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Summary: This study was performed to investigate the effects of probiotic and prebiotic (mannanoligosaccharide) 

supplementation on performance, egg quality and hatchability in quail breeders. Four hundred and eighty, 18 wk old Japanese quail 
(Coturnix coturnix japonica) were evenly distributed to 5 groups with four replicates containing 24 (18 female, 6 male) quail in each. 
Quail were fed either basal diet (control group) or 0.5 and 1 kg/ton probiotic and prebiotic supplemented basal diets (treatment 
groups) for 12 weeks. The live weight of animals, egg production, feed consumption and egg weight were recorded, and feed 
efficiency was calculated. Egg quality, fertility and hatchability were also determined. Supplementation of 0.5 and 1 kg/ton prebiotic 
to diet increased the live weight (p≤0.001) and egg production (p≤0.01), respectively while 0.5 kg/ton probiotic increased egg 
production (p≤0.01). Egg shell thickness was improved by both supplements (p≤0.05). Neither probiotic nor prebiotic 
supplementation to the diets had significant effects on feed consumption, feed efficiency and egg weight, egg specific gravity, 
albumen index, yolk index, and Haugh unit. Probiotic and prebiotic supplementation slightly but not significantly increased 
percentage of fertile egg and hatchability. In conclusion, supplementation of probiotic and prebiotic (MOS) to the diet of quail 
breeders positively affected egg production and egg shell thickness. 
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Damızlık bıldırcınlarda rasyona probiotik ve prebiotik (mannanoligosaccharide) katılmasının 
performans, yumurta kalitesi ve kuluçka performansı üzerine etkileri. 

Özet: Bu çalışma, rasyona probiyotik ve prebiyotik (mannanoligosaccharide) katılmasının damızlık bıldırcınlarda performans, 
yumurta kalitesi ve kuluçka performansı üzerine etkilerini belirlemek amacıyla yapılmıştır. Çalışmada, 480 adet 18 haftalık Japon 
bıldırcını (Coturnix Coturnix japonica), her grupta 24 adet (18 dişi, 6 erkek) olacak şekilde 4 tekrarlı 5 gruba ayrılmıştır. Bıldırcınlar 
bazal rasyon (kontrol grubu) veya 0,5 ve 1 kg/ton probiyotik ya da prebiyotik ilave edilen (deneme grupları) bazal rasyonlarla 12 
hafta süresince beslenmiştir. Çalışmada, bıldırcınların canlı ağırlığı, yumurta verimi, yem tüketimi, yumurta ağırlıkları ve yemden 
yararlanma oranları ile yumurta kalitesi, fertilite ve kuluçka performansı belirlenmiştir. Rasyona 0,5 kg/ton prebiyotik ilavesi canlı 
ağırlığı (p≤0.001) ve 0,5 kg/ton probiyotik ile 1 kg/ton prebiyotik ilavesi yumurta verimini (p≤0.01) arttırmıştır. Yumurta kabuk 
kalınlığı hem probiyotik hem de prebiyoik katılan gruplarda artmıştır (p≤0.05). Gerek probiyotik gerekse prebiyotik ilavesinin yem 
tüketimi, yemden yararlanma oranı, yumurta ağırlığı, yumurta özgül ağırlığı, ak indeksi, sarı indeksi ve Haugh birimine önemli bir 
etkisi olmamıştır. Döllü yumurta oranı ve kuluçka performansı istatistiki önemde olmamakla birlikte probiyotik ve prebiyotik ilave 
edilen gruplarda iyileşme göstermiştir. Damızlık bıldırcın yemlerine probiyotik ya da prebiyotik katılmasının yumurta verimi ve 
yumurta kabuk kalitesini olumlu yönde etkilediği sonucuna varılmıştır. 

Anahtar sözcükler: Damızlık bıldırcın, kuluçka performansı, prebiyotik, probiyotik, verim performansı. 
 

 

 
Introduction 

In recent years, use of probiotics, prebiotics and 
symbiotics that enrich certain bacterial population in the 
digestive system are considered as alternatives to 
antibiotic growth promotants in poultry nutrition (24,32).  

