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ABSTRACT 
The use of probiotics, particularly fermented yogurt, in poultry diets has gained substantial interest due to their 

capacity to enhance growth performance, feed conversion efficiency, and nutrient absorption in broiler 

chickens. This study evaluated the effects of yogurt supplementation on broiler performance and nutrient 

utilization. Two hundred one-day-old Ross-308 male broiler chicks were randomly assigned to five dietary 

treatments using a completely randomized design. Each treatment group included five replicates with eight 

chicks per replicate. The dietary treatments consisted of a control diet (without yogurt), locally prepared 

yogurt (5 mL/L in drinking water), yogurt fermented with Lactobacillus acidophilus (LA, 5 mL/L), yogurt 

fermented with Streptococcus thermophilus (ST, 5 mL/L), and yogurt co-fermented with L. acidophilus and S. 

thermophilus (LA+ST, 5 mL/L).  The performance and ileal digestibility of nutrients were measured. Results 

indicated that the average daily feed intake (ADFI) significantly decreased in the LA+ST group at 0-14 days, 

with an 11.7% reduction compared to the control. Broilers receiving yogurt demonstrated a higher average 

daily gain (ADG) at 0-14 days, with the LA+ST group showing an 8% improvement over the control. At 0-28 

days, the LA+ST group maintained the highest ADG, 6.8% higher than the control. The feed conversion ratio 

(FCR) significantly improved with yogurt supplementation at 0-14 days. Compared to the control, FCR 

improved by 3.6%, 7.9%, 5.7%, and 15.7% in the Local, LA, ST, and LA+ST groups, respectively. 

Additionally, yogurt fermented with specific lactic acid bacteria (LAB) significantly enhanced the ileal 

digestibility of dry matter (DM), organic matter (OM), crude protein (CP), crude fiber (CF), ether extract (EE), 

and total ash (TA). These findings highlight the efficacy of yogurt fermented with L. acidophilus and S. 

thermophilus as a dietary supplement to enhance growth performance and nutrient utilization in broiler 

chickens. 
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INTRODUCTION 
 

Chickens are unable to efficiently digest lactose present in 

yogurt due to the absence of lactase, the enzyme required 

for its digestion. However, when administered in limited 

quantities, yogurt may provide beneficial probiotics that 

support gut health, although excessive intake may result in 

gastrointestinal disturbances. The intricate interplay 

between diet, the gut microbiome, and host health is 

fundamental, as gut health plays a pivotal role in efficient 

nutrient absorption, optimal performance, and economic 

viability in broiler production systems (Ipçak, 2023; Perler 

et al., 2023). Tight junctions between the epithelium of the 

intestine are critical for maintaining gut barrier function, 

regulating nutrient assimilation, and safeguarding against 

pathogenic invasion. However, their disruption due to 

stress or disease can trigger inflammation and metabolic 

dysfunction (Casula et al., 2023; Chu et al., 2023). 

Emerging nutritional and microbiological interventions are 

increasingly recognized for their potential to enhance 

broiler productivity by modulating gut barrier function and 
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overall gut health (Ducatelle et al., 2023; Szabó et al., 

2023). 

Yogurt is a dairy product prepared by fermenting milk 

with probiotic bacterial cultures, commonly known as 

lactic acid bacteria (LAB). During the fermentation of 

milk, the exponential multiplication of bacteria causes the 

production of lactic acid sufficient enough to drop the pH 

of the milk to 4.4-4.8, resulting in the development of a 

distinctive color, a classic tangy taste, and a tart flavor 

(Aleman et al., 2023). The LAB count in yogurt may range 

from 90 to 500 billion colony forming units (CFU) per 

serving. The plenty of beneficial probiotics in yogurt can 

improve the health and performance of broiler chickens. 

Additionally, it supports digestive health by inhibiting 

pathogenic bacteria and maintaining a balance of 

beneficial bacteria. Furthermore, Lactobacillus 

acidophilus has been shown to reduce cholesterol 

absorption in the intestines thereby lowering blood 

cholesterol levels (Momin et al., 2023; Song et al., 2023). 

Above all, LAB can improve the digestibility of dietary 

protein and minerals such as Cu, Mn, Fe, Ca, and P in 

broiler chickens (Jin et al., 2000; Khayoon et al., 2024; 

Rodjan et al., 2018).     

Previous studies have highlighted that the 

recommended levels of dietary yogurt improved ADG, 

ADFI, and FCR in broiler chickens (Mahmmod et al., 

2014; Ghasemi-Sadabadi et al., 2019; Hossain and Momu, 

2022). Yogurt further influenced carcass traits, meat yield, 

meat quality, intestinal length, and abdominal fat 

deposition in broiler chickens (Hossain and Momu, 2022). 

It is indicated that yogurt, being a probiotic-rich feed, may 

enhance gut health, improve nutrient absorption, and 

strengthen the immune response in broiler chickens. 

Understanding these effects can lead to optimized feed 

formulations, resulting in significant improvements in 

growth rates, feed conversion ratios, and overall health in 

broiler chickens (Mirsalami and Mirsalami, 2024). 

Therefore, this study aimed to investigate the effects of 

dietary yogurt supplementation on the performance and 

nutrient utilization of broiler chickens.  

 

MATERIALS AND METHODS 

 

Ethical approval  

The experimental procedures involving animals were 

conducted in strict compliance with the Guide for the Care 

and Use of Laboratory Animals, with approval obtained 

from the relevant Bangladeshi regulatory authorities 

overseeing animal welfare (Memo No. CVASU/Dir 

(R&E) EC/2021/244) (6). 

Study design 

A total of 200 day-old Ross-308 male broiler 

chickens, with an average weight of 46.64 g, were 

randomly assigned to a completely randomized design into 

five dietary treatment groups designated as a diet without 

yogurt supplementation (control), a diet containing locally 

prepared (Local) yogurt (5 mL/L of drinking water), a diet 

containing Lactobacillus acidophilus (LA) fermented 

yogurt (5 mL/L of drinking water), a diet containing 

Streptococcus thermophilus (ST) fermented yogurt (5 

mL/L of drinking water, and a diet containing 

Lactobacillus acidophilus and Streptococcus thermophilus 

(LA+ST) fermented yogurt (5 mL/L of drinking water). 

Each treatment had five replications, with eight broiler 

chickens per replicate. The experiment was conducted 

between May and June 2024 at the experimental poultry 

station of Chattogram Veterinary and Animal Sciences 

University (CVASU), Chattogram-4225, Bangladesh. The 

broiler chickens used in the study were sourced from 

Nourish Agro Limited, Chattogram, Bangladesh.  

