
Summary
This study was carried out to determine the effects of dietary yeast cell wall supplementation on growth performance, carcass traits, 

antibody production to sheep red blood cells (SRBC) and histopathological changes in broilers. A total of 272 Ross 308 male broiler chicks 
aged one day were allocated into one control group and three treatment groups each containing 68 chicks. A basal diet was supplemented 
with 0, 1, 2 and 3 g/kg yeast cell wall (InteMos) to obtain dietary treatments. The experimental period lasted 6 weeks. Dietary yeast cell wall 
increased body weight gain during the first three weeks (P<0.001). Feed conversion during the first three weeks (P<0.001) and during the 
overall experimental period (P<0.01) were improved with the dietary supplementation of yeast cell wall. No differences were observed in 
feed intake, carcass yield and the relative weights of gizzard, liver and heart. Yeast cell wall supplementation decreased the relative weight 
of abdominal fat (P<0.05) and increased antibody titres to SRBC (P<0.01) in broilers. Control and treatment groups had similar histological 
grade; hepatic lobular inflammation, steatosis and cell ballooning scores and, cardiac steatosis. It is concluded that yeast cell wall was an 
effective feed additive in broiler feeding due to the increased growth performance, increased humoral immune response and the reduction 
in abdominal fat.
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Broyler Karma Yemlerine Maya Hücre Duvarı İlavesinin 
Performans, Karkas Özellikleri, Antikor Üretimi ve 

Histopatolojik Değişiklikler Üzerine Etkileri

Özet
Bu araştırma broyler karma yemlerine maya hücre duvarı ilavesinin büyüme performansı, karkas özellikleri, koyun eritrositine karşı antikor 

üretimi (SRBC) ve histopatolojik değişiklikler üzerine etkilerini belirlemek amacıyla yapılmıştır. Toplam 272 adet günlük Ross 308 erkek broyler 
civciv her biri 68 adet içeren bir kontrol ve üç deneme grubuna ayrılmıştır. Bazal karma yeme 0, 1, 2 ve 3 g/kg düzeyinde maya hücre duvarı 
(InteMos) ilave edilerek deneme karma yemleri oluşturulmuştur. Deneme 6 hafta sürdürülmüştür. Karma yeme maya hücre duvarı ilavesi 
ilk üç haftada canlı ağırlık kazancını artırmıştır (P<0.001). Denemenin ilk üç haftası (P<0.001) ve deneme süresince (P<0.01) yem dönüşüm 
oranı maya hücre duvarı ilavesi ile olumlu yönde etkilenmiştir. Yem tüketimi, karkas randımanı ile relatif taşlık, karaciğer ve kalp ağırlıkları 
bakımından gruplar arasında farklılık gözlenmemiştir. Maya hücre duvarı ilavesi broylerlerde relatif abdominal yağ ağırlığını azaltmış (P<0.05) 
ve SRBC’ye karşı antikor titresini  (P<0.01) artırmıştır. Kontrol ve deneme gruplarında hepatik lobüler inflamasyon, yağlanma ve hücre 
balonlaşma skorları ile kalp yağlanma oranlarını içeren histolojik skorlamalar benzer bulunmuştur. Sonuç olarak, büyüme performansındaki 
artış, humoral immun cevaptaki artış ve abdominal yağdaki azalmadan dolayı maya hücre duvarı etkili bir yem katkı maddesidir.
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INTRODUCTION

Yeast cell walls have been used increasingly in poultry 
diets as a feed additive after the ban on the use of antibiotic 
growth promoters in the EU [1]. Yeast cell walls contain 
prebiotic oligosaccharides such as fructooligosaccharides, 
mannanoligosaccharides and β-glucans that beneficially 
affect gut health [2,3] and modulate immunity [4,5]. Dietary β- 
1,3/1,6-glucan, derived from yeast (Saccharomyces cerevisiae) 
cell walls, increases performance by improving average 
daily gain, reducing the feed/weight gain ratio and 
enhancing immunological response [6]. 

Reisinger et al.[7] observed that the yeast derivative 
(contains 0.017% mannan and 0.025% glucan) when fed 
at 0.1% of the diet positively influenced the final body 
weight, the daily body weight gain, feed conversion ratio 
and jejunum goblet cell density and reduced the number 
of apoptotic enterocytes. They [7] concluded that increased 
goblet cell density might have protected the broilers 
against primary infections and this could have been 
a reason for the improved performance. Chae et al.[8] 
reported that dietary levels of β-glucan (derived from 
Saccharomyces cerevisiae) at  0.02% and 0.04% improved 
weight gain, nutrient retention and immunity in broilers. 
However the feed conversion ratio was not improved 
with β-glucan supplementation [8]. Reports on the effects 
of yeast cell wall as prebiotics on the gut pH, antibody titer 
to SRBC and histopathological changes in broilers are lacking.  
Therefore the present study was designed to determine the 
effects of dietary yeast (Saccharomyces cerevisiae) cell wall 
on performance, carcass characteristics, humoral immune 
response and histopathological changes in broilers.       

