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______________________________________________________________________________________ 

Abstract 
The present study was conducted to find out the dietary effects of mannan-oligosaccharides (MOS) 

supplemented diets on the production performance of four close-bred flocks (CBFs) of Japanese quail 
(Coturnix coturnix japonica) breeders. A total of 960 twelve-week-old birds of four CBFs were randomly 
divided into four groups (n = 240) with 12 replicates (n = 20). Birds were fed a corn-based basal diet or the 
same diet supplemented with 0.25%, 0.50%, and 1.0% MOS for 15 weeks. The authors analysed the data by 
two-way ANOVA techniques using SAS (Statistical Analysis System). Birds fed MOS-supplemented diets 
had significantly higher body and egg weight, egg mass, and egg number than the control group. Similarly, 
the feed conversion ratio (FCR)/dozen eggs, FCR/kg egg mass, and mortality were significantly lower in 
MOS supplemented groups. However, no significant effect of MOS supplementation was recorded on feed 
intake and egg production of birds. None of the parameters differed significantly among CBFs. The results 
showed that feeding MOS as a replacement for antibiotic growth factor may positively influence the 
production performance and health of Japanese quail breeders. 
______________________________________________________________________________________ 
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Introduction 

Antibiotic growth promoters (AGPs) have normally been used to enhance the production performance 
of poultry and other farm animals. It has been thought that AGPs reduce toxin levels (Feighner & 
Dashkevicz, 1987) and growth-depressing metabolites (Niewold, 2007) produced by the bacteria of 
gastrointestinal tract (GIT) and thus promote growth and feed efficiency. It is well known that AGP usage with 
beneficial effects has also created potential problems, such as the resistance of pathogens to certain 
recommended AGPs, which ultimately causes severe human health problems (Abaza et al., 2008; Attia et 
al., 2012). Regarding health issues, the prophylactic usage of the AGP remained under severe scientific and 
public scrutiny (Roe & Pillai, 2003), until the European Union imposed bans on sub-therapeutic usage of 
AGPs in

 
animal production in 2006 (Burch, 2006; Castanon, 2007). Now, it is necessary for the poultry 

industry to identify alternatives to AGPs to improve the production performance and health of animals 
(Janardhana et al., 2009). 

Prebiotics, probiotics, and symbiotics are regarded as possible alternatives to AGPs. Prebiotics are 
non-digestible feed ingredients that affect the host beneficially by selectively stimulating the growth and 
activity of one or a limited number of intestinal bacteria (Gibson et al., 2004). These show beneficial effects 
on the gut by enhancing the digestion, absorption, and utilization of the nutrients (Gibson et al., 2005). 
Commonly used prebiotics are non-digestible carbohydrates such as trans-galacto oligosaccharides, fructo 
oligosaccharides, inulin, lactulose, MOS, some proteins, peptides and lipids (Dankowiakowska et al., 2013).  

MOS, which are extracted from the outer cell wall of the yeast, are not hydrolysed by the host 
enzymes and fermented by intestinal microbiota (Lomax & Calder, 2009). These provide competitive binding 
sites for pathogens such as Salmonella and Escherichia coli with

 
mannose-specific type-1 fimbriae, decrease 

their attachment to the intestinal wall, and are ultimately excreted from the gut (Newman, 1994). MOS 



Iqbal et al., 2017. S. Afr. J. Anim. Sci. vol. 47 291 

 

supplementation constantly increases the caecal populations of beneficial Lactobacillus and Bifidobacterium 
spp. (Rehman et al., 2009; Sadeghi et al., 2013). 

The decrease in pathogens and increase in beneficial bacteria may be because of competition for 
receptor sites, and the production of volatile fatty acids, of some bacteriocins, and of IgA antibodies by the 
immune system of the host (Brzoska et al., 2007; Kim et al., 2009). Owing to these beneficial changes in 
microflora, the number of goblet cells and length of intestinal villi increase, which ultimately promotes the 
health and functions of the GIT of the host (Rehman et al., 2009; Bonos et al., 2010; Vahdatpour et al., 
2011). 

