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Breeding, Feed, and Nutrition of Japanese
Quail (Coturnix coturnix japonica)

Katsunori Sato
(Course of Applied Animal Science)

This report summarizes research achievements on the
breeding, feed, and nutrition of Japanese quail performed
at the Laboratory of Animal Genetics and Breeding,
Department of Agriculture, Okayama University, between
1973 and 2008.

The study included analysis of inbreeding depression and
heterosis, which are important subjects in breeding.
Secondly, the genetic parameters useful for selection were
identified and the sexing of newborn chicks utilizing sex-
linked inheritance was investigated. As problems related to
feed and nutrition, the reduced excretion of nitrogen (N)
and phosphorus (P), the utilization of a cochineal residue,
and the effects of red salmon astaxanthin, palm oil, and
astaxanthin supplementation on eggs functions were inves-
tigated.

In quail, inbreeding depression was noted in overall
productive characters, and the depression was marked in
reproductive characters, such as hatchability. The genetic
load was calculated using the equation: —logeS = A + BF.
On crossbreeding between highly inbred lines of Japanese
quail, marked heterosis was noted in the hatchability, via-
bility, and egg production rate.

Analysis of early embryonic development showed that the
number of mitotic cells, mitotic index, and *H-thymidine
and *H-uridine uptakes were lower in the inbred embryos
compared with those of hybrid embryos, indicating impor-
tant metabolic differences.

Basic information for the selective breeding of quail,
heritability of characters, such as the body weight, muscle
mass, skeleton, and egg characteristics were accumulated;
accumulated information suggested the possibility of selec-
tive breeding with regard to these characters.

Sexing of newborn quail chicks utilizing sex-linked
inheritance was performed. Mating males of the brown line
and females of the normal line, all male chicks had normal
plumage colors, whereas all females had brown plumage
colors, which allowed simple sexing.
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The supplementation of low-CP feed with essential
amino acids and low-CP, low-P feed with phytase improved
the growth of chicks, increased the egg production rate, and
reduced N and P excretions. Phytase supplementation
enhanced tibial growth in the early growth period, and
reduced perosis and the mortality of chicks. When female
chicks were fed a cochineal residue at 6 weeks of age, the egg
production rate was similar to that of chicks fed fish meal,
showing the possibility of substitution with fish meal.

The yolk color was improved by supplementation with
red salmon astaxanthin, palm oil, and astaxanthin. The yolk
color improved with increases in the supplemented amounts
of palm oil and astaxanthin. Astaxanthin added to feed was
transferred to the egg yolk, and the antioxidative capacity
improved as the amount added increased.

To further clarify the characteristics of quail as experi-
mental animals, and to improve their productivity as live-
stock, a continuation in both basic and applied research is
indispensable.

Key words : Japanese quail, inbreeding depression, het-
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Table 1
population to every 10% of F
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Weight regression coefficient of traits on inbreeding expressed as deviations of inbred population from random mating

Traits b+£S, Traits b+S,
Fertility (%) —2.16+1.42 Body weight (g)
Hatchability (%) —5.98 +2.02° Female 0 —0.10+0.39
Viability up to 4 weeks (%) —5.52+0.95* 2 —1.01+0.39
Hatching time (days) 0.07+0.04 4 —1.65+0.58
Age at sexual maturity (days) 6 —3.27 £0.59*
Male 0.67+0.74 10 —1.41+1.04
Female 0.96 +0.47 Egg weight (g) —0.21+0.07°
Body weight (g) Egg production rate (%) —3.77+1.61
Male 0 week —0.03+0.04 Percent of eggs set (%) —0.63+0.18
2 —0.43+0.36 Survival index (%) —7.39+1.86*
4 —0.71+0.49 Fitness index (%) —7.33+1.69*
6 —1.18+0.75
10 —0.504+0.58
* 1 P<0.05, *: P<0.10.
Table 2 Genetic load in a Japanese quail population
A B 2B 2(A+B) B/A
Fertility 0.038 0.165 0.330 0.406 4.342
Hatchability 0.235 1.204* 2.408 2.878 5.123
Viability” 0.146 1.104* 2.208 2.500 7.562
Total 0.419 2.473 4.946 5.784 5.902
—log.S= A +BF, "4 weeks after hatching.
* 1 P<0.05.
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Number of somites, mitotic cells and mitotic index in various tissues of 48-hour-old embryos

