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Introduction

The deleterious effects of high ambient temperature 
during some months of the year on poultry production is 
of paramount concern in large parts of the world [3]. It has 
been shown that exposing broiler chickens to continuously 
high ambient temperatures during the finisher phase leads 
to chronic heat stress [1, 36], and could exert profound 
adverse effects on overall health and production indices 
of birds [31, 33-35]. The metabolic changes induced in 
chickens by high temperature include failure of endocrine 
functions [42], and impaired antioxidant status in poultry 
[32]. Elevated ambient temperature also causes a disruption 

in the structure and function of intestinal epithelium [13, 30, 
41, 43]. Moreover, other serious consequences on immune 
system, gastrointestinal microbiome as well as carcass quality 
and quantity have been extensively reported [2, 13, 39].

Interestingly, beside environmental challenges in tropical 
and subtropical countries, there are some opportunities such 
as agricultural by-products for livestock and poultry feeding. 
Amongst, rice bran as a nonconventional feed ingredient 
can be considerable. Nevertheless, it has some limitations 
in broiler nutrition due to anti-nutritional factors and low 
nutritional value [28], but its reasonable price motivates 
more research.

SUMMARY

An experiment has been conducted to elucidate the impacts of a yeast product 
(YP) as liquid form on gut microflora, internal organs, and productive traits 
of broiler chickens fed suboptimal diets and exposed to heat stress. A total 
of 192 one day-old Ross 308 male chicks were divided into 4 treatments 
as completely randomized design. Each treatment consisted 4 replicates 
(pens) of 12 birds each. The first treatment (positive control) contained 
recommended nutrient levels with no added YP. The second treatment 
(negative control) was a diluted diet (90% of recommended nutrient levels) 
without YP. The third treatment was similar to the second diet plus YP in 
the diet (1 g/kg). Also, this YP was used in the drinking water (0.5 ml/liter) 
of broilers fed diluted diet as the fourth treatment. Ambient temperature 
at least for 8 hours during each day from 20 d to the end of trial was more 
than 30 °C. Body weight gain of broilers fed diluted diets was significantly 
decreased as compared to the positive control diet on 42 d. The use of the 
YP through water compared to the negative control treatment considerably 
improved body weight gain of chickens during heat stress in finisher phase. 
Mortality rate was not influenced by treatments. Populations of Lactobacilli, 
coliforms, and total aerobic bacteria in ileal digesta of broilers were not 
significantly influenced by dietary treatments. Bursa of Fabricius in birds fed 
negative control diet had significantly higher relative weight compared to 
the other groups. Dilution of diets caused to hypertrophy and more weight 
of liver and subsequently heavier giblets. The YP significantly diminished 
this negative impact on the liver.

Keywords: chicken; internal organs; liquid prebiotic; 
performance; suboptimal circumstances

RÉSUMÉ

Évaluation d’un produit à base de levure liquide sur la croissance, les 
performances, la structure anatomique et le microbiote intestinal de 
poulets de chair dans des conditions alimentaires sous-optimales en 
présence d’un stress thermique

