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______________________________________________________________________________________ 
Abstract  

The present study aimed at evaluating the effects of probiotics, prebiotics and their combination on 
intestinal histological changes in broiler chickens challenged with Clostridium perfringens. Two hundred and 
forty newly hatched male broilers (Ross 308) were equally distributed into six treatments: negative control 
group: unsupplemented unchallenged birds; positive control group: unsupplemented challenged birds; 
neoxyval-fed group: 0.5 g/kg diet (antibiotic) challenged birds; GalliPro-fed group: 0.6 g/kg diet (probiotic), 
challenged birds; TechnoMos-fed group: 0.75 g/kg diet (prebiotic), challenged birds; and synbiotic-fed group: 
birds challenged by C. Perfringens (4 x 108 CFU /mL). At 35 days old, samples from the ileum and jejunum 
were collected for histological measurements (height, width and villus surface area), and histopathological 
changes were assessed. The results showed that the length and surface area of villi in the ileum and 
jejunum were lower in the positive control, whereas length and surface area of villi in the ileum and jejunum 
of all feed additive treatments were higher, compared with the positive control and antibiotics. Necrotic 
enteritis (NE) development was evident in the positive control group. Signs of necrosis of the mucosal 
membranes, haemorrhage and fibrosis with depletions of gut associated lymph follicle (GALF) in submucosal 
layer were very clear. Pathological changes improved in all feed additives, except for the antibiotics. These 
results indicated that alternatives to antibiotics could be used to improve the length and surface area of a 
villus and the health of the animal by suppressing C. perfringens.  
______________________________________________________________________________________ 
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Introduction 

Clostridium perfringens is a common bacterium that causes necrotic enteritis (NE) in broiler chickens, 
which could lead to loss of performance (Abudabos et al., 2013). The intestines of birds suffering from NE 
contain large numbers of C. perfringens organisms, which could reach up to 106 to 108 colony-forming units 
(CFU)/g of the intestinal contents, whereas in healthy broilers, the counts could range from 0 to 105 CFU/g of 
the intestinal contents (Baba et al., 1997; Si et al., 2007). Among the major toxins, C. perfringens types B 
and C produce beta and alpha toxin, while C. perfringens type A produces only alpha toxin. Alpha toxin has 
a major role in the occurrence of NE in poultry (Nauerby et al., 2003; Grimes et al., 2008). A subclinical 
disease associated with NE is characterized by damage to the intestinal mucosa, which decreases digestion 
and absorption, and reduces weight gain (Kaldhusdal et al., 2001). Microflora of the gastrointestinal tract of 
poultry play an important role in nutrient digestion, absorption and control of pathogens (Ashayerizadeh et 
al., 2014). However, proliferations of pathogenic bacteria in the gut often lead to intestinal inflammation, thus 
decreasing production rates and increasing mortality as well as risking the contamination of poultry products 
(Baurhoo et al., 2009). This resulted in antibiotics being used widely in the poultry industry to inhibit 
pathogens, prevent disease and act as growth promoters. However, in 2006 the European Union (EU) 
banned the use of growth-promoting antibiotics because of the increase in micro-organism resistance to 
antibiotics in both animals and humans (Hashemi & Davoodi, 2010). Many researchers looked for 
alternatives to antibiotics that are safer for human health, such as prebiotics, probiotics and synbiotics 
(Mikelsaar & Zilmer, 2009; Corcionivoschi et al., 2010).  

Probiotics are live microbial feed supplements that affect the host animal beneficially by altering its 
intestinal microbial balance (Hassan et al., 2012). Prebiotics are non-digestible food ingredients that affect 
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the host beneficially by selectively stimulating the growth and activity of one or a limited number of bacteria 
in the colon (Gibson et al., 2010). Synbiotics, on the other hand, are mixtures of probiotics and prebiotics 
(Yang et al., 2009). Prebiotics provide a great place for probiotics to thrive (Sekhon & Jairath, 2010). Studies 
showed that the Bacillus subtilis strain improved intestinal microflora and inhibited pathogenic strains such 
as campylobacter and Clostridium species in broiler chickens (Mountzouris et al., 2007; Nayebpor et al., 
2007; Ashayerizadeh et al., 2011; Abudabos et al., 2013). On the other hand, B. subtilis was shown to have 
a positive effect on the histomorphological and gut integrity of villi against C. perfringens-induced NE in 
broiler birds (Jayaraman et al., 2013).  

