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Summary: The effects of Paenibacillus xylanexedens, alone or in combination with inulin and lactulose were evaluated on 

growth performance and intestinal histomorphology of male broilers. A total of 168 one-day-old male broiler chickens were randomly 

allocated to 4 experimental groups as follows: C, basal diet (control; without supplementation); P, 1×109 cfu/kg-feed P. xylanexedens; 

IN, 1×109 cfu/kg-feed P. xylanexedens and 1% inulin; LAC, 1×109 cfu/kg-feed P. xylanexedens and 0.5% lactulose. Addition of P. 

xylanexedens and synbiotics significantly increased broiler body weight gain (P<0.001) and feed conversion ratio (P=0.023) from 1 to 

21 day of age. Moreover, a significant increase in body weight gain was observed when birds were fed with synbiotic supplemented 

diets during the overall experimental period (P=0.013). The addition of probiotic and synbiotics increased (P=0.047) villus height in 

ileum on day 42. Our results indicate that P. xylanexedens can be used as a probiotic feed additive in broiler diets and can improve 

broiler performance and intestinal histomorphology.  

Keywords: Broiler, intestinal histomorphology, Paenibacillus xylanexedens, performance, probiotic. 

Broyler rasyonlarında probiyotik ve sinbiyotik kullanılmasının broyler performans ve bağırsak 

histomorfolojisi üzerine etkisi 

Özet: Paenibacillus xylanexedens’in tek başına veya inulin veya laktuloz ile birlikte kullanılmasının erkek broylerlerin büyüme 

performansı ve bağırsak histomorfolojisi üzerine olan etkisi incelendi. Toplamda 168 adet günlük erkek civciv dört deneme grubuna 

ayrıldı: C, bazal rasyon (kontrol); P, 1×109 cfu/kg-yem P. xylanexedens; IN, 1×109 cfu/kg-yem P. xylanexedens ve %1 inulin; LAC, 

1×109 cfu/kg-yem P. xylanexedens ve %0.5 laktuloz. P. xylanexedens ve sinbiyotik ilavesinin 1-21. günlerde broyler canlı ağırlık 

artışını (P<0.001) ve yemden yararlanma oranını (P=0.023) önemli düzeyde arttırdığı sonucuna varıldı. Tüm araştırma periyodu 

dikkate alındığında sinbiyotik ilavesinin canlı ağırlık artışını önemli ölçüde (P=0.013) etkilediği görüldü. Araştırmanın 42. gününde 

probiyotik ve sinbiyotik ilave edilen gruplarda ileum villus yüksekliğinin daha fazla olduğu tespit edildi (P=0.047). Sonuç olarak, P. 

xylanexedens’in broyler büyüme performansını ve bağırsak histomorfolojisini olumlu yönde etkilediği ve rasyonlarında probiyotik yem 

katkı maddesi olarak kullanılabileceği görüldü.  

Anahtar sözcükler: Bağırsak histomorfolojisi, broyler, Paenibacillus xylanexedens, performans, probiyotik. 

 
 

 

Introduction 

Recent international legislations and the increasing 

concern of domestic consumers over the possibility of 

antibiotic residues in meat and other animal products have 

put restrictions on the usage of growth-promoting 

antibiotics and the availability of antibiotics for the 

treatment of bacterial infections (21). Ban on the 

prophylactic use of in-feed antibiotics has encouraged the 

researchers to search for new and safer alternatives (3, 23). 

In this sense, supplementation of probiotic 

microorganisms and prebiotic oligosaccharides as an 

alternative to growth-promoting antibiotics has received 

increasing interest due to their promising beneficial effects 

on the broiler performance and intestinal health (28). 

