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 EFFECT OF SUPPLEMENTATION OF SYNBIOTIC (β-GLUCANS, MOS AND MULTI-SPECIES PROBIOTIC) ON GROWTH PERFORMANCE, CARCASS CHARACTERISTICS AND GUT HEALTH IN BROILER CHICKEN	Comment by Unknown: Please make a concise title not more than 15-20 words

ABSTRACT  
An experiment was aimed to study the effect of supplementation of synbiotic (β-glucans, MOS and multi-species probiotic) on growth performance, gut health and carcass characteristics in broiler chicken. Two hundred and fifty (250) day old broiler chicks were randomly allotted to five dietary treatments with ten replicates of five birds in each. The treatments consist of a control diet based on corn-soybean without antibiotic as negative control (NC), with antibiotic growth promoter (Lincomycin @100g/MT) as positive control (PC), three experimental diets consist of probiotic (Bacillus subtilis, B. coagulans, B. licheniformis and Saccharomyces boulardii) @ 200g/MT, prebiotic (MOS & β-glucans) @ 500g/MT and synbiotic (Bacillus subtilis, B. coagulans, B. licheniformis and Saccharomyces boulardii, MOS & β-glucans) @ 200g/MT. The feed and water were offered ad libitum. The results revealed that supplementation of different dietary treatments did not affect (P>0.05) the growth parameters like body weight gain and feed intake of broilers and carcass parameters at 42 d of age. Supplementation of synbiotic was significantly (P<0.05) lowered FCR in broilers. At 42 days of age, Broilers fed synbiotic diet exhibited the improved gut microbiota (lowered E.coli and increased Lactobacilli counts) and increased villi height compared to other dietary treatments.	Comment by Unknown [2]: Please add study background 
	Comment by Unknown [3]: Why you selected this sample size
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1. INTRODUCTION 	Comment by Unknown [4]: Rewrite this section and follow journal formate references 
India's poultry industry has seen a significant transition over the last 50 years, going from an obsolete farming system to a commercial structure. At present, it is one of the Indian agrobusiness sectors exhibiting the fastest development rate. Antibiotics have played a vital role in combating infectious diseases and boosting poultry growth over the years. In the poultry industry, they are commonly used to enhance growth rates, improve feed efficiency, and prevent diseases, ultimately increasing meat and egg production. However, scientific studies have shown that their widespread use has led to antibiotic resistance and the presence of residues in food products [25]. One of the main challenges in poultry farming is finding alternatives to antibiotics, as antibiotic resistance continues to rise and the use of antibiotic growth promoters (AGPs) has been widely banned [20]. 
Synbiotics represent a combination of probiotics and prebiotics that work synergistically to support the health and well-being of the host. The primary benefit of synbiotics lies in their ability to enhance the survival, colonization, and activity of these live microbial dietary supplements within the gastrointestinal tract [1]. This is important because the gastrointestinal environment can often be hostile to these probiotics due to factors such as pH, digestive enzymes, and bile salts, which may compromise their efficacy. By combining probiotics with prebiotics, synbiotics improve the conditions for the probiotics to thrive, thus maximizing their potential benefits [19].
However, there is limited information regarding the combined effects of beta-glucans and MOS with probiotics. Therefore, this study is aimed to investigate the impact of synbiotic supplementation (including β-glucans, MOS, and a multi-species probiotic) on growth performance, gut health, and carcass characteristics in broiler chickens.  
2. MATERIALS AND METHODS	Comment by Unknown [5]: Please add ethical consideration statement as well as provide certificate