Une expérience a été menée pour déterminer les impacts d’un produit 
de levure sous forme liquide (YP)  sur la microflore intestinale et les 
performances de poulets de chair nourris avec des régimes alimentaires 
sous-optimaux et exposés au stress thermique. Un total de 192 poussins 
Ross 308 mâles de un jour a été aléatoirement divisé en 4 traitements. 
Chaque traitement consistait en 4 répétitions (parcs) de 12 oiseaux chacun. 
Le premier traitement (témoin positif) correspondait au régime alimentaire 
recommandé sans YP. Le deuxième traitement (témoin négatif) était un 
régime sous-optimal (90 % des besoins recommandés) sans YP. Le troisième 
traitement était semblable au deuxième avec ajout de YP dans l’aliment (1 g/
kg). Le quatrième traitement était semblable au deuxième avec ajout de YP 
dans l’eau de boisson (0,5 ml/L). La température ambiante était supérieure 
à 30 °C au moins 8 heures par jour, à partir du 20ème jour et ce jusqu’à la 
fin de l’étude. Le gain de poids corporel des poulets de chair nourris avec 
des aliments dilués a diminué de façon significative par rapport au régime 
de contrôle positif à 42 jours. Par rapport au traitement de contrôle négatif, 
l’ajout de YP dans l’eau a entrainé une amélioration considérable du gain 
de poids corporel des poulets pendant les périodes de stress en phase de 
finition. Le taux de mortalité n’a pas été influencé par les traitements. Le 
nombre de  Lactobacilles, de coliformes et de bactéries aérobies totales 
n’apas été influencés de façon significative par les traitements. Le poids relatif 
de la bourse de Fabricius des oiseaux nourris avec le contrôle négatif était 
significativement plus élevé que celui des autres groupes. Le régime sous-
optimal a entrainé une augmentation du poids du foie et des abats. L’ajout de 
YP a diminué de manière significative cet impact négatif sur le poids du foie.

Mots-clés : poulet, prébiotique, levures, performances , 
circonstances sous-optimales, stress thermique
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Furthermore, from one hand, dietary use of antibiotic 
growth promoters (AGP) to compensate suboptimal 
rations and environmental hardness in extreme climate was 
common some years ago. But, increasing strict restrictions 
for sub-therapeutic use of AGP became a major challenge per 
se for poultry producers. Thus, antibiotic replacers such as 
yeast products (YP) became of utmost important in recent 
years. The YP as a prebiotic supplement is usually obtained 
from the processing of the yeast Saccharomyces cerevisiae. 
The main components including β -glucan and mannan 
oligosaccharides (MOS) are derived from the yeast cell wall, 
but the yeast extract is obtained after removal of the cell wall 
of yeast by processing with proteolytic enzymes[27].

On the other hand, it has been shown that these feed 
additives are more efficient under suboptimal conditions 
such as infection by pathogenic bacteria [23], heat stress [18], 
lipopolysaccharide challenge [8] and immunosuppressed 
chickens [52]. Among numerous studies about yeast 
products, Bolacali and Irak [12] reported that yeast autolysate 
significantly improved body weight gain and feed efficiency 
of quails.

Therefore, the objective of this study was to determine 
the effects of a novel liquid yeast product on heat stressed 
broilers fed diluted diets comprising high inclusion rate of 
rice bran.

Materials and methods

EXPERIMENTAL DESIGN AND BIRDS HOUSING

A total number of 192 day-old male chicks (Ross 308) 
were purchased form a local hatchery in Amol. All the chicks 
were weighed (Mean = 46 g) and randomly divided into 4 
treatments. Each treatment consisted 4 replicates (pens) of 
12 birds each. The first treatment (positive control) contained 
standard recommended diets with no added prebiotic. 
These diets (Table I) were formulated to meet the nutrient 
requirements of the broiler chickens as recommended 
by Ross 308 broiler management guide [10]. The second 
treatment (negative control) was a diluted diet (90% of 
recommended nutrient levels) including rice bran without 
prebiotic (Table II). The third treatment was the basal diet 
of the second diet plus Celmanax™ liquid (1 gram per kg, wt/
wt) (Table III). Celmanax™ liquid consists a preparation of 
components derived from an enzymatically hydrolyzed yeast 
cell wall blended with yeast extract as well as the culture of 
Saccharomyces cerevisiae on a defined nutrient media. It has 
about 20% dry matter including MOS, β-glucan and protein 
(nucleotides) etc. This yeast product (YP) is produced by 
Arm & Hammer Animal Nutrition, Iowa, the USA. Also, this 
YP was added to the drinking water (0.5 milliliter per liter, 
vol/vol) of broilers fed diluted diet (negative control) as the 
fourth treatment.