Probiotics influence the host organisms' health by 

maintaining the normal intestinal microbiota, preventing 

the growth of pathogenic microorganisms, promoting 

digestion and intake of feed, and inducing the immune 

system (24, 27). Dietary probiotic supplementation has 

remarkable effects on broiler performance (16, 28, 29, 30), 

gastro-intestinal mucosa integrity (6, 35), composition of 

the gut microflora (16, 28, 37), and intestinal immunity 

(8). Spore forming probiotic bacteria's, such as Bacillus 

species, has received much more attention than their non-

spore-forming counterparts and this particular advantage 

making them suitable for use as feed supplements in 

broiler diets (12, 20). Paenibacillus is a genus of 

facultative anaerobic, endospore-forming bacteria, which 
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previously distinguished from the other Bacillus groups by 

comparative 16S rRNA sequence analysis (4).  

Synbiotics are defined as combination of probiotics 

and prebiotics that beneficially affect the host by 

improving the survival and implantation of newly added 

strains in the intestine by activating the metabolism of 

health-promoting bacteria and/or selectively stimulating 

their growth (19). Synbiotics encourage the growth of the 

probiotic organism by providing the specific substrate to 

the probiotic organism for its fermentation (17). 

Beneficial effects of synbiotics, when compared with 

probiotics alone, on broiler growth performance, intestinal 

microflora population, cecal volatile fatty acid 

concentration and intestinal histomorphological 

parameters have been reported previously (6, 28). 

To the best of our knowledge, dietary probiotics and 

synbiotics influence broiler growth performance and 

intestinal morphology by selectively stimulating the 

growth of health-promoting bacteria. However, until now, 

there has been no information on the effects of P. 

xylanexedens on broiler intestinal health parameters. 

Based on the previously reported favorable effects of 

probiotics and synbiotics, the current study was designed 

to evaluate the effect of P. xylanexedens and prebiotic 

combinations on broiler growth performance and 

intestinal histomorphology during different periods of 

production. 

 

Materials and Methods 

Birds and management: A total of 168 one-day-old 

male broiler chickens (Ross 308), with an average body 

weight (BW) of 41.12 ± 0.55 g, were obtained from a 

commercial hatchery (Beypiliç, Bolu, Turkey). Birds were 

weighed and randomly allocated to 4 experimental groups 

with 7 replicate pens (90 x 80 cm) containing 6 birds each. 

Birds were housed in an environmentally controlled room 

for 42 days. The ambient temperature was 

thermostatically controlled and gradually decreased from 

32–35°C on the first day to 22°C at 3 weeks of age; the 

temperature was maintained at 22°C thereafter. All 

experimental procedures were approved by Ankara 

University, Ethical Committee for Experimental Research 

on Animals (2013-3-12). 

The starter, grower, and finisher diets were based on 

maize-soybean meal and were offered to the birds from 1-

14, 15-35, and 36-42 days of age, respectively (Table 1). 

All diets were formulated to meet or exceed NRC (32) 

nutrient recommendations. Each pen was equipped with 

manual plastic feeders and automatic nipple drinkers. 

Water and experimental diets (in mash form) were 

provided ad libitum. Dietary treatments were as follows: 

C, basal diet (control; without supplementation); P, 1×109 

cfu/kg-feed P. xylanexedens; IN, 1×109 cfu/kg-feed P. 

xylanexedens and 1% inulin (Beneo, Orafti IPS, Oreye, 

Belgium); LAC, 1×109 cfu/kg-feed P. xylanexedens and 

0.5% lactulose (Duphalac, Abbott Biologicals B.V. Olst, 

Netherland). Approximately 7.5 mL/kg feed lactulose 

syrup equivalent to 0.5% lactulose. 

 

 

Table 1. Composition of basal diet. 

Tablo 1. Bazal rasyonun komposizyonu. 