Supplementation with MOS has a positive influence on bodyweight, FCR, egg production, egg weight, 
fertility, and hatchability in poultry (Güçlü, 2011; Abd El-Samee et al., 2012). To date, few data are available

 

regarding the growth-promoting effects of MOS in Japanese quail breeders. Therefore, the present study 
was designed to elucidate the effects of MOS supplementation on growth and production performance of 
four CBFs of Japanese quail breeders. 

 

Materials and Methods 
The study was conducted on 960 birds (12 weeks old) of four CBFs of Japanese quail breeders, 

namely Major, Kaleem, Sadat, and Zahid, which were maintained at Avian Research and Training Centre, 
University of Veterinary & Animal Sciences, Lahore, Pakistan. The birds of each flock (n = 240) were further 
divided into four supplemental groups (A, B, C, and D), being replicated in three groups (n = 20) in a 
completely randomized design (15 females + 5 males). The birds were housed in French-made multi-deck 
cages. Each compartment of the cage provides the birds with separate feeding, drinking, breeding, and egg 
collection space. A programme of 17 hours of light was adopted. 

The birds were fed a corn-based basal diet prepared in Hi-Tech Feed Industries (Pvt.), Lahore, 
Pakistan according to NRC (1994) standards (Table 1) or the same basal diet supplemented with various 
levels of MOS. Birds of groups A, B, and C were fed a basal diet supplemented with 0.25%, 0.50%, and 
1.0% MOS, respectively. However, birds of Group D were fed a basal diet only and were termed the control 
group. Water was provided through nipple drinkers and feed through trough feeders. Feed was added twice 
a day, in the morning and in the evening. No coccidiostats or antibiotics were added in the feed. 

.  
 
Table 1 Ingredients and chemical composition of experimental basal diet 
 

Ingredients % Nutrients  

    

Maize 30.0 ME Kcal/kg 2900 

Rice polish 8.00 CP 20.00% 

Canola meal 10.0 Ca 3.00% 

Soybean meal 25.0 Available P 0.40% 

Corn gluten 60 % 5.00 Phytate P 0.34 % 

Rice tips 14.0 Total P 0.74% 

Lime stone 1.00 Crude fibre 4.38% 

D-L Methionine 0.10 Linoleic acid 1.00% 

L-Lysine 0.20 Methionine 0.50% 

Threonine 0.15 Lysine 1.30% 

Soy oil 1.85   

DCP 1.50   

Vitamin premix 0.20   

Molasses 3.00   

Total                      100   

    

ME: metabolizable energy; CP: crude protein  
 
 

The weighed quantity of feed was offered twice a day in the morning and evening to each replicate. 
Residual feed and leftover feed was recorded daily to determine weekly feed consumption. Male and female 
birds were weighed on day 1 of the experiment by electronic digital analytical balance (Yueke, China), which 
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is sensitive up to 0.001 g, and subsequently at weekly intervals and at the end of experiment. Fresh eggs of 
each replicate were collected, counted, and weighed daily. Using this data, weekly egg numbers, egg weight, 
and egg mass were recorded accordingly. 

Feed intake per kg of eggs (kg feed/kg eggs) and per dozen eggs (kg feed/dozen eggs) was recorded 
weekly and utilized to calculate the FCR using these formulae (Fernando et al., 2008): 

                
                 

                   
⁄        

               ⁄  
                  

             
 

Dead birds were removed from the experimental cages daily and recorded weekly to find the 
percentage mortality. Two-way ANOVA techniques were applied to analyse the data and interpreted by the 
general linear model (GLM) procedure (SAS, 2003). Duncan’s multiple range (DMR) test (Duncan, 1955) 
was applied to compare the means (Steel et al., 1997). 

 

Results 
The results of the study revealed that the bodyweight of female birds (Table 2), egg weight, and egg 

mass were higher (P <0.05) and egg production (Table 3) was non-significantly higher in MOS-  
 
 

Table 2 Average bodyweight (g) of quail parent flocks fed various levels of Mannan-oligosaccharides 
 

CBF MOS levels (%) 
Parameters 

Male Female 

    

Major  260.64 ± 2.60 296.41 ± 2.45 

Kaleem  257.33 ± 1.95 293.83 ± 2.20 

Sadat  255.16 ± 2.66 294.10 ± 2.20 

Zahid  257.27 ± 3.54 293.85 ± 4.31 

 0.25 257.60 ± 2.08 296.12
a
 ± 2.23 

 0.50 258.27 ± 3.46 297.91
a
 ± 2.13 

 1.00 258.84 ± 3.28 297.18
a
 ± 1.60 

 0.00 257.69 ± 1.94 286.56
b
 ± 3.85 

CBF × MOS levels (%)  
 