Prior to the study, the shed underwent a thorough 

cleaning process using tap water and caustic soda. The 

floor, ceiling, corners, rearing cages, and brooding boxes 

were disinfected with a 1% (v/v) phenyl solution. After 

sanitization and disinfection, the building was left empty 

for 24 hours to ensure adequate drying. The shed entrances 

were securely sealed, and the shed was fumigated 

overnight using a gaseous fumigant comprising formalin 

and potassium permanganate (KMnO₄). Feeders and 

drinkers were cleaned and washed daily using a 0.3% (v/v) 

solution of Timsen® (San Vet, Brazil).  

Each chick was examined for abnormalities and to 

confirm uniformity in size before starting the study. The 

shed was constructed with brick cement walls and 

included grooved metal wiring at the lower section. Each 

chick was allocated 0.17 square feet (sq. ft) of floor space 

in the brooding pen and 1 sq. ft in the cage. For the first 

three days, the broiler chickens were kept under light for 

23 hours, with the lighting duration reduced by one hour 

each subsequent day until it reached 8 hours. The broiler 

chickens were raised for a period of 28 days for growth 

and performance trial and an additional three days for the 

digestibility trial. The temperature was maintained at 95°F 

during the first week, 90°F in the second week, 85°F in the 

third week, and 80°F in the fourth week and onward. The 

broiler chickens were vaccinated against Newcastle 

disease (RaniVax Plus Vet Initial, Incepta vaccine Ltd, 

Bangladesh) on days 5 and 17 and against Infectious 

Bursal Disease (GumboMed Vet, Incepta vaccine Ltd, 

Bangladesh) on days 12 and 22 via the ocular route. 
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Experimental diet and feeding trial 

Three types of yogurts were prepared, and one type 

was purchased from the local market, all of which were 

tested for beneficial microorganisms before being 

supplemented with drinking water. The concentration of 

beneficial bacteria in the yogurt was 1.90×10
7
 CFU for 

LA, 1.96×10
7
 CFU for ST, and 1.98×10

7
 CFU for the 

LA+ST-supplemented group. The broiler chickens were 

provided with mash-type feed (Formulated according to 

the breeder manual for Ross-308; Table 1). During the 

growth and performance trial (For the first 28 days), the 

broiler chickens had continuous access to feed and water. 

 

Table 1. Starter (1-14 d) and finisher (15-28 d) diet for the 

experimental broiler chicken based on the broiler breeder 

manual (Ross-308) 

Ingredients (kg) Starter Finisher 

Maize 52.96 56.51 

Rice polish 2.01 2.01 

DDGS1 0.51 0.51 

Fish oil 0.01 0.01 

Soybean oil 1.81 3.01 

Soybean meal 37.11 33.11 

Protein concentrate 2.81 2.01 

Limestone 1.11 1.21 

Dicalcium phosphate 0.81 0.81 

L-Lysine 0.165 0.135 

DL-Methionine 0.21 0.19 

Vitamin premix2 0.25 0.25 

Feedzyme3 0.025 0.025 

Common salt 0.21 0.21 

Total 100.0 100.0 

Calculated value   

Metabolizable energy (kcal/kg) 3001.1 3103.6 

Crude protein (%) 23.06 21.13 

Calcium (%) 0.96 0.95 

Phosphorus (%) 0.70 0.68 

Phosphorus(avail) (%) 0.43 0.41 

Lysine (%) 1.50 1.34 

Methionine (%) 0.56 0.52 

Cystine-methionine 0.88 0.82 

Tryptophan (%) 0.32 0.30 

Crude fiber (%) 3.44 3.25 
Ether extract (%) 4.52 5.61 

1DDGS (Distiller’s dried grain soluble): Dry matter (DM), 88.11%; 
Crude protein (CP), 30.69%; Ether extract (EE), 10.89%; Crude fiber 

(CF), 5.94%; Nitrogen free extracts (NFE), 44.56%; Total ash (TA), 

7.92%; Calcium (Ca), 0.25%; P, 0.75%; Apparent gross energy (AGE), 
3169.21 kcal/kg DM. 2Per 2500 g contained: Beta-carotene (vitamin A) 

at 12,000,000 IU, cholecalciferol (vitamin D3) at 2,400,000 IU, alpha-

tocopherol (vitamin E) at 23 g, menadione (vitamin K3) at 2 g, thiamine 
(vitamin B1) at 2.5 g, riboflavin (vitamin B2) at 5 g, pyridoxine (vitamin 

B6) at 4 g, vitamin B3 at 40 g, Ca-D-pantothenate at 12.5 g, vitamin B12 

at 12 mg, folic acid at 800 mg, vitamin B7 at 100 mg, cobalt at 400 mg, 
copper at 10 g, iron at 60 g, iodine at 400 mg, manganese at 60 g, zinc at 

50 g, selenium at 150 mg, DL-methionine at 100 g, L-lysine at 60 g, and 
calcium (Ca) at 679.6 g. 3Per 100 g contained: cellulase at 20,000 IU, 

xylanase at 200,000 IU, protease at 20 IU, amylase at 40,000 IU, phytase 

at 20 IU, pectinase at 1,400 IU, invertase at 400 IU, hemi-cellulase at 500 
IU, lipase at 20 IU, and α-galactosidase at 100 IU. 

Ileal digestibility of nutrients 

An additional 3 days (Days 28-30) beyond the actual 

growth and performance trial (Days 1-28) of the broiler 

chicken were considered for the digestibility trial. The 

earlier study thoroughly outlined the methodology 

(Hossain et al., 2023a). To summarize, titanium oxide 

(TiO2) was administered to the diet of broiler chickens at a 

dosage of 5 g/kg for three days (Days 28-30) as a marker 

to evaluate digestibility (Short et al., 1996). On day 30 of 

rearing, three broiler chickens per group were ethically 

euthanized by severing the jugular veins and carotid 

arteries after a fasting period of three hours. To prevent 

contamination from the large intestine, ileal digesta was 

meticulously collected from the Meckel’s diverticulum to 

the ileal-cecal-colon junction and preserved at −20°C 

(Hossain et al., 2023a). The collected digest was then 

freeze-dried and ground into a fine powder using a 0.25 

mm mesh. Subsequently, the proximate composition of 

both the feed and ileal contents was analyzed (AOAC, 

2019). The concentration of TiO2 in both the experimental 

diet and ileal samples (3 replicates per treatment) was 

measured after the trial to calculate the digestibility of the 

nutrients using a UV-VIS spectrophotometer (UV 2600, 

Shimadzu, Japan). Following established procedures 

(Maynard, 2018), apparent ileal nutrient digestibility 

(AID) was calculated using specific formulae. 
 