 

MATERIAL and METHODS

Animals and Diets

A total of 272 Ross 308 male broiler chicks aged one 
day were randomly assigned to one control group and 
three treatment groups each containing four replicate 
groups of 17 chicks. Chicks of each replicate groups were 
placed in separate floor pen measured as 170 x 94 x 90 cm, 
width x length x height, respectively. Each pen had wood 
shavings litter, two nipples and one hanging suspended 
feeder. Feed in mash form and water were provided ad 
libitum during 42 days. Continuous lighting was applied 
during the whole experiment. Average room temperature 
was 32±2°C on the first week and then gradually lowered  
to average 24-26°C and this temperature was maintained 
up to slaughter age. All animal use protocols were in 
accordance with the Directive 2010/63/EU of the European 
Parliament and the Council of September 22, 2010 on the 
protection of animals used for scientific purposes [9]. 

Basal diets were supplemented with the yeast cell wall 
derived from bakers yeast, Saccharomyces cerevisiae (InteMos, 

NCYC R 625, Integro Food and Feed Manufacturing 
Company, İstanbul, Turkey) at the level of 1, 2 and 3 g/kg  
for the diets of the first, second and third treatment groups, 
respectively. Yeast cell wall had 227.2 g/kg crude protein, 
37.4 g/kg ether extract, 4.3 g/kg crude fibre, 64 g/kg crude 
ash, 7.39 g/kg calcium and 5.91 g/kg phosphorus. The 
basal diet was formulated according to the commercial 
management guide (Ross 308 Broiler). The ingredients  
and chemical composition of the basal diet are presented 
in Table 1. 

Measurements, Sample Collection and 
Laboratory Analysis

Moisture, crude ash, crude fibre, ether extract and crude 
protein contents of basal diet was determined according to 
the AOAC [10]. The samples were ashed in a muffle furnace 
prior to the analysis of calcium and total phosphorus [11,12]. 
Metabolizable energy levels of samples were estimated 
using the Carpenter and Clegg’s equation [13].

Chicks were weighed individually at the beginning of 
the experimental period and weekly for calculating body 
weight gains. The birds were observed daily for evaluating 
mortality. Feed consumption was recorded weekly and 

Table 1. Ingredients and chemical composition of the basal diets 

Tablo 1. Bazal karma yemlerin yapısı ve kimyasal bileşimi

Ingredients 
(g/kg)

Starter Diet
1-14 days

Grower Diet
15-28 days

Finisher Diet
29-42 days

Corn 490.5 544.5 544.5

Soybean meal 240.0 190.0 160.0

Full fat soya 165.0 165.0 195.0

Meat and bone meal 40.0 40.0 40.0

Sunflower oil 30.0 26.0 26.0

Limestone 15.0 15.0 15.0

Dicalcium phosphate 12.0 12.0 12.0

Salt 2.5 2.5 2.5

DL-Methionine 2.0 2.0 2.0

Lysine 0.5 0.5 0.5

Vitamin mineral premix1 2.5 2.5 2.5

Chemical composition (Analyzed)

Metabolizable energy2

(MJ/kg) 13.15 13.28 13.46

Crude protein (g/kg) 223.0 205.0 202.8

Calcium (g/kg) 14.2 14.1 14.1

Total phosphorus (g/kg) 8.2 8.0 8.0
1 Supplied the following per kilogram of diet: 12.000 IU vitamin A, 2.400 
IU vitamin D3, 30 mg vitamin E, 2.5 mg vitamin K3, 2.5 mg vitamin B1, 
6 mg vitamin B2, 4 mg vitamin B6, 20 mg vitamin B12, 25 mg niacin, 8 mg 
calcium-D-panthotenate, 1 mg folic acid, 50 mg vitamin C, 50 mg D-biotin, 
80 mg Mn, 60 mg Zn, 60 mg Fe, 5 mg Cu, 1 mg I, 0.5 mg Co, 0.15 mg Se; 
2 Metabolizable energy content of diets was estimated according to the 
equation of Carpenter and Clegg [11]
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expressed as g per bird per week and the feed conversion 
ratio was calculated as kg feed per kg body weight gain. 

To collect excreta, broilers in each replicate were put 
on cleaned plastic sheet in a separate pen during 5-10 
min at day 40. Then excreta samples of each replicate pen 
were collected and mixed. The samples were dried in an 
air-forced oven at 60°C until reaching constant weight, 
and then the moisture content of samples was determined 
according to the AOAC [10]. 