Positive effects of prebiotics such as mannan-oligosaccharides (derived from yeast cell walls) have 
been reported in several studies (Klis et al., 2002). Oligosaccharides are believed to stimulate the growth of 
certain bacteria, especially Lactobacillus and Bifidobacteria species. Gibson & Wang (1994) reported that 
fermentation products in the intestine could in part explain the inhibition of pathogenic bacteria such as C. 
perfringens by oligosaccharides. Therefore, these products might be promising alternatives to antibiotic 
growth promoters in poultry feeding (Samanya & Yamauchi, 2002).  

However, the results of previous studies on the effectiveness of eubiotic supplementation to poultry 
diets were inconsistent regarding the intestinal histological changes under challenge by C. perfringens. The 
purpose of this study was to differentiate between the effects of antibiotic, probiotic, prebiotic and synbiotic 
supplementation on intestinal histological changes in broiler chickens that were challenged with C. 
perfringens. 

 
Materials and Methods  

Two hundred and forty newly hatched chicks (Ross 308) were used in this experiment. The birds were 
obtained from a commercial hatchery (Al Bayad Farms Co., Riyadh, Saudi Arabia). The experimental period 
was from 1 to 35 days old. The chicks were reared in electrically heated cages, and divided into six 
treatment groups. The temperature was set at 33 ºC for the first week and gradually decreased to 22 ºC at 
the end of the third week, where it remained constant until the end of the experiment. Feed and water were 
provided ad libitum and birds were maintained on a 24-hour light schedule. Birds were fed starter (0 - 14 
days) and finisher (15 - 35 days) diets based on maize and soybean meals in mashed form. Dietary 
treatments were distributed randomly to each block according to Table 1.  

 
 

Table 1 Dietary treatments for broiler chickens challenged with Clostridium perfringens 
 

Group Treatment Supplement C. perfringens  
(4x108 CFU/mL)1  

    
1 Negative control No No 
2 Positive control No Yes 
3 Antibiotic Commercial Neoxyval® (0.5 g/kg)1 Yes 
4 Probiotic GalliPro® (0.6 g/kg)2 Yes 
5 Prebiotic TechnoMos® (0.75 g/kg)3 Yes 

6 Synbiotic Mixture of GalliPro® (0.6 g/kg) and 
TechnoMos® (0.75 g/kg) Yes 

    

Group 1 contains 200 mg oxytetracycline and 200 mg neomycin (Sogeval Laboratory, France). 
Group 2 consists of Bacillus subtilis, based direct fed microbial (DMF) (Brioche, Lone, Germany). 
Group 3 is rich in MOS and β-1, 3 glucanes and derived from the Saccharomyces cerevisiae cell  
membrane of the yeast (Brioche, Lone, Germany). 
1 according to Abudabos et al. (2013). 

 
 

On days 15 and 17, the chicks were gavaged with 1 mL cocktail containing 4 x 108 CFU/mL C. 
perfringens, which was obtained commercially (MicroBiologics, Cloud, Minn, USA). 

On day 35, the small intestines from eight birds per treatment were removed aseptically. The ileum 
(proximal to ileo-caecal junction) and jejunum (proximal to Meckel’s diverticulum) were separated. A 2-cm 
samples were taken from both the ileum and jejunum for histology measurements without straining the 
intestinal wall. Samples were fixed in 10% (vol/vol) phosphate-buffered formalin for at least 72 hours, after 
which they were dehydrated in graded alcohol, and embedded in paraffin. Sections of 5 μm were cut from 
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each sample by the microtome system and stained with haematoxylin and eosin according to the method 
described by Samanya & Yamauchi (2002) and Hassan et al. (2012). 

Measurements of villus height and width were based on at least six well-oriented villi per section per 
bird using an Ix71 Inverted Olympus Microscope (eyepiece: WH10x; objective lens: 4x) and a PC-based 
image analysis system (Olympus DP72 microscope digital camera; Olympus NV, Aartselaar, Belgium) with 
software analysis (cellSens digital imaging software for research application). Villus height and width data 
were used to calculate villus surface area [2π × (W/2) × L], where W = villus width and L = villus length 
(Sohail et al., 2012). 

Histopathological changes in the samples were examined microscopically (300 to 1200x). Lesions that 
are described include intestinal lesion scores; gut associated lymphoid follicles; intestinal structures (villus 
height and thickness) and intestinal crypts; goblet cells in villus enterocytes; necrosis of intestinal villus tips, 
inflammatory cells and desquamation of villus epithelial cells inside the intestinal lumen. Submucosal 
congestion and haemorrhage were observed in all samples according to the method described by Belih et al. 
(2015).  