Probiotics, microbial cell preparations, that are 
mono or mixed cultures of live, protective 
microorganisms beneficially affect the host animal by 
competing with other microorganisms for adhesive site. 
They stimulate appetite, improve host’s intestinal 

microbial balance and intestinal environment for 
processes of the digestion and absorption of nutrients. 
They also inhibit certain pathogens that produce toxic 
compounds (19,24).  

Prebiotics, non-digestible feed ingredients, have 
selective effects on the intestinal microflora. They are 
consisting of nondigestible oligosaccharides which 
include fructooligosaccharide, galactooligosaccharide, 
transgalactooligosaccharide and mannanoligosaccharide 
(MOS) (10,11,24,32). The MOS, derived from the cell 
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wall of Saccharomyces cerevisiae, is neither hydrolysed 
by endogenous digestive enzymes nor absorbed by host, 
and it is considered as an prebiotic agent. It has been 
claimed that the benefits of MOS based on its specific 
properties such as modification of the intestinal flora, 
reduction in turnover rate of the intestinal mucosa and 
modulation of the immune system. These properties have 
the potential to enhance growth rate, feed efficiency and 
liveability in commercial broiler and turkeys, and egg 
production in layers (31).  

In recent years, breeding of quail has taken an 
important place in alternative poultry production. Many 
factors such as hatchability and fertility rate, male/female 
ratio, genetics, age, egg quality, nutritional status and live 
weight of breeders affect quail’s performance (30). To 
the author’s knowledge, there have been limited studies 
investigating the effects of probiotics and prebiotics on 
performance of broiler breeders (32) but there is no study 
in quail breeders. Moreover, controversial results have 
been reported regarding the use of biological additives to 
poultry diets (7,13,23,26). Therefore, this study was 
performed to investigate the effects of probiotic and 
prebiotic supplementation on feed consumption, feed 
efficiency, egg production, exterior and interior egg 
quality and hatchability of quail breeders. 

 
Materials and Methods 

Animals, diets and management: Four hundred and 
eighty 18 wk-old Japanese quail (Coturnix coturnix 
japonica) were weighed to equal live weight in all groups 
at the beginning of the study. They evenly distributed to 
5 groups with four replicates containing 24 (18 female, 6 
male) quail in each following one week of adaptation 
period. Quails were fed either basal diet (Table 1) 
containing 20 % crude protein and 2800 kcal/kg 
metabolizable energy (control group) or 0.5 and 1 kg/ton 
probiotic or prebiotic supplemented basal diets (treatment 
groups) for 12 weeks. A commercially available 
probiotic preparation (Novartis International AG, 
Türkiye) which were used in the study contained strains 
of bacteria and yeasts (Lactobacillus plantarum, 
1.89x1010 cfu/kg, Lactobacillus delbrueckii subsp. 
bulgaricus 3.09x1010 cfu/kg, Lactobacillus acidophilus 
3.09x1010 cfu/kg, Lactobacillus rhamnosus 3.09x1010 
cfu/kg, Bifidobacterium bifidum 3.00x1010 cfu/kg, 
Streptococcus salivarius subsp. thermophilus 6.15x1010 
cfu/kg, Enterococcus faecium 8.85x1010 cfu/kg, 
Aspergillus oryza 7.98x109 cfu/kg, Candida pintolopesii 
7.98x109 cfu/kg). Mannanoligosaccharide, a commercial 
prebiotic preparation that is derived from Saccharomyces 
cerevisiae (S.I.Lesaffre, Cedex, France), was used in this 
study. Quail were allowed ad libitum access to feed and 
water, and they were housed in stainless-steel wire cages 

on a 17–h lighting schedule. Chemical composition of 
the diet was analyzed by the methods of AOAC (2). The 
metabolizable energy was calculated from the sum of the 
reference values of all ingredients that indicated by 
Ergün ve ark (9).  