At day 36, 20 broilers from each diet group (5 from 
each replicate) were randomly selected from each pen 
and injected with 0.1 ml of 0.25% suspension of sheep 
erythrocytes (SRBC, provided from a healthy male sheep) 
in phosphate buffer saline. Circulating anti-SRBC antibody 
titers were determined by the microhemagglutination 
technique from samples taken at 5 days after the 
immunization. All titers were expressed as the log2 of the 
reciprocal of the serum dilution [14].

Blood samples were collected from vena brachialis 
under the wing from 20 fed broilers randomly chosen 
from each group (five from each replicate) at day 41 and 
centrifuged at 3.220 x g for 8 min. Serum was collected and 
stored at -20°C for determination of total protein, albumin, 
uric acid, triglyceride, cholesterol, and levels of aspartate 
amino transferase (AST) and alanine amino transferase 
(ALT) by an autoanalyser (Product code 680-2153, Vitros 
350; Johnson-Johnson Company, New York, USA) using 
their accompanying commercial kits (Vitros Chemistry 
Products, Ortho-Clinical Diagnostics; Johnson-Johnson 
Company). 

At the end of the experiment (on day 42) 16 broilers 
from each group (4 from each replicate) were weighed 
and slaughtered by severing the jugular vein. Their 
gastrointestinal tracts were excised. Hot carcasses were 
weighed to determine the carcass yield. Absolute and 
relative weights of abdominal fat, liver, heart, gizzard, 
spleen and bursa of Fabricius were determined. Duodenal, 
jejunal, ileal and caecal digesta contents were pooled 
and homogenized. pH values of digesta contents were 
measured immediately by pH meter (Selecta pH meter, pH 
2004, J.P. Selecta, Barcelona). 

For histopathological analysis, half of the liver and 
heart samples were frozen in -80°C in liquid nitrogen and 
cut at 5 µm and stained with haematoxylin and eosin  
and oil-red (-O) stain. The other halves were fixed in 10% 
neutral buffered formalin solution and embedded in paraffin 
wax and cut 5 µm and stained with haematoxylin and 
eosin and trichrome stains. Histopathological examination 
was carried out by independent investigators blinded 
to treatment groups using light microscopy in 30 high-
power fields per sample with a magnification of 200x.  
Histopathological features of hepatic steatosis were evaluated 
using a semiquantitative, histopathology scoring adapted 

from the recently accepted AASLD criteria for steatosis 
staging, and then scored for steatosis, lobular inflammation, 
and hepatocyte ballooning using the NAFLD activity score [15].  

Statistical Analysis

Statistical analysis were done using SPSS program 
(SPSS Inc., Chicago, IL, USA). The experimental unit was 
the cage (n = 4). The normality of data distribution was 
checked using the Kolmogorov-Smirnov test. Values 
were reported as means ± SEM. The significance of mean 
differences among groups was tested by Duncan [16]. Level  
of significance of P<0.05 was used.

RESULTS

The effects of dietary yeast cell wall on growth 
performance and excreta moisture are shown in Table 2. 
Supplementing diets with yeast cell wall increased the 
weight gains during the starter period (P<0.001) in broilers. 
Dietary treatments did not significantly affect feed intake. 
Feed conversion during the starter period (P<0.001) and 
during the whole period (P<0.05) was improved by yeast  
cell wall supplementation. During the experimental period,  
2 (2.9%), 1 (1.5%), 2 (2.9%) and 1 (1.5%) broilers died in the 
control group and groups fed with diets containing yeast  
cell wall at the level of 1, 2 and 3 g/kg, respectively. Dietary 
yeast cell wall supplementation had no effect on excreta 
moisture.

The effects o f d ietary y east c ell w all o n a nti-SRBC t iter 
and blood serum parameters in broilers are shown 
in Table 3. Dietary yeast cell wall supplementation 
increased antibody titers to SRBC (P<0.01), increased 
serum protein concentration (P<0.05) and decreased 
total cholesterol and triglyceride concentrations 
(P<0.001). No differences were observed in serum 
albumin, uric acid, ALT and AST among groups.  

Carcass yield and the relative weights of gizzard, liver, 
heart, spleen and bursa of Fabricius were not affected by 
the yeast cell wall supplementation (Table 4). However 
the relative weight of abdominal fat was decreased with 
dietary yeast cell wall. Intestinal pH (Table 4) tended to be 
decreased in broilers supplemented with yeast cell wall 
and the jejunal pH and ileal pH was significantly lower 
than that of the control group (P<0.05).

No significant differences were seen in histological grade; 
hepatic lobular inflammation, steatosis and cell ballooning 
scores and cardiac steatosis among groups (Table 5).

