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This study investigated the effects of dietary supplementation with probiotics, 
prebiotics, or synbiotics on the growth performance, immune function, and 
gut health in turkeys. A total of 180 turkeys were allocated into four dietary 
groups: basal diet (control group); basal diet supplemented with 1.0 × 108 CFU/g
Lactobacillus acidophilus and Bacillus subtilis 1.0 × 108 CFU/g (Probiotic group); 
basal diet supplemented with 1% inulin and 0.5% Mannan oligosaccharides 
(Prebiotic group) or basal diet supplemented with both prebiotic and probiotic 
mixtures (Synbiotic group), and fed for 12 weeks. Growth performance was 
evaluated at 4–10 weeks (phase 1) and 10–16 weeks (phase 2), then blood and 
tissue samples were collected at the end of the study to assess immunological, 
biochemical parameters, and intestinal morphometry. Compared to the control 
group, the body weight gain of the probiotics and synbiotic groups were 
significantly higher at phase 2 (P < 0.05), and this persisted with synbiotic 
supplementation during the overall phase (P = 0.05). Similarly, the feed 
intake of turkeys during the overall phase was improved in the probiotic, 
prebiotics and synbiotics groups compared to the control group (P < 0.05). 
Carcass yield remained unaffected, but the spleen and bursa weights were 
significantly higher in the probiotics and synbiotic groups (P < 0.05). Blood 
analysis revealed elevated white blood cell counts and total cholesterol in 
turkeys fed probiotic, prebiotics and synbiotics relative to the control group 
(P < 0.05). Duodenal morphology showed no significant differences among 
treatment groups, whereas, the Lactobacillus counts were significantly higher 
in probiotics and synbiotics-fed turkeys compared to the control group (P 
< 0.05). Crude protein digestibility was higher with prebiotics and synbiotics 
supplementation, and the probiotic diet further increased nitrogen retention 
in turkeys (P < 0.05), compared to the control group. Additionally, behavioral 
assessments indicated increased activity of synbiotics-fed turkeys compared to 
the control group (P < 0.05). Overall, synbiotics emerged as an effective dietary 
intervention, providing the synergistic actions of both pre- and probiotics on 
the growth performance, immune functioning, and nutrient utilization, thus,
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underscoring their potential as a strategic nutritional supplement for turkey 
production.

KEYWORDS

prebiotics, probiotics, synbiotics, turkey poults, growth performance, 
nutrientdigestibility, immunity 

1 Introduction

Global poultry meat output reached 146 million tonnes in 
2023, increasing by ∼1.9% yearly. It is projected that global 
poultry production will grow by 16%, and account for about 
43% of all meat protein consumed by 2033 (OECD and Food 
and Agriculture Organization of the United Nations, 2024). With 
the increase in demand and supply for poultry meat, turkey 
production has witnessed positive growth prospects, with the global 
turkey industry striving to produce high-quality meat at low costs 
with emphasis on increasing production efficiency, sustainability, 
and animal welfare (Cloft et al., 2018). Improvements in genetic 
selection practices, husbandry practices and disease management 
accrue significant progress within the turkey industry resulting 
to improved growth rate, higher feed conversion rate and higher 
meat output (Shehata et al., 2024). However, the turkey industry 
still faces various challenges, including high mortality during 
rearing (Institute of Poultry Diseases et al., 2021; Gernat et al., 
2021), increase in feed cost, disease outbreaks, limited veterinary 
products, animal welfare and health concerns, intense global 
competition, food safety concerns, environmental issues, and 
regulatory changes, which affects economic outcomes (Dittoe et al., 
2019). The ban on in-feed antibiotics has also further raised 
concerns in turkey production, given that only a limited number 
of veterinary products are approved for treating turkeys as food-
producing animals (Gulmez et al., 2019).

With the ban on antibiotic growth promoters, interest in 
alternative solutions has increased (Feye et al., 2016). Probiotics, 
which are live microorganisms that promote gut health, have 
emerged as popular substitutes (Gulmez et al., 2019; Khomayezi 
and Adewole, 2022). They improve the microbial balance, enhance 
immune responses, and increase resistance against pathogens 
(Gulmez et al., 2019). Probiotics, including strains of Lactobacillus, 
Bacillus, and Enterococcus, have been shown to directly modulate the 
gut microbiota by improving nutrient absorption, strengthening the 
intestinal barrier through increased villus height and tight junction 
proteins, and enhancing immune responses by reducing pro-
inflammatory cytokines (Cheng and Ning, 2023; Idowu et al., 2025). 
Similarly, prebiotics, which are non-digestible oligosaccharides 
are known to stimulate the growth of beneficial gut bacteria and 
promote overall gut health (Lipiński et al., 2021). For instance, 
mannan-oligosaccharides have been demonstrated to reduce 
Salmonella colonization by acting as a decoy receptor to promote 
microbial production of SCFAs, while inhibiting pathogenic bacteria 
(Sharma et al., 2018). When digested in the colon, prebiotics and 
probiotics produce short-chain fatty acids, which lower pH levels, 
creating an unfavourable environment for harmful bacteria while 
improving mineral absorption (Lipiński et al., 2021; Markowiak and 
Śliżewska, 2017).