AID (%) = 100 − ([percentage of feed indicator/percentage 

of ileal indicator] × [percentage of ileal 

nutrient/percentage of feed nutrient] × 100) (Formula 1) 
 

Apparent DM digestibility (%) = 100 − ([percentage of 

feed indicator/percentage of ileal indicator] × [percentage 

of ileal DM /percentage of feed DM] × 100) (Formula 2) 
 

Apparent OM digestibility (%) = 100 − ([percentage of 

feed indicator/percentage of ileal indicator] × [percentage 

of ileal OM /percentage of feed OM] × 100) (Formula 3) 
 

Apparent CP digestibility (%) = 100 − ([percentage of feed 

indicator/percentage of ileal indicator] × [percentage of 

ileal CP /percentage of feed CP] × 100) (Formula 4) 
 

Apparent CF digestibility (%) = 100 − ([percentage of feed 

indicator/percentage of ileal indicator] × [percentage of 

ileal CF /percentage of feed CF] × 100) (Formula 5) 
 

Apparent EE digestibility (%) = 100 − ([percentage of feed 

indicator/percentage of ileal indicator] × [percentage of 

ileal EE /percentage of feed EE] × 100) (Formula 6) 
 

Apparent TA digestibility (%) = 100 − ([percentage of 

feed indicator/percentage of ileal indicator] × [percentage 

of ileal TA /percentage of feed TA] × 100) (Formula 7) 
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Performance parameter 

Mortality among the chickens was monitored and 

recorded daily. Dead broiler chickens were excluded from 

the study, for accurate calculation of feed intake per 

broiler chicken, the cumulative feed intake of the dead 

broiler chickens was subtracted from the total feed intake 

of a particular replicate. Similarly, to calculate weight 

gain, the weight of dead chickens on the last weighing day 

was deducted from a replicate’s total weight. On days 14 

and 28, ADG and ADFI were calculated to determine 

FCR. The ADG was determined by deducting the initial 

body weight of the broiler chickens from their final 

weight. Feed intake was calculated by subtracting the 

remaining feed from the initial amount provided. The FCR 

was then obtained by dividing the total feed intake by 

weight gain. 

 

Statistical analysis 

The detailed statistical procedures have been 

described in previous studies (Hossain and Akter, 2022; 

Hossain et al., 2023a; 2023b). Performance and 

digestibility data from each pen were averaged before 

further analysis, with each pen treated as an independent 

experimental unit. Outliers and multicollinearity in the 

data were assessed using variance inflation factors and 

interquartile range tests. The normal distribution of the 

response variable was evaluated using a normal 

probability plot, and the Shapiro-Wilk test was employed 

to assess the equality of variances. The analysis of the data 

was conducted using a generalized linear model. To assess 

the suitability of the dataset for principal component 

analysis, the Kaiser-Meyer-Olkin test for sampling 

adequacy and Bartlett's test of sphericity were performed 

using the SAS 2022 platform. Orthogonal 'varimax' 

rotation (Kaiser off) was performed, leading to the 

identification of two primary components based on the top 

'eigen' values in the 'scree plot. Duncan's New Multiple 

Range Test (DMRT) was utilized to compare means when 

significant effects were detected (p < 0.05). Statistical 

analyses were performed using SAS JMP Pro 16.2 2022 

(SAS Institute, Cary, North Carolina, USA) and Stata 14.1 

SE 2015 (Stata Corp LP, College Station, Texas, USA). 

The study employed the following additive model. 
 

Yijk µ + αi + βj + γk … + Ɛijkn 

Yijk 

The effect observed for the ‘nth’ repetition of the combination 

involving the ‘ith’ level of factor ‘α’, the ‘jth’ level of factor ‘β’, 

and the ‘kth’ level of factor ‘γ’; 

μ The intercept of the regression model; 

αi The effect of the ‘ith’ level of factor ‘α’ on the observed value in 

Yijk; 

βj 
The effect of the ‘jth’ level of factor ‘β’ on the observed value in 

Yijk; 

γk 
The effect of the ‘kth’ level of the factor ‘γ’ on the value 

observed in Yijk; 

Ɛijk 

The random sampling error due to the ‘ith’ level of the factor ‘α’, 

the ‘jth’ level of the factor ‘β’, and the ‘kth’ level of the factor ‘γ’ 

distributed as Ɛi  ̴NID (0,σ2). 

 

RESULTS 

 

Average daily feed intake 

The ADFI of the broiler chickens differed 

significantly (p < 0.001) among treatment groups during 

days 0-14 (Table 2). The lowest ADFI was recorded in the 

LA + ST- supplemented group which was 11.7% lower 

than the control group during this period. However, at 

days 15-28 and 0-28, no substantial differences in ADFI 

were observed between the control and treated groups (p > 

0.05). At days 15-28, ADFI increased by 7.3%, 6%, 3.1%, 

and 5.4% in local, LA, ST, and LA + ST treated groups, 

respectively, compared to the control. Similarly, at days 0-

28, ADFI was 5.2% higher in the local group, 3.8% in the 

LA group, and 2.2% in the ST-supplemented group 

compared to the control. An increased ADFI was 

associated with a concomitant increase in ADG at the 

expense of FCR (Figures 1-3). A strong positive 

correlation was observed between FW, ADG (Days 15-

28), and ADG (0-28) while a strong negative correlation 

was noted between ADG (Days 15-28 and 0-28) and FCR 

(Days 15-28 and 0-28) (Figure 4). The FW, ADG (Days 0-

28), and ADFI (Days 0-28) were identified as the principal 

eigenvectors determining major variations in broiler 

performance (Figures 5 and 6). 

 

Average daily gain 

The yogurt-supplemented groups exhibited a 

statistically significant improvement in ADG compared to 

the control group during days 0 -14 (p = 0.031; Table 2). 

Higher ADG was recorded in all the yogurt supplemented 

groups compared to the control. The ADG increased by 

3.7%, 6.7%, 5.9%, and 4.3% in the Local, LA, ST, and 

LA+ST-supplemented groups, respectively, compared to 

the control (p = 0.031). Similarly, on days 15-28, the 

lowest ADG was recorded in the control group, while the 

highest ADG was recorded in the LA+ST-supplemented 

group, which was 8% higher than the control (p = 0.484). 

Accordingly, at days 0-28, the highest ADG was recorded 
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in the LA+ST-supplemented group, which was 6.8% 

higher than the control (p = 0.374).  

Feed conversion ratio 

The feed conversion ratio varied significantly among 

treatment groups at days 0-14 (p < 0.001) and 0-28 (p = 

0.023). However, no significant differences were observed 

during days 15-28.   During days 0-14, FCR improved by 

3.6%, 7.9%, 5.7%, and 15.7% in local, LA, ST, and 

LA+ST yogurt-supplemented groups, respectively, 

compared to the control. Over the entire period (Days 0-

28), the best FCR was observed in the LA+ST 

supplemented group, which was 6.6% better (p = 0.023) 

than the control group (Table 2).  

