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A four replicate study was conducted to compare the effects of alternative feed additives (prebiotic, 
ECOCELL

®
 and butyric acid, Baby c4

®
) to an antibiotic growth promoter (bacitracin) on the performance 

and histomorphometrical parameters of the small intestine of 192, 1-day-old Ross broiler chicks. The 
used chicks were randomly assigned to one out of four dietary treatments for 6 weeks (each treatment 
contained four replicates, 12 birds each). Replicate dietary treatments were as follow: 1- control (basal 
diet), 2-basal diet + prebiotic, 3-basal diet + butyric acid and 4-basal diet + antibiotic growth promoter. 
The results showed that body weight, weight gain and feed intake were not affected by dietary 
treatments. Prebiotic had significantly improved (p<0.05) feed conversion ratio (FCR) in 22-42 days and 
total period compared with the control nontreated and butyric acid fed broilers. The addition of either 
prebiotic or antibiotic significantly increased the villus height in duodenum (P<0.001), while prebiotic 
increased duodenum and ileum villus width compared with other treatments. The duodenal crypt depth 
was significantly increased by antibiotic or organic acid compared with prebiotic and control (P<0.01). 
In conclusion, prebiotic displayed a greater efficacy as growth promoter for broilers, but butyric acid 
glycerides do not promote broiler’s growth. 
 
Key words: Prebiotic, organic acid, antibiotic, performance, histomorphometry, small Intestine, broiler chicken.  

 
 
INTRODUCTION 
 
The health of alimentary tract is an important factor in 
performance of poultry production due to its crucial role in 
absorption of nutrients and a barrier against everlasting 
attack of pathogenic microbes. Intensive and industrial 
farming has provided a good condition for residing of 
harmful microflora in alimentary tract because of gradual 
colonization of natural microflora in intestine of newly 
hatched chicks (Fuller, 1989). Therefore, antibiotics as 
growth stimulants in poultry production have been 
commonly used. However, application of antibiotics has 
been declining because of their harmful effects, residues 
in carcass, rising of resistance to microorganisms and 
causing hypersensitivity (Smith et al., 2003). On the other  
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hand, due to breakthrough in genetics and nutritional 
sciences, improvement in vaccines, bio-security and 
vaccination programs application of antibiotics as 
prophylactic and growth promoters have been decreased 
(Baurhoo et al., 2007). Moreover, in some countries 
antibiotic application is prohibited (Cervantes, 2006; 
Michard, 2008). Nowadays, efforts for finding proper 
alternatives, such as probiotic, prebiotic and organic acid 
to replace antibiotics have been extensively increased 
(Hertrampf, 2001; Langhout, 2000).        

Prebiotic is a suitable alternative because it is an 
indigestible foodstuff that induces growth and activity of 
one or more types of bacterial flora of alimentary tract 
(Baurhoo et al., 2007; Gibson and Roberfroid, 1995). 
Therefore, it can improve health of the host (Gibson and 
Roberfroid, 1995) by the following: increasing of 
population of useful bacteria such as Lactobacilli and 
Bifidobacteria, competing pathogens for linking  to  intestinal  



 
 
 
 
cells, increasing production of volatile fatty acids, 
decreasing intestinal pH, producing antimicrobial com-
pounds, improving immune system, providing digestive 
enzymes and improving morphologic indices (Fuller, 
1989; Marković et al., 2009; Oliveira et al., 2008;Sandikci 
et al., 2004).  

On the other hand, organic acids exert their stimulating 
influences on host growth through decreasing of pH in 
feedstuff and alimentary tract, decreasing production of 
bacterial poisonous compounds, decreasing aggregation 
of intestinal pathogens and stimulating growth of useful 
intestinal flora (Antongiovanni et al., 2007; Hooge, 2004). 
Butyric acid is a short-chain fatty acid that is proposed to 
be a main source of energy for intestinal cells and is 
reported to be essential for the correct development of 
the gut associated lymphoid tissue (GALT) (Friedman 
and Bar-Shira, 2005). Since free butyric acid is 
characterized by a strong unpleasant, penetrating smell, 
it is almost impossible to cope with it in the feed 
manufactory and results in poor intakes of the treated 
feed. In recent years, using glycerides of butyric acid has 
solved the problem (Antongiovanni et al., 2007). 