When used together as synbiotics, probiotics and prebiotics 
provide additional benefits by improving nutrient digestion 
and enhancing gut health, leading to improved performance 
in poultry (Mohammadigheisar et al., 2019; Vahabi-Asil et al., 
2017). Studies demonstrate that synbiotics significantly improve 
productivity metrics such as egg mass and shell thickness 
in layers, and it also enhances the feed efficiency in broilers 
by ensuring probiotic viability and activity, improving villus 
architecture, nutrient absorption, and immune function (Toghiani 
et al., 2024; Roberfroid, 2018). However, while probiotics and 
prebiotics have been extensively studied in broilers and laying 
hens, research on their use in turkeys is limited and has shown 
inconsistent findings (Gulmez et al., 2019).

Post-antibiotic ban, probiotics (e.g., Lactobacillus spp.) and 
prebiotics (e.g., inulin) have gained traction as alternatives 
(Feye et al., 2016), yet turkey-specific formulations remain 
underexplored. Only 8/63 poultry probiotic trials (2020–2023) 
focused on turkeys with 75% using broiler-derived strains a 
potential mismatch for turkey gut ecology, with only 12% 
of probiotic/prebiotic trials focusing on Meleagris gallopavo
(Gulmez et al., 2019; Khomayezi and Adewole, 2022). Utilizing feed 
additives like probiotics, prebiotics, and synbiotcs may help improve 
the performance of poultry birds by modifying the intestinal 
microbiota, boosting immune response, and safeguarding intestinal 
integrity (Dittoe et al., 2019). The present study investigated the 
effects of supplementing probiotics, prebiotics, or synbiotic on the 
growth performance, carcass traits, immune responses and gut 
morphology of turkey poults. It was hypothesized that synbiotic 
supplementation would be more efficacious in improving the growth 
performance, immune response, and gut health of turkeys than 
providing probiotics or prebiotics individually. This is based on 
the premise that the prebiotic component selectively stimulates the 
growth and activity of the supplemented probiotic bacteria, leading 
to a more profound and stable modulation of the gut microbiome, 
which in turn enhances nutrient absorption and immune function. 

2 Materials and methods

The research was conducted at the research farm of the 
Department of Agriculture in collaboration with the Department 
of Life Sciences at Mewar University, India. Ethical approval was 
obtained from the Local Ethics Commission for Experiments with 
Animals at Mewar University, India. 

2.1 Experimental design

A total of 180 male broad-breasted bronze poults, at 30 days old, 
were obtained from Tamil Nadu Agricultural University (TNAU), 
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India. The poults were weighed individually (average initial body 
weight: 0.9 ± 0.2 kg) and distributed at random among 12 wooden 
shaving-lined enclosures (250 × 250 cm). The experiment had 4 
treatments, 3 replicates with 15 turkeys per replication. The birds 
were provided with 16 h of light and 8 h of darkness (16 L: 8D). The 
experimental groups were composed of turkey poults fed with basal 
diet (control group); basal diet supplemented with 1.0 × 108 CFU/g 
Lactobacillus acidophilus and Bacillus subtilis 1.0 × 108 CFU/g 
(Probiotic group); basal diet supplemented with 1% inulin and 
0.5% mannan oligosaccharides mixture (Prebiotic group) or basal 
diet supplemented with both prebiotic and probiotic mixtures 
(Synbiotic group), and the study lasted for 12 weeks. Based on 
prior evidence that Lactobacillus acidophilus thrives on inulin/MOS 
substrates (Lambo et al., 2021), we selected this combination to 
maximize synergistic effects on gut health.

The experimental diets were prepared at 2 phases (week 
4–10; and week 11–16) according to NRC recommendations 
to meet the nutritional requirements of turkey poults 
(Table 1) (National Research Council, 1994). Feed and water were 
provided ad libitum during the study. To preserve the stability of the 
feed additives, the prepared feed was sealed in airtight bags and kept 
in a cool, dry conditions at a temperature of 4 °C.

2.2 Growth performance

The initial body weight (IBW), final body weight (FBW), body 
weight gain (BWG), feed intake (FI), and feed conversion ratio 
(FCR) were determined. The IBW was recorded at the start of the 
study, while FBW was assessed on days 42 and 84 of the trial. To 
calculate body weight gain (BWG), the difference between FBW and 
IBW was used. The amount of feed left over from the amount offered 
was deducted over a certain period and used to calculate the average 
feed intake (FI). As a gauge of feed efficiency, the feed conversion 
ratio (FCR) was computed as the ratio of FI to BWG. 