Item Starter (0-10 d) Grower (11-24 d) Finisher (25-42 d)
Ingredients (%)
Corn 39.82 43.64 47.93
Soybean meal 36.22 28.23 24.22
Corn gluten germ 15.42 20.00 20.00
Vegetable oil 3.50 3.69 3.69
Oyster shell 0.99 0.78 0.76
Dicalcium phosphate 2.06 1.80 1.66
Common salt 0.30 0.29 0.29
L-Lysine HCl 0.35 0.33 0.27
DL-Methionine 0.32 0.24 0.18
L-Threonine 0.02 0.00 0.00
Vitamin and mineral premix 1 0.50 0.50 0.50
Sodium bentonite 0.50 0.50 0.50
Calculated contents (%)
ME (kcal/kg) 3025.00 3150.00 3200.00
Crude protein 23.26 21.00 19.50
Calcium 1.05 0.90 0.85
Available phosphorus 0.50 0.45 0.42
Sodium 0.16 0.16 0.16
Lysine 1.43 1.24 1.09
Methionine 0.68 0.58 0.51
Methionine + Cystine 1.07 0.95 0.86
Threonine 0.94 0.83 0.78

1vitamin and mineral premix supplied per kilogram of diet: vitamin A, 10000 IU; vitamin D3, 9800 IU; vitamin E, 121 IU; B12, 20 μg; riboflavin, 4.4 mg; 
calcium pantothenate, 40 mg; niacin, 22 mg; choline, 980 mg; biotin, 30 μg; thiamin, 4 mg; zinc sulfate, 60 mg; manganese oxide, 60 mg.

Table I:The composition of experimental diets for treatment 1 (standard diets without yeast product as positive control)
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Item Starter (0-10 d) Grower (11-24 d) Finisher (25-42 d)
Ingredients (%)
Corn 51.27 50.62 51.28
Rice bran 10.00 15.00 20.00
Soybean meal 33.82 28.09 21.97
Soybean oil 0.25 2.10 2.76
Oyster shell 0.93 0.77 0.74
Dicalcium phosphate 1.81 1.59 1.44
Common salt 0.31 0.31 0.30
L-Lysine HCl 0.26 0.23 0.23
DL-Methionine 0.32 0.27 0.25
L-Threonine 0.03 0.03 0.03
Vitamin and mineral premix 1 0.50 0.50 0.50
Sodium bentonite 0.50 0.50 0.50
Calculated contents (%)
ME (kcal/kg) 2723.00 2835.00 2880.00
Crude protein 21.00 19.00 17.00
Calcium 0.94 0.82 0.76
Available phosphorus 0.45 0.41 0.38
Sodium 0.15 0.15 0.15
Lysine 1.28 1.12 0.98
Methionine 0.63 0.56 0.51
Methionine+Cystine 0.96 0.85 0.77
Threonine 0.84 0.75 0.66

1vitamin and mineral premix supplied per kilogram of diet: vitamin A, 10000 IU; vitamin D3, 9800 IU; vitamin E, 121 IU; B12, 20 μg; riboflavin, 4.4 mg; 
calcium pantothenate, 40 mg; niacin, 22 mg; choline, 980 mg; biotin, 30 μg; thiamin, 4 mg; zinc sulfate, 60 mg; manganese oxide, 60 mg.

Table II: The composition of experimental diets for treatment 2 (diluted diets without yeast product as negative control)

Item Starter (0-10 d) Grower (11-24 d) Finisher (25-42 d)
Ingredients (%)
Corn 51.09 50.44 51.11
Rice bran 10.00 15.00 20.00
Soybean meal 33.84 28.10 21.99
Soybean oil 0.31 2.16 2.81
Oyster shell 0.93 0.77 0.74
Dicalcium phosphate 1.81 1.59 1.44
Common salt 0.31 0.31 0.30
L-Lysine HCl 0.26 0.23 0.23
DL-Methionine 0.32 0.27 0.25
L-Threonine 0.03 0.03 0.03
Vitamin and mineral premix 1 0.50 0.50 0.50
Sodium bentonite 0.50 0.50 0.50
Yeast product 0.10 0.10 0.10
Calculated contents (%)
ME (kcal/kg) 2723.00 2835.00 2880.00
Crude protein 21.00 19.00 17.00
Calcium 0.94 0.82 0.76
Available phosphorus 0.45 0.41 0.38
Sodium 0.15 0.15 0.15
Lysine 1.28 1.12 0.98
Methionine 0.63 0.56 0.51
Methionine + Cystine 0.96 0.85 0.77
Threonine 0.84 0.75 0.66