Major 0.25 259.58 ± 0.17 292.81
a,b,c

 ± 5.44 

 0.50 253.33 ± 8.80 297.76
a,b

 ± 6.59 

 1.00 269.72 ± 0.63 291.47
a,b,c

 ± 2.76 

 0.00 259.95 ± 1.66 302.10
a,b

 ± 3.99 

Kaleem 0.25 255.99 ± 1.34 299.53
a,b

 ± 2.58 

 0.50 264.11 ± 3.98 294.73
a,b,c

 ± 2.41 

 1.00 256.22 ± 4.25 297.82
a,c

 ± 2.35 

 0.00 253.02 ± 3.79 283.24
c
 ± 2.78 

Sadat 0.25 251.88 ± 2.42 289.81
b,c

 ± 4.35 

 0.50 261.70 ± 7.87 295.71
a,b,c

 ± 2.03 

 1.00 255.26 ± 7.60 300.34
a,b

 ± 3.76 

 0.00 259.80 ± 1.00 290.38
b,c

 ± 5.72 

Zahid 0.25 262.97 ± 7.34 302.33
a,b

 ± 1.89 

 0.50 253.95 ± 8.07 303.45
a
 ± 4.90 

 1.00 254.16 ± 8.96 299.09
a,b

 ± 2.43 

 0.00 257.98 ± 7.01 270.54
d
 ± 2.88 

    

Means within column with different letters are significantly different at P <0.05. Order of significance is as a > b > c > d 

CBF: Close-bred flocks; MOS: Mannan-oligosaccharides 
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supplemented groups than in the control group. However, the total number of eggs per week of Group B was 
significantly higher than those of the other treatment groups.  
 
 
Table 3 Egg production (%), egg number, egg weight and egg mass/bird of Japanese quail parent flocks fed 
various levels of Mannan-oligosaccharides  
 

CBF 
MOS levels 

(%) 

Parameters 

Egg production (%) Egg No. Egg weight (g) Egg mass (g) 

      

Major  79.59 ± 1.52 5.57 ± 0.09 13.05 ± 0.05 72.79 ± 1.32 

Kaleem  77.23 ± 1.92 5.42 ± 0.13 13.11 ± 0.09 71.27 ± 2.00 

Sadat  80.70 ± 1.64 5.61 ± 0.11 13.01 ± 0.08 73.85 ± 1.64 

Zahid  75.88 ± 2.08 5.31 ± 0.14 13.05 ± 0.11 69.61 ± 2.23 

 0.25 78.45 ± 1.67 5.49
a,b

 ± 0.11 13.08
a
 ± 0.07 72.03

a
 ± 1.42 

 0.50 80.31 ± 1.54 5.64
a
 ± 0.12 13.19

a
 ± 0.05 74.38

a
 ± 1.43 

 1.00 80.05 ± 1.81 5.61
a
 ± 0.10 13.18

a
 ± 0.05 74.16

a
 ± 1.86 

 0.00 74.59 ± 2.01 5.17
b
 ± 0.13 12.77

b
 ± 0.08 66.93

b
 ± 1.88 

CBF × MOS levels (%)   
 

