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ABSTRACT 

The study was conducted to investigate the effect of prebiotic, probiotic, and synbiotic 
supplementation through drinking water on broiler performance and small intestine 
morphology. A total of 100 day-old broiler chicks (Ross) were randomly allocated into 
4 treatments with 5 replicates, and there were 5 broilers in each experimental unit for 
35 days. The drinking water treatments were P0: Water (Control); P1: Water + Prebiotic 
(5 g/L); P2: Water + Probiotic (3 g/L); P3: Water + Synbiotic (Probiotic 3 g/L + prebiotic 
5 g/L). Commercial feed consisting of the three rearing phases was used during the 
study, and drinking water was provided ad libitum. Parameters measured were water 
and feed consumption, body weight gain, feed conversion, performance index, small 
intestine morphometry, which is measured by the length/weight ratio, and Histo-
morphometry of the small intestine of individual segments, duodenum, jejunum, and 
ileum at the end of the experiment on 3 chicken samples (lightest, medium, heavy) 
from each treatment. The results showed that prebiotic, probiotic, and synbiotic 
supplementation through drinking water significantly (P<0.05) affected drinking water 
and feed consumption, body weight gain, feed conversion, length/weight ratio, and 
histo-morphology of the small intestine. Overall, it can be concluded that synbiotic 
supplementation showed a synergistic effect between prebiotics and probiotics, which 
was better than prebiotic and probiotic supplementation separately, on performance, 
small intestine ratio, and small intestine histomorphology. Synbiotics also significantly 
showed a trend towards feed use efficiency, as seen in feed conversion. 
Keywords: Broiler Chicken, Natural Growth Promotor, Performance Index, Intestinal 
Gut Ratio and Intestinal Histomorphometry  
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INTROODUCTION 

 A short-term broiler chicken maintenance period (28-35 days), which could reach 2kg 
bodyweight, is characterized by an intent to reduce disease risk in the gut, leading to the use of 
antibiotics as a protective measure. Antibiotic Growth Promoters (AGPs) could increase 
performance and animal health by preventing infection and digestive disease, reducing 
morbidity, mortality, and improving feed conversion ratio [1]. Thus, the enhancement of 
antibiotic usage has led to antimicrobial resistance and antibiotic residue in animal food products 
[2], as well as environmental contamination, which threatens animals and consumers [3]. 
Probiotic supplementation as a living microbe through water drinking and diet has shown an 
increased growth performance [4]. Previous studies have shown that probiotics could enhance 
nutrient absorption [5], improve gut health, and boost the growth performance of broilers [6], 
as well as increase villus height and crypt depth [7]. Nevertheless, prebiotics are needed for 
better probiotic bacteria viability in the gut because they cannot be digested by the digestive 
system and are instead digested by probiotic bacteria. 

Prebiotics are defined as undigested carbohydrates and have a beneficial influence on the 
host. Prebiotics have been confirmed to have their potential on stimulating good bacteria growth 
in the digestive systems, hold hydrolitic activity in the top part of the digestive systems, and 
increase short-chain fatty acid production. Prebiotic supplementation through water drinking has 
been shown to improve Lactic Acid Bacteria and other beneficial bacteria in digestive systems, as 
well as increase the growth performance of broiler chickens [8] and improve gut morphology [9]. 
Synbiotics are defined as a probiotic and prebiotic combination that provides a synergic effect 
between both, which selectively increases viability, probiotic competition, and metabolic activity 
in the gut that could increase villus height, width, surface area, and crypt depth, so nutrient 
absorption could be more optimal, which will provide a positive effect on broilers' performance 
[10]. 

Based on several studies conducted, one parameter that could be used to evaluate chicken 
growth, whether it's good or poor, is to assess its quality or internal organ size, such as gut 
histology structure [11]. Digestive ability and absorption are influenced by villus height, surface 
area, and crypt depth [12]. Thus, this research was designed to investigate the effects of a 
combination of probiotics and prebiotics through water drinking supplementation on the 
performance and small intestinal morphology of broiler chickens. 