DISCUSSION

Dietary yeast cell wall supplementation increased the 
weight gains during the starter period (P<0.001) in broilers. 
Total live weight gain and weight gain during the grower 

YALÇIN, YALÇIN, ESER
ŞAHİN, YALÇIN, GÜÇER
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period tended to be increased in broilers supplemented 
with yeast cell wall but differences with not supplemented 
group were not statistically significant. Dietary yeast cell 
wall supplementation improved feed conversion during 
the starter period (P<0.001) and during the whole period 
(P<0.05) however had no effect on feed intake. This 
improvement in yeast cell wall supplemented groups might 
be due to the improvement of the intestinal lumen health 
and thereby increasing the absorption and utilization of 
the dietary nutrients [17,18]. Zhang et al.[19] reported that the 
live weight gains by yeast cell wall fed broilers were greater 
than those of the control broilers from 4 to 5 weeks of age  
and from 0 to 5 weeks of age. Live weight gain [20,21], feed 
intake [19,20] and feed conversion [21] were not affected by 

using yeast cell wall in some studies. The differences in 
animal response may be related to the differences in  
the type and dose of yeast cell wall and diet composition.  
In the present study 2 (2.9%), 1 (1.5%), 2 (2.9%) and 1 
(1.5%) broilers died in the control group and groups fed 
with diets containing yeast cell wall at the level of 1, 2 
and 3 g/kg, respectively during 42 days. Similarly some 
researchers [7,20,22] reported that dietary supplementation of 
yeast cell wall had no effect on mortality. Dietary yeast cell 
wall supplementation did not significantly affect excreta 
moisture, as previously reported with yeast in broilers [23]. 

Antibody responses have been used as measures of 
the humoral immune status of poultry [24]. As shown in  

Table 2. The effects of dietary supplementation of yeast cell wall on growth performance and excreta moisture in broilers 

Tablo 2. Karma yemlere maya hücre duvarı ilavesinin broylerlerde büyüme performansı ve dışkı nemi üzerine etkileri

Items
Yeast Cell Wall (g/kg)

SEM P-value
0 1 2 3

Live weight gain (g)

1-21 days 838b 879a 880a 893a 6 <0.001

22-42 days 1831 1895 1896 1900 16 0.375

1-42 days 2669 2775 2776 2793 19 0.059

Feed intake (g)

1-21 days 1080 1074 1071 1079 2 0.253

22-42 days 3436 3428 3400 3414 8 0.428

1-42 days 4516 4501 4471 4492 8 0.268

Feed conversion ratio (g/g)

1-21 days 1.29a 1.22b 1.22b 1.21b 0.01 <0.001

22-42 days 1.88 1.81 1.79 1.80 0.02 0.219

1-42 days 1.69a 1.62b 1.61b 1.61b 0.01 0.030

Excreta moisture (g/kg) 797.0 803.6 804.2 803.8 1.3 0.149

a-b Means with different superscript in the same row are different at P<0.05 in instances with significant interaction; n = 4

Table 3. The effects of dietary supplementation of yeast cell wall on anti-SRBC titers and blood serum parameters in broiler

Tablo 3. Karma yemlere maya hücre duvarı ilavesinin broylerlerde SRBC’ye karşı antikor düzeyi ve kan serum parametreleri üzerine etkileri

Items
Yeast Cell Wall (g/kg)

SEM P-value
0 1 2 3

Anti SRBC titer (log2) 5.20b 5.95a 6.10a 6.10a 0.11 0.004

Total protein (g/L) 30.3b 32.6ab 34.0a 33.3a 0.5 0.026

Albumin (g/L) 13.5 13.7 13.8 14.0 0.1 0.585

Uric acid (mg/L) 56.7 56.9 57.3 56.6 0.8 0.995

Total cholesterol (g/L) 1.26a 1.16b 1.08c 1.10c 0.01 <0.001

Triglyceride (g/L) 1.29a 1.14b 0.96c 0.94c 0.02 <0.001

ALT (U/L) 14.6 14.1 14.8 13.9 0.3 0.637

AST (U/L) 226 221 225 235 3 0.344

a-b Means with different superscript in the same row are different at P<0.05 in instances with significant interaction; n = 20
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Table 3, dietary yeast cell wall supplementation increased 
antibody titers to SRBC (P<0.01). This might be due to the 
glucans and the mannans present in the yeast cell wall on  
the immune system [4,5,25]. It can be assumed that prebiotics 
would bind to macrophage reception sites by recognizing 
spesific sugars found in glucoproteins of the epithelial 
surface, triggering a cascading reaction that would 
eventually activate macrophages and release cytokines, 

thereby activating the acquired immune response [26,27]. 
Higher antibody responses in broiler breeders fed MOS were 
observed in the study of Shashidhara and Devegowda [5]. 
Chae et al.[8] showed that CD8 and TCR I cells were higher in  
the 0.04% β-glucan supplemented diet as compared with 
non-added diets. Similarly, Yalçın et al.[23] also reported 
greater antibody titre in broilers fed diets containing 1, 2,  
3 or 4 g/kg of yeast autolysate. 