Major 0.25 80.19 ± 0.94 5.64 ± 0.08 12.91
c,d,e

 ± 0.04 72.71 ± 1.10 

 0.50 84.93 ± 2.24 5.88 ± 0.14 13.20
a,b,c

 ± 0.10 78.00 ± 1.57 

 1.00 77.07 ± 3.95 5.46 ± 0.24 13.02
a,b,c,d,e

 ± 0.05 70.38 ± 3.26 

 0.00 76.19 ± 2.41 5.31 ± 0.13 13.07
a,b,c

 ± 0.11 70.05 ± 1.89 

Kaleem 0.25 76.48 ± 4.47 5.33 ± 0.29 13.30
a,b

 ± 0.10 70.99 ± 4.01 

 0.50 80.86 ± 3.00 5.67 ± 0.20 13.28
a,b,c

 ± 0.12 76.06 ± 3.08 

 1.00 79.74 ± 2.87 5.60 ± 0.20 13.20
a,b,c

 ± 0.01 73.85 ± 2.79 

 0.00 71.85 ± 4.45 5.06 ± 0.31 12.67
e,f

 ± 0.12 64.18 ± 3.79 

Sadat 0.25 82.48 ± 1.07 5.73 ± 0.11 12.92
b,c,d,e

 ± 0.19 75.12 ± 0.97 

 0.50 78.03 ± 3.88 5.44 ± 0.24 13.18
a,b,c,d

 ± 0.03 72.20 ± 3.62 

 1.00 81.76 ± 5.87 5.75 ± 0.38 13.15
a,b,c,d

 ± 0.11 75.78 ± 6.17 

 0.00 80.53 ± 1.76 5.52 ± 0.10 12.81
e,f

 ± 0.20d 72.28 ± 1.38 

Zahid 0.25 74.64 ± 4.56 5.26 ± 0.31 13.21
a,b,c

 ± 0.04 69.30 ± 4.09 

 0.50 77.41 ± 2.35 5.44 ± 0.16 13.09
a,b,c,d

 ± 0.18 71.27 ± 2.19 

 1.00 81.65 ± 2.51 5.74 ± 0.17 13.34
a
 ± 0.16 76.64 ± 2.77 

 0.00 69.82 ± 5.09 4.81 ± 0.28 12.54
f
 ± 0.03 61.21 ± 4.32 

      

Means within column with different alphabets are different significantly at P <0.05. Order of significance is as: a > b > c > 
d 

CBF: Close-bred flocks; MOS: Mannan-oligosaccharides 
 
 
On the other hand, FCR/dozen eggs, FCR/kg egg mass, and mortality (Table 4) of MOS-

supplemented groups were significantly lower than in the control group. However, neither MOS 
supplementation nor CBF significantly affected the overall feed intake of the birds during the 15-week 
experimental period. None of the parameters differed (P <0.05) among CBFs.  

In the interaction of CBF and MOS levels, significantly (P <0.05) higher bodyweight was recorded in 
0.50% MOS and egg weight in the 1.00% MOS-supplemented group of Zahid flock than in the control group 
of the same flock. FCR/dozen eggs was significantly lower (P <0.05) in the 0.50% MOS-fed group of the 
Major flock and FCR/kg egg mass of the Zahid flock than in the control group of same flock. Similarly, 
mortality was significantly lower (P <0.05) in the 1.0% MOS-supplemented group of the Kaleem flock than in 
the control group of the same flock. 
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Table 4 Average feed intake, feed conversion ratio and mortality of Japanese quail parent flocks fed various 
levels of Mannan-oligosaccharides  
 

CBF 
MOS levels 

(%) 

Parameters 

Feed intake (kg) FCR/egg mass (kg) FCR/dozen egg (No) Mortality (%) 

      

Major  2.59 ± 0.03 3.16 ± 0.06 0.49 ± 0.01 1.18 ± 0.07 

Kaleem  2.64 ± 0.02 3.27 ± 0.10 0.51 ± 0.02 1.13 ± 0.19 

Sadat  2.71 ± 0.03 3.14 ± 0.07 0.49 ± 0.01 1.05 ± 0.11 

Zahid  2.64 ± 0.04 3.37 ± 0.12 0.52 ± 0.02 1.46 ± 0.12 

 0.25 2.64 ± 0.02 3.21
b
 ± 0.07 0.50

b
 ± 0.01 1.05

b
 ± 0.12 

 0.50 2.70 ± 0.04 3.11
b
 ± 0.06 0.48

b
 ± 0.01 1.23

a,b
 ± 0.15 

 1.00 2.64 ± 0.03 3.11
b
 ± 0.08 0.49

b
 ± 0.01 1.03

b
 ± 0.12 

 0.00 2.59 ± 0.03 3.52
a
 ± 0.11 0.53

a
 ± 0.02 1.51

a
 ± 0.11 

CBF × MOS levels (%)    
 