The present study was conducted at Poultry Experimental Station, Department of Poultry Science, College of Veterinary Science, Rajendranagar, Hyderabad. trial was conducted on 250 day-old commercial broiler chicks (Vencobb) which were wing banded, weighed and randomly distributed to 5 dietary treatments, where in T1 was control diet, T2 - control diet + probiotic (Bacillus subtilis, B. coagulans, B. licheniformis and Saccharomyces boulardii) @ 200g/MT diet, T3 - control diet + prebiotic (MOS & β-glucans) @ 500g/MT diet, T4 - control diet + synbiotic (Bacillus subtilis, B. coagulans, B. licheniformis and Saccharomyces boulardii, MOS & β-glucans) @ 200g/MT diet, T5 - control diet + antibiotic growth promoter (Lincomycin) @ 100g/MT diet. Ten replicates were allocated to each of the treatment, with five birds per replicate. The birds were fed with respective diets from day old to six weeks of age. The probiotic used in this experiment was SPORICH-total 4B. This commercially available product contains 4 X 109 CFU/g Bacillus subtilis, B. coagulans, B. licheniformis and Saccharomyces boulardii according to the manufacturer. The prebiotic used in this trial was SAN BgM- contains Mannan oligosaccharides (≥15%) and β-Glucans (≥30%). The synbiotic used in this trial was SPORICH-total 4B+βgM - contains 4*109 CFU/g Bacillus subtilis, B. coagulans, B. licheniformis and Saccharomyces boulardii and Mannan oligosaccharides (≥15%) and β-Glucans (≥30%) (Sanzyme biologics Pvt. Ltd, Hyderabad, India). Broiler pre-starter, starter and finisher diets were formulated to contain 22%, 20.5% and 19% crude protein and metabolizable energy was 3000, 3100 and 3200 kcal/kg respectively (Table-1). 
2.1 PERFORMANCE
The data of body weight was recorded on weekly basis, while the cumulative feed consumption of each replicate was recorded at weekly intervals up to 6 weeks of age. Mortality was recorded throughout experimental period for calculating the percent of livability. The feed conversion ratio (FCR) was calculated (feed intake/body weight gain) considering mortality, as and when it occurred to maintain accuracy in the data collection by weighing back the feed on the day of mortality in that group. 
2.2 CARCASS PARAMETERS
Carcass parameters were studied at the end of the experiment (42 days). The dressing percentage, breast yield and relative weights of organs such as the liver, heart, gizzard, abdominal fat were recorded.
2.3 GUT MICROBIOTA 
Ten birds from each dietary treatment were slaughtered on 42nd day and intestines were dissected at Meckel’s diverticulum. A sample of about 5g of ileal digesta was aseptically collected into sterile sampling tubes, and it was then promptly sent to the laboratory on ice for microbiological analysis to count Lactobacilli and E. coli. Eosin methylene blue agar (EMB) for E. coli growth and MRS agar (De Man, Rogosa and Sharpe agar) for Lactobacilli spp growth was used. The intestinal bacterial colony populations formed was counted by colony counter and the number of colonies was expressed as log10 value. 
2.4 INTESTINAL HISTOMORPHOLOGY
On the 42nd day, during slaughter, a 2 cm segment of the jejunum was collected from ten birds per treatment group. The segments were rinsed with physiological saline and fixed in a 10% neutral buffered formalin solution. These jejunum samples were then processed for histomorphological analysis, focusing on measurements such as villus height (VH) and crypt depth (CD). Histological technique involved processes like fixation of tissue, dehydration, clearing, embedding, cutting and staining. Villus height was measured from the tip of the villus to the villus-crypt junction, whereas crypt depth was defined as the depth of the invagination between adjacent villi.  


2.5 MORTALITY
Mortality among the birds was documented throughout the experimental period, and deceased birds underwent postmortem examinations to identify the cause of death.
Statistical analysis: comparison of means was done using Duncan’s multiple range test (Duncan, 1955) [11] and significance was considered at P<0.05 .
Table 1: Ingredients and nutrient composition of control diets (%) fed to the 	 	   commercial broilers at different phases of growth.
	Ingredient name


	Pre starter
(0-2 weeks)
	Starter
(3-4 weeks)
	Finisher
(5-6 weeks)