2.3 Blood collection

At the end of the trial, three (Shehata et al., 2024) birds per 
replicate of each treatment (n = 36) with representative body weights 
(±5% of group mean) were selected for blood collection. Blood 
samples were withdrawn from the wing vein of the birds into 
collection tubes containing 10 mg of ethylene diamine tetra acetic 
acid (EDTA), as an anticoagulant. Blood samples were aliquoted 
for haematological analysis and a portion was centrifuged for 
20 min at 3,000 rpm for plasma collection. The resulting plasma 
was transferred into 2 mL Eppendorf tubes and stored at −20 °C 
until analysis. 

2.4 Hematology and biochemical analyses

Blood metabolites, including total cholesterol, high-density 
lipoprotein (HDL), and low-density lipoprotein (LDL) levels, 
were measured in the plasma using a clinical chemistry analyser 
(Roche Cobas c111, Roche Diagnostics, Mannheim, Germany) 
(Roche Diagnostics, 2006). Blood components, including the red 

blood cells, white blood cells, and platelet counts were assessed 
using a haemocytometer (Neubauer Hemocytometer, Louis-
Charles Malassez design). Under a cover slip, the diluted sample 
was fed into the hemocytometer chambers, making sure that 
the grid was filled without overflow. The hemocytometer was 
put under the microscope and the cells were counted using 
the proper magnifications (40x for RBCs and platelets, 10x 
for WBCs) (Rodak et al., 2020). 

2.5 Tissue collection and organ weights

At the end of the trial, three (Shehata et al., 2024) birds per 
replicate were selected for euthanasia by electrically stunning and 
exsanguination in accordance with the AVMA Guidelines for the 
Euthanasia of Animals (Underwood and Anthony, 2020). Carcass 
were weighed individually, then the muscle and immune organs 
such as the spleen, bursa, and thymus were isolated and weighed 
to determine the organ weights (Sharma et al., 2018). To calculate 
the carcass yield, the carcasses were weighed and computed as a 
percentage of the live weight. 

2.6 Gut morphometry

For histomorphological analysis, a 3-cm segment of the 
duodenum was collected from a standardized location immediately 
posterior to the duodenal loop. The duodenum was selected as 
it is the primary site for nutrient absorption in poultry and is 
highly responsive to dietary modifications (Teirlynck et al., 2009). 
To preserve the integrity of the mucosal structure, the intestinal 
segment was gently flushed with ice-cold phosphate-buffered saline 
(PBS) to remove digesta without applying any mechanical pressure 
that could damage the villi (Awad and Awaad, 2017). The segment 
was then preserved in 10% buffered formalin and embedded in 
paraffin, then sectioned at 5 µm thickness using a microtome. 
Hematoxylin and eosin (H&E) staining were applied to the prepared 
tissue sections. The villus height and crypt depth were measured 
under a microscope at ×40 magnification, then analyzed using 
ImageJ analysis software (Schneider et al., 2012). 

2.7 Microbial composition

For microbial counting, the duodenum was carefully dissected 
from the gastrointestinal tract to avoid contamination, and the 
digesta was gently squeezed out into sterile containers using 
sterile forceps, placed in a sterile container, and chilled to 4 °C. 
Colony-forming units (CFUs) were counted via culture techniques. 
Escherichia coli (Eosin methyl blue agar, incubated aerobically 
for 24 h) and Lactobacillus (Man Rogosa Sharpe agar, incubated 
anaerobically for 48 h) were used to count the bacteria. In separate 
tubes, 9 mL of pre-reduced salt medium was filled with 1 mL of the 
digesta. The suspension was made via a 10−1 dilution, and successive 
dilutions were performed. The media was then cultured via serial 
dilutions of 10−3 and 10−5. A 0.1 mL sample from the dilution was 
plated onto a suitable medium to count the bacteria. Using a colony 
counter, discrete colonies on plates were counted, and the quantity 
of bacteria per 1 g sample (log10 CFU/g) was estimated. 
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TABLE 1  Nutrient composition of experimental diets for turkeys.

Ingredients Control Probiotics Prebiotics Synbiotics

Phase 1 (4–10 Weeks)

Maize (%) 60 60 60 59.7

Sunflower meal (%) 30 30 30 29.7

Wheat bran (%) 5.95 3.95 4.45 4.45

Probiotics None 1.0 × 108 + 1.0 × 108 CFU/g None 0.5 × 108 + 0.5 × 108 CFU/g

Prebiotics None None 1% + 0.5% 0.5% + 0.25%

Limestone (%) 1.2 1.2 1.2 1.2

Dicalcium phosphate (%) 1.8 1.8 1.8 1.8

Vitamin premix 0.2 0.2 0.2 0.2

Mineral premix 0.1 0.1 0.1 0.1

Salt (%) 0.3 0.3 0.3 0.3

Methionine (%) 0.3 0.3 0.3 0.3

Lysine (%) 0.15 0.15 0.15 0.15

Phase 2 (10–16 Weeks)