 Starter Grower Finisher 

Item 0 to 14 d 15 to 35 d 36 to 42 d 

Ingredient, %    

 Corn 39.98 47.05 45.00 

 Soybean meal, (CP 47%) 30.00 24.00 24.65 

 Soybean (Full fat) 13.00 13.00 8.50 

 Wheat 10.00 8.00 13.30 

 Vegetable oil 2.50 3.90 5.00 

 Dicalcium phosphate 2.25 2.00 1.85 

 Limestone 0.86 0.80 0.77 

 Dl-Methionine (98%) 0.40 0.31 0.18 

 L-Lysine-HCl (78%) 0.26 0.19 0.00 

 L-Threonine 0.15 0.15 0.15 

 Salt 0.35 0.35 0.35 

 Mineral premix1 0.10 0.10 0.10 

 Vitamin premix2 0.10 0.10 0.10 

 Anticoccidial 0.05 0.05 0.05 

 Total 100.00 100.00 100.00 

Chemical composition, calculated   

 CP, % 23.00 20.60 19.40 

 ME, kcal/kg 3,012 3,176 3,227 

 Calcium, % 1.00 0.90 0.85 

 Available phosphorus, % 0.50 0.45 0.42 

 Methionine + cysteine, % 1.10 0.95 0.80 

 Lysine, % 1.44 1.24 1.01 

 Threonine, % 0.99 0.91 0.86 

Analyzed composition    

 CP, % 23.12 20.65 19.50 

 ME, kcal/kg 3,008 3,180 3,223 

 Ca, % 1.03 1.00 0.90 

 Total P, % 0.77 0.67 0.63 

1  Provided per kilogram of complete diet: vitamin A, 12,000 IU; 

vitamin D3, 2,500 IU; vitamin E, 40 IU; vitamin K3, 5 mg; 

thiamin, 2.5 mg; riboflavin, 6 mg; pyridoxine, 5 mg; 

pantothenic acid, 15 mg; niacin, 25 mg; folic acid, 1 mg; biotin, 

50 µg; vitamin B12, 20 µg. 
2  Provided per kilogram of complete diet: Cu, 5 mg; I, 1 mg,             

Co, 200 µg; Se, 150 µg; Fe, 60 mg; Zn, 60 mg; Mn, 80 mg. 
1  Rasyonun her kg’ında: vitamin A, 12,000 IU; vitamin D3, 

2,500 IU; vitamin E, 40 IU; vitamin K3, 5 mg; tiamin, 2.5 mg; 

riboflavin, 6 mg; piridoksin, 5 mg; pantotenik asit, 15 mg; 

niasin, 25 mg; folik asit 1 mg; biyotin, 50 µg; vitamin B12, 20 

µg. 
2  Rasyonun her kg’ında: Cu, 5 mg; I, 1 mg, Co, 200 µg; Se, 150 

µg; Fe, 60 mg; Zn, 60 mg; Mn, 80 mg. 
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Probiotic strain: Paenibacillus xylanexedens strain 

was isolated from chyme samples of cattles and were 

collected within sterile tubes. Isolation procedure was 

adapted from Barbosa et al. (9) The chime samples were 

suspended in 1:1 phosphate-buffered saline (PBS) 

solution and spore forming isolates were then selected by 

ethanol treatment. For ethanol treatment 50% (v/v) 

ethanol was added to suspension and incubated at room 

temperature for one hour. Then 10-fold serial dilutions up 

to 10-5 were made and plated on LB agar. Colonies with 

distinct morphologies were picked and purified by 

streaking on LB agar plates. Cultures were incubated at 

37°C for colony formation and then isolates stored at -

80°C in 30% glycerol.  

Further identification of the isolate was carried out 

by 16S rRNA sequencing method. In 16S rRNA gene 

sequencing, approximately 1400 bp was analyzed by 

Bioedit software and compared with BLAST data from 

National Center for Biotechnology.  

After isolation, resistance to simulated gastric fluids 

(13), tolerance to bile salt (13), sporulation efficiency (9), 

spore formation (9), adhesion and invasion properties (34) 

were tested and the results were given in Table 2. 

Antimicrobial activities (26) of isolate against each 

representative strain (Escherichia coli, Staphylococcus 

aureus, Klebsiella pneumoniae, Pseudomonas 

aeruginosa) were evaluated and the results were presented 

in Table 3.  

 

 

Table 2. Characterization of P. xylanexedens. 

