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Dietary Synbiotic Plus Betaine Modulates Intestinal Microbiota and Organ Development in Broilers Exposed to High Stocking Density Stress
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ABSTRACT
	
	Aims: Study aims to evaluate dietary supplementation with synbiotic, betaine, and their combination on the gut microbiota balance, internal organ development, and performance of broiler raised under high stocking density.

Study design:  The study was designed to evaluate the impacts of symbiotic plus betaine on broiler chickens subjected to stress from high density, with a focus on gut health, immune organ development, and growth efficiency. 

Place and Duration of Study: The research was conducted from June to August 2024, at the experimental facility of the Department of Animal Science, Faculty of Animal and Agricultural Sciences, Universitas Diponegoro, Semarang, Indonesia.

[bookmark: _GoBack]Methodology: A total of 225 one-day-old broiler chicks (Cobb CP 707 strain, initial weight 49.61 ± 0.59 g) were randomly divided into five treatments and five replicates: (1) CONTR- = normal-density rearing (8 birds/m²) + fed with basal diet; CONTR+ = high-density rearing (15 birds/m²) + fed with basal diet; T1 = high-density rearing + fed basal diet supplemented with 1% synbiotic; T2 = high-density rearing + fed basal diet supplemented with 0.2% betaine; T3 = high-density rearing + fed basal diet supplemented with 1% synbiotic + 0.2% betaine.
Results: Results showed that synbiotic + betaine supplementation (T3) significantly increased ileum weight and length (P < .05), enhanced the weights of the bursa fabricius and thymus, and reduced coliform counts while lactic acid bacteria increased. Birds in the T3 group also exhibited higher feed intake and final body weight compared to those raised under high-density without supplementation (P < .05).

Conclusion: The combination of synbiotic and betaine (T3) synergistically improved gut health, immune organ development, and overall performance of broiler chickens under crowded conditions. 
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1. INTRODUCTION

Demand for broiler production is increasing all the time, encouraging the industry to maximize productivity by increasing harvest numbers and weight. These conditions encourage the poultry industry to maximize harvest number per area with intensive production system with high-densities rearing. The implementation of intensive husbandry with above-normal density rearing causes the increase of enviromental stress, oxidative stress, and inflammation, leading to a decline in the health of broiler (Mangisah et al., 2024). Heat stress causes a decrease in body weigh gain, feed consumption and efficiency (Sohail et al., 2013); a decrease in intestinal morphology (Altaf et al., 2019); and metabolic disorders that result in stunted growth performance (Dai et al., 2022). These negative effects can alter the composition of gut microbiota, which play a role in the digestive and immune systems. Therefore, the development of effective nutrition needs to be persued to reduce the negative effects of intensive high-density rearing system by maintaining the body health and sustainability of broiler production. 
Synbiotics is functional feed additives that can improve gut health by balancing beneficial microbiota and enhancing immune response (Markowiak & Śliżewska, 2018; Śliżewska et al., 2020). Probiotic microorganisms such as Lactobacillus, Bacillus substilis and Bifidobacterium can improve intestinal barrrier integirty and inhibit pathogen colonization, while prebiotics such as inulin and fructooligosaccharide provide fermentable substrates to support the growth of beneficial gut microbes (Shehata et al., 2022). The addition of synbiotics in broiler feed has been shown to improve nutrient absorption, improve immune function, and increase weight gain under normal rearing conditions (Nisar et al., 2021). However, the effectiveness of synbiotic supplementation under high-density conditions with high enviromental stress still shows varying results, requiring further exploration to ensure consistent benefits. 
Betaine, a natural osmolite derived from sugar beets (Beta vulgaris), has attracted attention as a multifunctional feed additive due to its role in cellular osmoprotection, methyl group donation, and lipid metabolism (Eklund et al., 2005; Alhotan et al., 2021). Its osmoprotective properties can help maintan cellular homeostasis, protect intestinal ephitelial cells from stress-induce damage, and improve feed efficiency of broiler raised in heat stress enviroment (Rajaei et al., 2024). The benefits of betaine are also known to support intestinal morphology for optimal nutrient absorption (Awad et al., 2022). However, few studies have explored the synergistic potential of betaine and synbiotic supplementation in modulating gut microbiota and organ development in high-density rearing system with open-sided house broiler rearing system in a tropical area.
This study aims to evaluate a combination of synbiotics and betaine in feed and the effect on gut microbial balance, internal organ development, and growth performance of broiler chickens raised in high-density rearing system, open-sided house broiler rearing system in a tropical area. The novelty of this research lies in its integrative approach, which investigates the synergistic interaction between synbiotic microbiota modulators and betaine as cellular osmoprotectants under high-density rearing conditions. The findings are expected to provide new insights for the poultry industry in applying sustainable nutrition to improve broiler resilience and maintain production efficiency in intensive rearing systems. 