Maize (%) 55 55 55 54.7

Sunflower meal (%) 25 25 25 24.7

Wheat bran (%) 16.38 14.38 14.88 14.88

Probiotics None 1.0 × 108 + 1.0 × 108 CFU/g None 0.5 × 108 + 0.5 × 108 CFU/g

Prebiotics None None 1% + 0.5% 0.5% + 0.25%

Limestone (%) 1.0 1.0 1.0 1.0

Dicalcium phosphate (%) 1.6 1.6 1.6 1.6

Vitamin premix 0.2 0.2 0.2 0.2

Mineral premix 0.1 0.1 0.1 0.1

Salt (%) 0.3 0.3 0.3 0.3

Methionine (%) 0.3 0.3 0.3 0.3

Lysine (%) 0.12 0.12 0.12 0.12

Total (%) 100 100 100 100

2.8 Meat drip loss

A sample from the cranial portion of the right Pectoralis major
(breast) muscle was excised for pH measurement immediately 
after slaughter (initial pH) and after 15 h of storage at 4 °C 
(ultimate pH), following standard meat quality assessment 
protocols for poultry (Mazzoni et al., 2015). The samples were 

placed individually in labelled, perforated plastic bags to allow 
drainage of exudates without external contamination. The bags 
containing the muscle samples were stored in a refrigerator 
set at 4 °C for 24 h. After storage, the final weight of each 
sample was recorded. Percentage drip loss was calculated 
as initial weight minus final weight of muscle divided by 
the initial weight ∗ 100. 
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2.9 Meat pH

The pH of the breast muscle was measured by directly inserting 
the pH meter electrode into the thickest part of the muscle 
tissue, and the pH was recorded after the reading was stable. Two 
measurements were taken for each sample, and the average value was 
used to represent the meat pH. Each time the electrode was used, 
it was properly cleaned to prevent contamination. The pH of each 
sample was measured 30 min after the animals were killed (for the 
initial pH) and 15 h later (for the final pH). The electrode was placed 
straight into the thickest area of the breast tissue, ensuring that it was 
deep enough. After the pH meter was stable, the pH was recorded. 

2.10 Fecal composition analysis

At the end of the trial, fecal samples from each treatment 
group were gathered using a clean spatula each day during a 
3-day period. After the faeces samples were homogenized in 
plastic bags, the moisture content was determined by placing the 
samples in an oven at 80 °C for 48 h. Samples of the diet and 
excreta were air-dried and finely ground. The levels of crude 
protein, crude fat, crude fibre, nitrogen retention, and phosphorus 
retention were determined using standard operating procedures as 
previously reported (AOAC International, 2025). 

2.11 Behavioural assessment

Bird behavior was observed and recorded between 08:00 and 
10:00 h using scan sampling at 10-min intervals over a 2-h period. 
Feeding behaviour, such as feeding frequency and duration, were 
carefully observed and recorded (Hikvision Digital Technology Co. 
and Ltd, 2023). The number of times the turkeys consumed the 
feed and the duration of each feeding session were noted. Other 
behaviors such as walking, pecking, and resting were recorded as 
general activity levels. 

2.12 Statistical analysis

To evaluate the main effects of dietary treatment, data collected 
were analyzed using a one-way analysis of variance (ANOVA) in a 
completely randomized design (CRD), with the dietary treatment 
as the main effect using the general linear model (GLM) procedure 
on Minitab 21 software (Minitab, 2023). The treatment means were 
compared via Tukey’s honestly significant difference test, treating 
dietary group as a fixed effect and pen as a random effect, which 
was used to establish statistical significance at P < 0.05. 

3 Results

3.1 Growth performance

The growth performance of turkeys was analysed at two periods, 
phase I (4–10 weeks) and phase II (10–16 weeks) (Table 2). In Phase 

I, there were no significant differences in IBW and FBW among 
the treatment groups (P > 0.05), showing a similar starting point 
and similar growth outcomes across treatment groups. However, 
BWG showed significant differences (P < 0.05), where the control 
group was found to have the highest gain (2.43 kg/bird), while the 
probiotics (1.96 kg/bird) and prebiotics (1.98 kg/bird) groups had 
significantly lower gains. The FI and FCR showed no statistical 
differences (P > 0.05).

In Phase II, no significant differences were observed in IBW 
and FCR (P > 0.05), consistent with Phase I results. For FBW, 
the results approached significance (P = 0.05), with Synbiotics 
(11.22 kg/bird) and Probiotics (11.03 kg/bird) groups having higher 
weights compared to the Control (9.85 kg/bird) and Prebiotics 
(10.34 kg/bird). Significant differences in BWG (P < 0.05) were 
evident, with Synbiotics (4.65 kg/bird) and Probiotics (4.43 kg/bird) 
outperforming the Control group (3.25 kg/bird). The FI also differed 
significantly (P < 0.05), with Prebiotics (7.55 kg/bird) and Synbiotics 
(7.21 kg/bird) groups consuming more feed compared to the 
Control group (6.02 kg/bird).