YALÇIN, YALÇIN, ESER
ŞAHİN, YALÇIN, GÜÇER

Table 5.  The effects of dietary supplementation of yeast cell wall on cardiac and hepatic histopathology in broilers

Tablo 5. Karma yemlere maya hücre duvarı ilavesinin broylerlerde kalp ve karaciğer histopatolojisi üzerine etkileri

Items Grade
Yeast Cell Wall (g/kg)

P-value
0 1 2 3

Cardiac steatosis(%)

0 75.0 87.5 100.0 93.8

0.2181 18.8 12.5 0 0

2 6.3 0 0 6.3

Hepatic histopathology (%)

Histological grade (%)

0 81.3 81.3 68.8 62.5

0.5991 18.8 18.8 31.3 31.3

2 0 0 0 6.3

Hepatic steatosis (%)

0 81.3 93.8 100.0 87.5

0.500
1 12.5 6.3 0 6.3

2 0 0 0 6.3

3 6.3 0 0 0

Cell ballooning (%)
0 81.3 93.8 87.5 87.5

0.767
1 18.8 6.3 12.5 12.5

Lobular inflammation (%)

0 0 18.8 25.0 25.0

0.4441 81.3 62.5 50.0 62.5

2 18.8 18.8 25.0 12.5

Table 4. The effects of dietary supplementation of yeast cell wall on carcass yield, relative organ weights and intestinal pH in broilers

Tablo 4. Karma yemlere maya hücre duvarı ilavesinin broylerlerde karkas randımanı, relatif organ ağırlıkları ve bağırsak pH’sı üzerine etkileri

Items
Yeast Cell Wall (g/kg)

SEM P-value
0 1 2 3

Carcass yield (%) 72.7 72.8 72.8 72.9 0.2 0.983

Gizzard (%) 1.33 1.33 1.34 1.32 0.02 0.960

Heart (%) 0.52 0.52 0.53 0.51 0.01 0.743

Liver (%) 1.91 1.89 1.92 1.88 0.02 0.792

Spleen (%) 0.11 0.10 0.11 0.11 0.01 0.261

Bursa Fabricius (%) 0.17 0.18 0.18 0.19 0.01 0.796

Abdominal Fat (%) 1.49a 1.33b 1.33b 1.27b 0.03 0.024

Duodenum pH 5.64 5.58 5.52 5.55 0.04 0.723

Jejunum pH 5.63a 5.54ab 5.46b 5.43b 0.03 0.048

İleum pH 6.52a 6.30b 6.32b 6.29b 0.03 0.041

Caecum pH 6.50 6.37 6.40 6.44 0.04 0.672

a-b Means with different superscript in the same row are different at P<0.05 in instances with significant interaction; n = 16
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Blood serum biochemical parameters may provide 
useful information about the evaluation of the health 
status of broilers. Dietary yeast cell wall supplementation 
increased serum protein concentration (P<0.05) and 
decreased total cholesterol and triglyceride concentrations 
(P<0.001). Increased serum total protein in broilers fed 
diets supplemented with yeast cell wall may reflect a more 
intensive metabolism of the proteins and effective protein 
utilization in the broiler metabolism. This situation may 
also be explained by increasing weight gain. Similarly some 
researchers observed that serum total cholesterol and tri-
glyceride concentrations were reduced by dietary MOS [28] 
or yeast autolysate [29]. Krasowska et al.[30] reported that 
Saccharomyces strains are able to remove cholesterol from 
the growth medium and that baker’s yeast Saccharomyces 
cerevisiae seems to be the perfect organism for lowering 
cholesterol in the gastrointestinal tract. Nicolosi et al.[31] 
also indicated that yeast derived β-glucan lowered total 
cholesterol concentrations in hypercholesterolaemic men. 
However these results contradict the findings of Konca 
et al.[32] who reported that dietary MOS supplementation 
did not affect serum cholesterol and total protein 
concentration in turkeys. In the present study dietary 
supplementation of yeast cell wall had no effect on serum 
albumin, uric acid, ALT and AST. Yalçın et al.[23] also showed 
that serum uric acid, ALT and AST levels were not affected 
from dietary yeast autolysate.  