Number of mitotic cells

No.of No.of

Mating group : Blood

embryos somites Forebrain Hindbrain Neural tube Somite Notochord corpuscles

blood island

Inbred lines 25 16.0 +£0.9* 15.1+2.2° 9.9+1.1° 6.5+0.6° 8.2+0.7° 0.4+0.1° 10.8+1.7%
(2.88) (3.68%) (4.14%) (3.26% (2.62%) (4.34%)

F, hybrid 25 21.44+0.4° 25.04+1.4° 16.2+1.0° 10.3+£0.6° 15.5+0.9" 0.5+0.1 23.34+2.9"
(3.14% (3.75% (4.38 (4.85°) (3.329) (5.27%)

Randombred 24 23.2+0.5° 28.8+2.0° 21.5+1.6° 11.0+0.8" 17.1+1.0° 0.8+0.1° 25.4+3.4°
(4.31%) (4.75") (4.55%) (4.74%) (4.027) (5.49")

Mean+S.E., () : Mitotic index expressed as percentage of mitotic cells in total cell number in each tissue.

Values with different superscripts are significantly different (P <0.05) .

Table 4 Values of *H-thymidine and ®H-uridine incorporated into embryos after 3 and 4 days of incubation in inbred lines, F; hybrid

and randombred Japanese quail

3 days (nmol/embryo)

4 days (nmol/embryo)

Group
*H-thymidine

*H-uridine

*H-thymidine *H-uridine

Inbred lines (27) 0.99+0.09*

(26) 1.7940.14°

(26) 2.7540.28 (28) 4.19+0.37*

F, hybrid (28) 1.61+0.13° (26) 2.47+0.21° (27) 3.58+0.24" (28) 5.50+0.28"
Randombred (29) 1.72+0.11° (31) 2.53+0.15° (25) 3.59+0.37° (29) 5.53+0.36"
Mean+S.E., () ! Number of embryos.

Values with different superscripts are significantly different (2 <0.05) .
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Table 5 Fertility, hatchability, viability up to 4 weeks after hatching and egg production rate in inbred lines, their reciprocal crosses
and randombred population of Japanese quail

Mating Fertility Hatchability Viability ) Egg production

2) 2

group" N (%) (%) (%) N (%)
81.1° 38.7° 57.1* 61.0°

00 A (253/312)" ( 98/253) ( 56/ 98) 19 ( 487/ 798)
78.8%® 36.9° 62.0° 71.7°

TT 2 (271/344) (100/271) ( 62/100) 2 ( 714/ 996)
73.8" 73.5° 92.9° 89.6¢

oT 20 (211/286) (155/211) (144/155) o (2031/2268)
70.1¢ 68.4° 91.5° 84.9¢

To 18 (155/221) (106/155) (1 97/106) o (1923/2266)
96.9¢ 81.8° 93.3° 88.6¢

RB 38 (655/676) (536/655) (500/536) 60 (2214/2500)

V0O : Okayama inbred line; TT : Toyohashi inbred line; OT : Okayama inbred line (&) X Toyohashi inbred line (%);: TO : Toyohashi
inbred line (&) X Okayama inbred line (% ): RB : Randombred population.

Number of birds, ®Values in parentheses are actual values.

Values with different superscript letters are significantly different (P<0.05) .