MATERIALS AND METHODS 

The tools used in this research included an analytical scale, feeder and gallons, lamp, 
heater, thermometer, disinfectant solution, basins, shovels, knives, scissors, gloves, trays, prep 
glass, suction paper, microscopes, and microtomes. The materials used in this study were broiler 
chicken, commercial probiotic and prebiotic, commercial feed of starter, grower, and finisher 
phases, water, aquades solution, formalin, alcohol, xylol, parafin, and haematoxylin-eosin. The 
research was conducted from January to February 2024. The stages of this research involve 
supplementing prebiotics, probiotics, and synbiotics through water drinking to assess the 
performance and small intestinal morphology of broiler chickens at the Animal Production 
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Laboratory and the Animal Physiology Laboratory, Faculty of Animal Science, Hasanuddin 
University, Makassar. 

Research Procedure 

In the research on prebiotic, probiotic, and synbiotic supplementation, a total of 100 one-
day-old Ross broiler chickens were used, arranged in a completely randomized design with 4 
treatment groups, each consisting of 5 replicates of 5 chickens. Supplementation was through 
drinking water during the experiment (28 d): P0=control, water without any supplementation, 
P1= prebiotic/inulin (BENEOtm IPS Orafi Belgium) (5 g/L); P2= commercial probiotic (3 g/L), and 
P3= synbiotic (mix of 5 g prebiotic + 3 g probiotic /L). A commercial probiotic used contains 
bacteria Bacillus subtilis (>1 x 108 CFU/g), Bifidobacterium bifidum (>1 x 108) CFU/g, 
Bifidobacterium longum (>1 x 108 CFU/g), and Lactobacillus bulgaricus (>1 x 108 CFU/g Use 
according to the dosage of prebiotic and probiotic. Each treatment unit of 5 chickens was placed 
in a square bamboo cage of (150 x 150 x 100) cm3 with a floor of rice husk.  

The chickens had free access to feed and water and were monitored daily. Data was 
accumulated over the course of the experiment, along with weekly body weight monitoring. 
There was one brand of commercial feed provided, which consisted of three rearing phases, 
namely SB10-crumble (1-7 d), SB11-crumble (8-21 d), and SB12-pellet (22-28 d - harvest) (Table 
1) 

Table 1. Nutrient specifications of different phases of the feed 

Nutrient  Feed 
SB10 SB11 SB12 

Water content Maximum 14 14 14 
Crude protein Minimum 22 20 19 
Crude fat Minimum 5 5 5 
Crude fiber Maximum 4 4 6 
Ash Maximum 8 8 8 
Calsium - 0.80 - 1.10 0.80 - 1.10 0.80 - 1.10 
Phosporus Minimum 0.50 0.50 0.45 
Amino acid %     
Lysine Minimum 1.30 1.20 1.05 
Methionine Minimum 0.50 0.45 0.40 
Methionine + Cystin Minimum 0.90 0.80 0.75 
Threonine Minimum 0.80 0.75 0.65 
Tryptophan Minimum 0.20 0.19 0.18 

Source: Brochure of produced animal feed PT. Charoen Pokphand Indonesia. 

Gross-Morphology Indices of Small Intestine 

The three chickens from each treatment group were used in samples for the examination 
of gross-morphometric indices of the small intestine. All chicken samples were slaughtered at d 
35. Gross morphometric indices of the small intestine are measures of the length/weight ratio of 
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individual segments, the duodenum, jejunum, and ileum. This reflects the different functions of 
individual segments in absorption processes and digestion. The small intestine was aseptically 
emptied by gently flushing twice with isotonic saline solution to remove the luminal digest. 

Histomorphology of Small Intestine 

Approximately 2-3 cm of the middle parts of the duodenum, jejunum, and ileum were cut 
as intestinal samples for histo-morphometry examination. The samples of each segment were 
fixed in a 10% formalin buffered solution and soaked for 24 h. Following fixation, the samples 
were processed through a series of alcohols with increasing concentrations (70, 80, 90, and 95%). 
The samples were transferred one by one to each alcohol concentration and allowed to soak for 
about 10 s. Then, the sample is inserted into xylol and finally immersed in paraffin wax. After 
paraffin moulding, 4 slices of 4 μm thick were prepared from each sample using a microtome, 
and fixed on a glass slide, then stained with hematoxylin-eosin. The histological preparations on 
the glass slide were observed and measured using a computer microscope, Zeiss Primo Star, 
equipped with an OptiLab Projector (camera). A histological picture appears on the monitor 
screen, Optilab viewer 2.2. The histo-morphometry measures comprised villi height (VH), apical 
width (AW), basal width (BW), and crypt depth (CD) [13].  