The overall performance of turkeys (4–16 weeks) revealed that 
the synbiotics group had the highest BWG (6.73 kg/bird) compared 
to the control group at (5.68 kg/bird), while the probiotic and 
prebiotic fed turkeys were intermediate (P > 0.05). Feeding turkeys 
with probiotics, prebiotics, and synbiotics significantly increased 
the FI relative to the control fed turkeys (P > 0.05). However, the 
different dietary treatments did not significantly impact the overall 
FCR of turkeys (P < 0.05). 

3.2 Carcass and meat quality

Carcass weight and carcass yield were not significantly (P > 
0.05) different among the treatment groups, suggesting that dietary 
inclusion of probiotics, prebiotics, or synbiotics did not markedly 
affect carcass characteristics (Table 3). However, breast muscle pH 
showed a significant difference (P < 0.05), with prebiotics-fed 
turkeys (5.87) having a higher pH compared to the probiotics 
group (5.13). Drip loss did not differ significantly (P > 0.05), 
indicating comparable water retention in the meat. The spleen 
weight was significantly higher in turkeys fed probiotics, prebiotics, 
and synbiotics, while the bursa of Fabricus weight was increased with 
probiotics and synbiotic diets compared to the control group (P < 
0.05). In addition, the mortality rates were not significantly different 
(P > 0.05), showing that dietary treatments did not adversely affect 
turkey survival.

3.3 Haematological and biochemical 
profile

Table 4 shows that the WBC counts were significantly higher 
(P < 0.05) in the probiotics, prebiotics, and synbiotics groups 
compared to the control group. The RBC counts and platelet 
levels did not differ significantly (P > 0.05), indicating that dietary 
treatments had no effect on these parameters. The LDL levels 
showed no significant differences (P > 0.05), although the synbiotics 
group had the highest concentrations (118.67 mg/dL). The HDL 
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TABLE 2  Growth performance of turkeys fed with dietary probiotics, prebiotics or synbiotics supplement.

Parameters Treatment groups SEM P - value

Control Probiotics Prebiotics Synbiotics

Phase I (4–10 weeks)

IBW (kg/bird) 4.17 4.31 4.32 4.16 0.120 0.684

FBW (kg/bird) 6.60 6.26 6.30 6.23 0.149 0.344

BWG (kg/bird) 2.43a 1.96b 1.98b 2.08ab 0.092 0.024

FI (kg/bird) 4.29 4.24 4.07 4.31 0.147 0.655

FCR 1.77 2.16 2.06 2.09 0.087 0.058

Phase II (10–16 weeks)

IBW (kg/bird) 6.60 6.27 6.30 6.23 0.149 0.344

FBW (kg/bird) 9.85 11.03 10.34 11.22 0.315 0.052

BWG (kg/bird) 3.25b 4.43a 4.04ab 4.65a 0.251 0.019

FI (kg/bird) 6.02b 6.87ab 7.55a 7.21a 0.203 0.004

FCR 1.85 1.59 1.87 1.55 0.120 0.206

Overall period (4–16 weeks)

BWG (kg/bird) 5.68b 6.39ab 6.02ab 6.73a 0.228 0.053

FI (kg/bird) 10.32b 11.12a 11.62a 11.49a 0.147 0.001

FCR 1.81 1.87 1.96 1.82 0.063 0.377

Keys: abMeans with different superscript along the row are significantly different (P ≤ 0.05).
IBW, initial body weight; BWG, body weight gain; FI, feed intake; FCR, feed conversion ratio.

TABLE 3  Carcass and meat quality of turkeys fed with dietary probiotics, prebiotics or synbiotics supplements.

Parameters Treatment groups SEM P - value

Control Probiotics Prebiotics Synbiotics

Carcass weight (kg) 7.79 8.03 7.91 8.08 0.178 0.673

Carcass yield (%) 74.99 75.02 75.09 75.08 0.055 0.573

Breast muscle pH 5.70ab 5.13b 5.87a 5.30ab 0.149 0.027

Drip loss (%) 1.90 2.06 1.73 1.83 0.095 0.173

Spleen (g) 11.67b 14.67a 15.00a 16.33a 0.500 0.001

Bursa of Fabricus (g) 1.03b 1.40a 1.33ab 1.53a 0.076 0.010

Mortality (%) 6.66 2.22 2.22 4.43 3.327 0.753

Keys: abMeans with different superscript along the row are significantly different (P < 0.05).

levels also showed no significant differences (P > 0.05) but were 
considerably higher in the synbiotics group (62.67 mg/dL) than 
the control group. The TC levels were also significantly higher (P

< 0.05) in turkeys receiving probiotics, prebiotics and synbiotics 
compared to the control group, indicating the potential effect of 
these treatments on lipid metabolism.