 
Ileal digestibility 

Overall, yogurt supplementation in the broiler diet 

significantly (p < 0.001) improved the ileal digestibility of 

DM, OM, CP, CF, EE, and TA except in the group 

supplemented with local yogurt, where digestibility of 

DM, CF, EE, and TA rather decreased than in the control 

group (Table 3). The highest digestibility of DM, OM, CP, 

and EE was recorded in the LA+ST supplemented group, 

with improvements of 23.82%, 29.51%, 20.27%, and 

23.76%, respectively, compared to the control group (p < 

0.001).

Table 2. Performance parameter of the broiler chicken provided with different types of yogurt supplements  

Parameter  
Dietary treatments1 

SEM p-value 
Control Local LA ST LA+ST 

IW2 (g/b) 46.7 46.8 46.7 46.4 46.6 0.42 0.970 

FW3 (g/b) 1806.6 1834.0 1872.7 1853.6 1927.3 41.5 0.374 

ADFI4 (0-14 d, g/bird/d) 52.2a 52.3a 51.7a 52.2a 46.1b 0.80 <0.001 

ADG5 (0-14 d, g/bird/d) 37.4b 38.8ab 39.9a 39.6a 39.0a 0.53 0.031 

FCR6 (0-14 d) 1.40a 1.35b 1.29c 1.32b 1.18d 0.02 <0.001 

ADFI (15-28 d, g/bird/d) 118.4 127.0 125.4 122.1 124.8 3.16 0.373 

WG (15-28 d, g/bird/d) 88.3 88.9 90.5 89.5 95.4 2.92 0.484 

FCR (15-28 d) 1.34 1.43 1.39 1.36 1.31 0.03 0.133 

ADFI (0-28 d, g/bird/d) 85.3 89.7 88.5 87.2 85.4 1.74 0.346 

WG (0-28 d, g/bird/d) 62.9 63.8 65.2 64.5 67.2 1.48 0.374 

FCR (0-28 d) 1.36b 1.41a 1.36b 1.35b 1.27c 0.02 0.023 
1Control: A diet without yogurt; Local: A diet containing locally prepared yogurt at 5 mL/L drinking water; LA: A diet containing Lactobacillus acidophilus 

fermented yogurt at 5 mL/L drinking water; ST: A diet containing Streptococcus thermophilus fermented yogurt at 5 mL/L drinking water; LA+ST: A diet 

containing Lactobacillus acidophilus and Streptococcus thermophilus fermented yogurt at 5 mL/L drinking water; 2IW: Initial weight; 3FW: Final weight; 
4ADFI: Average daily feed intake; 5ADG: Average daily gain; 6FCR: Feed conversion ratio; abcd Means bearing different superscripts in the same row differ 

significantly at p < 0.05. 

 
Table 3. Nutrient digestibility in broiler chickens provided diets supplemented with various types of yogurts 

Parameter (%) 
Dietary treatments1 

SEM p-value 
Control Local LA ST LA+ST 

Dry matter 65.9d 64.0e 75.3c 78.0b 81.6a 1.83 <0.001 

Organic matter 61.0e 64.9d 71.1c 75.7b 79.0a 1.77 <0.001 

Crude protein 67.1e 69.6d 72.4c 73.1b 80.7a 1.22 <0.001 

Crude fiber 61.1d 58.9e 77.3b 78.7a 75.4c 2.27 <0.001 

Ether extract 60.6d 57.8e 69.6c 71.5b 75.0a 1.76 <0.001 

Total ash 76.0d 73.7e 77.8b 81.2a 77.5c 0.66 <0.001 

1Control: diet without yogurt; Local: A diet containing locally prepared yogurt at 5 mL/L drinking water; LA: A diet containing Lactobacillus acidophilus 
fermented yogurt at 5 mL/L drinking water; ST: A diet containing Streptococcus thermophilus fermented yogurt at 5 mL/L drinking water; LA+ST: A diet 

containing Lactobacillus acidophilus and Streptococcus thermophilus fermented yogurt at 5 mL/L drinking water; abcde Means bearing different superscripts in 

the same row differ significantly at p < 0.05. 
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Figure 1. Bivariate distributions showing linear effects of diets supplemented with different types of yogurts on average daily 

feed intake, average daily gain, and feed conversion ratio in broiler chicken. 
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Figure 2. Locally weighted scatterplot smoothing showing effects of diets supplemented with different types of yogurts on 

feed conversion ratio, average daily feed intake, and average daily gain of the broiler chicken. 

 

 

                
 

                
 

Figure 3. Least square means showing linear effects of different types of yogurts on final weight, average daily feed intake, 

average daily gain, and feed conversion ratio of the broiler chicken. Control: A diet without yogurt; Local: A diet containing locally 

prepared yogurt at 5 mL/L drinking water; LA: A diet containing Lactobacillus acidophilus fermented yogurt at 5 mL/L drinking water; ST: 

A diet containing Streptococcus thermophilus fermented yogurt at 5 mL/L drinking water; LA+ST: A diet containing Lactobacillus 

acidophilus and Streptococcus thermophilus fermented yogurt at 5 mL/L drinking water. 
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Figure 4. Heatmap showing clustered multiple correlation coefficient matrix of the performance parameter of the broiler 

chicken fed different yogurt supplemented diets 

 

 
 

Figure 5. Principal component analysis with eigenvectors and values showing effects of different types of yogurts on the 

performance of the broiler chicken. Plotted on “x” as component 1 (58.3%) and “y” as component 2 (32.3%) 

 

 

  

 

 

 

 

 

Figure 6. Response surface model with the central composite 

design showing desirable zone of average daily gain (ADG) 

optimized by linear combinations of the different values of average 

daily feed intake (ADFI) and feed conversion ratio (FCR) in broiler 

chickens provided with diets supplemented with different types of 

yogurts. 
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DISCUSSION 

 

Average daily feed intake 

In the present study, the ADFI ranged from 46.1 to 

52.3 g/bird/d at 0-14 days. Among the study groups, 

broiler chickens supplemented with LA+ST yogurt 

showed the lowest ADFI, whereas those provided with 

local yogurt showed the highest ADFI. Although 

significant differences were noticed between the yogurt 

and control groups at 0-14 days, no marked difference was 

found at 15-28 or over the entire 28-day period. These 

findings align with a previous study, which reported that 

supplementing broiler diets with yogurt at a concentration 

of 5 mL/L in drinking water did not significantly affect 

overall ADFI (Sultan et al., 2006). Likewise, Hossain and 

Momu (2022) reported that yogurt supplementation had a 

negligible effect on feed consumption in chickens. In 

contrast, earlier studies reported significantly higher feed 

intake in the broiler chickens supplemented with dried 

yogurt powder (1 kg/100 kg diet) compared to the 

probiotic-supplemented and control groups, which was 

consistent with the present study (Mamun et al., 2021; 

Hossain and Momu, 2022). Accordingly, another study 

found that dietary yogurt supplementation did not affect 

ADFI in broiler chickens during the first 10 days but had a 

substantial impact in the later stages (Ghasemi-Sadabadi et 

al., 2019). It implies that the influence of yogurt on feed 

intake may diminish over time, with noticeable differences 

in the early stages that do not persist. Hence, it may be 

concluded that the overall effects of yogurt on ADFI in 

broiler chickens are complex and vary depending on the 

study duration, the form and quantity of yogurt used, and 

the specific conditions under which the broilers were 

raised (Ghasemi-Sadabadi et al., 2019). 