Others reported that addition of prebiotic to the ration 
has improved broiler’s performance (Hooge, 2004; 
Marković et al., 2009). On the contrary, there are some 
reports stated that prebiotics did not influence poultry 
performance (Baurhoo et al., 2007; Oliveira et al., 2008). 
Also, organic acids can be used to control intestinal 
microbial growth and increase the performance 
(Antongiovanni et al., 2007; Jin et al., 1998). Application 
of organic acids did not only influence the performance of 
broilers but in some cases had harmful effects (Cave, 
1984; Gunal et al., 2006; Patten and Waldroup, 1988).  

In the present study effects of antibiotic growth 
promoter, prebiotic and organic acid (butyric acid 
glycerides) on growth performance and histomorphome-
tery of small intestine in broilers were compared.  
 
 
MATERIALS AND METHODS                          

 
Experimental chicks 

 
One hundred and ninety two (192) day-old Ross 308 chicks were 
randomly divided into four groups (48 chicks each). Each group 
was further divided into 4 replicates (12 chicks each) for 42 days.  
 
 
Feeding 
 
All chick groups were fed on the same basal starter, grower and 
finisher rations based on corn and soybean according to NRC 
(1994).  
 
 
Feed additives 
 
The prebiotic (ECOCELL®, Impextraco) used in this study was 
derived from cell wall of Saccharomyces cerevisiae and composed 
of   mannanoligosaccharide   and   β-glucan   (contains   >  40%   of  

Sayrafi et al.    2795 
 
 
 
mannose and > 50% of glucose). It was mixed with basal ration in 
the rate of 0.1% according to producers' instructions. The used 
organic acid was butyric acid (Baby c4®). According to the producer 
(SILO), it was added to ration in rat of 0.3% in the first week and 
0.2% up to 25 days. Bacitracin was used as an antibiotic to promote  
the growth. For starter, 50 g/ton; and for grower and finisher diets, 
25 g/ton was added to the ration.  
 
 
Performance parameters 
 
Broiler performance including average body weight, body weight 
gain, feed intake and feed conversion ratio (FCR) were evaluated 
(Oliveira et al., 2008). 
 
 
Intestinal histomorphometric parameters and morphometric 
analyses 
 
Histomorphometeic parameters of collected chicken intestines were 
determined (Marković et al., 2009). At the end of the experiment, 
from the middle-length of duodenum, jejunum and ileum a 2-cm 
long segment were transected; ingesta washed away using normal 
saline and fixated in 10% neutral buffered formalin. Following 
histological fixation, the tissues were processed through a standard 
alcohol dehydration-xylen sequence and embedded in paraffin. 
From each segment 5 sections were made at 6-7 µm and they were 
stained with hematoxylin-eosin (Luna, 1968). Using digital 
photography and light microscope the photos were taken and 
morphometric analyses were performed by means of an image 
analysis program (Image J software). In each of the five sections 
taken from the tissues, the villus height and width and crypt depth 
were determined by examining randomly 6 villi and 6 crypts. Later, 
the average of 30 values obtained for each chick was taken 
(Rezaian et al., 2007).  
 
 
Experimental design 
 
Experimental chick groups were given the growth promoter as 
follows: Gr.1- was fed on basal diet as control non-treated, Gr. 2- 
basal diet + prebiotic, Gr. 3- basal diet + organic acid and Gr. 4- 
basal diet + antibiotic.  
     All chicks were weighed upon arrival and afterward were 
weighed weekly. Feed intake and feed conversion ratio were 
determined for each pen. At the end of the experiment chicks were 
randomly taken to determine histomorphometric parameters and 
morphometric analyses. The obtained results are shown in Tables 1 
to 3. 
 
 
Statistical analysis 
 
The calculated data were analyzed using the statistical software 
package SAS (1996). The results were subjected to one-way 
analysis of variance (ANOVA) followed by Duncan’s multiple-range 
test. Statistical significance was established at P<0.05 where the 
non significant data were further estimated as P<0.01 and P<0.001.  
 
 
RESULTS 
 
Performance     
 
The effects of dietary prebiotic, organic acid and antibiotic 
as growth promoter on broiler performance (Tables 1 and 
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Table 1. Average live body weights and body weight gains of treated as compared with control group. 
 

Group number Treatment 

Live body weight (g) at  day of 
age 

 Body weight gain (g) at  day of 
age 

1 21 42  0- 21 22- 42 0- 42 

1 Control 48.12 590.31 2267.1  542.19 1676.8 2219.0 

2 Antibiotic 47.39 568.83 2274.3  521.44 1705.5 2226.9 
3 Prebiotic 47.91 581.35 2352.1  533.44 1770.7 2304.2 
4 Organic acid 48.43 564.88 2091.8  516.44 1526.9 2043.3 
SEM 0.373 18.234 93.227  18.130 86.833 93.091 
P-value NS NS NS  NS NS NS 

 

SEM: Pooled standard error; means within a column lacking a common superscript differ (P<0.05). NS: Not significant (P> 0.05). 
 