All data were analysed as a completely randomized block design using the general linear model of 
SAS (2008). The statistical differences between means were analysed with Duncan’s multiple range test of 
the GLM procedure. Data were subjected to ANOVA with JMP software version 11, before being analysed 
with SAS (Leandro et al., 2011). 
 
Results and Discussion 

The effects of dietary additives on intestinal histomorphology in broiler chickens are presented in 
Table 2.  

 
 

Table 2 Effects of dietary supplementation with antibiotic, probiotic, prebiotic and synbiotic on 
histomorphometric measurements of small intestine in broilers (35 days) 
 

Treatments 
Ileum Jejunum 

L 
(μm) 

W 
(μm) 

SA 
(mm2) 

L 
(μm) 

W 
(μm) 

SA 
(mm2) 

       
Negative control  423.65 b 73.91 b 0.094 b 520.06 c 66.33 a 0.109 d 
Positive control  353.10 c 70.29 b 0.076 c 432.10 d 67.75 a 0.092 e 
Antibiotic  344.36 c 69.46 b 0.075 c 561.29 c 58.26 b 0.104 d 
Probiotic  504.21 a 79.58 ab 0.128 a 623.25 b 65.12 a 0.128 c 
Prebiotic  527.94 a 84.65 a 0.140 a 643.89 b 68.45 a 0.138 b 
Synbiotic  452.28 b 84.39 a 0.124 a 733.56 a 68.74 a 0.158 a 
SEM 15.024 3.742 0.006 11.103 1.357 0.004 
P-value <.0001 0.0027 <.0001 <.0001 <.0001 <.0001 
       

L: villus length; W: villus width; SA: surface area.  
SEM: standard error of the mean. 
a- e Means values within a column with different superscripts are significantly different (P <0.05). 
 
 

Ileum and jejunum villus length and surface area were lower (P <0.05) in the positive control group 
compared with the negative control group. This might be due to C. perfringens, which caused necrotic 
inflammation in the intestinal wall (Kaldhusdal et al., 2001; Teo & Tan, 2005), whereas villus width showed 
no differences in the positive control group compared with the negative control. Supplementations of 
probiotic, prebiotic and synbiotic groups increased the length and surface area of villi in the ileum and 
jejunum, compared with the positive control and antibiotic groups (P <0.05). In addition, antibiotic 
supplementation increased (P <0.05) the length and surface area of villi in the jejunum, compared with the 
positive control group, whereas the ileum was not affected. On the other hand, dietary supplementation with 
synbiotics increased (P <0.05) the length and surface area of jejunum villi compared with all other groups. 
Synbiotic supplementation decreased ileum villus length compared with the probiotic and prebiotic groups (P 
<0.05). These findings are in line with the results of Samanya & Yamauchi (2002), who reported that B. 
subtilis led to an increase in villus height in the small intestine. Abdel-Raheem et al. (2012) and Sen et al. 
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(2012) reported that dietary supplementations of B. subtilis increased villus length in comparison with the 
dietary control. In a later study, B. subtilis was found to increase the length and surface area of villi when 
compared with the positive control group under challenge by C. perfringens (Jayaraman et al., 2013). Higher 
surface area in villi was reported as a result of MOS supplementation as prebiotic compared with the control 
group (Loddi et al., 2002). Oliveira et al. (2009) found that the addition of the antibiotic to broiler feed caused 
low villi height, which was explained by the suppressing effect of the antibiotic on beneficial bacteria in the 
gut, such as lactobacillus and bifidobacteria. 

Jejunal villus width was not affected (P >0.05) by dietary supplementation compared with the positive 
control group, except for the antibiotic group, which had lower width. Ileal villus width for the prebiotic and 
synbiotic groups was higher than the positive control and antibiotic groups. Gunal et al. (2006) and 
Chichlowski et al. (2007) demonstrated that the villus width was not affected by probiotic and antibiotic 
flavomycin compared to the basal diet of broilers.  

The results reported in this trial indicate that villus height is a direct representation of intestine function 
and health (Uni et al., 1995). This suggests that the villus function is activated after feeding dietary 
probiotics, prebiotics and synbiotics (Zhang et al., 2005). Also, the increased surface area reported in this 
trial as a result of probiotic, prebiotic and synbiotic supplementation may improve the absorption of nutrients 
(Caspary, 1992; Khambualai et al., 2010).  

The results of the histopathological changes in the small intestine from various groups are presented 
in Figures 1 - 12). Birds that were fed on the unsupplemented diet and were not infected with C. perfringens 
(control negative group) showed normal intestinal coats, with a few goblet cells in villus enterocytes (Figure 
1). The control positive group showed broad tips of the intestinal villi with a proliferation of enterocytes, 
together with heterophils infiltration and oedema in the lamina propria (Figure 2).  