 

Average daily gain 

In the current study, the ADG differed significantly 

among the dietary groups. The LA-supplemented yogurt 

group showed the highest gain at 0-14 days, with no 

notable difference in overall weight gain at 15-28 days. 

According to a former study, yogurt supplementation at 5 

mL/L of drinking water significantly improved weight 

gain during both the starter and finisher phases in 

comparison to the control group (Sultan et al., 2006). The 

highest body weight gain at later stages in the LA+ST 

supplemented group was also aligned with an earlier study 

which reported better weight gain in broiler chicken 

supplemented with duo-strain probiotic (Lactobacillus 

bulgaricus and Streptococcus thermophilus; Adriani et al., 

2015). The highest ADG in the LA supplemented group at 

the initial stage obtained in the present study was also 

consistent with some other studies. For example, one study 

reported that supplementation with Lactobacillus 

acidophilus in broiler chickens infected with Clostridium 

perfringens improved ADG (Li et al., 2018). The observed 

improvement in performance may be ascribed to enhanced 

nutrient digestibility and absorption, maintenance of a 

stable intestinal microbiota, improved intestinal health, a 

stronger immune response, and reduced stress levels 

(Revolledo et al., 2006; Prado-Rebolledo et al., 2017; Li et 

al., 2018).  

The inclusion of L. acidophilus in poultry feed 

prevents the growth of harmful bacteria and regulates 

intestinal flora via competitive exclusion (Forte et al., 

2018). However, despite many similarities, these results 

contradict a previous study that found no effect of 

probiotic supplementation (Lactobacillus spp.) on ADG 

during phage feeding (Hosamani et al., 2006). The 

differences in weight gain could be attributed to factors 

such as sex, weather conditions, infectious diseases, and 

other variables (Aftahi et al., 2006). This study further 

revealed the highest body weight gain in the LA+ST-

supplemented group at 15-28 days, indicating a synergistic 

effect of the multi-strain probiotic on broiler performance. 

The findings suggest that yogurt supplementation, 

particularly with Lactobacillus acidophilus and multi-

strain probiotics (LA+ST), enhances early-stage ADG in 

broiler chickens. While initial improvements in weight 

gain are consistent with previous studies, long-term effects 

may vary due to environmental and health factors.   

 

Feed conversion ratio 

In the current study, notable differences in FCR were 

observed among the yogurt-supplemented groups 

compared to the control at 0-14 days. Among the yogurt 

supplemented groups, the LA + ST group showed the best 

FCR. Overall, FCR differed significantly, with the LA+ST 

group showing the highest feed efficiency. However, from 

days 15-28, no significant difference was found between 

the yogurt-supplemented group and the control group (p = 

0.133). These results observed a better FCR in the LA + 

ST supplemented group compared to the control. 

Consistent with these findings, another study reported 

better FCR in the duo-strain probiotic supplementation in 

broiler chickens (Mirsalami and Mirsalami, 2024). Several 

previous studies also reported substantial impacts of 

yogurt supplementation on the FCR in broiler chicken 

(Sultan et al., 2006; Mansoub and Nezhady, 2011; 

Ghasemi-Sadabadi et al., 2019).  
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In contrast to the current study, a previous study 

reported that there was no statistically significant effect of 

yogurt supplementation on FCR in the broiler chicken 

(Mahmmod et al., 2014). Accordingly, no combined effect 

of Streptococcus thermophilus and Lactobacillus sp. on 

FCR was found, possibly due to insufficient bacterial 

count, as well as genotype and growth stage variations 

among experimental broiler chickens (Nafees and 

Pagthinathan, 2018). The present study indicated that 

yogurt supplementation, particularly with the LA+ST 

multi-strain probiotic, enhances FCR in broiler chickens, 

especially during the initial growth phase. However, 

discrepancies in findings across the studies may be due to 

variations in bacterial count, genetic factors, and growth 

stages (Mirsalami and Mirsalami, 2024). 

 

Nutrient digestibility 

Yogurt supplementation significantly improved the 

ileal digestibility of DM, OM, CP, CF, EE, and TA in the 

LA, ST, and LA + ST groups. Consistent with these 

results,  a previous study reported enhanced ileal protein 

digestibility following dried yogurt powder 

supplementation (Abbas et al., 2020). The improved 

protein digestion within the gastrointestinal tract was 

likely due to increased lactic acid concentration, which 

enhances protease enzyme activity (Abbas et al., 2020). 

The reduction in pH induced by lactic acid bacteria boosts 

the enzyme activity, thereby facilitating feed breakdown, 

inhibiting the growth of pathogenic microorganisms, and 

promoting the proliferation of beneficial bacteria (Flint 

and Garner, 2009; Recoules et al., 2017). Another study 

demonstrated that a multi-strain probiotic containing lactic 

acid bacteria significantly enhanced the ileal digestibility 

of DM, CP, and gross energy compared to the control 

group (Kim et al., 2012). Similarly, another study reported 

that supplementation with lactic acid bacteria, specifically 

Lactobacillus bulgaricus, enhanced the digestion of 

nitrogen and fat, though it had no significant impact on 

fiber digestion. These observations suggested that lactic 

acid bacteria can improve the ability of broiler chickens to 

digest certain nutrients (Apata, 2008). On the contrary, it 

was indicated that the total tract apparent digestibility of 

DM, OM, CP, EE, and ash in broiler chickens remained 

unaffected despite the inclusion of yogurt acid whey 

powder at concentrations of 2.5%, 5%, and 10% of the diet 

(Paraskeuas et al., 2023). Similarly, it was reported that 

supplementation of dry whey powder and whey 

concentrate did not affect the digestibility of DM and CP, 

however, they significantly influenced the digestibility of 

minerals, particularly calcium, and phosphorus (Pineda-

Quiroga et al., 2018). 

 

CONCLUSION 

 

Supplementation of yogurt in broiler diets improved their 

growth performance, feed intake, and nutrient utilization. 

Fermented yogurt containing Lactobacillus acidophilus 

and Streptococcus thermophilus (LA+ST) distinctively 

enhance feed efficiency, ileal nutrient digestibility, and 

growth performance of broiler chickens over 28 days. It 

may be concluded that probiotic-enriched yogurt was a 

viable dietary supplement to promote efficient growth and 

enhance nutrient utilization in broiler chickens. Future 

research should explore gut barrier functionality, intestinal 

histo-morphometry, bacterial translocation, and humoral 

immune responses in chickens fed yogurt supplemented 

diets. 