 
 

Table 2. Average feed intakes and feed conversion ratios (FCR) of treated and control group. 
 

Group number Treatment 
Feed intake (g) at  day of age  FCR (g:g) at  day of age 

0-21 22-42 0-42  0-21 22-42 0-42 

1 Control 837.15 3359.80 4196.90  1.55 2.02 ab 1.90 ab 
2 Antibiotic 815.71 3062.70 3878.40  1.57 1.80 bc 1.75 bc 
3 Prebiotic 846.90 3106.90 3953.80  1.59 1.76 c 1.72 c 
4 Organicacid 850.10 3171.40 4021.50  1.65 2.08 a 1.97 a 
SEM  16.218 102.000 104.995  0.046 0.074 0.056 
P-value  NS NS NS  NS * * 

  

SEM: Pooled standard error; means within a column lacking a common superscript differ (P<0.05). NS: Not significant (P> 0.05). 
 
 
 
2) proved that there were no significant differences 
(P>0.05) among experimental groups in average weight 
and weight gain at 21 and 42 days of age. However, at 
the end of the study (42 days) prebiotic and antibiotic fed 
groups both average weight and weight gain were 
insignificantly higher than those of control group. On the 
other hand, group fed with organic acid indexes were 
lower than the control group. The feed intake did not 
show any significant difference among experimental 
groups. FCR from 1 to 21 days was not affected in all 
groups, while in 22-42 days and total period FCR showed 
a significant improvement at P<0.05 in prebiotic group 
compared to control and organic acid group, and in 
antibiotic group compared to organic acid group. Also, in 
these periods feed conversion ratio in organic acid group 
was insignificantly higher than the control group.  
 
 
Histomorphometry  
 
Villi height was only significant (P<0.001) in duodenum 
where usage of antibiotic or prebiotic resulted in the most 
increase in villi height compared to control and organic 
acid groups (Table 3). While, there was no significant 
difference between the other groups. Prebiotic increased 
(P<0.01)  villi  width  of  duodenum  and  ileum  compared 

with other treatments and there was no significant 
difference among other groups. Duodenal Crypts depth 
was the only affected segment in experimental groups. 
Organic acid and antibiotic increased (P<0.01) crypts 
depth of duodenum compared to prebiotic and control 
groups. While, no significant difference could be seen 
between the results of other groups.  
 
 
DISCUSSION 
 
Nowadays, broiler poultry industry tends to use the 
alternative growth promoter to replace antibiotics to avoid 
its adverse effect on public health (Hertrampf 2001;  
Langhout, 2000). Although the available literature does 
not provide us with clear cut result, the previous results of 
growth promoter in diets of broiler were different. 
Therefore our study aims to explore this area, that is, 
demonstration of the effects of dietary addition of 
prebiotic, organic acid and antibiotic as growth promoter 
on broiler’s performance.    

In the present study, there were no significant 
differences (P>0.05) among experimental groups in 
average weight, weight gain and feed intake at 21 and 42 
days of age (Tables 1 and 2).  This result agree with 
those of Oliveira et al. (2008) who showed that addition of 
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Table 3. Major morphometrical and histomorphometrical traits of small intestine of treated and control examined birds at 42 days of age 
(µm). 
 

Group 

number 
Treatment 

Villus  
Crypt depth 

Height Width 
D J I D J I  D J I 

1 Control 1557 b 1260 928 174 b 111 117 b  167 b 165 149 

2 Antibiotic 1903 a 1295 863 173 b 110 128 b  202 a 152 146 
3 Prebiotic 1800 a 1338 988 204 a 117 146 a  179 b 160 155 
4 Organicacid 1545 b 1220 1004 165 b 117 127 b  209 a 164 150 
SEM  60.628 51.014 39.689 7.257 4.293 4.813  8.066 6.418 6.843 
P-valu  *** NS NS ** NS **  ** NS NS 

 

D: Duodenum; j,jejunum, I, ileum. SEM: Pooled standard error; means within a column lacking a common superscript differ (P<0.05). NS: Not 
significant (P> 0.05) *: P<0.05; **: P<0.01; ***: P<0.001. 