1vitamin and mineral premix supplied per kilogram of diet: vitamin A, 10000 IU; vitamin D3, 9800 IU; vitamin E, 121 IU; B12, 20 μg; riboflavin, 4.4 mg; 
calcium pantothenate, 40 mg; niacin, 22 mg; choline, 980 mg; biotin, 30 μg; thiamin, 4 mg; zinc sulfate, 60 mg; manganese oxide, 60 mg.

Table III: The composition of experimental diets for treatment 3 (diluted diets added with yeast product)
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Pen dimensions were 120×120 cm, so that each chicken 
had 1200 cm2 floor space. The initial house temperature was 
set at 32 °C and gradually decreased to reach 24 °C at 28 d. 
However, ambient temperature at least for 8 hours during 
a day was more than 30 °C from day 20 to the end of trial 
in July 2015. Average relative humidity was kept at 60% 
during the experimental period. A lighting schedule of 24 h 
incandescent illumination with approximately 20 lx was used 
for the entire period. Chicks were vaccinated for Infectious 
Bronchitis and Newcastle Lasota on d 4, and Avian Influenza 
+ New Castle on d 14 of age. 

Feed and water were offered ad libitum throughout the 
trial. Also, vitamin C was added in drinking water of all 
chickens during heat stress. The experimental protocol was 
approved by the Animal Care Committee of Amol University 
of Special Modern Technologies, Mazandaran, Iran.

GROWTH PERFORMANCE

Body weight gain (BWG) as gram, feed intake (FI) as 
gram and feed conversion ratio (FCR) were measured at 
starter (0-10 d), grower (11-24 d), finisher (25-42 d) phases as 
recommended by Ross 308 catalogue. The FI was determined 
from the difference between supplied and residual feed in 
each pen. The FCR was calculated from the ratio between FI 
and weight gain of chick, in each pen and was adjusted for 
mortality. Mortality was recorded daily.

Eventually, some other productive indices have been 
calculated. Protein efficiency ratio (PER) is the weight gain 
of a bird divided by protein intake. European Production 
Efficiency Factor (EPEF) takes into account body weight 
gain, feed conversion ratio, and mortality. EPEF = ((live 
weight (kg) × survival percentage) / (FCR × age as 42 days)) 
× 100.

Growth rate was calculated as: (BWG / (0.5 × initial BW 
+ final BW)) × 100.

INTERNAL ORGANS AND CARCASS PERCENTAGE

The Four birds from each treatment were randomly 
selected for slaughter and microbial study at the end of 
trial. Then the weights of liver, thighs, breast, heart, bursa 
of Fabricius, spleen, gut, proventriculus, and gizzard were 
measured. Relative organ weights were calculated as [organ 
weight (g)/live body weight (g)] ×100. Small intestine of birds 
was opened immediately after killing and relative length 
[length of intestine to live body weight as percentage (cm/g)] 
was measured.

GUT MICROBIAL POPULATION

Microbial enumeration was determined by serial dilution 
(10−4 to 10−7) of ileal samples before inoculation onto sterile 
agar. For total aerobic enumeration samples were cultured 
from serial dilutions on brain heart infusion agar (BHI). 

In addition, coliforms and Lactobacilli were grown on eosin 
methylene blue agar (EMB) and MRS agar, respectively. 
Plates for coliforms and aerobic bacteria were incubated 
aerobically at 37 °C. Plates for Lactobacillus were incubated 
anaerobically at 37 °C. Colony forming units (CFU) were 
defined as being distinct colonies measuring at least 1 mm in 
diameter. Primary data of microflora number were converted 
to log10 per ml (CFU) before the analysis [9]. 