 

DECLARATIONS 

 

Funding 
This research was funded by the Ministry of Science 

and Technology in Bangladesh with Grant No.- SRG-

231198. 

 

Authors’ contributions 

Md. Emran Hossain conceptualized the study, 

managed the project, curated the data, conducted the 

generalized linear model, principal component analysis, 

and response surface modeling, interpreted the results, and 

finalized the initial draft. Minara Begum Munni, Umme 

Salma Amin, and Mahabub Alam prepared the yogurt 

culture, carried out the feeding trial, immunization, and 

ileal nutrient digestibility, and contributed to drafting the 

initial manuscript. Shilpi Islam, Nasima Akter, and Md. 

Ahasanul Hoque provided critical insights and oversaw the 

entire study. All authors reviewed and approved the final 

version of the manuscript. 

 

Competing interests  

The authors declare that there are no conflicts of 

interest. 

 

Ethical considerations 

The authors affirm that they have adhered to ethical 

research practices, avoiding plagiarism, misconduct, data 

fabrication or falsification, and duplicate submission or 

publication, and have provided their consent for this 

article's publication.  



J. World Poult. Res., 15(1): 53-64, 2025 

 

63 

Availability of data and materials  

The datasets used and/or analyzed data during the 

current study are available from the corresponding author 

upon reasonable request. 

 

REFERENCES 

 

Abbas RJ, Mohammed AA, and Hussan MA (2020). Effect of dried and 

processed yoghurt addition on the sites of protein digestibility along 
gastro-intestinal tracts of broiler chickens. Advances in Animal and 

Veterinary Sciences, 8(5): 484-489. DOI: 

https://www.doi.org/10.17582/JOURNAL.AAVS/2020/8.5.484.489 

Adriani L, widjastuti T, and dermawan R (2015). The effect of probiotic 
supplemented ration on broiler abdominal fatty content and final 

weight. Lucrari Stiintifice Zeria Sohteniee, 53(2): 94-96. Available 

at: 
http://www.uaiasi.ro/zootehnie/pdf/pdf_vol_53/lovita_adriani.pdf 

Aftahi A, Munim T, Hoque MA, and Ashraf MA (2006). Effect of 

yoghurt and protexin boost on broiler performance. International 

Journal of Poultry Science, 5(7): 651-655. DOI: 
https://www.doi.org/10.3923/ijps.2006.651.655 

Aleman RS, Cedillos R, Page R, Olson D, and Aryana K (2023). 

Physico-chemical, microbiological, and sensory characteristics of 

yogurt as affected by various ingredients. Journal of Dairy Science, 
106(6): 3868-3883. DOI: https://www.doi.org/10.3168/jds.2022-

22622 

Association of official analytical chemist (AOAC) (2019). Official 

methods of analysis, 21st  Edition. Rockville, Maryland, USA. 

Avalable at:  

https://members.aoac.org/AOAC/AOAC/Item_Detail.aspx?Categor

y=OMA&iProductCode=1121&utm 

Apata D (2008). Growth performance, nutrient digestibility and immune 
response of broiler chicks fed diets supplemented with a culture of 

Lactobacillus bulgaricus. Journal of the Science of Food and 

Agriculture, 88(7): 1253-1258. DOI: 
https://www.doi.org/10.1002/jsfa.3214 

Casula E, Pisano MB, Serreli G, Zodio S, Melis MP, Corona G, Costabile 

A, Cosentino S, and Deiana M (2023). Probiotic Lactobacilli 

attenuate oxysterols-induced alteration of intestinal epithelial cell 
monolayer permeability: Focus on tight junction modulation. Food 

and Chemical Toxicology, 172: 113558. DOI: 

https://www.doi.org/10.1016/j.fct.2022.113558 

Chu J, Feng S, Guo C, Xue B, He K, and Li L (2023). Immunological 

mechanisms of inflammatory diseases caused by gut microbiota 

dysbiosis: A review. Biomedicine & Pharmacotherapy, 164: 

114985. DOI: https://www.doi.org/10.1016/j.biopha.2023.114985 

Ducatelle R, Goossens E, Eeckhaut V, and Van Immerseel F (2023). 
Poultry gut health and beyond. Animal Nutrition, 13: 240-248. 

DOI: https://www.doi.org/10.1016/j.aninu.2023.03.005 

Flint JF and Garner MR (2009). Feeding beneficial bacteria: A natural 

solution for increasing efficiency and decreasing pathogens in 
animal agriculture. Journal of Applied Poultry Research, 18(2): 

367-378. DOI: https://www.doi.org/10.3382/japr.2008-00133 

Forte C, Manuali E, Abbate Y, Papa P, Vieceli L, Tentellini M, Trabalza-

Marinucci M, and Moscati L (2018). Dietary Lactobacillus 
acidophilus positively influences growth performance, gut 

morphology, and gut microbiology in rurally reared chickens. 
Poultry Science, 97(3): 930-936. DOI: 

https://www.doi.org/10.3382/ps/pex396 

Ghasemi-Sadabadi M, Ebrahimnezhad Y, Shaddel-Tili A, Bannapour-

Ghaffari V, Kozehgari H, and Didehvar M (2019). The effects of 
fermented milk products (kefir and yogurt) and probiotic on 

performance, carcass characteristics, blood parameters, and gut 

microbial population in broiler chickens. Archives Animal 

Breeding, 62(1): 361-374. DOI: https://www.doi.org/10.5194/aab-
62-361-2019 

Hosamani SV, Shivakumar MC, Patil NA, and Harapanahalli MD 

(2006). Effect of feeding antibiotic and probiotic on broiler 

performance. Indian Journal of Poultry Science, 41(2): 180-182. 
Available at: 

https://rfppl.co.in/subscription/upload_pdf/jfst1_1922.pdf 

Hossain MA and Momu MJ (2022). Yogurt as probiotic: Comparative 

effect on growth performance of broiler Japanese quail (Coturnix 
Japonica). Turkish Journal of Agriculture - Food Science and 

Technology, 10(6): 987-991. Available at: 

https://agrifoodscience.com/index.php/TURJAF/article/view/4678#
:~:text=Yogurt%20is%20a%20natural%20source,indexes%20and%

20resistance%20to%20pathogens 

Hossain ME and Akter N (2022). NaHCO3, l-arginine, and vitamin C 

supplemented vegetable diet ameliorates tachycardia and 
polycythemia in the broiler chicken. Tropical Animal Health and 

Production, 54(2): 122. Available at: 

https://link.springer.com/article/10.1007/s11250-021-02993-9 

Hossain ME, Das GB, Bhowmik P, Adhikary K, Sultan MN, Islam S, and 
Akter N (2023a). Fish oil divergently enriches broiler meat with 

long chain ω-3 polyunsaturated fatty acids (LCω-3PUFAs) by 

modulating the ratio of ω-3 to ω-6 PUFAs without disrupting gut 
morphology and cardio-pulmonary morphometry. Canadian Journal 

of Animal Science, 104(1): 59-79. Available at: 
https://utoronto.scholaris.ca/server/api/core/bitstreams/d40f31d4-