 
 
 
prebiotic to the broilers diet was ineffective. Gunal et al. 
(2006) also showed that addition of antibiotic growth 
promoter and organic acid to the diet of broilers did not 
have significant (P>0.05) effect on body weight  and feed 
intake. 

Both average weight and weight gain of prebiotic and 
antibiotic fed groups at the end of the study were 
insignificantly higher than those of control nontreated 
group. These findings can be supported by those of 
Markovic et al. (2009) and Mohamed et al. (2008), who 
demonstrated that prebiotic or antibiotic increased weight 
gain. Baurhoo et al. (2007) reported that while prebiotic 
or antibiotic was added to broiler’s diet, the weight was 
significantly decreased compared with that of control 
group. 

Based on our results, prebiotic had significant (p<0.05) 
effect on improvement of feed conversion ratio in 22-42 
days and total period compared with the control group. 
While, antibiotic or butyric acid had no effect on the feed 
conversion ratio compared with the control group. These 
findings are in agreement with those of Markovic et al. 
(2009) and Taherpour et al. (2009), who reported that 
feed conversion ratio was improved when prebiotic was 
used. While, Baurhoo et al. (2007) and Mohamed et al. 
(2008), showed that prebiotic had no influence on the 
feed conversion ratio of broilers. Our results are also in 
agreement with those of other researchers such as 
Antongiovanni et al. (2007), Baurhoo et al. (2007), Gunal 
et al. (2006), Leeson et al. (2005) and Mohamed et al. 
(2008), who reported that feed conversion ratio remained 
unchanged when antibiotic or organic acid was used. 
However, contrary to our results, Markovic et al. (2009) 
showed that addition of antibiotic to broiler diet decreased 
feed conversion ratio. Taherpour et al. (2009) also 
reported that feed conversion ratio was improved when 
butyric acid was used.  

The lack of compatibility in results of the present study 
with those of others could be due to difference in type 
and concentration of growth promoters, type of intestinal 
microflora, flock health and management.  

Studies have also shown different responses for 
intestinal histomorphometry by dietary additives.  

 In the present study, villi height increased when 
prebiotic or antibiotic was used. This result can be 
supported by those of Markovic et al. (2009), Oliveira et 
al. (2008) and Solis de los Santos et al. (2005), who 
demonstrated that addition of prebiotic or antibiotic to the 
broilers diet increased villi height. But contrary to our 
result, Gunal et al. (2005) and Pelicano et al. (2007) 
showed that addition of antibiotic growth promoter or 
prebiotic to the diet of broilers did not have significant 
effect on villi height. Baurhoo et al. (2007) also reported 
that the villus height in the jejunum was shorter in birds 
given antibiotic growth promoter. 

No difference in villi height was observed between the 
control and organic acid group. This result agrees with 
those of Gunal et al. (2005) and Leeson et al. (2005), 
who demonstrated that addition of organic acid to the 
broilers diet was ineffective on villi height. Antongiovanni 
et al. (2007) reported that when organic acid was added 
to broiler’s diet, the villi height was decreased compared 
with that of control group. 

In the present study, prebiotic increased villi width of 
duodenum and ileum compared with other treatments 
and there was no significant difference (P>0.05) among 
other groups. These findings are in agreement with those 
of Gunal et al. (2005), who did not find any differences in 
villi width between the control group and groups fed 
antibiotic and organic acid. Marković et al. (2009) also 
showed that using prebiotic in the diet of broilers 
increased width of intestinal villi, but contrary to our 
results, antibiotic growth promoter increased villi width.   
In the current study, the duodenal crypt depth was 
increased by antibiotic or organic acid compared with 
prebiotic and control groups and there was no significant 
difference (P>0.05) between the other groups. In 
agreement with our results, Baurhoo et al. (2007) showed 
that prebiotic had no influence on the crypt depth of 
broilers’ intestine. However, these results disagree with 
those of Leeson et al. (2005), who reported  that  addition  
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of antibiotic growth promoter to the broilers diet 
decreased depth of crypts and organic acid was 
ineffective. Marković et al. (2009) also showed that using 
prebiotic in the diet of broilers decreased depth of crypts. 