Table 6 The parameter values of Gompertz growth curve in inbred lines, their reciprocal crosses and randombred population of
Japanese quail

Inflection point

Sex Group” A? b? k%
Age (weeks) Body weight (g)

00 100.02* 2.9941® 0.3350° 3.32° 36.80°
TT 101.67* 3.0028" 0.3285 3.39 37.40°

Male TO 105.16° 3.0426° 0.4056" 2.64° 38.68"
oT 108.07¢ 3.0563° 0.4265 2.81¢ 39.76¢
RB 107.21% 2.9435° 0.4592¢ 2.39¢ 39.44"
00 118.19° 3.0663" 0.2994° 3.86° 43.48°
TT 126.50° 3.1817° 0.3172¢ 3.70° 46.54°

Female TO 130. 04 3.1971° 0.3766" 3.13 47 .84
oT 132.60° 3.2293° 0.3702° 3.22° 48.78°
RB 132.76° 3.0959° 0.4268° 2.67¢ 48.84¢

Y00 : Okayama inbred line, TT : Toyohashi inbred line, TO : Toyohashi inbred line (&) X Okayama inbred line (%), OT : Okayama
inbred line (') X Toyohashi inbred line (¥), RB : Randombred population.

be—kt

Iy =Ae" (Gompertz equation) .

Values with different superscript letters are significantly different (P <0.05) .
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Table 7 Heritability estimates, phenotypic and genetic correlations of egg characteris-tics in Japanese quail
e Egg Yolk Albumen Shell Shape Albumen Specific Shell Shell Yolk
Characteristics . . R . . . . .

weight weight weight weight index height gravity thickness strength color

Egg weight 0.62 0.81% 0.93* 0.70* —0.07 0.10 —0.14* 0.19** 0.13* 0.14*
+0.17

Yolk weight 0.73 0.68 0.56** 0.44** —0.02 —0.08 —0.38** 0.00 0.02 0.06
+0.09 +0.19

Albumen weight 0.93 0.44 0.66 0.65** —0.08 0.21** —0.05 0.20** 0.13* 0.18**
+0.03 +0.16 +0.19

Shell weight” 0.70 0.19 0.73 0.78 —0.06 0.06 0.61** 0.69** 0.56** 0.21*
+0.17 +0.20 +0.09 +0.23

Egg shape index —0.03 0.01 0.03 0.01 0.77 0.13* —0.03 0.12* 0.17** —0.01
+0.21 +0.22 +0.21 +0.22 +0.26

Albumen height —0.04 —0.03 0.13 —0.01 —0.31 0.77 0.06 0.10 0.10 0.19**
+0.20 +0.19 +0.19 +0.20 +0.19 +0.21

Specific gravity —0.06 —0.54 0.11 0.56 0.05 0.16 0.84 0.75** 0.54** 0.14%*
+0.21 +0.15 +0.20 +0.15 +0.23 +0.21 +0.26

Shell thickness" 0.29 —0.17 0.41 0.81 0.28 0.35 0.77 0.79 0.59** 0.18**
+0.19 +0.20 +0.17 +0.07 +0.21 +0.18 +0.09 +0.24

Shell strength 0.35 —0.14 0.46 0.73 0.45 0.25 0.65 0.85 0.52 0.09
+0.18 +0.21 +0.15 +0.10 +0.18 +0.20 +0.13 +0.06 +0.16

Yolk color 0.36 0.08 0.37 0.53 0.03 0.15 0.41 0.55 0.42 0.61
+0.37 +0.43 +0.37 +0.32 +0.46 +0.43 +0.38 +0.31 +0.37 +0.18

Heritability estimates (Sire = Dam) to diagonal line.

Phenotypic correlation to right of diagonal: genetic correlation to left of diagonal.

YIncluding shell membrane, ?Standard error.
* 1 P<0.05 ** 1 P<0.01.



February 2009

WY, =< IVREDRHEE R Y, PEENSEY
WHERESEE IS 5 2 & TE /. Lo L, HoTIve %
WX T T R, ) < IVRBRICHE LT, R
L%, BRELREOBIENNE L HLI D, T
WU R EREEICH VA A IZT VY ) RO
SHEE D O b, EZWES R % K5 LERDH 5.