STATISTICAL ANALYSIS 

All data were analyzed using the General Linear Model 
procedure of the Statistical Analysis System [40]. Duncan’s 
multiple range test was used to compare the means. All 
statements of significance were based on probability of 
P<0.05.

Results

GROWTH PERFORMANCE

The results of productive traits are shown in Tables 
IV and V. There was no mortality before heat stress in the 
current trial. Some dead birds were found in finisher phase, 
but morality rate was not drastically changed. However, less 
mortality in YP drank birds was observed as compared to 
negative control. The FI was not influenced by experimental 
treatments during starter phase which heat stress did not 
exist. During grower phase, the trends of FI tend to be 
significantly different among the experimental treatments. 
Application of the YP in both the feed and drinking water 
approximately equipoise the level of positive control. The FI 
in positive control during finisher phase was significantly 
more than all other treatments during grower and finisher 
phases (Table IV). 

Results of BWG are presented in Table V. Obviously, there 
is a drastic difference between BWG of positive control and 
the other groups containing diluted diets. The BWG of broilers 
fed diluted diets significantly decreased as compared to the 
control diet in each phase and overall period of production. 
Moreover, the use of the YP both in feed and water could 
not compensate this failure. However, addition of the YP in 
the feed significantly caused more BWG compared to its use 
through the water in starter and grower phases. 

Table V indicates the effects of treatments on FCR of 
broilers. The FCR of chickens fed positive control and the YP 
in feed was significantly better than negative control and YP 
in water during starter phase. The FCR was not influenced by 
experimental treatments during grower and finisher phases. 

Table V illustrated the effects of dietary treatments on 
protein efficiency ratio (PER) and some productive indices of 
broilers. The PER was not affected by treatments. Although, 
dilution of diets reduced feed cost, but significantly 
decreased the European efficiency factor (EEF). Also, growth 
rate (GR) was significantly deteriorated in diluted diets as 
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compared with positive control treatment. Application of 
the YP neither in feed, nor in water could promote EEF and 
GR. Interestingly, there was not any morbidity or mortality 
during starter and grower phases before initiation of heat 
stress.

INTERNAL ORGANS AND CARCASS PERCENTAGE

Relative weights of carcass and internal organs are shown 
in Table VI. Carcass percentage was significantly decreased 
in diluted diets. Interestingly, negative control treatment 
increased the relative weight of bursa of Fabricius; but 

Positive 
control

Negative 
control

Yeast in feed Yeast in 
water

SEM P-value

Mortality (%)
0-10 d 0 0 0 0 - -

11-24 d 0 0 0 0 - -
25-42 d 1.19 4.82 4.79 2.39 2.400 0.688
overall 1.19 4.82 4.79 2.39 2.400 0.688

Feed intake (g)
0-10 d 280 276 265 261 9 0.390

11-24 d 1303 a 1058 b 1154 ab 1084 ab 70 0.048
25-42 d 2842 a 2031b 2101b 1964 b 220 0.045
overall 4425 a 3365 b 3520 b 3309 b 250 0.031

a, b  Means within each row with no common superscript are significantly different (P <0.01).

Table IV: Effects of the liquid yeast product on mortality percentage and feed intake of broilers

Positive 
control

Negative 
control

Yeast in feed Yeast in 
water

SEM P-value

Body weight gain (g)
0-10 d 194a 107 b 115 b 102 c 3.5 <0.0001

11-24 d 572 a 502 bc 521 b 492 c 7 <0.0001
25-42 d 1218 a 684 c 701 c 831 b 28 <0.0001
overall 1984 a 1293 c 1403 bc 1441 b 30 <0.0001

Feed conversion ratio (FCR)
0-10 d 1.43 b 2.56 a 2.30 a 2.56 a 0.115 <0.0001

11-24 d 2.27 2.11 2.21 2.20 0.140 0.887
25-42 d 2.35 2.97 3.01 2.34 0.300 0.238
overall 2.23 2.60 2.51 2.29 0.180 0.644

Protein efficiency ratio 2.23 2.27 2.24 2.52 0.20 0.667
European efficiency factor 214 a 125 b 128 b 152 b 14 0.0009

Growth rate 191 a 187 b 187 b 188 b 0.25 <0.0001
a, b, c  Means within each row with no common superscript are significantly different (P <0.01).