2. material and methods

2.1. Experimental Location

[bookmark: _Hlk211367982]The research was conducted from June to August 2022, at the experimental cage in  Nutrition and Feed Science Laboratory, Faculty of Animal and Agricultural Sciences, Universitas Diponegoro, Semarang, Indonesia. 

2.2. Materials 
This study used a total of 225 one-day-old Cobb CP 707 broiler chicks, with an average initial body weight of 49.59 ± 0.58 g. The experiment lasted for 35 days and was conducted under controlled environmental conditions. The others materials used in this study were betaine, Lactobacillus casei, garlic powder, skim milk, and basal ration. Ingredients basal ration consists of yellow corn, soybean meal, coconut oil, bentonite, limestone, monocalcium phosphate (MCP), and premix. Corn and soybean meal were the primary energy and protein sources. The nutritional content of the basal ration refers to the standard nutrient requirements for poultry, namely the NRC (1994). The composition and nutritional content of the basal ration are presented in Table 1.

2.3. Housing and Management 

Chickens were raised in floor pens (1.0 × 1.0 m) covered with clean rice husk litter. The temperature and relative humidity in the first week of maintenance are maintained at 32–34°C and gradually reduced in the second week until harvest to 26–28°C. Feed and water were given ad libitum. All birds were vaccinated against Infectious Bronchitis and Newcastle disease according to standard commercial practices.

2.4. Data Collection 

At the end of the 35-day feeding trial, 25 birds were slaughtered for sample collection. The measured variables were internal organ weights, intestinal microbiota, and growth performance. Internal organ weights were recorded immediately and expressed as a percentage of live body weight (100% x organ weight (g) / body weight (g)) (Chen et al., 2025). Ileal digesta samples were collected aseptically, serially diluted, and cultured on selective De Man Rogosa Sharpe Agar (MRSA) media to enumerate Lactic acid bacteria (LAB) populations and MacConkey agar to enumerate coliform populations. The agar plates were incubated anaerobically (48 hours at 37oC) for Lactobacillus spp. and aerobic incubation (24 hours at 37oC) for E. coli and Salmonella spp. (Karimipour et al., 2025). Broilers performance (feed consumtion, weight gain and feed conversion ratio (FCR)) were determined during the finisher phases. 
 
2.5. Experimental Design 

The birds were randomly divided into five treatment groups according to a completely randomized design (CRD), with three replicates in each group.

	[bookmark: _Hlk211499349]CONTR-
	: Normal-density rearing (8 birds/m²) + fed with basal diet.

	CONTR+ 
	: High-density rearing (15 birds/m²) + fed with basal diet.

	T1:
	: High-density rearing + fed basal diet supplemented with 1% synbiotic.

	T2:
	: High-density rearing + fed basal diet supplemented with 0.2% betaine.

	T3:
	: High-density rearing + fed basal diet supplemented with 1% synbiotic + 0.2% betaine.


Each treatment consisted of an equal number of replicates, and birds were reared under identical management and feeding conditions except for the differences in diet composition and stocking density.

2.6. Statistical Analysis 

Data from each measured parameter were tabulated and subjected to analysis of variance (ANOVA) to determine whether the treatment had an effect on the parameter, with a significance level of 5%. If significant results were obtained, a difference test using the Duncan multiple range test was conducted to determine differences between treatments. Results are expressed as mean ± standard error of mean. Statistical analyses were processed using SPSS version 22.0.

3. results and discussion	

3.1. Effect of Treatment on Internal Organ Development

The addition of synbiotic and betaine on internal organ weights (proventriculus, ventriculus, duodenum, jejunum, ileum, caecum, liver, pancreas) showed no significant differences (P > .05) (Table 2). However, there is an increase in the ileum, especially in T3 (Table 2), where the synbiotic plus betaine treatment significantly increased weight (21.62 g) compared to the negative control (19.13 g) and positive control (18.08) (P = .01) in Table 2. 
This results study shown that dietary supplementation of synbiotic, betaine, and their combination did not significantly influence most internal organ weights such as proventriculus, gizzard, liver, pancreas, and caecum. However, the combined treatment of synbiotic plus betaine (T3) significantly increased the ileum weight (P < .05) compared to other treatments. This finding suggests that the combination of Lactobacillus casei-garlic powder synbiotic and betaine could enhance intestinal development, especially in the distal part of the inestine, where nutrient absorption mainly occurs.
The increase in ileal mass is most likely related to improved mucosal integrity and better metabolic activity in intestinal tissue. Lactobacillus casei produces asetat, propionate and butyrate acid as short-chain fatty acids (SCFAs). Butirate acid serve energy for enterocyte cells. On the other hand, bioactive compounds in garlic powder, such as allicin and saponins, work to suppress the population of coliform, thereby supporting healtier intestinal. In ddition, betaine acts as an osmoprotectant and methyl group donor, helping to stabilize epithelial cell membranes and reduce the effects of osmotic stress caused by high-density. Previous studies have reported that betaine supplementation can improve intestinal morphology and nutrient absorption efficiency in broiler chickens facing heat stress or reared in high-density (Eklund et al., 2005; Saeed et al., 2017; Mangisah et al, 2024), also in duck (Mangisah and Sugiharto, 2023). According to those reports, the combination of synbiotics and betaine in this study seems to create a more stable and metabolically efficient intestinal environment, which improves nutrient utilization. The increase in ileum length in the T3 group further strengthens the evidence that this combination plays an important role in maintaining intestinal structure under enviromental stress. These findings indicate that synbiotic and betaine interact synergistically to sustain intestinal development under crowded conditions. which typically impair digestive efficiency.