 
Table 1. Ingredients and chemical composition of basal diet  
Tablo 1. Bazal rasyonun içeriği ve kimyasal bileşimi 

Ingredients % 
Corn  38.00 
Soybean meal 25.00 
Sunflower meal 10.00 
Barley  12.70 
Meat-bone meal 2.00 
Vegetable oil  4.00 
Limestone  7.30 
DCP 0.40 
Sodium chloride 0.30 
Vitamin premixa 0.15 
Mineral premixb 0.15 
Chemical composition  
Dry matter,% 90.90 
Crude protein,% 20.33 
Crude ash,%  12.14 
Metabolizable energyc, kcal/kg 2800 

a  Each kg of vitamin premix contains 6 000 000 IU vit A, 600 
000 IU vit D3 20 000 IU vit E, 2 g vit K, 1.2 g vit B1, 2.4 g vit 
B2, 2 g vit B6, 12 mg vit B12, 10 g niasin, 300 mg folic acid, 4 
g calcium pantothenate 50 mg D-Biotin. 

b Each kg of mineral premix contains 80 g Mn, 30 g Fe, 60 g 
Zn, 5 g Cu, 0.5 g Co, 2 g I, 235.68 g Ca. 

c The metabolizable energy was calculated from the sum of the 
reference values of all ingredients that indicated by Ergün ve 
ark (9) 

 
Performance and egg quality measurements: The 

live weight of animals was recorded at the beginning and 
at the end of the study. Egg production was recorded 
daily, the feed consumption and egg weight were 
recorded at two weekly intervals. Feed efficiency was 
calculated by determining of the amount of feed 
consumed for one kg of egg.  

Twenty eggs from each group were collected to 
determine the interior and exterior egg quality at monthly 
intervals. Specific gravity of a whole egg (g/cm3) was 
measured by Archimedes’s method at the same day of 
egg collection (16,34). The other egg quality parameters 
were measured 24 hours after collection. Egg shell 
thickness was determined by mean value of three 
measurements taken from three different sides of the 
shell. Albumen height, length and width were measured 
and then albumen index was calculated. Yolk height and 
diameter were measured to calculate the yolk index. 
Haugh unit was calculated with following formula where 
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the HA is albumen height and WE is egg weight [Haugh 
unit = 100 log (HA + 7.57 – 1.7 WE 0.37 )] (35).  

Determination of hatchability: One hundred and 
fifty eggs from each group were collected during the last 
week of the study. The eggs that have the suitable 
characteristics for the brooding were placed at a brooder 
on the group basis. The number of the hatched chicks 
were recorded for three days after 17th days of brooding. 
Then the remaining non-hatched eggs were cracked, and 
the fertile, unfertile eggs and embryonic deaths were 
recorded. The hatchability characteristics were calculated 
by the following formulas (1).  

Fertility ═ number of fertile eggs/number of total 
eggs set the brooder x 100 

Hatchability (fertile egg set) ═number of hatched 
chicks/number of fertile eggs set the brooderx100 

Hatchability (total egg set) ═number of hatched 
chicks/number of total eggs set the brooderx100 

Statistical analyses: Statistical analyses of data 
were performed by SPSS 10.0 version for Windows. 
One-way analysis of variance (ANOVA) was used for 

the differences between groups. When the F values were 
significant, Duncan’s Multiple Range Test was performed. 
All data were expressed as means ± SEMs (22). 

 
Results 

The final live weight of the quails fed 0.5 kg/ton 
MOS supplemented diet was significantly higher than 
control and other treatment groups. Supplementation of 
0.5 kg/ton probiotic and 1 kg/ton MOS to the diets 
increased egg production. No significant differences 
were found between groups with regard to feed 
consumption, feed efficiency and egg weight (Table 2). 

Egg shell thickness was significantly higher in all 
treatment groups except 1 kg/ton MOS supplemented 
group than control. Neither probiotic nor MOS 
supplementation to the diets significantly affected egg 
specific gravity, albumen index, yolk index and Haugh 
unit (Table 2). Although statistically not significant, 
probiotic and MOS supplementation slightly increased 
percentage of fertile egg and hatchability (Table 3). 