Major 0.25 2.63
a,b

 ± 0.03 3.15
b,c

  ± 0.0 0.48
b,c

 ± 0.01 1.12
b,c,d,e

 ± 0.24 

 0.50 2.64
a,b

 ± 0.07 2.93
c
  ± 0.05 0.45

c
 ± 0.01 1.08

b,c,d,e
 ± 0.0 

 1.00 2.54
b
 ± 0.00 3.25

b,c
  ± 0.15 0.50

a,b,c
 ± 0.03 1.27

a,b,c,d
 ± 0.13 

 0.00 2.57
b
 ± 0.08 3.34

b,c
  ± 0.06 0.51

a,b,c
 ± 0.02 1.27

a,b,c,d
 ± 0.12 

Kaleem 0.25 2.67
a,b

 ± 0.03 3.25
b,c

  ± 0.19 0.52
a,b,c

 ± 0.03 0.57
e,f

 ± 0.12 

 0.50 2.56
b
 ± 0.04 3.05

c
  ± 0.13 0.47

b,c
 ± 0.03 1.69

a,b
 ± 0.12 

 1.00 2.71
a,b

 ± 0.02 3.13
b,c

  ± 0.12 0.50
a,b,c

 ± 0.02 0.46
f
 ± 0.12 

 0.00 2.61
b
 ± 0.00 3.66

a,b
 ± 0.24 0.55

a,b
 ± 0.04 1.81

a
 ± 0.14 

Sadat 0.25 2.65
a,b

 ± 0.06 3.07
c
 ± 0.03 0.47

b,c
 ± 0.01 1.24

a,b,c,d
 ± 0.26 

 0.50 2.79
a
 ± 0.02 3.21

b,c
 ± 0.17 0.51

a,b,c
 ± 0.03 0.70

d,e,f
 ± 0.20 

 1.00 2.71
a,b

 ± 0.03 3.07
c
 ± 0.28 0.48

b,c
 ± 0.04 1.00

c,d,e,f
 ± 0.14 

 0.00 2.66
a,b

 ± 0.10 3.22
b,c

 ± 0.07 0.49
b,c

 ± 0.01 1.26
a,b,c,d

 ± 0.14 

Zahid 0.25 2.62
a,b

 ± 0.03 3.37
b,c

 ± 0.20 0.53
a,b,c

 ± 0.03 1.27
a,b,c,d

 ± 0.15 

 0.50 2.80
a
 ± 0.07 3.24

b,c
 ± 0.10 0.51

a,b,c
 ± 0.01 1.44

a,b,c
 ± 0.38 

 1.00 2.61
b
 ± 0.06 2.99

c
 ± 0.11 0.47

b,c
 ± 0.02 1.41

a,b,c
 ± 0.15 

 0.00 2.54
b
 ± 0.07 3.87

a
 ± 0.27 0.58

a
 ± 0.03 1.71

a,b
 ± 0.31 

      

Means within column with different alphabets are significantly different at P <0.05. Order of significance is as: a > b > c > 
d 

CBF: Close-bred flocks; MOS: Mannan-oligosaccharides 
 

 
Discussion 

In the present study, significantly higher bodyweights of MOS-supplemented groups were supported 
by various earlier studies on the growth of quails (Bonos et al., 2010). Fritts & Waldroup (2003) observed 
higher bodyweight in turkeys consuming a MOS-supplemented diet. Benites et al. (2008) and Bozkurt et al. 
(2009) found that the broilers of MOS-supplemented groups were heavier (P <0.05) than the control group. 
Contrarily, Ghosh et al. (2007) and Sarica et al. (2009) did not notice significant change in bodyweight of 
quails among MOS-supplemented and control groups. In another study, Bonos et al. (2011) observed similar 
findings, and reported that MOS did not show significant effects on the live weight of laying Japanese quails.  