	Maize
	55.6486
	58.381
	61.7103

	Vegetable oil
	3.460
	4.5663
	5.4676

	Soyabean meal
	36.4080
	32.8216
	28.9622

	Stone grit
	1.2739
	1.2777
	1.2742

	DCP
	1.8926
	1.7517
	1.4355

	Salt
	0.421
	0.4223
	0.3981

	DL-Methionine
	0.2664
	0.2402
	0.2188

	L-Lysine HCl
	0.2189
	0.1393
	0.1334

	L-Threonine
	0.0096
	0
	0

	Trace Mineral Mixture*
	0.1
	0.1
	0.1

	Vitamin Premix**
	0.05
	0.05
	0.05

	Choline chloride 60%
	0.10
	0.10
	0.1

	Toxin binder
	0.10
	0.1
	0.1

	Coccidiostat
	0.05
	0.05
	0.05

	Total
	100
	100
	100

	Nutrient composition (calculated values)

	ME (kcal/kg)
	3000
	3100
	3200

	Crude protein (%)
	22
	20.5
	19

	Dig. Lysine (%)
	1.25
	1.10
	1.0

	Dig. Methionine (%)
	0.57
	0.528
	0.49

	Calcium (%)
	0.94
	0.9
	0.82

	Available phosphorous (%)
	0.45
	0.42
	0.36


*Trace minerals provided per kg diet: Manganese 120mg, Zinc 80mg, Iron 25mg, Copper 10mg, Iodine 1mg and Selenium 0.1mg.



**Vitamin premix provided per kg diet: Vitamin A 200000IU, Vitamin D3 3000IU, Vitamin E 10mg, Vitamin K 2mg, Riboflavin 25mg, Vitamin B1 1mg, Vitamin B6 2mg, Vitamin B12 40mg and Niacin 15mg.




3. RESULTS AND DISCUSSION 
3.1 GROWTH PREFORMANCE
In thehis present study, there was no significant difference was observed in overall body weight gain among dietary treatments (Table 2). concurrent to present findings deCastro sousa et al. (2023), who observed no significant difference (P>0.05) in body weight gain of birds whose diets supplemented with different levels of synbiotic (0.5kg/T & 1kg/T diet) compared with control [10]. In contrary to present study, Acharya et al. (2024), Bhagwat et al. (2023), Kirkpinar et al. (2018), Al-Sultan et al. (2016), Abdel-Raheem et al. (2012) who reported that synbiotic supplementation significantly enhanced weight gain in the broilers [2,7,15,4,1]. The differences in present results could be related to growth environment, strain and concentration of synbiotic used.	Comment by Unknown [7]: Please add p- values in the table of results section
[bookmark: _Hlk189986805][bookmark: _Hlk189986817][bookmark: _GoBack][bookmark: _Hlk189986827]Supplementation of synbiotic did not show significant effect on cumulative feed intake of broilers during overall experiment period (Table 2). These results are in agreement with Cason et al. (2023), de Castro Sousa et al. (2023), Kirkpinar et al. (2018), Tang et al. (2017), Sarangi et al. (2016), Abdel-Raheem et al. (2012) who reported that supplementation of synbiotic did not show any significant effect on feed consumption of birds [8,10,15,26,23]. In contrary to present findings, Raksasiri et al. (2018) who reported that synbiotic diet significantly improved feed intake [21]. Whereas, Al- sultan et al. (2016) found that supplementation of symbiotic in broiler diets significantly reduced the feed intake at 35 days of age(P<0.05) [4].
 Feed conversion ratio of broilers was significantly (P<0.05) lower in synbiotic diets compared to control and prebiotic and similar with AGP and probiotic (Table 2). Feed conversion ratio of broilers was significantly (p<0.05) lower in synbiotic diets compared to control and prebiotic and similar with AGP and probiotic. Similar results were observed in the trial conducted by Acharya et al. (2024) who found at 6 weeks of age, the feed conversion ratio (FCR) was significantly lower (P<0.05) in all synbiotic treatment groups compared to the control group [2]. These results are in agreement with Bhagwat et al. (2023), Nisar et al. (2020), Awad et al. (2019), Raksasiri et al. (2018), Abdel-Raheem et al. (2012) who reported that synbiotic diets significantly reduced FCR [7,20,5,21,1]. In contrary present findings Cason et al. (2023), Tavaniello et al. (2023), Kirkpinar et al. (2018), Sarangi et al. (2016) who found supplementation of synbiotic on FCR was found to be non-significant [8,27,15,23]. The lowered feed conversion ratio might be due to the feeding of synbiotic to which are attributed improved nutrient digestibility, improved gut microbiota and intestinal morphology like increased villus height in the jejunum of broilers which results in increased surface area for nutrient absorption in birds [20].
 It was observed that the mortality was not influenced by the supplementation of different dietary treatment groups.