Table V: Effects of the liquid yeast product on  body weight gain, feed conversion ratio and some productive indices of broilers

Positive 
control

Negative 
control

Yeast in feed Yeast in 
water

SEM P-value

Liver1 2.23b 2.75a 2.24b 2.51ab 0.110 0.026
Heart1 0.41 0.64 0.55 0.57 0.050 0.055

Gizzard1 1.81 1.96 1.72 1.79 0.100 0.460
Giblets2 4.45b 5.36a 4.51b 4.88b 0.190 0.029

Proventriculus1 0.32 0.36 0.36 0.34 0.027 0.660
Spleen1 0.11 0.12 0.12 0.09 0.016 0.603
Breast1 24.5 23.6 21.3 21.1 1.60 0.388

Thighs1 18.6 21.0 18.1 17.9 1.50 0.518
Bursa of Fabricius1 0.15c 0.27a 0.21b 0.17bc 0.016 0.004

Carcass3 66.4a 60.0b 60.0b 60.0b 0.90 0.0007
1 Relative weight of organ to live body weight as percentage
2 Giblets include liver, heart and gizzard.
3 Carcass percentage is sum of breast, thighs, wings, neck and back without skin relative to live body weight
a, b  Means within each row with no common superscript are significantly different (P <0.05).

Table VI: Effects of the liquid yeast product on relative weight of internal organs and carcass of broilers at 47 d of age
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addition of prebiotic significantly decreased it to the normal 
weight especially when it is used in the drinking water. The 
pH of fresh breast and relative length of intestinal segments 
were not significantly influenced by dietary treatments 
(Table VII). The pH of thigh in broilers fed YP in the diet 
was significantly lower than the birds drank YP. Application 
of the YP both in feed and water significantly increased 
duodenum weight. However, jejunum, ileum, and ceca were 
not influenced by treatments. 

GUT MICROBIOTA

Population of Lactobacilli, coliforms, and total aerobic 
bacteria in ileal digesta of broilers at 47 d were not statistically 
influenced by dietary treatments (Table VII). However, 
lactobacillus count tended to increase in the treatment of 
the YP in water as compared to the other groups especially 
negative control.

Discussion

Although in the current trial, all three diets except 
positive control were diluted with 10% lower nutrient content 
and comprised rice bran; however, all birds in all groups had 
approximately similar feed consumption in starter phase. All 
birds regardless the considerable differences among the diets 
consumed feed as much as possible in starter phase. On the 
other hand, the YP was partially effective to compensate the 
smaller appetite for diluted diets. Nevertheless, even the same 
FI resulted in different BWG due to the unequal nutrient 
contents. However, BWG of broilers receiving the YP in 
feed was significantly improved as compared to YP drank 
treatment in starter phase. Consequently, FCR of broilers fed 
diluted diets got worse as compared with positive control. The 
FCR was not influenced by experimental treatments during 
the rest of the trials. However, the YP in drinking water tend 
to improve FCR during finisher phase. It can be interpreted 
that birds drank more water due to heat stress in this phase. 
Thus, more yeast components were consumed as compared 
with usage via feed. Also, better sweeping effect of MOS for 
pathogenic bacteria through gastrointestinal tract could tend 
to improve FCR, consequently.