 
Table 2. Effects of dietary probiotic and prebiotic supplementation on performance and egg quality  
Tablo 2.Rasyona probiyotik  ve prebiyotik katılmasının performans ve yumurta kalitesine etkisi 

 Control Probiotic, kg /ton Prebiotic, kg/ton p 
  0.5 1 0.5 1  
Initial body weight, g 228.00±2.88 225.04±2.95 228.85±2.84 228.09±.2.39 228.12±2.31 - 
Final body weight, g 227.71±2.96b 230.56±2.62b 236.00±3.23b 246.23±3.56a 230.55±4.28b ٭٭٭ 
Egg production, % 79.76±1.55b 84.63±0.51a 82.79±1.16ab 80.07±0.90b 86.18±1.25a ** 
Feed consumption, g 36.88±1.38 36.99±0.56 37.93±1.21 36.10±0.42 36.23±0.62 - 
Egg weight, g 12.04±0.17 11.70±0.03 11.64±0.23 11.83±0.18 12.07±0.08 - 
Feed efficiency, kg feed/kg egg 3.84±0.12 3.73±0.13 3.93±0.06 3.81±0.09 3.61±0.07 - 
Specific gravity, g/cm3 1.0583±0.001 1.0609±0.001 1.0601±0.002 1.0633±0.002 1.0589±0.001 − 
Egg shell thickness, mmx10-2 19.48±0.19b 20.16±0.16a 20.36±0.26a 20.21±0.23a 19.79±0.24ab * 
Albumen index 8.68±0. 22 9.20±0.26 9.11±0.37 9.44±0.54 9.12±0.33 − 
Yolk index 41.02±0.68 42.03±0.69 43.36±0.70 41.09±0.73 41.32±0.63 − 
Haugh unit 81.64±0.59 82.68±0.61 82.30±0.94 83.36±1.21 82.11±0.72 − 
Yolk colour 6.75±0.11bc 7.10±0.10a 6.58±0.09c 7.03±0.15ab 7.25±0.09a ** 

a-b: The mean values within each row with different superscripts differ significantly. 
*: p<0.05, **:p<0.01, ***:p<0.001  
-: not significant 
 
 
Table 3. Effects of dietary probiotic and prebiotic supplementation on hatchability and fertile egg  
Tablo 3. Rasyona probiyotik ve prebiyotik katılmasının kuluçka performansı ve döllü yumurta oranına etkisi* 

 Control Probiotic, kg/ton Prebiotic, kg/ton 
  0.5 1 0.5 1 
Fertile egg, % 76.15±4.60 85.55±5.29 84.53±1.73 89.86±2.49 81.65±4.01 
Hatchability, % (total egg set) 53.63±3.67 64.22±5.47 63.85±5.52 67.84±3.51 59.81±2.59 
Hatchability, % (fertile egg set) 70.59±3.97 75.07±4.20 75.50±6.03 75.41±2.24 73.54±4.21 

* No significant difference was found between the groups. 
n=150 eggs set the brooder for each group. 
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Discussion and Conclusion 
It has previously been demonstrated that MOS 

supplementation either has no effect (14,15), or increases 
(26,28) the live weight in poultry species. In this study, 
0.5 kg/ton MOS supplementation to the diet of quail 
breeders significantly increased live weight compare to 
control and higher levels of MOS supplementation. 
Similar to İşcan and Güçlü (17) who found an increase in 
live weight of laying quail fed 0.5 kg/ton of MOS 
supplemented diet. These authors also reported no effects 
of higher levels of MOS. On the other hand, probiotic 
supplementation had no effect on live weight in present 
study. This result supported the findings of the studies in 
layer’s (18,23,36).  

Berry and Lui (6) found no significant effects of 
Bio-Mos supplementation to broiler breeder’s diet on egg 
production. In contrast, in the present study, both 
probiotic and MOS supplementation increased the egg 
production, but significant increase was achieved by 0.5 
kg/ton probiotic and 1 kg/ton MOS supplementations. 
The highest egg production was determined in 1 kg/ton 
MOS supplemented group as in the studies reporting the 
improvements of egg production in laying hens by 
probiotics (18,23,37) and by prebiotics (7,8,17,33). The 
increased egg production by both probiotic and prebiotic 
may be due to the elongated small and large intestinal 
lengths as well as the their suppressing effects on 
undesirable bacteria and stimulating effects on the 
growth and/or activity of beneficial bacteria in the 
intestines which increase absorptive capacity (7,12).  