Tablo 2. P. xylanexedens’in özellikleri. 

Paenibacillus xylanexedens  

Sporulation efficiency (%) 81 

Survival in simulated gastric fluid (vegetative 

form) 
+ 

Survival in bile salt (vegetative form) + 

Adhesion (%) 2.6 

Invasion (%) 0 

 

 

Table 3. Antimicrobial activity of isolate P. xylanexedens. 

Tablo 3. P. xylanexedens izolatlarının antimikrobiyel özellikleri. 

Isolate 

Pathogenic strains and diameters of 

inhibition zones (cm) 

S. 

aureus 

P. 

aeruginosa 

E. 

coli 

K. 

pneumoniae 

P. 

xylanexedens  
2 2 2 2 

 

 

Preparation of Paenibacillus xylanexedens as feed 

additive: Cultures were grown in 50 mL DSM at 37°C, 

250 rpm for 24 h and centrifuged at 3.000 rpm for 5 min. 

Harvested spores were then inoculated in DSM and 

incubated at 37°C and 250 rpm for 48 h. After the 

incubation period, spores were centrifuged at 6.000 rpm 

for 30 min; spore pellets were washed with 20 mL sterile 

distilled water and re-suspended in 5 mL sterile water. 

Spores of the isolate were then mixed with 10% skim milk 

for further lyophilization. Lyophilized cultured were then 

mixed with a composition of 1×109 viable spores (cfu) of 

Paenibacillus xylanexedens (approximately 0.6% of net 

weight) as active substance and with calcium carbonate 

(approximately 99% of net weight product) and corn flour 

(approximately 0.4% of net weight product) as carriers 

according to the product specifications of a commercial 

feed additive. 

Growth performance: All chicks were weighed 

individually and feed intake (FI) was recorded at weekly 

intervals. Body weight gain (BWG), FI and feed 

conversion ratio (FCR) were subsequently calculated 

based on the performance values. 

Sampling procedures: At 21 and 42 days of age one 

bird from each replicate was selected according to the 

average body weight (BW) of each treatment group. Birds 

were slaughtered by exsanguination and the intestinal tract 

was removed immediately. The tissue samples for 

histomorphological analysis were taken from the jejunum 

and ileum. To ensure the uniformity of samples, 

approximately 2 cm length of the mucosal segments of 

jejunum and ileum was excised as follows: 8 cm proximal 

to Meckel's diverticulum (jejunum), and 8 cm proximal to 

the ileo-cecal junction (ileum), respectively.  

 Histomorphologic measurements: Tissue samples 

were fixed in 10% neutral buffered formaline for 24 h and 

washed with tap water subsequently dehydrated in graded 

ethanol solutions, cleared with xylol and embedded in 

paraffin, respectively. Intestinal segments were sectioned 

at the thickness of 5 µm with microtome. Cross sections 

were prepared and stained with Mallory's triple stain 

modified by Crossman in order to determine the intestinal 

morphometry (15). Villus height was measured from the 

top of the villus to crypt mouth and crypt depth was 

defined as distance between basements of the crypt-to-

crypt mouth. Histological sections were examined under 

light microscope (Leica DM 2500, Leica Microsystems 

GmbH, Wetzlar, Germany) and photographed with Leica 

DFC450 (Leica Microsystems, Heerbrug, Germany) 

digital microscope camera. The images were evaluated 

using ImageJ software (Image J, US National Institutes of 

Health, Bethesda, MD, USA). 

Statistical analysis: Data were analyzed as a 

completely randomized block design with 4 dietary 

treatments and 7 replicates using the ANOVA procedure 

of the SPSS version 14.01 (SPSS Inc., Chicago, IL, USA). 