Frontiers in Physiology 06 frontiersin.org

https://doi.org/10.3389/fphys.2025.1703083
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org


Sulaiman et al. 10.3389/fphys.2025.1703083

TABLE 4  Hematological and biochemical profile of turkeys fed with dietary probiotics, prebiotics or synbiotics supplements.

Parameters Treatment groups SEM P - value

Control Probiotics Prebiotics Synbiotics

WBC (x 103/μL) 19.00b 22.67a 25.33a 22.67a 0.645 0.001

RBC (x 106/μL) 2.43 2.67 2.53 2.87 0.133 0.197

Platelets (x 103/μL) 23.33 24.67 23.67 23.67 1.013 0.808

LDL (mg/dL) 108.33 115.33 114.00 118.67 2.309 0.070

HDL (mg/dL) 55.33b 59.33ab 60.67ab 62.67a 1.615 0.063

TC (mg/dL) 190.00b 198.33a 196.00a 196.00a 1.054 0.003

Keys: abMeans with different superscript along the row are significantly different (P < 0.05).
WBC, white blood cells; RBC, red blood cells; LDL, low-density lipoprotein; HDL, high-density lipoprotein; TC, total cholesterol.

TABLE 5  Duodenal morphology and microbial composition of turkeys fed with dietary probiotics, prebiotics or synbiotics supplements.

Parameters Treatment groups SEM P - value

Control Probiotics Prebiotics Synbiotics

VH(µm) 973.33 1,050.00 1,096.67 1,086.67 29.43 0.065

CD (µm) 180.00 190.00 206.67 190.00 6.665 0.112

VH/CD ratio 5.42 5.53 5.33 5.72 0.212 0.619

L. spp (CFU/g) 6.83×(106)c 7.53×(106)a 7.0×(106)bc 7.3 (×106)ab 0.079 0.001

E. coli (CFU/g) 1.23 × 104 1.27 × 104 1.2 × 104 1.23 × 104 0.144 0.990

Keys: abcMeans with different superscript along the row are significantly different (P < 0.05).
VH, villus height; CD, crypt depth; VH/CD, villus height to crypt depth ratio; CFU, Colony-forming unit, E. coli = Escherichia coli, L. spp = Lactobacillus spp.

3.4 Gut morphology and microbiota 
composition

The villus height, crypt depth, and villus height-to-crypt depth 
ratio did not show significant (P > 0.05) differences among the 
treatment groups (Table 5). However, Lactobacillus spp. counts were 
significantly higher (P < 0.05) in turkeys fed probiotics (7.53 × 106) 
compared to the control group, indicating a beneficial impact of 
probiotics on microbiota composition. In addition, there were no 
significant differences in the E. coli population (P > 0.05).

3.5 Fecal nutrient composition

Table 6 presents the analysed nutrient composition of fecal 
samples. Crude protein content was significantly higher with 
synbiotic and probiotics-fed turkeys (P < 0.05), relative to the control 
groups. Nitrogen retention also differed significantly (P < 0.05), 
with probiotics-fed turkeys showing the highest retention (71.27%) 
compared to the control and synbiotics-fed groups. Crude fiber, 
crude fat and phosphorus retention did not show any significant 
differences among the treatment groups (P > 0.05).

3.6 Behavioural assessment

Feeding frequency (FF) and feeding duration (FD) did not 
show significant (P > 0.05) differences among the treatment 
groups (Figures 1A,B), suggesting that dietary treatments did not 
alter feeding behaviour of turkeys. However, other behavioural 
interactions showed considerable variation (Figure 1C) with turkeys 
in the synbiotics group being the most active compared to the 
control group.

4 Discussion

In the present study, the impacts of dietary supplementation 
with probiotic, prebiotic, and synbiotic were examined on the 
performance, gut morphology, nutritional digestibility, and 
behaviour of turkeys. Early development (4–10 weeks) and later 
growth (10–16 weeks) sages were the two phases used to assess 
turkeys’ growth performance. Body weight gains became evident in 
the later growing phase, with greater gains being the outcomes 
of dietary treatments that included probiotics and synbiotics, 
indicating improved food utilization and metabolic efficiency. 
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TABLE 6  Fecal nutrient composition of turkeys fed with dietary probiotics, prebiotics or synbiotics supplements.

Parameters Treatment groups SEM P - value

Control Probiotics Prebiotics Synbiotics

Crude protein (%) 73.00b 78.00ab 79.67a 80.33a 1.312 0.016

Crude fibre (%) 59.00 59.33 61.00 61.00 1.509 0.693

Crude fat (%) 72.67 76.67 75.33 74.33 1.269 0.231

Nitrogen retention (%) 69.33b 71.27a 71.00ab 69.33b 0.500 0.023

Phosphorus retention (%) 56.00 58.00 58.00 59.00 1.607 0.626

Keys: abMeans with different superscript along the row are significantly different (P < 0.05).