 
Data analysis 

 
Quantitative data were analyzed using the statistical package SYSTAT version 13.2 [14], based on 
a one-way Analysis of Variance in a randomized complete block design. Qualitative data were 
analysed using interpretation from the literature study and compared with the results of another 
research. 

RESULTS AND DISCUSSIONS 

Performance 

The effect of prebiotic, probiotic, and synbiotic supplementation through drinking water 
on the performance is presented in Table 2. The supplementation of prebiotics, probiotics, and 
synbiotics showed significant effects (P<0.05) on broiler performance. 

Table 2. Supplementation of probiotic, prebiotic, and synbiotic effects through drinking water on 
the performance of broiler for 35 days 

Parameters  P-
Value P0 P1 P2 P3 

Water Intake 
(ml/bird) 

6172.55±21.44a 6271.60±22.52c 6306.10±25.47d 6262.34±29.96b ** 

Feed Intake (g/bird) 3203.98±20.33a 3203.27±23.09a 3253.01±28.04b 3257.44±23.07b ** 
Weight Gain (g/bird) 2033.87±15.62a 2034.60±12.12a 2078.53±11.94b 2084.38±13.79b ** 
Feed Conversion 
Ratio 

1.583±0.01b 1.574±01a 1.565±0.01a 1.562±0.01a ** 

Performance Index 370.09±2.17a 377.07±1.67b 387.16±2.73c 388.03±1.21c ** 
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P0: control; P1: prebiotic; P2: probiotic; P3: synbiotic. Mean Values in the same row followed by different 
letters indicate a significant difference at the level P≤0.05. 

The highest water intake was observed in P2 (probiotic) treatment at 6306.10±25.47 
ml/bird. Birds supplemented with synbiotic (P3) demonstrated the highest feed intake 
(3257.44±23.07 g/bird) and weight gain (2084.38±13.79 g/bird). The best Feed Conversion Ratio 
(FCR) was achieved by P3 with a value of 1.562±0.01, indicating better feed efficiency compared 
to other treatments. Additionally, P3 reached the highest Performance Index (388.03±1.21), 
suggesting that synbiotic supplementation provided the best overall performance compared to 
other treatments. 

There has been a concerted effort to develop potential alternatives to in-feed antibiotic 
growth promoters as the limitations on their use in animal production have intensified [15]. 
Numerous studies have demonstrated that synbiotics, composed of probiotics and prebiotics 
that act synergistically, can be used as effective alternatives to in-feed antibiotics [16]. 

The effect of synbiotic supplementation is primarily attributed to the beneficial 
microorganisms and substrates that facilitate the growth of small intestinal microorganisms, 
which serve as potential modulators of gut health and growth performance. Tang et al. [17] 
reported that the combination of probiotics and prebiotics creates a synergistic effect that 
enhances beneficial bacterial colonization in the digestive tract, contributing to better FCR in the 
P3 group. Incorporating prebiotics and probiotics as symbiotics in drinking water, as 
demonstrated in the current study, may stimulate the production of digestive enzymes such as 
amylase, lipase, and protease, potentially improving the digestion and absorption of nutrients 
[18].  

The improvement in performance parameters can be explained through multiple 
pathways. Liu et al. [19] reported that synbiotics effectively modulate gut microbiota 
composition by increasing Lactobacillus and Bifidobacterium populations. Moreover, beneficial 
bacteria such as Lactobacillus spp, Bacillus spp, and Bifidobacterium spp. are known to produce 
digestive enzymes which could help to enhance digestion and improve feed conversion in host 
animals [20]. In the current study, supplementation of prebiotic (inulin), probiotics (containing 
Bacillus subtilis, Bifidobacterium longum, Bifidobacterium bifidum, and Lactobacillus bulgaricus), 
or in a combination as synbiotic may result in modulation of a beneficial microbiota, generally to 
increase their population, and to limit growth and attachment sites of harmful or pathogen 
microorganism on the intestinal surface [21]. Previous studies by Biswas et al. [22] support these 
findings, demonstrating that prebiotics improve microbial balance in the gastrointestinal tract 
through bacterial antagonisms, immune organ stimulation, and competitive exclusion. The non-
digestible oligosaccharides in prebiotics help control bacterial activity and microbial composition, 
maintaining beneficial bacteria that suppress pathogen growth through various regulatory 
mechanisms. Furthermore, the synbiotic combination improves the survival rate of probiotics 
during their passage through the digestive tract, enhancing and stabilizing the probiotic effects. 