3.2. Effect of Treatment on Lymphoid Organ Development 

The results data in Table 3 is the effect of synbiotic and betaine on the lymphoid organs of 35-day-old broiler chickens, it shows bursa fabricius and thymus in T3 were the highest and significantly different (P = 0.01) from CONTR+. On the other hand, the highest percentage of spleen was found in CONTR+ and the lowest in T3 (P = 0.01). These results indicate that synbiotics plus betaine (T3) support the development of the bursa fabricius and thymus, but not increase the percentage of spleen. The increase in primary lymphoid organ size indicates improved immune competence and suggests that T3 may support both humoral and cellular immune responses.
This immunomodulatory effect may be attributed to the probiotic activity of L. casei which enhances macrophage activation and cytokine secretion, and the garlic-derived allicin, which has known immunostimulatory and antimicrobial properties (Arreola et al., 2015). 
Betaine supports the immune system by reducing plasma corticosterone levels and oxidative stress, especially in broiler facing environmental stress such as high-density (Ratriyanto et al., 2019). The combination of synbiotics and betaine not only improves digestive function but also acts as a natural immune modulator that is effective against the effects of immune suppression due to high-density rearing system.

3.3. Effect of Treatment on Intestinal Microbiota Modulation 

Table 4 describe that the treatments significantly influenced on the intestinal microbial profile. The T3 treatment show a decrease in coliform population and increase lactic acid bacteria (LAB) population (P < .05) compared to the high-density group (CONTR+). These results indicate that synbiotics, especially in combination with betaine effectively maintained microbial homeostasis within the gut ecosystem, proofed by the reduce of coliform populations and the increase of lactic acid bacteria. The results of this study are in accordance with Mangisah and Sugiharto, 2023, that the combination of synbiotics and betaine can improve the balance of intestinal microbes by increasing the LAB population and reducing coliforms in the intestines of local ducks in Indonesia.
The antibacterial properties of garlic-derived allicin followed with the colonization of L. casei contributed to the suppression of pathogenic bacteria. Meanwhile, betaine may have improved epithelial cell integrity and mucosal secretion, creating favorable conditions for probiotic colonization (Norouzian et al., 2018). Enhanced LAB populations produce organic acids that reduce intestinal pH further inhibiting the proliferation of pathogens. Consequently, T3 supplementation promotes a healthier intestinal microbiota balance, which supports nutrient digestion and immune protection of broiler chickens raised under environmental stress.

3.4. Effect of Treatment on Growth Performance 

The overall performance results revealed that broilers fed synbiotic and betaine were shown in Table 5. The results by the treatment of synbiotic and betaine especially their combination in T3 in feed intake and final body weight were significantly higher (P < .05) than birds reared under high stocking density without supplementation. These results demonstrate that T3 supplementation could offset the negative effects of crowding stress on feed intake and growth.
The improvement in performance can be explained by enhanced gut health. balanced intestinal microbiota. and strengthened immune responses. Synbiotics promote nutrient absorption by increasing villus height and digestive enzyme (Mangisah et al, 2022), while betaine optimizes osmotic balance and energy metabolism (Mangisah et al., 2024; Ratriyanto et al., 2019). The synergistic effect of both additives likely contributed to better feed efficiency and growth potential despite environmental challenges, such as high stocking densities.