FIGURE 1
Behavioral responses of turkey birds fed with dietary probiotics, prebiotics or synbiotic supplements. (A) Feeding frequency, (B) Feeding duration, (C)
General activity levels. Bars represent mean and SEM. a, b, Means with different superscripts on bar charts are significantly different (P < 0.05).

This study validates the findings of Mookiah et al. (2014) and 
Lambo et al. (2021), who suggested that probiotics, prebiotics, and 
the combinations of probiotics with prebiotics increased the BWG, 
FCR, and overall productivity in relatively older chickens. Similarly, 
the overall feed intake increased with probiotics, prebiotics, and 
synbiotics supplementation, suggesting possible improvements 
in feed digestibility or appetite stimulation. The role of these 

supplements in enhancing the performance, nutritional absorption, 
and gut health has been extensively studied (Vahabi-Asil et al., 
2017). Prebiotics operate as a substrate to increase probiotic 
activity, probiotics support beneficial bacteria to maintain microbial 
balance, and synbiotics combine the two strategies to produce 
advantages that work in concert (Patterson and Burkholder, 2003). 
In phase two and overall performance, the use of synbiotics 
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had a synergistic impact that improved the growth performance 
beyond the effects of solo treatments (probiotics and prebiotics). 
This supports research showing that the simultaneous delivery of 
selective substrates and advantageous bacteria improves gut health, 
increases nutrient absorption, and reduces growth-limiting factors 
(Markowiak and Śliżewska, 2018). The findings corroborate the 
results of Abdelqader et al. (2020) and Li et al. (2016), who reported 
that Lactobacillus acidophilus and Bacillus subtilis increased the 
colonization of beneficial gut bacteria under heat stress, hence 
improving growth performance. Evidently, growth performance was 
positively impacted by both probiotic and prebiotic administration, 
but their combination produced the most consistent gains, especially 
at the later growth stages. These results align with previous 
studies suggesting that synbiotics and probiotics can positively 
influence gut health and nutrient absorption, leading to improved 
growth (Khomayezi and Adewole, 2022; Reuben et al., 2021). 
Overall, the findings underscore the potential of synbiotics and 
probiotics as effective dietary strategies for improving turkey growth 
performance.

Carcass analysis revealed no variations in drip loss, carcass 
weight, and carcass yield. Meat pH is a critical indicator of 
post-mortem glycolysis, influencing meat quality attributes such 
as water-holding capacity, tenderness, and color. In the present 
study, turkeys fed with prebiotic diets had considerably higher 
meat pH than probiotic fed turkeys. The observed differences 
in pH may reflect variations in post-mortem metabolic activity, 
potentially linked to the dietary modulation of gut microbiota 
and its impact on muscle metabolism (Gulmez et al., 2019; 
Elshaghabee et al., 2017). Furthermore, the observed increase 
in the relative weights of the spleen and bursa of Fabricius in 
the synbiotic group could indicate immune system stimulation. 
However, it is important to note that lymphoid organ hyperplasia 
is not exclusively a positive indicator; it can also be a response 
to subclinical infections, dietary antigens, or other physiological 
stressors (Fairbrother et al., 2005). Given the lack of clinical signs of 
disease and the improved performance in these birds, the observed 
changes may be linked to immune activation, but this interpretation 
is made with caution which is consistent with previous findings 
(Reuben et al., 2021; Kunvar et al., 2021). These may indicate an 
improved immune response since probiotics enhance the epithelial 
barrier and promote immunological function by inducing mucosal 
immunity (Bermudez-Brito et al., 2012). Through their interactions 
with macrophages, lymphocytes, epithelial cells, and dendritic 
cells, they alter the immune system and cause an increase in 
immunological responses (Ashraf and Shah, 2014).

Turkey WBC counts increased with the addition of probiotics, 
prebiotics and synbiotics, validating that the addition of probiotics 
and prebiotics enhances immunological responses (Asgari et al., 
2016). This aligns with previous studies demonstrating that 
prebiotics, such as inulin and oligosaccharides, can enhance immune 
function by promoting the growth of beneficial gut microbiota, 
which in turn stimulates systemic immune responses (Schley and 
Field, 2002; Lomax and Calder, 2008). The increase in WBC counts 
may reflect enhanced immune surveillance and response, which is 
vital for maintaining health and preventing infections. However, 
it is important to note that excessively high WBC counts could 
also indicate inflammation or stress responses, which should be 
further investigated in future studies (Carr and Maggini, 2017). 

The increase in total cholesterol with the addition of probiotics, 
prebiotics and synbiotics may be attributed to the metabolic 
effects of gut microbiota modulation. Probiotics and prebiotics 
are known to influence lipid metabolism by altering bile acid 
reabsorption, cholesterol assimilation, and SCFA production (Ooi 
and Liong, 2010; Joyce et al., 2014). Synbiotics, which contain 
the combination of probiotics and prebiotics, have been shown 
to exert synergistic effects on lipid profiles. While the increase in 
total cholesterol in the treatment groups was statistically significant, 
the concurrent increase in HDL levels in these groups suggests 
a potential improvement in the overall lipid profile, which may 
mitigate cardiovascular disease risk (Grundy et al., 2019).