Length and width of intestinal villi are of 
histomorphometrical indices and any increase in the 
values ends up increasing the absorptive surface of 
intestine (Marković et al., 2009; Pelicano et al., 2007). 
Extensive proliferation of intestinal bacteria in the chicks 
fed with diets lacking effective growth promoters on 
microbial population could lead to destruction of intestinal 
mucosa and explain reduction in dimensions of villi 
(Marković et al., 2009; Oliveira et al., 2008). On the other 
hand, growth promoters such as prebiotics reduce 
pathogenic bacterial population through rise in useful 
intestinal microflora (Lactobacilli and Bifidobacteria), 
increasing production of fatty acids and reduction in 
intestinal pH. Therefore, healthy intestinal tissue and 
growth are achieved (Oliveira et al., 2008; Sandikci et al., 
2004).  

Regarding maintenance of healthy intestinal tissue, 
antibiotics may be less effective than prebiotics because 
antibiotics decrease population of both useful and 
pathogenic bacteria (Baurhoo et al., 2007). In the present 
study the prebiotic increased villi height in duodenum and 
villi width in both duodenum and ileum. However, 
antibiotic increased villi height only in duodenum.  

Intestinal epithelial cells are changed constantly and 
compensate villi cell loss through proliferation and 
maturation inside crypts and upward migration. Crypts 
depth is correlated to cell replacement rate and increase 
in crypts depth indicates the need for enterocyte 
replacement and higher tissue turnover (Marković et al., 
2009; Oliveira et al., 2008). Such a need could be 
because of increase in dimensions of villi or maintenance 
of the dimension as a result of increased destruction. In 
the present study increased depth of the duodenal crypts 
in the antibiotic group could be explained by increased 
height of duodenal villi and also effects of the antibiotic 
on reduction of useful intestinal microflora and 
subsequent need for intestinal cells turnover. On the 
other hand, increase in the population of useful intestinal 
microflora provides better conditions for longer enterocyte 
life and reduces the tissue turnover (Marković et al., 
2009). Hence, depth of the crypts remains unchanged or 
decreases. Increased replacement of enterocytes 
requires more energy and protein that limits growth and 
the development of other tissues. Thus, decrease in 
depth of crypts leads to reduction in the need for 
replacement of enterocytes and subsequently increases 
growth rate of the chick (Marković et al., 2009). In the 
present study decreased depth of crypts in the prebiotic  
group is more considerable than that of antibiotic and 
organic acid groups. The effect of butyric acid to increase 
depth of crypts along with no effect on the dimensions of 
villi may be due to the fact that butyric acid could not 
selectively increase useful intestinal microflora  compared  

 
 
 
 
to the prebiotic. The results of other works have 
demonstrated that organic acid did not have positive 
effect on performance of broilers and in some cases the 
effects were negative (Cave, 1984; Gunal et al., 2006; 
Patten and Waldroup, 1988). The results of growth 
performance in our study also showed that improved feed 
conversion ratio was observed only in prebiotic group and 
butyric acid did not affect performance.  
 
 
Conclusion 
 
Regarding our results, it can be concluded that prebiotic 
could be considered as a suitable alternative for antibiotic 
as a growth promoter through increasing absorption area 
and improving growth performance. However, butyric 
acid could not perform as growth promoter.   
 
 
ACKNOWLEDGMENTS 
 

This manuscript is obtained from DVSc thesis of Reza 
Sayrafi at Urmia University, Urmia, Iran. We would like to 
express thanks for support provided by the Urmia 
University, Urmia, Iran. 
 
 
REFERENCES 
 
Antongiovanni M, Buccioni A, Petacchi F, Leeson S, Minieri S, Martini 

A, Cecchi R (2007). Butyric acid glycerides in the diet of broiler 
chickens: effects on gut histology and carcass composition. Ital. J. 
Anim. Sci., 6: 19-25. 

Baurhoo B, Phillip L, Ruiz-Feria CA (2007). Effect of purified lignin and 
mannanoligosaccharides on intestinal integrity and microbial 
populations in the ceca and litter of broiler chickens. Poult. Sci., 86: 
1070-1078. 

Cave NAG (1984). Effect of dietary propionic acids on feed intake in 
chicks. Poult. Sci., 63: 131-134. 

Cervantes H (2006). Banning antibiotic growth promoters: Learning 
from the European experience. Poult. Int., 45: 14-15. 

Friedman A, Bar-Shira E (2005). Effect of nutrition on development of 
immune competence in chickens gut associated lymphoid system. In: 
Proc. 15th Eur. Symp. on Poult. Nut. WPSA. Balatonfüred, Hungary, 
pp. 234-242. 

Fuller R (1989). Probiotics in man and animals: A review. J. Appl. 
Bacteriol., 66: 365-387. 