The significantly heavier egg in MOS-supplemented groups is supported by earlier researchers. 
Hanan et al. (2010) recorded that oligosaccharides supplementation in the feed of laying birds increased (P 
<0.05) egg weight. Similarly, Gracia et al. (2004) noted a significant effect of MOS-supplemented diet on egg 
weight of laying hens. Abd El-Samee et al. (2012) observed that egg weight of quails was significantly higher 
in MOS-supplemented group than in the control. However, Bonos et al. (2011) and Güçlü (2011) could not 
find significant effects of MOS on egg weight of birds. 
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The increase in bodyweight in the present study might be due to the healthy effects of MOS, which 
include the reduction of selected pathogens such as E. coli and Salmonella and their stress on intestinal 
mucosa. The increase of beneficial microbes and increase in villus height, strengthening the mucosa of gut 
and thus absorption and utilization of the dietary nutrients, resulted in heavier eggs and increased 
bodyweight (Iqbal et al., 2015). The tendency of higher egg production was observed in the MOS-
supplemented groups, but not in the control group; however, it was statistically not significant. Similar results 
were found by Tarasewicz et al. (2004), Güçlü (2011), and Bozkurt et al. (2012), who reported that 
oligosaccharides-supplemented diet increased the capacity of egg production. Increased egg production by 
MOS supplementation might be due to an increase in the intestinal length of birds, reduction of pathogens, 
and increased beneficial bacteria, which ultimately enhanced the absorptive ability of the intestine (Chen et 
al., 2005). 

The significantly lower FCR per dozen eggs from MOS supplementation in the present study agrees 
with the findings of various researchers, who reported that MOS significantly lowered the FCR of quails and 
other poultry birds (Ghosh et al.,2007; Midilli et al., 2008). Hooge (2004) reported that Bio-MOS lowered FCR 
by 1.99% in comparison with the control group. In contrast, Fernando et al. (2008) observed that Bio-MOS 
did not show significant effects on FCR per dozen eggs. Similarly, Yalqnkaya et al. (2008) reported that MOS 
showed no effect on the FCR of broilers.  

In the present study, significantly lower FCR per kg egg mass of MOS-supplemented groups agrees 
with the findings of Rosen (2007a), who reported that Bio-MOS reduced FCR by 2.43%, whereas Bozkurt et 
al. (2012) reported that MOS did not show an impact on FCR. In contrast with these findings, Fernando et al. 
(2008) observed that Bio-MOS did not show any significant effects on FCR/kg egg mass. Lowering in FCR 
value is an indication of more and heavier egg production rates of the breeders by MOS supplementation, 
which might be due to more fermentation, digestion, and absorption of nutrients by altering the gut microbiota 
(Rehman et al., 2009). The significantly lower mortality of MOS-supplemented groups was similar to the 
findings of Cabuk et al. (2006), who reported that MOS-supplementation lowered the mortality rate. Rosen 
(2007b) reported that Bio-MOS reduced mortality by 0.46%. However, Bonos et al. (2011) and Bozkurt et al. 
(2012) observed that MOS supplementation did not show any significant effect on the mortality of breeders. 
The decrease in the mortality of birds in the current study might be owing to the reduction of pathogenic load 
of the gut and improvement in health conditions of laying quails. 

In the present study, neither MOS levels nor CBFs showed significant effects on overall feed intake in 
the control or MOS-supplemented groups. These results were in accordance with the findings of Ghosh et al. 
(2007), who observed non-significant differences in feed intake. Similar results have been reported in broilers 
by Midilli et al. (2008) and in quails by Ghosh et al. (2007). Güçlü (2011) reported that neither prebiotics nor 
probiotics showed significant effects on feed intake. Similarly, Bonos et al. (2011) reported that MOS did not 
show a significant effect on the feed intake in laying Japanese quails. In contrast, Bonos et al. (2010) 
reported that in growing quails, feed consumption increased significantly, whereas in two comparative 
studies Rosen (2007a; 2007b) reported that feed consumption of birds fed a MOS-supplemented diet was 
lower than those in the control group. 

Based on these results, it is generally considered that MOS is a nutritional supplement that has 
potential to eliminate pathogens and support beneficial micro flora, promote the health of the GIT, and 
enhance the digestion and absorption of nutrients, thus improving overall health conditions, enhancing the 
growth rate and wellbeing of animals (Halas & Nochta, 2012).  

 
Conclusion 

The addition of MOS to the diets of quail breeders enhanced the production performance and 
improved the health conditions of the birds. Out of four flocks of breeders, birds of the Zahid flock and, 
among treatment groups, birds feeding the 0.50% MOS-supplemented diet had the best production 
performance. In conclusion, 0.50% MOS-supplementation might be recommended in the diets of quail 
breeders, and quails of Zahid flock should be adopted for best production performance. 
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