their primary energy source (glucose) to 

support optimal functioning. (Manosalva et al., 

2022). 

Monocytes are a type of white blood cell 

capable of engulfing and defending against path-

ogens through phagocytosis, as well as produc-

ing various cytokines and chemokines to signal 

the immune system (Hussen and Schuberth, 

2017). In the T1 group, monocyte levels were 

elevated (0.62 × 10³/μL) compared to T2 and T0. 

This increase suggests that monocytes may con-

tribute to tissue repair, resolution of inflamma-

tion, and modulation of immune response. These 

functions are influenced by the surrounding mi-

croenvironment and balance of short-chain fatty 

acids (SCFAs), which regulate monocyte activity 

and differentiation (Zheng et al., 2020).  

A comparison of lymphocyte and monocyte 

levels between T0 and T2 revealed significant 

differences. At T0, the baseline data served as a 

critical control reference, providing a foundation 

for assessing the effects of FMT. Zou et al. 

(2019) emphasized the importance of baseline 

measurements in evaluating the efficacy of FMT 

in modulating microbiota and improving clinical 

outcomes. At baseline, the microbiota is likely to 

be in a stable state, unaffected by stressors, such 

as infection or inflammation, resulting in a regu-

lated immune response with minimal immune 

system activation. It is suspected that dominant 

protective microbes can convert substrates into 

positive metabolites (SCFA and lactate) that sup-

port immunity and inhibit pathogens. Protective 

microbes compete with pathogens for substrates 

and living spaces while producing metabolites 

that inhibit pathogen growth (Ghoul and Mitri, 

2016).  

SCFA produced by Bacteroides play an im-

portant role in preserving the integrity of the in-

 
Figure 4A. The Bar Graph Depicts Microbiome Diversity in the Donor (FeSCACow) and Treated Groups 

T0; T1; T2. 

Figure 4B. Prevotella: Induces Pro-inflammatory Cytokines (IL-6 and IL-23), Leading to Activation of 

Th17 Cells. Clostridium difficile: Produces ATP, which Stimulates the Immune Response and Induces the 

Production of Serum AmFyloid A (SAA) in Peyer's Patches. Firmicutes (Segmented Filamentous Bacteria): 

Influence the Activation of Immune Cells and Stimulate Immune Cells in Peyer's Patches to Maintain 

Immune Surveillance and Tolerance, Ensuring Gut Homeostasis with Produce IgA. Bacteroides, 

Clostridium, Bifidobacterium: Produce Short-Chain Fatty Acids (SCFAs) that Play a Regulatory Role in the 

Immune System and Gut Barrier.  
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testinal barrier and in lowering local inflamma-

tion (Yoo et al., 2020). Immune cells interact 

with SCFAs by activating G-protein coupled re-

ceptors (GPCRs), such as FFAR2 and FFAR3, 

on intestinal epithelial cells and immune cells, as 

well as through inhibition of histone deacetylase 

(HDAC), which increases the expression of anti-

inflammatory genes, including the gene encoding 

Foxp3, which plays a role in the differentiation 

of regulatory Treg cells (Ney et al., 2023). 

Bifidobacterium also produces SCFAs that sup-

port tight junction formation by promoting epi-

thelial integrity through modulation of immune 

pathways to maintain a balance between pro- and 

anti-inflammatory responses (Alessandri et al., 

2019). It was previously reported that Bifidobac-

terium enhances intestinal immune function 

through several mechanisms. These include stim-

ulating intestinal dendritic cells to secrete inter-

leukin-12 (IL-12), elevating plasma levels of in-

terleukin-10 (IL-10) and interferon-gamma (IFN-

γ), increasing the IL-4 / IFN-γ ratio within the 

intestinal mucosa, and promoting the differentia-

tion of thymic T cells into T helper 1 (Th1) cells 

(Dong et al., 2022). Similar to Bacteroides, Clos-

tridium produces butyrate, which plays a crucial 

role in the accumulation of regulatory T cells 

(Tregs). The formation of Tregs is mediated by 

transforming growth factor-beta (TGF-β) and 

interleukin-10 (IL-10) (Guo et al., 2020). In ad-

dition, butyrate suppresses the activity of pro-

inflammatory cytokines and immune cells, in-

cluding neutrophils and M1 macrophages, while 

promoting the activation of anti-inflammatory 

cells such as regulatory T cells (Tregs) and M2 

macrophages (Anshory et al., 2023). In a healthy 

environment, Prevotella microbes support muco-

sal immunity by optimizing neutrophil recruit-

ment and Th17 response to fight local pathogens 

(Larsen, 2017). Segmented filamentous bacteria 

(SFB) have been classified in the phylum Fir-

micutes, belong to the family Clostridiaceae, and 

are found attached to the ileal mucosa (Oemcke 

et al., 2021).  Clostridium difficile produces 

ATP, which binds to the purinergic receptor 

P2X7 and mediates K+ effusion from dendritic 

cells. Decreased intracellular K+ levels signal 

activation of the NLRP3 inflammasome, trigger-

ing the production of pro-inflammatory cyto-

kines and increasing the ability of antigen-

presenting cells (APCs), including dendritic cells 

(Figure 4) (Liu et al., 2018).  

 

CONCLUSION 

 

The gut microbial balance in the recipient 

cows was improved by FMT. Lowland cows ex-

perience heat stress in tropical regions, which 

weakens their immunity over time. The gut mi-

crobiota balance, health, and immunity status 

were improved by FMT administration in healthy 

donors. Microbial composition under FMT con-

ditions influenced feed fermentation, SCFA pro-

duction, and inflammation reduction via 

Bifidobacterium, Bacteroides, and Clostridium. 

The modulation of innate and adaptive immunity 

and intestinal barrier repair is supported by hae-

matological data. The FMT approach shows 

great promise for coping with the lowered im-

munity status of dairy cows in tropical regions. 
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