 
 

 
 
 
 
 
 
 
 
 

The results of the histopathological changes in the small intestine from birds that fed on the 
unsupplemented diet and were infected with C. perfringens (positive group) are presented in Figures 3 and 
4. Some villi tips were partially desquamated with the presence of sheets inside their lumen, metaplasia of 
goblet cells and submucosa containing some extravaseted erythrocytes (haemorrhage), while the gut 
associated lymph follicle (GALF) revealed a reduction of leukocytes cells (lymphoid depletion). In some 
cases, disorganized villus height and width were reported. Sticking of eosinophilic mucous containing some 
inflammatory cells in the intestinal mucosa is clear in the positive group. In some cases, submucosal 
fibroblast proliferation (fibrosis) was observed and tunica muscular appeared oedematous (Figures 3 and 4).  

Figure 1 Intestine of chicken (negative control 
group) showing normal intestinal coats 
structures (villus height and width) and intestinal 
crypts. A few goblet cells in villus enterocytes. 
H&E (X 300). 

 

Figure 2 Intestine of chicken (positive control 
group) showing broad ulcerated villus surface 
(thick arrow), thickened lamina propria infiltrated 
by heterophils (arrowhead) and intense 
desquamation of villus epithelial cells (thin 
arrow). H&E (X 1200). 
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Dietary supplementation with the antibiotic showed partial necrotic enteritis in the inner third of the 
intestinal villi, characterized by loss of tissue architecture and accumulation of tissue debris, mucus and 
desquamated intestinal sheets in the lumens (Figures 5 and 6). Height and width of intestinal villi were more 
regular than the positive control group without inflammatory cells. Epithelial proliferation in the villi and 
intestinal crypts, accompanied by goblet cell metaplasia or partial desquamations, submucosal congestion, 
haemorrhage of GALF (Figure 7) were also observed in the antibiotic group.  

 
 

 
 
 
 

Figure 3 Intestine of chicken (positive control 
group) showing sever depletions of gut 
associated lymphoid follicles (thick arrow), a 
few extravasated erythrocytes (arrowhead) and 
spindle cells proliferation (thin arrow). H&E (X 
1200)  

Figure 4 Intestine of chicken (positive control 
group) showing disorganized villi with fusion in 
some villus tips (thick arrow), lumens contain 
desquamated epithelial cells, and sheet with 
some inflammatory cells (arrowhead) and 
thickened mucosal lamina propria by 
inflammatory cells (thin arrow). H&E (X 300)  
 

 

Figure 5 Intestine of chicken (antibiotic group) 
showing partial necrosis of some villi tips (thick 
arrow), inflammatory exudate inside the 
intestinal lumen (arrowhead). H&E (X 300) 

 

Figure 6 High power resolution of the previous 
figures to show necrotic intestinal villus tips 
(arrow) and presence of mucous, desquamated 
intestinal sheet within the intestinal lumen 
(arrowhead). H&E (X 400).  
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The probiotic group had normal appearance in villi height and width. However, partial coagulated 
necrosis, separation of some villi tips, desquamated epithelial sheet and a few inflammatory cells were 
observed in the lumen. Regenerative attempts were also detected in the deep structure of villus epithelium 
and crypts (Figures 8 and 9).  

 
 

 
 

 
 
 
 
 
 

The small intestine of the prebiotic supplemented group exhibited broad and thick tips in most 
intestinal villi with an increase in the intestinal width and the absorptive surfaces without exudate inside the 
lumen. However, some villi revealed goblet cell proliferations (Figure 10).  

The synbiotic group showed tall and thin intestinal villi, lined by hyperplastic villus epithelium 
containing numerous goblet cells, as well as a few necrotic tissues, and desquamated epithelium on the 
surface of the intestinal villi (Figures 11 and 12).  

Figure 8 Intestine of chicken (probiotic group) 
showing separation and coagulated necrosis of 
villus superficial tips (arrow), regenerative 
attempts from the lower villus epithelium and 
intestinal crypts (arrowhead) and a few 
inflammation cells and desquamation epithelial 
in the intestinal lumen (thin arrow). H&E (X 
300).  
 

Figure 7 Intestine of chicken (antibiotic group) 
showing proliferative villus epithelium and 
gland, with goblet cells metaplasia (arrow), 
partial necrosis of some villus epithelium 
(arrowhead), together with submucosal 
congestion and hemorrhage (thin arrow). H&E 
(X 300). 
 