Table 2: Effect of synbiotic (Bacillus subtilis, B. coagulans, B. licheniformis and Saccharomyces boulardii, MOS & β-glucans) supplementation on phase wise, body weight gain (g), feed intake (g) and FCR of broiler chicken
	TREATMENT
	Body weight gain
	Feed intake
	Feed conversion ratio

	Control
	2394.37
	3819.49
	1.60a

	Probiotic
	2434.30
	3839.04
	1.58ab

	Prebiotic
	2361.23
	3769.55
	1.60a

	Synbiotic
	2512.02
	3850.20
	1.53b

	AGP
	2502.81
	3902.66
	1.56ab

	P-value
	0.051
	0.345
	0.047

	SEM
	19.600
	20.266
	0.008

	N
	10
	10
	10


 Means having different superscripts within a column are significantly (P<0.05) different
P value = probability value; N = number of replicates (5 birds in each replicate); SEM = Standard Error Mean
3.2 CARCASS PARAMETERS
In this present study, treatments had no significant (P>0.05) effect on dressed per cent, breast yield, abdominal fat, heart, liver and gizzard yields (Table 3). These results are in agreement with Tavaniello et al. (2023), Nisar et al. (2020), Kirkpinar et al. (2018), Raksasiri et al. (2018), Sarangi et al. (2016) who found supplementation of synbiotic did not show any significant effect on carcass parameters of birds [27,20,15,21,23]. In contrary to present findings Awad et al. (2019), Cheng et al. (2017), Saiyed et al. (2015) found significantly increased dressing percentage [5,9,22].
	