No significant differences in the carcass yield and the 
relative weights of gizzard, liver, heart, spleen and bursa of 
Fabricius were observed among groups (Table 4). However 
the relative weight of abdominal fat was significantly lower 
(P<0.05) in broilers fed with diets containing yeast cell wall 
than in birds fed with the control diet. This result shows a 
change in energy partitioning. It might be that the extra 
energy that was not being stored by the broilers fed yeast  
cell wall supplemented diets was being used to up regulate 
the immune system and increase the titer response to 
SRBC. In agreement with previous reports yeast cell wall 
or yeast cell wall ingredients had no significant effect on 
gizzard weight [21], relative weight of spleen and bursa of 
Fabricius [20]. The results of present study contradict the 
findings of previous work by Guo et al.[33] in which dietary 
supplementation of yeast β-glucan resulted in increased 
relative spleen and bursa weights. Corduk et al.[34] reported 
that MOS supplementation did not significantly affect 
carcass yield and the relative weights of abdominal fat  
and gizzard.   

Intestinal pH tended to be decreased in broilers 
supplemented with yeast cell wall and the jejunal pH and 
ileal pH was significantly lower than that of the control 
group (P<0.05) as shown in Table 4. Low pH of the digesta 
of broilers fed yeast cell wall could improve utilization 
of the diets as reported in the study of Afsharmanesh et 
al.[35]. In contrast to the present study, some researchers  
observed that MOS supplementation did not affect [36] or 

increased [37] ileal pH. According to the findings of some 
studies, pH of duodenal contents [32,38] and pH of ileal and 
caecal contents [38-40] were unaffected by dietary MOS 
supplementation. The difference among the studies may 
be due to the diet composition, diet type, age of birds and 
method of pH measurement. 

During the growth of broiler chickens by intensive 
feeding, some health problems occur, mainly limb defects, 
sudden death syndrome, or excessive fat deposition [41]. 
Maxwell et al.[42] reported that feed overconsumption in 
chicken results in fat deposition throughout the body, 
which leads to coronary and hepatic steatosis in chickens. 
In the present study control and treatment groups had 
similar histological grade; hepatic lobular inflammation, 
steatosis and cell ballooning scores and cardiac steatosis  
as shown in Table 5. However, these results do not exclude 
the possibility that yeast cell wall supplementation may 
be beneficial in other circumstances. In the previous 
study of Yalçın et al.[43] the dietary probiotic (Primalac 454;  
Lactobacillus acidophilus, Lactobacillus casei, Enterococcus 
faecium and Bifidobacterium thermophilus) supplementation 
(at the dose of 0.05%) have significantly alleviated the 
development of a non-alcoholic fatty liver disease induced 
by dietary protein restriction.  

The differences between the results of present study 
and those of previous reports may be the species, age, 
and sex of the birds, dietary nutrient composition, type, 
dose and composition of yeast cell wall or environmental 
conditions. 

The results of this study indicate that dietary yeast  
cell wall at the level of 1, 2 and 3 g/kg improved body 
weight and feed efficiency, decreased abdominal fat 
and increased humoral immune response. Therefore it is 
concluded that yeast cell wall derived from bakers yeast 
(InteMos) was  an effective and beneficial feed additive 
in broiler feeding. 

Acknowledgements

The authors wish to thank Integro Food and Feed 
Manufacturing Company (İstanbul, Turkey) for supporting 
this study and Beypiliç for supplying chicks (Bolu, Turkey).

 
REFERENCES

1. Castanon JIR: History of use of antibiotics as growth promoters in 
European poultry feeds. Poultry Sci, 86, 2466-2471, 2007. 

2. Ferket PR: Alternatives to antibiotics in poultry production: Responses, 
practical experience and recommendations. Nutritional biotechnology 
in the feed and food industries. Proceedings of Alltech’s 20th Annual 
Symposium, 23-26 May 2004, Kentucky, USA, pp.56-57, 2004.

3. Rahbar MG, Farhoomand P, Kamyab A: The effect of different 
concentrations of Peganum harmala seeds with or without a yeast cell 
wall product on the live performance, intestinal histomorphology, and 
weights of visceral organs of broiler chickens. J Appl Poult Res, 20, 454-
462, 2011.  



763

4. Gao J, Zhang HJ, Yu SH, Wu SG, Yoon I, Quigley J, Gao YP, Qi GH: 
Effects of yeast  culture in broiler diets on performance and immuno-
modulatory functions. Poultry Sci, 87, 1377-1384, 2008.

5. Shashidhara RG, Devegowda G: Effect of dietary mannan oligo-
saccharide on broiler breeder production traits and immunity. Poultry  
Sci, 82, 1319-1325, 2003. 

6. Zhang B, Guo YM, Wang Z: The modulating effect of β-1, 3/1, 6-glucan 
supplementation in the diet on performance and immunological 
responses of broiler chickens. Asian-Aust J Anim Sci, 21, 237-244, 2008.