In line with these results, Toghyani et al [49] reported 
that broilers receiving another YP supplemented diets 
exhibited the highest BWG and lowest FCR relative to the 
other treatments. In other studies, it has been reported 
that supplementation of this YP in broiler diets effectively 
enhanced bird performance by significantly lowering FCR 
and improving BWG and bird uniformity at slaughter [29]. 
Also, Gómez et al. [21] evaluated this YP on broilers under 
optimal conditions. The YP-fed broilers showed the lowest 
FI and FCR as well as greater ileal digestibility of dry matter 
and energy. Results of Gomez and Angeles [20] showed that 
YP-fed broilers had a trend for greater FI, and improved 
BWG, FCR and yield of the carcass, breast and legs. The YP-
fed broilers also had greater dry matter and ashes intake and 
retention. The addition of the YP improved the production 
and nutrient use in broilers. In a study by Salianeh et al. [37] 
a corn-soybean meal-based diet was either unsupplemented 
(Control) or supplemented with either a yeast culture or a 
probiotic fed to chicks for 42 days. The BWG and FCR were 
improved by just supplementation of the YP. Nevertheless, 
some previous studies concluded that YP do not exert strong 
growth-promoting effects in optimal setting [7, 11]. 

Recently, prebiotics have been supplemented to 
broilers under stress with some considerable findings [46]. 
For instance, Huff et al. [26] showed that yeast extract 
supplementation significantly improved both the BWG 
and FCR of the challenged pullets. In line with the current 
research, Sohail et al. [45] reported MOS supplement from 
a YP could reduce some detrimental effects of heat stress 
in broilers. In another study, diets supplemented with a YP 
resulted in improved BW with a decrease in FCR in starter 
broilers under experimentally induced challenge conditions 
[18]. Moreover, the results of a research in other species [38] 
indicate that supplementation with a chelated chromium-
enhanced extract of YP can has beneficial effects on FI and 
daily BWG, particularly during the initial receiving growing 
phase. They concluded that YP appears to have a modulating 
effect on carcass quality, enhancing muscularity and reducing 
external fat. It may enhance dry matter intake and BWG of 
feedlot cattle during periods of high ambient temperature. 
Interestingly, the transport-stress dramatically increased 

Positive 
control

Negative 
control

Yeast in feed Yeast in 
water

SEM P-value

Thigh pH 6.66ab 6.66ab 6.40b 6.92a 0.109 0.034
Breast pH 6.63 6.66 6.35 6.51 0.090 0.160

Duodenum 15.2b 15.3b 17.4a 17.1a 0.40 0.049
Jejunum 32.7 34.1 33.7 34.1 1.30 0.530

Ileum 30.5 29.0 29.0 28.5 1.10 0.290
Ceca 21.4 20.8 19.7 20.1 1.20 0.052

Lactobacilli 7.49 6.63 7.13 7.72 0.358 0.207
Coliforms 8.22 8.62 8.78 8.27 0.228 0.290

Total aerobic bacteria 9.71 9.54 9.50 9.67 0.103 0.449
a, b Means within each row with no common superscript are significantly different (P <0.05)

Table VII: Effects of the liquid yeast product on pH of fresh thigh and breast and relative length of intestinal parts to the whole gut as well as ileal microbes 
( Log10 CFU) of broilers at 47 d of age
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oxidative burst and that increase was significantly modulated 
in yeast extract fed turkeys [24].

In the current trial, dilution of diets caused to hypertrophy 
and more weight of liver and subsequently heavier giblets. 
The YP significantly diminished this negative impact on 
the liver. Macrostructure of upper parts of digestive tract 
including liver and duodenum was influenced by the YP. On 
the other hand, these organs with secretive functions became 
more responsive in suboptimal conditions. In agreement 
with the current results, Gomez et al. [22] indicated a greater 
enzyme activity in the duodenum of birds fed low energy 
diet containing non-starch polysaccharides (NSP) added 
with this YP. Also, Sohail et al [44] concluded that heat 
stress reduced intestinal microarchitecture and productive 
indices, but MOS supplement could partially lessen those 
adverse effects. Gómez et al. [21] reported that the thickness 
of the mucosa was similar between the control and YP-fed 
broilers. Also, YP-fed broilers showed greater breast yield 
and nitrogen retention and ashes digestibility. Moreover, 
it has been shown that ileum villus height, surface area, 
lamina propria thickness, and crypt depth, and neutral 
were enhanced with a YP on d 7 and 21. Duodenum villus 
height, surface area, and goblet cell density were higher for 
the YP groups on d 7; however, intestinal morphology of the 
duodenum was not different between the control and treated 
birds on d 21 [17]. Also, yeast extract containing biopeptides 
and nucleotides has beneficial effects on nitrogen metabolism 
intestinal development and overall growth. Although, action 
mechanism of nucleotides is not completely understood, but 
probably can be connected with the fact that fast proliferating 
tissues may preferentially utilize nucleotides and nucleobases 
derived from yeast extract [47].