Treatment
	Dressed
	Breast
	Abdominal Fat
	Gizzard
	Heart
	Liver
	
Giblet

	Control
	70.69
	26.36
	1.74
	1.88
	0.48
	1.67
	4.03

	Probiotic
	71.14
	25.63
	1.98
	2.01
	0.46
	1.98
	4.48

	Prebiotic
	70.93
	25.60
	1.75
	1.93
	0.45
	1.92
	4.30

	Synbiotic
	72.32
	26.17
	1.68
	1.87
	0.46
	1.79
	4.12

	AGP
	69.86
	24.27
	1.91
	1.74
	0.45
	1.72
	3.91

	P-VALUE
	0.128
	0.071
	0.851
	0.242
	0.947
	0.527
	0.311

	SEM
	0.298
	0.252
	0.093
	0.038
	0.013
	0.063
	0.086

	N
	10
	10
	10
	10
	10
	10
	10


Table 3: Effect of synbiotic (Bacillus subtilis, B. coagulans, B. licheniformis and Saccharomyces boulardii, MOS & β-glucans) 	supplementation on slaughter parameters (% live weight) of broiler chicken
3.3 GUT MICROBIOTA 
There was significantly (P<0.05) reduced E.coli count was recorded in all the groups compared to control diet. Supplementation of synbiotic significantly (P<0.05) reduced E.coli count followed by AGP, probiotic and prebiotic compared to control. Lactobacillus spp count was significantly (P<0.05) higher in all the treatments compared to control diet. Lactobacillus spp count was significantly (P<0.05) higher in synbiotic followed by prebiotic, probiotic and AGP compared to control (Table 4). Similar to present study Abdel-Raheem et al. (2012) who found substantial elevation in Lactobacilli colony counts in the duodenum and jejunum of broilers supplemented with synbiotic [1]. These results are in agreement with Raksasiri et al. (2018), Abdel-Raheem et al. (2012), Mohammed et al. (2019) who reported synbiotic supplementation significantly decreased E.coli count in broilers [21,1,18]. Song et al. (2022), reported that the population of Lactobacillus was higher (P<0.05) in the Synbiotic group compared with the control or Antiobiotic groups [24].
These positive results with synbiotic could be due to beneficial bacteria present in synbiotic, modify the gut microflora by inducing the immunoglobulin production [3]; lowers gut pH by the breakdown of indigestible carbohydrates [14]; preventing adherence of pathogenic bacteria to the intestinal epithelia through competitive exclusion [12]; and reducing intestinal barrier permeability (leaky gut) via increased gut integrity and epithelial defense response [17].
Table 4: Effect of synbiotic (Bacillus subtilis, B. coagulans, B. licheniformis and Saccharomyces boulardii, MOS & β-glucans) supplementation on gut microbiota (log10 of cfu/g count) in ileum sample of broiler chicken
	
Treatment
	Total bacterial count log10 cfu/g

	
	E. coli
	LAB

	Control
	9.203a

	9.435e

	Probiotic
	8.863c
	10.407c 

	Prebiotic
	8.974b
	10.487b

	Synbiotic
	6.557e
	10.597a

	AGP
	6.939d
	10.296d

	P-value
	0.001
	0.001

	SEM
	0.208
	0.077

	N
	10
	10


   Means having different superscripts within a column are significantly (P<0.05) different
   P value = probability value; N = number of replicates (5 birds in each replicate); 
   SEM = Standard Error Mean


3.4 INTESTINAL HISTOMORPHOLOGY
Supplementation of synbiotic and AGP resulted significantly (P<0.05) difference was observed among synbiotic, AGP, probiotic and prebiotic. There was no significant (P>0.05) difference in crypt depth & VH:CD ratio (Table 5). These results are in agreement with Acharya et al. (2024), Raksasiri et al. (2018), Beski and Al-Sardary (2015), Abdel-Raheem et al. (2012) who found supplementation of synbiotic significantly (P<0.05) increased the villi length [2,21,6,1]. Similar results to present findings, Raksasiri et al. (2018), Abdel-Raheem et al. (2012) who found no significant effect on supplementation of synbiotic on crypt depth in broilers [21,1]. In contrary to present study Acharya et al. (2024) who found increased crypt depth in the synbiotic diet [2].
Increase in the villi height may be due to the colonization of administrated beneficial bacteria in the gut, effectively protecting villi from toxins and pathogens [24]. Addition to that these bacteria improve expression of intestinal protectives factors [16] and support of epithelial cell cytoskeleton and tight junctions, by which further helps in the vellus protection [24]. 
Table 5: Effect of synbiotic (Bacillus subtilis, B. coagulans, B. licheniformis and Saccharomyces boulardii, MOS & β-glucans) supplementation on jejunum histomorphometry of broiler chicken
	treatment
	Villi height
(µm)
	Crypt depth
(µm)
	VH:CD

	Control
	1156.40b
	128.49
	9.04

	Probiotic
	1265.60ab
	135.21
	9.45

	Prebiotic
	1212.60ab
	133.97
	9.13

	Synbiotic 
	1329.00a
	134.20
	9.97

	AGP
	1302.80a
	134.25
	9.75

	P-value
	0.036
	0.912
	0.145

	SEM
	19.854
	2.363
	0.136

	N
	10
	10
	10


Means bearing different superscripts within a column are significantly (P<0.05) different
P value = probability value; N = number of replicates (5 birds in each replicate); 
SEM = Standard Error Mean. ; VH:CP = villi height : crypt depth
4. CONCLUSION
It was concluded that, synbioticsymbiotic, a synergistic combination of probiotic and prebiotic (Bacillus subtilis, B. coagulans, B. licheniformis and Saccharomyces boulardii, MOS & β-glucans) can be used as an alternative to antibiotic growth promoters to increase overall performance of broiler chicken when compared to probiotic and prebiotic alone.  
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