7. Reisinger N, Ganner A, Masching S, Schatzmayr G, Applegate TJ: 
Efficacy of a yeast derivative on broiler performance, intestinal morphology 
and blood profile. Livestock Sci, 143, 195-200, 2012. 

8. Chae BJ, Lohakare JD, Moon WK, Lee SL, Park YH, Hahn TW: 
Effects of supplementation of β-glucan on the growth performance  
and immunity in broilers. Res Vet Sci, 80, 291-298, 2006.    

9. European Union Directive: Directive 2010/63/EU of the European 
Parliament and of the Council of 22 September 2010 on the Protection  
of Animals Used for Scientific Purposes. Official J Europ Union, 20.10.2010. 
276/33-79, 2010.

10. AOAC: Official Methods of Analysis of AOAC International. 17th 
ed., Association of Official Analytical Chemists, AOAC International, 
Gaithersburg, MD, 2000.

11. ADAS: The Analysis of Agricultural Materials. Ministry of Agriculture, 
Fisheries and Food, Agricultural Development and Advisory Service.  
2nd ed., Her Majesty’s Stationery Office, London, 1981. 

12. Farese G, Schmidt JL, Mager M: An automated method for the 
determination of serum calcium with glyoxal bis (2-hydroxyanil). Clinical 
Chem, 13, 515-520, 1967. 

13. Carpenter KJ, Clegg KM: The metabolizable energy of poultry 
feedingstuffs in relation to their chemical composition. J Sci Food Agric,  
7, 45-51, 1956.

14. Onbaşılar EE, Aksoy T: Stress parameters and immune response of 
layers under different cage floor and density conditions. Livest Prod Sci, 
95, 255-263, 2005. 

15. Neuschwander-Tetri BA, Caldwell SH: Nonalcoholic steatohepatitis: 
summary of an AASLD single topic conference. Hepatology, 37, 1202-
1219, 2003.

16. Dawson B, Trapp RG: Basic and Clinical Biostatistics. 3rd ed., Lange 
Medical Books/McGraw-Hill Medical Publishing Division, New York, 
2001. 

17. Crumplen R, D’Amore T, Panchal CJ, Russell I, Stewart GG: Industrial 
uses of yeast: Present and future. Yeast (Special issue) 5, 3-9, 1989.  

18. Santin E, Maiorka A, Macari M, Grecco M, Sanchez JC, Okada 
TM, Myasaka AM: Performance and intestinal mucosa development of 
broiler chickens fed diets containing Saccharomyces cerevisiae cell wall.  
J Appl Poult Res, 10, 236-244, 2001.

19. Zhang AW, Lee BD, Lee SK, Lee KW, An GH, Song KB, Lee CH:  
Effects of yeast (Saccharomyces cerevisiae) cell components on growth 
performance, meat quality, and ileal mucosa development of broiler 
chicks. Poultry Sci, 84, 1015-1021, 2005.

20. Morales-Lopez R, Auclair E, Garcia F, Esteve-Garcia E, Brufau J: 
Use of yeast cell walls  ; b-1, 3/1, 6-glucans; and mannoproteins in broiler 
chicken diets. Poultry Sci, 88, 601-607, 2009. 

21. Owens B, McCracken KJ: A comparison of the effects of different 
yeast products and antibiotic on broiler performance. Br Poult Sci, 48,  
49-54, 2007. 

22. Ghosh TK, Haldar S, Bedford MR, Muthusami N, Samanta I: 
Assessment of yeast cell wall as replacements for antibiotic growth 
promoters in broiler diets: Effects on performance, intestinal histo-
morphology and humoral immune responses. J Anim Physiol Anim Nutr,  
96, 275-284, 2012. 

23. Yalçın S, Eser H, Yalçın S, Cengiz S, Eltan Ö: Effects of dietary yeast 
autolysate (Saccharomyces cerevisiae) on performance, carcass and gut 
characteristics, blood profile, and antibody production to sheep red 

blood cells in broilers. J Appl Poult Res, 22, 55-61, 2013.  

24. Sklan D, Melamed D, Friedman A: The effect of varying levels  
of dietary vitamin A on immune response in the chick. Poultry Sci, 73,  
843-847, 1994. 

25. Haldar S, Ghosh TK, Toshiwati, Bedford MR: Effects of yeast 
(Saccharomyces cerevisiae) and yeast protein concentrate on production 
performance of broiler chickens exposed to heat stress and challenged 
with Salmonella enteritidis. Anim Feed Sci Technol, 168, 61-71, 2011.

26. Newman K: Mannan-oligosaccharides: Natural polymers with 
significant impact on the gastrointestinal microflora and immune 
system. In, Lyons TP, Jacques KA (Eds): Biotechnology in the Feed 
Industry: Proceedings of Alltech’s Tenth Annual Symposium. pp.165-174, 
Nottingham Univ Press, Nottingham, UK, 1994.  