In our study, proportional weight of bursa of Fabricius 
as a producer of lymphocyte B was meaningfully decreased. 
It might be related to less metabolic presser on this lymph 
organ for lymphocyte proliferation which in turn prevents 
bursa hypertrophy. In agreement with our results, other 
research showed immunomodulatory effect of a YP under 
challenged condition [6, 51]. It is worth to note that 1-3/1-
6 β-glucan as a component of yeast cell wall can bind to 
macrophage-specific CR3 receptors in glycoproteins of 
the epithelial surface, which trigger a cascading reaction 
that activates macrophage to phagocytosis and proliferate 
lymphocytes eventually [47].Yeast cell extracts are an 
important source of nucleotides from the yeast’s RNA, which 
are involved in many biological processes; among others they 
are the precursors of nucleic acids. The immunomodulatory 
effects of nucleotides on different types of immune response 
have been confirmed in numerous in vitro and in vivo model 
experiments on different animals [5, 14].Cross-talk among 
all components of this YP and gut microbiome can exert 
modulatory effects for resistance adverse impacts of heat 
on bursa of Fabricius and duodenum. Recently, Alipour et 
al. [4] indicated that an antibiotic replacement significantly 
decreased the relative weight of bursa of Fabricius and 
enhanced the overall immune functions in male broilers. All 

in all, changes of gastrointestinal tract as the largest immune 
system as well as bursa of Fabricius demonstrate that the YP 
exerted considerable immune modulating activity.

According to Table VII, it can be concluded that YP 
somehow prevented intestinal microbial dysbiosis. From 
one hand, it was expected that prebiotic selectively stimulate 
Lactobacilli [19]. On the other hand, Huff et al. [25] indicated 
that the continuous use of yeast culture tended to decrease 
both Salmonella and Campylobacter isolation from the ceca 
of stressed turkeys. Also, in vitro studies of the current YP 
showed a potential for control of Riemerella anatipestifer 
disease in ducks [15]. Moreover, prophylactically adding 
a probiotic and prebiotic to the feed reduced the incidence 
of bacterial chondronecrosis with osteomyelitis lameness 
by a proportion similar to that achieved with enrofloxacin 
[50]. In overall, yeast cell wall preparations can directly 
block Salmonella and E. coli through attaching MOS to the 
bacterial mannose binding lectins or indirectly confront the 
clostridia population [16, 48]. 

Swiatkiewicz et al. [47] summarized the data from 
poultry experiments and noted in their review article that 
production results from yeast derivatives depend on type, 
source, and usage level of product. Furthermore, rearing 
conditions and health status of birds are determining for 
outcomes. Interestingly, they concluded positive effects 
of the YP are not always reflected in an improvement of 
performance especially on non-challenged birds. Obviously, 
farm circumstances are not usually under perfect control 
and well-optimized. Thus, evaluation of the YP in broilers 
experiencing multiple challenges (e.g. heat stress and 
salmonella in trial by Haldar et al. [23]) can be suitable for 
application of the obtained results in practice. On the other 
hand, various factors such as low digestible or diluted diets 
as well as heat stress in hot climate developing countries 
are seen which are considerably different from controlled 
experiments in optimum conditions. Thus, the results of the 
current study can be helpful and practical to use the YP in 
broilers farms. 

Conclusion

In conclusion, addition of the YP had some impacts on 
productive traits and internal organs of heat stressed broilers 
fed low quality diet. However, further research is crucial to 
quantify the optimum usage level and deepen our knowledge 
for molecular aspects of the YP on broiler chickens under 
extreme conditions.
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