Significant differences among treatment groups were 

tested by Duncan’s multiple range tests. Statistical 

differences were considered significant at P < 0.05. 

https://www.google.com.tr/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&sqi=2&ved=0ahUKEwiY6unbyv7LAhXBApoKHazvCNQQFgghMAE&url=http%3A%2F%2Fcshprotocols.cshlp.org%2Fcontent%2F2006%2F1%2Fpdb.rec8247&usg=AFQjCNF-hbdmO10HD9e8Kb7l2-WiXjKTWg&sig2=TzweaKsHJN6PDq1Koq--GQ&bvm=bv.118817766,d.bGs
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Table 4. Effects of dietary P. xylanexedens and synbiotic supplementations on broiler performance1 

Tablo 4. Rasyonlara P. xylanexedens ve sinbiyotik ilavesinin broiler performansı üzerine etkisi. 

 Dietary treatment 2 Statistics 

Item3 C P IN LAC SEM P-value 

BW, g       

 14 325.38 324.90 352.76 334.28 4.38 0.076 

 21 648.10c 700.03b 748.34a 741.00ab 10.47 0.000 

 42 2594.71b 2683.43ab 2791.71a 2804.43a 27.65 0.013 

BWG, g       

 1-14 284.26 283.90 311.48 293.22 4.36 0.078 

 1-21 606.98c 659.03b 707.06a 699.93ab 10.45 0.000 

 1-42 2553.59b 2642.43ab 2750.43a 2763.36a 27.63 0.013 

FI, g       

 1-14 406.86 398.33 432.97 409.72 5.77 0.176 

 1-21 952.35 942.41 997.65 997.40 11.19 0.161 

 1-42 4342.81 4325.99 4381.98 4520.80 35.50 0.201 

FCR       

 1-14 1.43 1.41 1.40 1.40 0.01 0.862 

 1-21 1.57a 1.43b 1.41b 1.42b 0.02 0.023 

 1-42 1.70a 1.64ab 1.60b 1.64ab 0.01 0.048 

Mortality, % 2.38 0 2.38 2.38 - 0.797 
a-cMeans with different superscripts in the same row are significantly different (P < 0.05). 
1Data represent mean values of 7 replicates per treatment. 
2C: basal diet (control; without supplementation); P: 1 × 109 cfu/kg feed P. xylanexedens; IN: 1 × 109 cfu/kg feed P. xylanexedens and 

1% inulin; LAC: 1 × 109 cfu/kg feed P. xylanexedens and 0.5% lactulose. 
3BW: body weight; BWG: body weight gain; FI: feed intake; FCR: feed conversion ratio. 
a-cAynı satırda farklı harf taşıyan ortalama değerler arasındaki farklılıklar istatistiksel olarak önemlidir (P < 0.05). 
1Değerler her bir gruptan seçilen 7 broylerin ortalamasını göstermektedir. 
2 C: bazal rasyon (kontrol; ilave katkı yok); P: 1 × 109 cfu/kg yem P. xylanexedens; IN: 1 × 109 cfu/kg yem P. xylanexedens ve %1 

inulin; LAC: 1 × 109 cfu/kg yem P. xylanexedens ve %0.5 laktuloz. 
3 BW: canlı ağırlık; BWG: canlı ağırlık artışı; FI: yem tüketimi; FCR: yemden yararlanma oranı. 

 

 

Table 5. Effects of dietary P. xylanexedens and synbiotic supplementations on histomorphological parameters of the jejunum and 

ileum1 

Tablo 5. Rasyonlara P. xylanexedens ve sinbiyotik ilavesinin jejunum ve ileum histomorfolojisi üzerine etkisi. 