5. HEHESR - U EOKREI

B, REPOLPESIN LN - PABREHERO—H &
L CRIER SN, HEEN - PREROMEEILIZEE L FRET
H5. PEIEN « PaROMEIZER O CP R P & % i
WA ETRENDD, IKCPFRHIL2HE, BT
WFEERIOIETAALNLZ PO TS, F2
T, K CP RN T7 I /a2 iRmNs 52 &Ik o CHERE
WEET LI TThI TV b, I, 745 —,
LtHEHEZ W EERIC L 5 &, BERUWET I BROT
&) RO CPALIZWRETH 5 Z L S ST w
L. —F, BTIHMEPEEIC7 ¥ —F2RINTH L
T, RELR EOEEEOUE, P 20T &
BT EPEE L HEENT WSS, 7 XT T %
STV, 22T, KL CP &E IR, &
DEFEILEN T T HED B X O CP 20% D15 CP fi#}
T X BRI 72358 OO TR L
7o Fo, U VAV T LERINO CP 20 % fEHZ 7
45 —EERRML G 60BOMEINE, KED%E,
MEEMRE P &, BEO RIS TEII OV TGS
L 7.

DAZOBEESTICEM, KE 53
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Table 8 Performance in matings applied by sex-linked inheritance
Mating Fertility Hatchability Viability" Egg production? Egg weight® Body weight"
group (%) (%) (%) (%) (g) (g)
Brown line 98.1° 83.6° 96.1° 95.42 10.3* 130.9°
Normal line 97.5 90.8° 95.5° 95.1° 10.6° 134.5°
BXN 99.3" 88.3" 9.7 96.3" 10.2? 132.1*®

B XN : Brown (d') X Normal (%) .

V4 weeks after hatch, ¥?8~20 weeks of age, *10~11 weeks of age, *

'Female, 10 weeks of age.

Values with different superscript letters are significantly different (P<0.05) .

Table 9 Effects of dietary amino acids levels on performance of quail
CP content Egg production” Egg weight? Body weight? Feed intake”
(%) (%) (g) (g) (g /day /bird)
20 72.1% 8.9 121.9° 16.4*
20 (100) 82.6" 9.6 123.5° 17.7¢
20 (110) 78.8° 9.4 127.3* 18.0°
20 (120) 82.9 9.5 125.8* 18.3°
24 84.6" 9.8 126.5° 18.8°

Amino acid: methionine, lysine and threonine, ( ): ratio to NRC.

V6~30 weeks of age, ?10~11 weeks of age, *Female, 10 weeks of age.
Values with different superscript letters are significantly different (P<0.05) .
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Table 10 Effects of phytase supplementation on weight, length, width and ash content of tibia at 4 weeks of age in Japanese female

quail
Culled body Tibia weight Tibia length Tibia width Ash content
Treatment .
weight (g) (g) (mm) (mm) (%)
CP content 20 52.3+£1.5" 0.36+0.02° 37.6+0.7 1.94+0.06 40.6+0.2°
(%) 24 62.5+1.5° 0.44+0.02* 40.5+0.7¢ 2.13+0.06" 41.8+0.2°
0 52.8+2.1° 0.35+0.02° 37.5+0.9° 1.91+0.08 36.8+0.3"
Phytase level 500 55.5+2.1%® 0.3740.02" 37.94+0.9" 2.02+0.08 42.3+0.3°
(Unit/kg) 1000 59.1+2.1® 0.42+0.02" 39.8+0.9" 2.04+0.08 42.9+0.3°
2500 62.1+2.1° 0.45+0.02" 41.1+0.9 2.15+0.08 42.8+0.3°
Analysis of variance
Variance component
A (CP content) e o * e
B (Phytase level) * * NS e

Mean + SE.

Values with different superscript letters are significantly different (2 <0.05) .

*1P<0.05 ** I P<0.01; *** 1 P<0.001; NS : not significant.
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Table 11 Crude protein, fat and ash contents of fish meal and cochineal residue
Dry reduced Crude protein Crude fat Crude ash
weight” (%) (%) (%) (%)
Fish meal 65% 8.3 62.4 7.3 20.1
60% 8.1 61.0 7.9 21.2
Cochineal residue 3.9 66.4 10.5 3.9
Commercial feed 11.2 25.0 3.6 10.6
Vegetable raw materials 10.8 20.7 3.2 10.7
Y108C, 2h
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Fig. 2 Transition of astaxanthin (Ax) in yolk.
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