The use of probiotics and prebiotics enhances immune function 
and general health, possibly through improving nutrient absorption 
and altering the gut flora (Zheng et al., 2016). Evaluation of 
duodenal morphology revealed numerical trends indicating 
possible beneficial effects of probiotics, prebiotics and synbiotics 
in improving the villus height of turkeys better than the un-
supplemented turkeys. Although insignificant, these findings 
are consistent with earlier research showing how probiotics and 
prebiotics enhance gut health and maximize nutrient absorption. 
These changes in intestinal morphology could lead to improved 
overall performance and digestive efficiency of poultry (Lambo et al., 
2021; Latha et al., 2016; Lindgren and Dobrogosz, 1990). While 
shorter villi and deeper crypts can negatively affect nutrient 
absorption and performance, greater numbers of villi can improve 
nutrient absorption by increasing the intestinal surface area 
(Lipiński et al., 2021). Further investigations revealed that 
Lactobacillus spp. increased with probiotics supplementation, but 
there was no significant variation in E. coli counts. According to 
Dittoe et al. (2018) and Wang et al. (2015), probiotics such as 
Lactobacillus generate lactic acid, which makes the environment 
less conducive for pathogenic bacteria such as Salmonella spp., L. 
monocytogenes, and E. coli. According to Bermudez-Brito et al. 
(2012), probiotics can prevent pathogen attachment to intestinal 
epithelial binding sites via competitive inhibition. Additionally, 
Callaway et al. (2008) reported that probiotics can decrease 
the growth and population of infections. The probiotics likely 
augmented the gut microbiota to promote the proliferation 
of advantageous microorganisms, hence improving gut health 
(Gernat et al., 2021; Manie et al., 1998).

Improvements in nutrient absorption may be linked to changes 
in gut architecture and function. In this study, the improvements 
in crude protein digestibility and nitrogen retention with pre- 
and probiotics supplementation may be related to the impact 
of dietary treatments on metabolic efficiency and gut microbial 
balance. These findings are consistent with earlier studies showing 
that nutritional supplements can maximize digestion and nutrient 
use (Afsharmanesh and Sadaghi, 2014) (Blajman et al., 2015). 
The observed improvement may be ascribed to the beneficial 
impact of probiotics on the balance of the gut microbiota and the 
reduction in deleterious metabolites that limit nutrients metabolism 
(Ribeiro et al., 2014). It was equally reported that probiotics 
enhance nitrogen retention, which may lead to a better ability 
to use dietary protein for maintenance and growth (Zhao et al., 
2017; Zoghi et al., 2014). Additionally, synbiotics have also been 
demonstrated to increase nutrient absorption by enhancing gut 
architecture and functionality (Bai et al., 2013). Furthermore, 
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supplementing with synbiotics was observed to increase the general 
activity level of turkeys. A tendency for increased feeding frequency 
was also noted in the behavioural patterns of turkeys supplemented 
with probiotics, prebiotics and synbiotics, suggesting that these 
nutritional interventions may impact behavior and appetite. These 
results are consistent with previous studies that have found 
that dietary changes may help optimize feeding schedules and 
energy levels in poultry (Bermudez-Brito et al., 2012), such that 
feeding with prebiotics may increase hunger and feeding behaviour 
(Elshaghabee et al., 2017; Wells, 2011). 

5 Conclusion

This study demonstrates that synbiotic supplementation is a 
superior strategy for enhancing turkey productivity compared to 
probiotics or prebiotics alone. The synbiotic group exhibited the 
most significant improvements in overall growth performance 
and protein digestibility, underscoring the synergistic benefits of 
combining these supplements. While individual probiotics and 
prebiotics also showed positive effects such as modulating the lipid 
profile, improving nitrogen retention, and increasing beneficial cecal 
Lactobacillus populations—the effects were most pronounced in the 
synbiotic treatment. Overall, these findings provide strong evidence 
that synbiotics are an effective dietary intervention for optimizing 
nutrient utilization and growth efficiency in turkey production, 
offering a practical approach to improving poultry health and 
productivity. 

6 Limitations of the study

While this study provides valuable insights into the effects 
of synbiotics, several limitations should be considered. First, 
the number of replicates, while consistent with some studies 
in the field, may limit the statistical power to detect more 
subtle treatment effects. Future research with a higher number 
of replicates would be beneficial to confirm these findings. 
Second, our assessment of immune status was based on organ 
weights and hematological parameters; functional immune assays, 
such as specific antibody titers or cytokine profiling, would 
provide a deeper understanding of the immune-modulatory effects. 
Finally, the experiment was conducted under specific management 
and environmental conditions; further validation in different 
commercial settings would help confirm the broad applicability of 
the results.
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