Gibson GR, Roberfroid MB (1995). Dietary modulation of the human 
colonic microbiota: introducing the concept of prebiotics. J. Clin. 
Nutr., 125: 1401-1412. 

 Gunal M, Yayli G, Kaya O, Karahan N, Sulak O (2006). The effect of 
antibiotic growth promoter, probiotic or organic acid supplementation 
on performance, intestinal microflora and tissue of broilers. Int. J. 
Poult. Sci., 5: 149-155. 

Hertrampf JW (2001). Alternative antibacterial performance promoters. 
Poult. Int., 40: 50-52. 

Hooge DM (2004). Meta-analysis of broiler chicken pen trials evaluating 
dietary mannanoligosaccharides, 1993-2003. Int. J. Poult. Sci., 3: 
163-174. 

Jin LZ, Ho YW, Abdullah N, Ali MA, Jalaluddin S (1998). Effects of 
adherent Lactobacillus cultures on growth, weight of organs and 
intestinal microflora and volatile fatty acids in broilers. Anim. Feed 
Sci. Tech., 70: 197-209. 

Langhout P (2000). New additives for broiler chickens. World Poult., 16: 
22-27. 



 
 
 
 
Leeson S, Namkung H, Antongiovanni M, Lee EH (2005). Effect of 

butyric acid on the performance and carcass yield of broiler chickens. 
Poult. Sci., 84: 1418-1422. 

Luna LG (1968). Manual of histologic staining methods of the armed 
forces institute of pathology. 3rd Edn. McGrow-Hill, New York, USA.  

Marković R, Šefer D, Krstić M, Petrujkić B (2009). Effect of different 
growth promoters on broiler performance and gut morphology. Arch. 
Med. Vet., 41: 163-169. 

Michard J (2008). Seeking new broiler growth promoters. Poult. Int., 47: 
28-30. 

Mohamed MA, Hassan HMA, El-Barkouky EMA (2008). Effect of 
mannanoligosaccharide on performance and carcass characteristics 
of broiler chicks. J. Agri. Soc. Sci., 4: 13-17. 

NRC (1994). Nutrient Requirements of Poultry. Natl. Acad. Press, 
Washington DC, USA. 

Oliveira MC, Rodrigues EA, Marques RH, Gravena RA, Guandolini GC, 
Moraes VMB (2008). Performance and morphology of intestinal 
mucosa of broilers fed mannan-oligosaccharides and enzymes. Arq. 
Bras. Med. Vet. Zootec., 60: 442-448. 

Patten JD, Waldroup PW (1988). Use of organic acids in broiler diets. 
Poult. Sci., 67: 1178-1182. 

Pelicano ERL, Souza PA, Souza HBA, Figueiredo DF, Amaral CMC 
(2007). Morphometry and Ultra-structure of the Intestinal Mucosa of 
Broilers Fed Different Additives. Braz. J. Poult. Sci., 9: 173-180. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sayrafi et al.    2799 
 
 
 
Rezaian M, Yaghoobfar A, Barin J (2007). Effects of pellet and mesh 

diets on the activity of the microflora and morphology of the small 
intestine of broiler chicks. J. Anim. Vet. Adv., 6: 723-727. 

SAS (1996). SAS® User’s Guide: Statistics. SAS Institute Inc. Cary, NC. 
Sandikci M, Eren U, Onol AG, Kum S (2004). The effect of heat stress 

and the use of Saccharomyces cerevisiae or (and) bacitracun zinc 
against heat stress on the intestinal mucosa in quails. Revue. Med. 
Vet., 155: 552-556. 

Smith DL, Johnson JA, Harris AD, Furuno JP, Perencevich EN, Morris 
JG (2003). Assessing risks for a pre-emergent pathogen: 
Virginiamycin use and the emergence of streptogramin resistance in 
Enterococcus faecium. Lancet Infect. Dis., 3: 241-249. 

Solis de los Santos F, Farnell MB, Tellez G, Balog JM, Anthony NB, 
Torres-Rodriguez A, Higgins S, Hargis BM, Donoghue AM (2005). 
Effect of prebiotic on gut development and ascites incidence of 
broilers reared in a hypoxic environment. Poult. Sci., 84: 1092-1100. 

Taherpour K, Moravej H, Shivazad M, Adibmoradi M , Yakhchali B 
(2009). Effects of dietary probiotic, prebiotic and butyric acid 
glycerides on performance and serum composition in broiler 
chickens. Afr. J. Biotechnol., 8: 2329-2334. 

 