1c8a-4380-9114-c08e82f488d3/content 

Hossain ME, Akter N, Bhowmik P, Islam MS, Sultan MN, and Islam S 

(2023b). Animal protein-soybean oil-based broiler diet optimizes 
net profit at the expense of desirable ω-6 fatty acids from the breast 

muscle of the broiler chicken. Journal of Animal Physiology and 

Animal Nutrition, 107(5): 1216-1240. Available at: 
https://pubmed.ncbi.nlm.nih.gov/36971147/  

Ipçak HH (2023). The role of phytogenic feed additives in modulating 

poultry nutritional physiology and genomics. IntechOpen. DOI: 

https://www.doi.org/10.5772/intechopen.112082 

Jin LZ, Ho YW, Abdullah N, and Jalaludin S (2000). Digestive and 
bacterial enzyme activities in broilers fed diets supplemented with 

Lactobacillus cultures. Poultry Science, 79(6): 886-891. DOI: 

https://www.doi.org/10.1093/ps/79.6.886 

Junaid M, Inayat S, Gulzar N, Khalique A, Shahzad F, Irshad I, and 
Imran M (2023). Physical, chemical, microbial, and sensory 

evaluation and fatty acid profiling of value-added drinking yogurt 

(laban) under various storage conditions. Journal of Dairy Science, 
106(1): 39-46. DOI: https://www.doi.org/10.3168/jds.2022-22358 

Khayoon T, Abbas R, and Abdullah F (2024). Effects of feeding various 

levels of postbiotics produced by lactic acid bacteria on growth 

performance, gastrointestinal microbiota count, and digestibility of 
some nutrients in broiler chickens. Mesopotamia Journal of 

Agriculture, 52(2): 68-81. DOI: 

https://www.doi.org/10.33899/mja.2024.145531.132019 

Kim JS, Ingale SL, Kim YW, Kim KH, Sen S, Ryu MH, Lohakare JD, 
Kwon IK, and Chae BJ (2012). Effect of supplementation of multi-

microbe probiotic product on growth performance, apparent 

digestibility, cecal microbiota and small intestinal morphology of 
broilers. Journal of Animal Physiology and Animal Nutrition, 

96(4): 618-626. DOI: https://www.doi.org/10.1111/j.1439-

0396.2011.01187.x 

Li Z, Wang W, Liu D, and Guo Y (2018). Effects of Lactobacillus 
acidophilus on the growth performance and intestinal health of 

broilers challenged with Clostridium perfringens. Journal of Animal 

Science and Biotechnology, 9(1): 25. DOI: 
https://www.doi.org/10.1186/s40104-018-0243-3 

Mahmmod ZA, Abdulrazaq HS, Salem AS, and Sideq RM (2014). 

Effects of supplementation probiotic and dried yogurt powder on 

https://www.doi.org/10.17582/JOURNAL.AAVS/2020/8.5.484.489
http://www.uaiasi.ro/zootehnie/pdf/pdf_vol_53/lovita_adriani.pdf
https://www.doi.org/10.3923/ijps.2006.651.655
https://www.doi.org/10.3168/jds.2022-22622
https://www.doi.org/10.3168/jds.2022-22622
https://members.aoac.org/AOAC/AOAC/Item_Detail.aspx?Category=OMA&iProductCode=1121&utm
https://members.aoac.org/AOAC/AOAC/Item_Detail.aspx?Category=OMA&iProductCode=1121&utm
https://www.doi.org/10.1002/jsfa.3214
https://www.doi.org/10.1016/j.fct.2022.113558
https://www.doi.org/10.1016/j.biopha.2023.114985
https://www.doi.org/10.1016/j.aninu.2023.03.005
https://www.doi.org/10.3382/japr.2008-00133
https://www.doi.org/10.3382/ps/pex396
https://www.doi.org/10.5194/aab-62-361-2019
https://www.doi.org/10.5194/aab-62-361-2019
https://rfppl.co.in/subscription/upload_pdf/jfst1_1922.pdf
https://agrifoodscience.com/index.php/TURJAF/article/view/4678%23:~:text=Yogurt%20is%20a%20natural%20source,indexes%20and%20resistance%20to%20pathogens
https://agrifoodscience.com/index.php/TURJAF/article/view/4678%23:~:text=Yogurt%20is%20a%20natural%20source,indexes%20and%20resistance%20to%20pathogens
https://agrifoodscience.com/index.php/TURJAF/article/view/4678%23:~:text=Yogurt%20is%20a%20natural%20source,indexes%20and%20resistance%20to%20pathogens
https://link.springer.com/article/10.1007/s11250-021-02993-9
https://utoronto.scholaris.ca/server/api/core/bitstreams/d40f31d4-1c8a-4380-9114-c08e82f488d3/content
https://utoronto.scholaris.ca/server/api/core/bitstreams/d40f31d4-1c8a-4380-9114-c08e82f488d3/content
https://pubmed.ncbi.nlm.nih.gov/36971147/
https://www.doi.org/10.5772/intechopen.112082
https://www.doi.org/10.1093/ps/79.6.886
https://www.doi.org/10.33899/mja.2024.145531.132019
https://www.doi.org/10.1111/j.1439-0396.2011.01187.x
https://www.doi.org/10.1111/j.1439-0396.2011.01187.x
https://www.doi.org/10.1186/s40104-018-0243-3


Hossain et al., 2025 

64 

growth performance, carcass characteristics, intestinal micro flora 

and immunity of broiler chickens. Zanco Journal of Pure and 
Applied Sciences, 26(3): 35-42. Available at: 

https://search.emarefa.net/en/detail/BIM-586315-effects-of-

supplementation-probiotic-and-dried-yogurt-powder 

Mamun AA, Islam MZ, Islam J, Haque MN, Raihan J, Ali MS, Hasan 
MR, Jahan SS, and Islam MS (2021). Effects of sweet and sour 

yogurt supplementation in drinking water on antibiotics free 

commercial broiler production. International Journal of Poultry 
Science, 20(5): 215-223. DOI: 

https://www.doi.org/10.3923/ijps.2021.215.223 

Mansoub NH and Nezhady MAM (2011). Effect of garlic, thyme and 

yogurt compared to antibiotics on performance, immunity and some 
blood parameters of broiler chickens. Indian Journal of Animal 

