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INTRODUCTION
Meat and egg productions are the most important 
economic traits in broilers and layers, respectively. Like 
double-muscled phenotypes from various myostatin 
(MSTN) mutant livestock including cattle, sheep, and pigs 
[1-3] MSTN mutation in quail and chickens with MSTN 
mutation resulted in increased muscle mass, supporting 
MSTN as a potential selection marker for higher meat 
production in broilers. In addition to higher muscle gain, 
improved feed efficiency, another important economic 
traits, by MSTN mutation have been reported in cattle 
and pigs [3,4]. However, the effect of MSTN mutation on 
feed efficiency has not been investigation in avian 
species, yet. Although MSTN mutation have been mostly 
focused for improvement in meat production and growth 
traits, relationship between MSTN mutation and egg 
production traits needs to be further investigated 
because egg production is generally affected by body 
weight of hens [5]. Therefore, feed efficiency and egg 
production traits of MSTN homozygous mutant quail 
were investigated in the present studies.

AIM

The objective of this study was to validate MSTN as a 
potential genetic marker for broilers and layers by 
investigating the effect of MSTN mutation on feed 
efficiency and egg production in quail. 

METHODS
MSTN mutant quail was generated in our previous study [6] and 
maintained at The Ohio State University Poultry Facilities in 
Columbus.

Feed conversion ratio (FCR), a major indicator of feed efficiency, 
was calculated during the actively growing period, post-hatching 
day (D) 10 to 40, because growing period is almost over after 6 
weeks.  

Figure 1. Schematic diagram of feed efficiency study design

To investigate egg production traits, eggs were collected at 3 
months, not right after the first egg, to stabilize the size and quality 
of eggs. 

Figure 2. Schematic diagram of egg production traits study design

RESULTS & DISCUSSION 

1. Feed Efficiency Study

Improved growth rate and feed efficiency of quail by 
MSTN mutation

• Weight gain (WG) of mutant quail were significantly higher (p < 
0.001) than those of wild-type (WT) from all time periods, 10-day 
intervals from D 10 to 40. 

• Feed intake (FI) of mutant quail were significantly higher than 
those of WT from D 10 to 20 (p < 0.01) and D 20 to 30 (p < 0.001), 
but not from D 30 to 40, resulting in a significantly lower feed 
conversion ratio (FCR) only from D 30 to 40 (p < 0.001). 

• Overall (D 10 to 40) FCR was significantly higher in mutant quail 
(p < 0.001) indicating improved feed efficiency by MSTN 
mutation. 

• Lower FCR in females from D 30 to 40 and overall period than 
males (p <0.01), suggesting better feed efficiency in female than 
male quail.

• Opposite to chicken [7], body weight of the female quail is 
greater than the male quail and feed efficiency of the female is 
better than the male, indicating growth rate might be one of the 
important factors affecting feed efficiency.

Table 1. Comparison of feed efficiency between mutant and WT quail. All data were presented 
as means ±SEM. Significant differences were determined using Two-Way ANOVA followed by 
Tukey’s multiple comparison and statements of significance noted by a, b, ab, or c are based on 
testing at p< 0.05. NS, No significance. 

Lower leg and abdominal fat percentages in mutant quail
• Significantly lower percentages of leg and abdominal fat in 

mutants compared to WT might partially contribute to 
improved feed efficiency in MSTN mutant quail by distributing 
energy intake toward muscle growth and away from fat 
deposition.

Figure 4. Comparison of percentages of leg or abdominal fat in body weights of 
8-week-old quail. 

2. Egg Production Study

Delayed onset of laying in MSTN mutant females

Higher egg weight but lower egg numbers in mutant 
females. 
• A positive correlation between body weight and egg weight 

have been reported in chicken [8]. Likewise, mutant laid 
significantly heavier but lower number of eggs compared to 
WT from D 90 to 110, indicating heavier egg require more 
time to lay. 