27. Silva VK, Silva JDT, Torres KAA, Faria Filho DE, Hada FH, Moraes 
VMB: Humoral immune response of broilers fed diets containing yeast 
extract and prebiotics in the prestarter phase and raised at different 
temperatures. J Appl Poult Res, 18, 530-540, 2009. 

28. Kannan M, Karunakaran R, Balakrishnan V, Prabhakar TG: 
Influence of prebiotics supplementation on lipid profile of broilers. Int 
 J Poult Sci, 4, 994-997, 2005.

29. Yalçın S, Yalçın S, Çakın K, Eltan Ö, Dağaşan L: Effects of dietary 
yeast autolysate (Saccharomyces cerevisiae) on performance, egg traits, 
egg cholesterol content, egg yolk fatty acid composition and humoral 
immune response of laying hens. J Sci Food Agric, 90, 1695-1701, 2010.

30. Krasowska A, Kubik A, Prescha A, Lukaszewicz M: Assimilation 
of omega 3 and omega 6 fatty acids and removing of cholesterol from 
environment by Saccharomyces cerevisiae and Saccharomyces boulardii 
strains (Abstract). J Biotechnol, 131, S63-S64, 2007.

31. Nicolosi R, Bell SJ, Bistrian BR, Greenberg I, Forse RA, Blackburn 
GL: Plasma lipid changes after supplementation with b-glucan fiber from 
yeast. Am J Clin Nutr, 70, 208-212, 1999. 

32. Konca Y, Kırkpınar F, Mert S, Kayhan B: Performance, intestinal 
microflora, and blood constituents in finishing turkeys fed diets 
supplemented with dietary mannan oligosaccharide and live yeast. J 
Anim Feed Sci, 18, 508-517, 2009.

33. Guo Y, Ali RA, Qureshi MA: The influence of β-glucan on immune 
responses in broiler chicks. Immmunopharmacol Immunotoxicol, 25, 461-
472, 2003.

34. Corduk M, Ceylan N, Dede N, Tel OY: Effects of novel feed additives  
on performance, carcass traits and E. coli, aerobicbacteria and yeast 
counts in broilers. Arch Geflügelk, 72, 61-67, 2008.     

35. Afsharmanesh M, Barani M, Silversides FG: Evaluation of wet-
feeding wheat-based diets containing Saccharomyces cerevisiae to broiler 
chickens. Br Poult Sci, 51, 776-783, 2010.  

36. Markovic R, Sefer  D, Krstic M, Petrujkic B: Effect of different growth 
promoters on broiler performance and gut morphology. Arch Med Vet,  
41, 163-169, 2009. 

37. Yang Y, Iji PA, Kocher A, Thoson E, Mikkelsen LL, Choct M: Effects of 
mannanoligosaccharide in broiler chicken diets on growth performance, 
energy utilisation, nutrient digestibility and intestinal microflora. Br Poult 
Sci, 49, 186-194, 2008.

38. Houshmand M, Azhar K, Zulkifli I, Bejo MH, Kamyab A: Effects of 
nonantibiotic feed additives on performance, nutrient retention, gut  
pH, and intestinal morphology of broilers fed different levels of energy. J 
Appl Poult Res, 20, 121-128, 2011. 

39. Spring P, Wenk C, Dawson KA, Newman KE: The effects of dietary 
mannan-oligosaccharides on cecal parameters and the concentrations 
of enteric bacteria in the ceca of salmonella-challenged broiler chicks. 
Poultry Sci, 79, 205-211, 2000.

40. Zdunczyk Z, Juskiewicz J, Jankowski J, Biedrzycka E, Koncicki A: 
Metabolic response of the gastrointestinal tract of turkeys to diets 
with different levels of mannan-oligosaccharide. Poultry Sci, 84, 903-
909, 2005.

41. Makovicky P, Tumova E, Rajmon R, Bizkova Z, Hartlova H: The 

YALÇIN, YALÇIN, ESER
ŞAHİN, YALÇIN, GÜÇER



764
Effects of Dietary Yeast Cell ...

influence of restrictive feeding of chickens on the microscopic structure  
of their liver. Acta Vet Brno, 81, 27-30, 2012.

42. Maxwell MH, Robertson GW, Anderson IA, Dick LA, Lynch M: 
Hematology and histopathology of 7-week-old broilers after early food 

restriction. Res Vet Sci, 50, 290-297, 1991. 

43. Yalçın SS, Güçer Ş, Yalçın S, Onbaşılar İ, Kale G, Coşkun T: Effects 
of probiotic (Primalac 454) on non-alcoholic fatty liver disease in broilers. 
Revue Med Vet, 162, 371-376, 2011. 