 The current study's results align with recent research trends highlighting the superiority of 
synbiotics compared to individual prebiotic or probiotic supplementation. The observed 
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performance improvements can be attributed to the synergistic effects of combining probiotics 
and prebiotics, which optimize gut health and nutrient utilization efficiency. 

Gross Morphometry 

Gross morphometry indices of the small intestine presented as Length/Weight ratios of 
individual segments indicated that there was a significant effect of prebiotic, probiotic, or 
synbiotic supplementation through drinking water (Table 3). 

Table 3. Supplementation of prebiotic, probiotic, and synbiotic through drinking water on the 
length-weight ratio (LWR) of the broiler each segment small intestine for 35 days 

Parameters 
Treatment 

P-value P0 P1 P2 P3 
Intestinal Segment (cm/g) 
Duodenum 4.39±0.20a 5.66±0.26bc 5.48±0.22b 6.00±0.51c * 
Jejunum 5.18±0.08a 6.13±1.12b 6.52±0.07c 7.09±0.39d * 
Ileum 4.96±0.05a 5.45±0.22b 5.46±0.09b 6.48±0.15c * 

P0: Control; P1: prebiotic; P2: probiotic; P3: synbiotic. Mean Values in the same row followed by 
different letters indicate a significant difference at the level (P≤0.05) 

 Statistical analysis presented in Table 3 showed that supplementation of prebiotic, 
probiotic, and synbiotic through drinking water significantly affected (P<0.05) the length-weight 
ratio of individual segments of the small intestine in broilers. The synbiotic treatment (P3) 
demonstrated the highest length-weight ratio across all intestinal segments, with duodenum 
(6.00±0.51 cm/g), jejunum (7.09±0.39 cm/g), and ileum (6.48±0.15 cm/g), showing significant 
differences (P<0.05) compared to other treatments. Both prebiotic (P1) and probiotic (P2) 
treatments showed intermediate values that were significantly higher than the control (P0) but 
lower than the synbiotic treatment (P3). 

 There is a dearth of reports linking the effects of nutrient supplementation and especially 
that of supplementation of prebiotic, probiotic, or symbiotic, on the length and/or weight or the 
length/weight ratio of the whole or individual segment of the small intestine. Alteration in the 
length/weight ratio of individual segments indicate the opportunity for longer or shorter time of 
digestion and absorption processes, while alteration in villi height (VH) or crypt depth (CD) or 
villus surface area (VSA) or VH/CD ratio [23] are an indication of mucosal thickness alteration 
which is associated with enzymatic processes and absorption surface area [24]. A comparison 
study between Lohmann dual purpose (LD) and Ross 308 Broiler line [25] indicated that with the 
same body weight (but different ages achieved), LD had a significantly heavier gizzard, shorter 
intestine, longer jejunal villi, and thicker ileal tunica muscularis than those found in Ross 308. The 
increased length-weight ratios across all intestinal segments suggest improved intestinal mass 
and absorption surface area. 

The values are presented as the length-to-weight ratio of each segment. It is an approach 
to indicate the specific structure and function of each intestinal segment, which varies among 
the three segments along the small intestine [26]. A higher value of the ratio means that one 
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gram of the segment has a longer and thinner segment. An increase in the length/weight ratio of 
intestinal gross morphometry and intestinal villus of histo-morphometry may enhance the 
digestive and absorptive functions of the intestine, resulting from an increased absorptive area 
and increased activity among intestinal brush border enzymes [27]. 

Histo-Morphometry of Small Intestine 

Histo-Morphology of the Small intestine of individual segments indicated that there was 
a significant effect of prebiotic, probiotic, or synbiotic supplementation on the drinking water 
(Table 4). Supplementation of prebiotic, probiotic, and synbiotic through drinking water showed 
significant effects (P<0.05) on small intestine morphology in broilers. 