Sciences, 81(12): 1197-1200. Available at: 

https://epubs.icar.org.in/index.php/IJAnS/article/view/13327/6710 

Maynard LA (2018). Animal-Nutrition.pdfAnimal nutrition, 6th Edition. 
Mcgraw-Hill, New York, NY. DOI: 

https://www.doi.org/10.5962/bhl.title.155283 

Mirsalami SM and Mirsalami M (2024). Effects of duo-strain probiotics 

on growth, digestion, and gut health in broiler chickens. Veterinary 
and Animal Science, 24: 100343. DOI: 

https://www.doi.org/10.1016/j.vas.2024.100343 

Momin ES, Khan AA, Kashyap T, Pervaiz MA, Akram A, Mannan V, 

Sanusi M, and Elshaikh AO (2023). The effects of probiotics on 
cholesterol levels in patients with metabolic syndrome: A 

Systematic review. Cureus, 15(4): e37567. DOI: 
https://www.doi.org/10.7759/cureus.37567 

Nafees MSM and Pagthinathan M (2018). Effect of dietary 

supplementation of Lactobacilli and Streptococci cultures on the 

performance of broiler chickens. Journal of Agricultural Sciences, 
11(2): 34-40. DOI: http://www.doi.org/10.4038/agrieast.v11i2.38 

Paraskeuas VV, Papadomichelakis G, Brouklogiannis IP, 

Anagnostopoulos EC, Pappas AC, Simitzis P, Theodorou G, Politis 

I, and Mountzouris KC (2023). Dietary inclusion level effects of 
yoghurt acid whey powder on performance, digestibility of 

nutrients and meat quality of broilers. Animals, 13(19): 3096. DOI: 

https://www.doi.org/10.3390/ani13193096 

Perler BK, Friedman ES, and Wu GD (2023). The role of the gut 
microbiota in the relationship between diet and human health. 

Annual Review of Physiology, 85(1): 449-468. DOI: 

https://www.doi.org/10.1146/annurev-physiol-031522-092054 

Pineda-Quiroga C, Camarinha-Silva A, Borda-Molina D, Atxaerandio R, 
Ruiz R, and García-Rodríguez A (2018). Feeding broilers with dry 

whey powder and whey protein concentrate affected productive 

performance, ileal digestibility of nutrients and cecal microbiota 

community. Animal, 12(4): 692-700. DOI: 
https://www.doi.org/10.1017/S1751731117002208 

Prado-Rebolledo OF, Delgado-Machuca JdeJ, Macedo-Barragan RJ, 

Garcia-Márquez LJ, Morales-Barrera JE, Latorre JD, Hernandez-

Velasco X, and Tellez G (2017). Evaluation of a selected lactic acid 
bacteria-based probiotic on Salmonella enterica serovar Enteritidis 

colonization and intestinal permeability in broiler chickens. Avian 

Pathology, 46(1): 90-94. DOI: 
https://www.doi.org/10.1080/03079457.2016.1222808 

Recoules E, Sabboh-Jourdan H, Narcy A, Lessire M, Harichaux G, Labas 

V, Duclos MJ, and Réhault-Godbert S (2017). Exploring the in vivo 

digestion of plant proteins in broiler chickens. Poultry Science, 
96(6): 1735-1747. DOI: https://www.doi.org/10.3382/ps/pew444 

Revolledo L, Ferreira AJP, and Mead GC (2006). Prospects in 

Salmonella control: Competitive exclusion, probiotics, and 

enhancement of avian intestinal immunity. Journal of Applied 
Poultry Research, 15(2): 341-351. DOI: 

https://www.doi.org/10.1093/japr/15.2.341 

Rodjan P, Soisuwan K, Thongprajukaew K, Theapparat Y, Khongthong 

S, Jeenkeawpieam J, and Salaeharae T (2018). Effect of organic 
acids or probiotics alone or in combination on growth performance, 

nutrient digestibility, enzyme activities, intestinal morphology and 

gut microflora in broiler chickens. Journal of Animal Physiology 
and Animal Nutrition, 102(2): e931-e940. DOI: 

https://www.doi.org/10.1111/jpn.12858   

Short FJ, Gorton P, Wiseman J, and Boorman KN (1996). Determination 
of titanium dioxide added as an inert marker in chicken digestibility 

studies. Animal Feed Science and Technology, 59(4): 215-221. 

DOI: https://www.doi.org/10.1016/0377-8401(95)00916-7 

Song X, Liu Y, Zhang X, Weng P, Zhang R, and Wu Z (2023). Role of 
intestinal probiotics in the modulation of lipid metabolism: 

Implications for therapeutic treatments. Food Science and Human 

Wellness, 12(5): 1439-1449. DOI: 
https://www.doi.org/10.1016/j.fshw.2023.02.005 

Sultan A, Durrani FR, Suhail SM, Ismail M, Durrani Z, and Chand N 

(2006). Comparative effect of yogurt as probiotic on the 

performance of broiler chicks. Pakistan Journal of Biological 
Sciences, 9(1): 88-92. DOI: 

https://www.doi.org/10.3923/pjbs.2006.88.92 

Szabó RT, Kovács-Weber M, Zimborán Á, Kovács L, and Erdélyi M 

(2023). Effects of short and medium-chain fatty acids on 
production, meat quality and gut hygiene of broiler chickens–A 

review. Molecules, 28: 4956. DOI: 

https://www.doi.org/10.20944/preprints202305.0791.v1 

 

 

 

 

 

 

 
Publisher’s note: Scienceline Publication Ltd. remains neutral with regard to jurisdictional claims in published maps and institutional affiliations. 

 

Open Access: This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, 

adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the 

source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this article are 

included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the article’s 

Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission 

directly from the copyright holder. To view a copy of this licence, visit https://creativecommons.org/licenses/by/4.0/. 

 

© The Author(s) 2025 

https://search.emarefa.net/en/detail/BIM-586315-effects-of-supplementation-probiotic-and-dried-yogurt-powder
https://search.emarefa.net/en/detail/BIM-586315-effects-of-supplementation-probiotic-and-dried-yogurt-powder
https://www.doi.org/10.3923/ijps.2021.215.223
https://epubs.icar.org.in/index.php/IJAnS/article/view/13327/6710
https://www.doi.org/10.1016/j.vas.2024.100343
https://www.doi.org/10.7759/cureus.37567
http://www.doi.org/10.4038/agrieast.v11i2.38
https://www.doi.org/10.3390/ani13193096
https://www.doi.org/10.1146/annurev-physiol-031522-092054
https://www.doi.org/10.1017/S1751731117002208
https://www.doi.org/10.1080/03079457.2016.1222808
https://www.doi.org/10.3382/ps/pew444
https://www.doi.org/10.1093/japr/15.2.341
https://www.doi.org/10.1111/jpn.12858
https://www.doi.org/10.1016/0377-8401(95)00916-7
https://www.doi.org/10.3923/pjbs.2006.88.92
https://www.doi.org/10.20944/preprints202305.0791.v1
https://www.science-line.com/
https://creativecommons.org/licenses/by/4.0/