4. Conclusion

This study showed that the dietary inclusion synbiotic-betaine effectively alleviated the adverse effects of high-density rearing system on broiler chickens. The dietary can enhance intestinal morphology, increase ileal growth, improve lymphoid organ, and promote healthier intestinal microbiota characterized by higher levels of lactic acid bacteria (LAB) and lower levels of coliforms. Consequently, birds fed the synbiotic-betaine combination improved feed intake and final body weight compared to birds raised under high density without supplementation. 
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Table 1. Ingredient composition and nutrient content of basal diets (%, as-fed basis)
	Feed Ingredients
	Starter (day 1 to 21) 
	Finisher (day 22 to 35) 

	Yellow corn 
	56.00
	63.40

	Soybean meal
	36.90
	30.00

	Coconut oil
	2.30
	2.30

	Bentonite
	1.00
	0.50

	Limestone
	1.33
	1.33

	MCP (monocalcium phosphate)
	1.55
	1.55

	Premix
	0.57
	0.57

	NaCl
	0.35
	0.35

	Total
	100.00
	100.00

	Nutrient Content:

	Metabolizable energy (kcal/kg)
	2918
	3003

	Crude protein (%)
	21.80
	19.16

	Crude fiber (%)
	3.32
	3.21

	Crude fat (%)
	2.61
	2.82

	Calcium (%)
	0.85
	0.85

	Phosphorus (%)
	0.40
	0.40



Table 2. The addition of synbiotic plus betaine on internal growth organ of broiler chicken raised at high stocking density
	Variables
	Treatments
	SEM
	p-value

	
	CONTR-
	CPNTR+
	T1
	T2
	T3
	
	

	
	----------------------------------g-------------------------------
	
	

	Organ Weight 
	
	
	
	
	
	
	

	Proventriculus
	7.14
	6.47
	7.05
	7.06
	7.04
	0.09
	0.18

	Ventriculus
	29.68
	28.52
	30.04
	29.00
	30.25
	0.46
	0.74

	Duodenum
	11.69
	11.05
	11.03
	10.88
	11.83
	0.27
	0.73

	Jejunum
	23.52
	19.90
	23.29
	22.03
	24.53
	0.48
	0.06

	Ileum
	19.13bc
	18.08c
	19.84b
	18.92bc
	21.62a
	0.21
	0.01

	Caecum 
	6.63
	6.09
	6.70
	6.39
	6.81
	0.16
	0.64

	Colon 
	2.42
	2.26
	2.37
	2.33
	2.53
	0.05
	0.47

	Liver
	51.20
	51.41
	53.06
	51.77
	52.08
	1.04
	0.98

	Pancreas
	5.89
	5.59
	5.95
	5.61
	5.71
	0.16
	0.94


a,b,c Means on the same row with different superscript are significant differences (P < .05), CONTR- = negative control; CONTR+ = positive control; T1 = synbiotic; T2 = betaine; T3 = synbiotic plus betaine; SEM = Standard error of mean; p-value = probability value.

Table 3. The addition of synbiotic plus betaine on lymphoid organ of broiler chicken raised at high stocking density
	Variables (%)
	Treatments
	SEM
	p-value

	
	CONTR-
	CONTR+
	T1
	T2
	T3
	
	

	Bursa Fabricius
	0.14a
	0.09b
	0.14a
	0.11b
	0.17a
	0.10
	0.01

	Thymus
	0.33b
	0.26c
	0.34b
	0.31bc
	0.38a
	0.14
	0.01

	Spleen
	0.12bc
	0.16a
	0.13b
	0.13b
	0.11c
	0.03
	0.01


a,b,c Means on the same row with different superscript are significant differences (P < .05), CONTR- = negative control; CONTR+ = positive control; T1 = synbiotic; T2 = betaine; T3 = synbiotic plus betaine; SEM = Standard error of mean; p-value = probability value.

Table 4. The addition of synbiotic plus betaine on intestine microbial of broiler chicken raised at high stocking density
	Variables 
(log cfu/g)
	Treatments
	SEM
	p-value

	
	CONTR-
	CONTR+
	T1
	T2
	T3
	
	

	Coliform 
	7.56bc
	8.97a
	7.12c
	8.39ab
	7.47bc
	0.17
	0.01

	LAB 
	11.47a
	11.06b
	11.69a
	11.40ab
	11.73a
	0.06
	0.01


a,b,c Means on the same row with different superscript are significant differences (P < .05), CONTR- = negative control; CONTR+ = positive control; T1 = synbiotic; T2 = betaine; T3 = synbiotic plus betaine; SEM = Standard error of mean; p-value = probability value.

Table 5. The addition of synbiotic plus betaine on performance of broiler chicken raised at high stocking density
	Variables (g)
	Treatments
	SEM
	p-value

	
	CONTR-
	CONTR+
	T1
	T2
	T3
	
	

	Feed 
Consumption
	1797.38a
	1666.82b
	1871.16a
	1867.16a
	1870.29a
	18.76
	0.01

	Final Body 
Weight
	2288.64a
	2006.22b
	2204.20a
	2142.40ab
	2272.80a
	22.13
	0.01


a,b,c Means on the same row with different superscript are significant differences (P < .05), CONTR- = negative control; CONTR+ = positive control; T1 = synbiotic; T2 = betaine; T3 = synbiotic plus betaine; SEM = Standard error of mean; p-value = probability value.