Figure 10 intestine of chicken (Prebiotic group) 
showing broad and thickened villus tips in most 
intestinal villi and an increase in absorptive 
surfaces without exudate in the lumen. H&E (X 
300). 
 

Figure 9 Intestine of chicken (probiotic group) 
showing hyper plastic lymphoid tissue (arrow) 
and broad (thickened) intestinal villi 
(arrowhead). H&E (X 300).  
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The lesion score in the positive control group (infected with C. perfringens, without supplementation) 
developed NE. Compared with the negative control group (uninfected), disorganized villus height and width, 
sticking of eosinophilic mucous containing some inflammatory cells on the intestinal mucosa and necrosis of 
the mucous membranes were observed, as well as haemorrhage and fibrosis with depletions of GALF of 
leukocytes cells in the submucosal. Lymphoid depletion could indicate a negative effect on the immune 
status of the birds since they are unable to produce enough antibodies as a result of NE. This result is in 
agreement with Gazdzinski & Julian (1992), who reported that turkeys infected with Clostridial enteritis were 
observed to have lymphoid depression in the bursa of Fabricius, due to clostridial toxin. In addition, the 
broad tips of the intestinal villi with the proliferation of enterocytes, together with heterophil infiltration and 
oedema in the lamina propria, were consistent with the results by Olkowski et al. (2006). The results of this 
study are consistent with those of Jayaraman et al. (2013), who reported that birds infected with C. 
perfringens showed markedly thickened mucosa, haemorrhages and intestinal ballooning. Asaoka  
et al. (2004), Yang et al. (2009) and Khambualai et al. (2010) found that NE was characterized by extensive 
necrosis in the mucosa and haemorrhages, as well as inflammatory cell infiltration in birds infected with C. 
perfringens. This is also evident from the ability of the groups that were supplemented with prebiotics, 
probiotics and synbiotics to control the NE. Similar results showed that dietary supplementation with 
probiotics and prebiotics improved the morphometric histological status and absorption surface, and 
decreased pathogenic bacteria (Awad et al., 2009). According to Kizerwetter-Swida & Binek (2008), dietary 
supplementation with probiotics decreased C. perfringens counts in the small intestine of turkeys. Hassan et 
al. (2012) showed that the use of probiotics and prebiotics led to inhibition of pathogenic bacteria, which 
destroy the intestinal wall with toxins. This can be attributed to the production of anticlostridial factors by B. 
subtilis (Teo & Tan, 2005) and that this prebiotic inhibits C. perfringens-induced NE by competitive exclusion 
that improves intestinal health (Brennan et al., 2013). The synbiotic group showed synergies between the 
probiotics and prebiotics. It is hypothesized that the increase in the number of beneficial bacteria led to 
improved intestinal health of the bird. These results are in agreement with those reported by Awad et al. 
(2009). Many researchers have reported that probiotics and synbiotics enhance the performance of broilers 
by improving the intestinal morphology and microbial balance associated with suppressing pathogens and 
increasing the nutrient digestibility in the small intestine (Li et al., 2007; Ashayerizadeh et al., 2009). Birds 
that are experiencing chronic intestinal enteritis are in a constant mode of inflammation and recovery (Star et 
al., 2010). This may lead to changes in the villi and crypts as a result of the renewal of the villi as a response 
to inflammation from pathogens or their toxins. The effect of inflammation due to pathogens or their toxins 
may lead to poor nutrient absorption and lower performance in birds (Xu et al., 2003). 
 
Conclusions  

The result of this study showed that the worst histomorphometrical and histopathological 
measurements were associated with the positive control group. Villus surface area increased in the small 
intestine because of probiotic, prebiotic and synbiotic supplementation, which may improve the absorption of 

Figure 11 Intestine of chicken (mixture group) 
showing tall and thin intestinal villi lined by 
hyperplastic villus epithelium containing 
numerous goblet cells (arrowhead), beside a 
few necrotic tissue (arrow), and desquamated 
epithelium on the surface of some intestinal 
villi (thick arrow). H&E (X 300).  
 
 

Figure 12 Intestine of chicken (mixture group) 
showing organized and apparently normal villi 
with fusion villi (arrow), and congestion of the 
muscular blood vessels (arrowhead). H&E (X 
300). 
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nutrients and could be an indication of satisfactory intestinal status. Birds infected with C. perfringens and 
offered no supplementation developed markedly thickened mucosa, haemorrhages and intestinal ballooning. 
However, the groups that were offered prebiotics, probiotics and synbiotics were able to control the NE. 
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