 Dietary treatment2 Statistics 

Item C P IN LAC SEM P-value 

Jejunum       

 d 21       

 Villus height (µm) 1061.00 1034.36 1032.79 1081.79 30.42 0.939 

 Crypt depth (µm) 184.50 187.43 171.79 195.64 4.41 0.296 

 VH:CD ratio3 5.81 5.54 6.00 5.65 0.17 0.817 

 d 42       

 Villus height (µm) 1446.40 1540.33 1486.33 1444.30 30.48 0.677 

 Crypt depth (µm) 194.60 209.58 215.83 196.20 4.30 0.235 

 VH:CD ratio 7.47 7.44 6.90 7.37 0.17 0.630 

Ileum       

 d 21       

 Villus height (µm) 617.71ab 569.50b 523.36b 735.86a 23.00 0.003 

 Crypt depth (µm) 174.00ab 163.43ab 148.00b 186.50a 5.18 0.048 

 VH:CD ratio 3.59 3.51 3.60 4.01 0.12 0.496 

 d 42       

 Villus height (µm) 1019.60b 1240.36a 1225.60a 1231.33a 32.53 0.047 

 Crypt depth (µm) 187.00 190.50 179.70 165.50 4.03 0.100 

 VH:CD ratio 5.46b 6.58ab 6.86a 7.53a 0.24 0.021 
a,bMeans with different superscripts in the same row are significantly different (P < 0.05). 
1Data represent mean values of 7 replicates per treatment. 
2C: basal diet (control; without supplementation); P: 1 × 109 cfu/kg feed P. xylanexedens; IN: 1 × 109 cfu/kg feed P. xylanexedens and 

1% inulin; LAC: 1 × 109 cfu/kg feed P. xylanexedens and 0.5% lactulose. 
3Villus height to crypt depth ratio. 
a,bAynı satırda farklı harf taşıyan ortalama değerler arasındaki farklılıklar istatistiksel olarak önemlidir (P < 0.05). 
1Değerler her bir gruptan seçilen 7 broylerin ortalamasını göstermektedir. 
2 C: bazal rasyon (kontrol; ilave katkı yok); P: 1 × 109 cfu/kg yem P. xylanexedens; IN: 1 × 109 cfu/kg yem P. xylanexedens ve %1 

inulin; LAC: 1 × 109 cfu/kg yem P. xylanexedens ve %0.5 laktuloz. 
3 Villus yüksekliğinin kript derinliğine oranı. 
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Results 

Growth performance: The effect of dietary addition 

of P. xylanexedens and synbiotics on BW, BWG, FI, and 

FCR are shown in Table 4. Dietary treatments did not 

affect broiler performance in starter period (1-14 d); 

however, the addition of P. xylanexedens and synbiotics 

significantly increased (P <0.001) broiler BW, BWG and 

FCR (P = 0.023) from 1 to 21 day of age. Moreover, a 

significant increase in BW (P = 0.013) and BWG (P = 

0.013) were observed when birds fed with synbiotic-

supplemented diets during the overall experimental 

period. However, FCR value was lower (P = 0.048) for the 

birds fed with P. xylanexedens and inulin supplemented 

diet from 1 to 42 day of age. Feed intake was not 

significantly different among all dietary treatment groups 

from 1 to 14, 1 to 21 and 1 to 42 day of age. In addition, 

no significant mortality rate was observed during the 

entire experimental period. 

Morphological measurement of the jejunum and the 

ileum: Morphological measurements of the jejunum and 

the ileum are shown in Table 5. Dietary treatments had no 

significant effect on villus height, crypt depth and villus 

height:crypt depth (VH:CD) ratio of the jejunum on day 

21 and 42. However, ileum villus height (P = 0.003) and 

crypt depth (P = 0.048) were significantly increased for 

the birds fed with P. xylanexedens and lactulose 

supplemented diets on day 21. There were no significant 

differences among the control and treatment groups 

regarding the ileum VH:CD ratio on day 21. Moreover, 

ileum villus height was significantly higher (P = 0.047) 

for the bird fed with probiotic and synbiotic supplemented 

diets in comparison to control. However, VH:CD ratio 

was consistently higher (P = 0.021) for the birds fed with 

synbiotic supplemented diets on day 42. 

 

Discussion and Conclusion 

Bacillus species are known to produce several 

extracellular enzymes including α-amylases and cellulose, 

which increase nutrient digestibility and absorption. In 

addition, they stimulate growth and proliferation of 

beneficial facultative anaerobic bacteria, such as 

Lactobacilli, by creating an anaerobic environment within 

the gut, which can decrease pathogenic bacteria 

colonization and improve intestinal integrity (1, 22). 