Lack of the effects of probiotic supplementation on 
feed consumption (18,19,25), egg weight (18,19,23,25) 
and feed efficiency (19,23,25) in laying hens have been 
confirmed by the present study. These findings were also 
consistent with the results of Ayasan et al. (3) who 
investigated the effect of probiotic (protexin) 
supplementation in laying quail. In a study of Chen et al. 
(7), inulin and an oligofructose-type commercial 
prebiotic had no effect on feed consumption while 
improved feed efficiency in laying hens. However, in the 
present study, prebiotic (MOS) supplementation 
influenced neither feed consumption nor feed efficiency. 
Furthermore, lack of the effect of prebiotic on egg weight 
was consistent with the results of the study of Chen et al. 
(7). İşcan and Güçlü (17) also found no effect of MOS on 
egg weight in laying quail. On the other hand, Gracia et 
al. (13) reported a significant increase in average egg 
weight from 54 to 58 weeks with a tendency of increment 
up to 62 week of age in the MOS supplemented diet fed 
laying hens, but they did not find any positive effects 
thereafter. Lack of the effects of prebiotic and probiotic 
on the mentioned parameters in the present study may be 

due to the several factors such as differences in the 
chemical composition of the ingredients of the diet, 
differences in the levels (percentage) and main contents 
of the prebiotics used in the diet, adaptation, and the 
selectivity of the microflora and stress factors.  

Some investigators (5, 18) found no effects of 
probiotics on egg specific gravity, while others (20, 23) 
reported improvements in egg shell thickness in laying 
hens. Consistent with the previous studies, egg shell 
thickness was significantly increased by the probiotic 
while the increase in specific gravity was not significant. 
Although, statistically not significant, increased specific 
gravity and shell thickness might suggest that probiotics 
may improve the egg shell quality due to the increased 
Ca absorption from the intestine (20,23). 

In the present study, egg shell thickness 
significantly but egg specific gravity was slightly 
increased by 0.5 kg/ton MOS supplementation. MOS had 
no significant effects on egg specific gravity in the 
previous studies conducted in laying hens (4,33) and in 
broiler breeders (6). Although statistically not significant, 
determination of the highest egg specific gravity with 0.5 
kg/ton MOS supplementation was consistent with the 
results of İşcan and Güçlü (17). An important correlation 
between increases in the absorption of minerals and 
fermentation of nondigestible oligosaccharides in the 
large intestine is existing (29). Thus, it can be suggested 
that the improvement in egg shell quality in this study 
might be resulted from the increased mineral absorption.  

No effects of probiotic supplementation on Haugh 
unit was consistent with the results of the studies 
conducted on laying hens by Yalçın et al. (36), Pedrosa et 
al. (25) and Mahdavi et al. (19). Both probiotic and MOS 
supplementation had also no effects on albumen and egg 
yolk index whereas supplementation of MOS increased 
the yolk colour as in the study of Gracia et al. (13). 

Nickolova et al. (21) reported no effects of probiotic 
supplementation on fertility and hatchability in muscov 
ducks. On the other hand, Shashidhara and Devegowda 
(32) found an increase in the percentage of fertile egg 
and hatchability in broiler breeders with 0.5 kg/ton MOS. 
In the present study, although statistically not significant, 
similar results were obtained with 0.5 kg/ton MOS 
supplementation. Both probiotic and 0.5 kg/ton MOS 
supplementation increased the fertile egg by 12% and 
15% respectively. It can be suggested that the increase in 
hatchability may be due to the increased egg shell 
thickness (27). 

Supplementation of probiotic and prebiotic to the 
diet of quail breeders improved egg production and egg 
shell thickness and positively affected hatchability in 
quail breeders.  
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