• Total egg amounts during the 20 days, calculated by 
multiplying egg weights and total egg numbers, were not 
significantly different between groups. 

Figure 6. Comparison of weight and number of eggs, and total egg amount 
from D90 to D110. n= 9 WT females and 10 mutant females.

Proportional increase of egg white and yolk in mutant 
eggs

• The weights of both egg white and yolk were increased in 
mutant eggs, resulting in similar percentages of white and 
yolk between mutant and WT quail.

Figure 7. Comparison of weight and percentage of egg white and yolk.

CONCLUSIONS
High meat production along with improved feed efficiency are the 
two most important economic traits in broilers. Significantly 
higher body and muscle weights have been reported in our 
previous and current studies. In addition, current study 
demonstrated improved feed efficiency in both male and female 
mutant quail compared to WT quail. 

However, total egg amount produced from MSTN mutant hens 
at the actively laying period was not significantly different from 
WT hens, because egg weight were significantly higher, but egg 
number were significantly lower in mutant females compared to 
WT females. In addition, mutant quail laid first eggs at significantly 
older ages compared to WT quail. 

Taken together, MSTN can serve as a promising genetic marker 
for selection of superior lines of poultry with improved meat yield 
and feed efficiency, but not with improved egg production. 
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Age

Male Female Comparison between groups

WT Mutant WT Mutant Sex Gene
Interactio

n

WG

(g)

D10-20 28.13 ± 0.51a 30.48 ± 0.91ab 29.34 ± 0.84a 33.35 ± 1.10bc <0.05 <0.001 NS

D20-30 28.57 ± 0.69a 31.47 ± 1.08ab 30.11 ± 0.68a 33.48 ± 0.67b <0.05 <0.001 NS

D30-40 15.48 ± 0.84a 19.52 ± 0.66b 20.52 ± 1.30b 25.77 ± 1.23c <0.001 <0.001 NS

Overall

(D10-40)
72.19 ± 1.37a 81.48 ± 1.18b 79.97 ± 1.86b 92.60 ± 0.99c <0.001 <0.001 NS

FI

(g)

D10-20 82.62 ± 2.27a 89.49 ± 2.36a 84.17 ± 3.09a 93.69 ± 1.40b NS <0.01 NS

D20-30 112.62 ± 1.99a 117.54 ± 1.61ab 111.37 ± 2.60a 122.32 ± 0.85b NS <0.001 NS

D30-40 133.35 ± 3.81a 132.05 ± 2.97a 143.97 ± 3.51ab 152.38 ± 4.03b <0.001 NS NS

Overall

(D10-40)
328.59 ± 6.71a 339.03 ± 6.22a 339.85 ± 7.06a 368.40 ± 4.75b <0.01 <0.01 NS

FCR

D10-20 2.94 ± 0.06 2.96 ± 0.11 2.88 ± 0.10 2.83 ± 0.08 NS NS NS

D20-30 3.97 ± 0.13 3.77 ± 0.10 3.72 ± 0.10 3.66 ± 0.06 NS
NS

(p = 0.1)
NS

D30-40 8.85 ± 0.56a 6.84 ± 0.26b 7.24 ± 0.45b 5.97 ± 0.17b <0.01 <0.001 NS

Overall

(D10-40)
4.56 ± 0.11a 4.17 ± 0.08b 4.26 ± 0.07ab 3.98 ± 0.04b <0.01 <0.001 NS

• Average age for laying of first 
egg was approximately 5 days 
older in mutants  compared 
to WT quail, indicating 
relatively delayed sexual 
maturation. 

Figure 5. Comparison of date of first 
egg. n =22 WT and 25 mutants. 

Figure 3. Comparison of body 
weights in male and female 
quail. Body weights were 
measured weekly from post-
hatching day (D) 10 to D 40.  
n = 10 WT males, 12 mutant 
males, 9 WT females, and 9 
mutant females. (Multiple t-
tests, *: p < 0.05; **: p < 
0.01; ***: p < 0.001).