Similar to Bacillus species, P. xylanexedens utilizes 

several nutrients including D-cellulose, D-fructose, D-

galactose, α-D-glucose, lactose, lactulose, maltose (31). 

Among the beneficial microorganisms, Lactobacillus and 

Bacillus strains receive much more attention than other 

probiotic strains in the broiler nutrition. However, so far, 

there are no reported studies evaluating the effect of P. 

xylanexedens, as a probiotic feed additive, on the broiler 

growth performance. Previous meta-analysis results have 

showed that the BWG and FCR were improved in birds 

that received probiotics in compare to the basal diet 

without additives (10). Studies with inulin and lactulose 

also showed pronounced effect on broiler performance by 

selectively stimulating the beneficial microorganisms (11, 

14, 33). The current study indicated that the addition of P. 

xylanexedens alone or in combination with inulin or 

lactulose significantly increased BWG and FCR of 

broilers during the first 21 day of age. In agreement with 

our results, dietary inclusion of Bacillus spp. improved the 

growth performance of broilers (1, 22, 25). However, 

inulin and lactulose supplemented diets were much more 

effective on broiler performance then those fed basal diet 

at the end of the experiment. Contrary to our findings, 

Mookiah et al. (28) have reported that improvements made 

by synbiotics were not significantly different from those 

made by probiotic or prebiotic alone at day 42. According 

to our results P. xylanexedens and prebiotic (especially 

inulin) combinations showed synergistic effect on broiler 

overall growth performance. This result is in accordance 

with the findings of Awad et al. (6) and Ghasemi et al. 

(18), who found a significant improvement in the broiler 

performance with the use of synbiotics in broiler diets. It 

seems that P. xylanexedens, as a new promising spore-

forming probiotic, may be more efficient on growth 

performance on broilers when combined with inulin or 

lactulose. Improved performance of the birds could be 

related to the beneficial effects of synbiotics on the 

intestinal microflora and intestinal integrity.  

It is widely accepted that the intestinal microbiota 

and its metabolic activity have significant effects on the 

broiler health and the performance. In addition there is a 

growing interest to use of different probiotics to improve 

intestinal integrity and functionality by selectively altering 

the intestinal microflora (7). The morphological changes 

in the small intestine, such as increasing villus height, 

width, and VH:CD ratio might have beneficial effects on 

bird’s performance. These changes enhance the absorptive 

surface area, which is important when alternative growth 

stimulators are applied. However, shorter villus is 

associated with the presence of toxins (5) and deeper 

crypts can be regarded as a higher demand for new 

epithelial intestinal tissue (38). In the present study, ileal 

villus height was increased by dietary P. xylanexedens and 

synbiotics addition on day 42. However, villus height to 

crypt depth ratio of ileum was greater for synbiotic 

supplemented groups. Our results are consistent with Sen 

et al. (36) who reported increased villus height of ileum in 

birds fed with Bacillus subtilis LS 1-2 supplemented diets. 

In addition, dietary inclusion of Bacillus subtilis increased 

ileum villus height under thermoneutral and heat stress 

conditions (2). Moreover, dietary inclusion of several 

probiotics such as, Enterococcus faecium (35), 

Lactobacillus salivarius and Lactobacillus reuteri (7), 

improved broiler intestinal integrity. As reported by the 
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previous studies (7, 36) greater villus height and VH:CD 

ratio may be related to the ability of P. xylanexedens to 

create a more favorable intestinal microbial environment. 

We propose that addition of P. xylanexedens with inulin 

and lactulose much more effective on intestinal structure 

in male broilers.  

In conclusion, P. xylanexedens, alone or in 

combination with inulin and lactulose, exerts beneficial 

effects on broiler performance and intestinal morphology. 

Further researches are needed to clarify the effect of 

between P. xylanexedens on intestinal microbiota and 

bacterial metabolites.  
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