Table 4. Supplementation of prebiotics, probiotics, and synbiotics through drinking water on the histo-
morphometry of broiler each segment small intestine for 35 days 

Parameters Treatment P-value 
P0 P1 P2 P3 

Duodenum 
Crypth Depth  144.03±24.91a 214.94±18.42b 229.82±34.55b 240.04±6.60b * 
Villus Height 458.17±18.89a 753.69±39.99b 866.92±23.59c 1,420.31±72.34d * 
VH/ CD Ratio 3.24±0.50a 3.53±0.43a 3.85±0.66a 5.92±1.01b * 
Vili Area (mm2) 584.10±21.63a 930.70±42.77b 1,025.80±42.14c 1,567.81±58.60d  
Jejenum 
Crypth Depth  204.52±2.01a 263.41±1.97b 266.17±14.62b 283.40±4.81c * 
Villus Height 558.17±18.89a 851.16±44.49b 916.92±54.79c 1,216.43±23.52d * 
VH/ CD Ratio 2.73±0.10a 3.23±0.18b 3.44±0.05c 4.29±0.74d * 
Vili Area (mm2) 738.16±16.71a 994.44±40.36b 1,096.91±54.69c 1,372.71±41.97d  
Ileum 
cripta Depth  136.23±8.16a 161.37±2.11b 168.19±1.98b 241.73±8.85c * 
Vilius Height 638.40±31.28a 853.69±39.99b 891.92±63.59b 1,341.43±77.59c * 
VH/ CD Ratio 4.69±0.23a 5.29±0.18b 5.31±0.44b 5.55±0.34b * 
Vili Area (mm2) 748.18±32.28a 967.73±41.56b 1,056.91±64.38c 1,526.42±75.79d  

P0: Control; P1: prebiotic; P2: probiotic;  P3: synbiotic. Mean Values Within the same row, followed by the 
different letters below, are significantly different (P<0.05) 

In the duodenum, synbiotic supplementation (P3) resulted in the highest crypt depth 
(240.04±6.60), villus height (1,420.31±72.34), VH/CD ratio (5.92±1.01), and vili area 
(1,567.81±58.60) compared to other treatments. Similarly, in the jejunum and ileum. The 
intestinal microbiota plays an important role in maintaining a stable gut environment through its 
impact on numerous physiological processes, including intestinal development and function, 
micronutrient synthesis, and immune development. Moreover, the GI tract of chickens contains 
villus cells, which act as the sites of nutrient digestion [28]. Al-Baadani et al. [29] reported that 
MOS, Bacillus sp, and synbiotics significantly increased Villus Height in the jejunum. 
Supplementation with prebiotics and synbiotics increased Clostridium sp. population numbers, 
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which may have led to improvements in villi structure. Because clostridium sp. in the GI tract 
produced H2, they stimulate antioxidative enzymes such as selenoenzymes glutathione 
peroxidase and thioredoxin reductase to control reactive oxygen species, which reduces 
oxidative damage and protects epithelial cells from peroxidation, In addition, Clostridium is a 
lactate-utilizing bacterium, which converts acetic and lactic acid into butyric acid, Butyric acid 
promotes VH by regulation of gene ex pression and protein synthesis in villus cells [30]. 
Moreover, Lactobacillus sp. produced lactic acid, bacteriocins, bacteriostatics, and bacteriocides, 
which control the growth of pathogenic bacteria [31].  

In terms of the VH: CD ratio in the small intestine, supplementing synbiotics significantly 
increased this ratio. Dizaji et al. [32] found that the supplementation with synbiotics (MOS mixed 
with B. subtilis) in diets significantly increased VH and the VH: CD ratio of the duodenum when 
compared with chickens fed diets supplemented with probiotics (Enterococcus faecium) or MOS 
alone. Under stress conditions, this indicates that supplementation of synbiotics clearly improves 
gut morphology and consequently increases nutrient utilization. The current study showed that 
the chickens fed di dietary prebiotic and synbiotic increased the number of goblet cells in the 
ileum. This is possibly due to the overgrowth of beneficial bacteria observed in the ileum that 
stimulated goblet cells and mucus secretion [33]. The higher VH/CD ratio in the synbiotic group 
indicates improved intestinal health and absorptive capacity, as supported by Cheng et al. [34], 
who demonstrated that this ratio is a reliable indicator of intestinal function and nutrient 
absorption efficiency. 

The synergistic effect of prebiotics and probiotics in synbiotics creates an optimal 
environment for beneficial bacteria colonization, leading to better gut morphological 
development. The superior results observed in the synbiotic group compared to individual 
prebiotic or probiotic supplementation can be attributed to the complementary effects of these 
components.  

CONCLUSIONS 

Synbiotic supplementation showed a better synergistic effect between prebiotics and 
probiotics than prebiotic and probiotic supplementation separately on performance, small 
intestine ratio, and small intestine histomorphology. Histomorphology of the small intestine and 
synbiotics significantly showed a trend towards efficient feed utilization, as seen in feed 
conversion. 
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