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Abstract

The objective was conducted to study the effects of different protein levels with isocaloric
diet on laying production and characteristic of Japanese quails (Coturnix coturnix japonica) at
high-laying period. A total of 1500, 6-month-old Japanese quail were used in this trial. Feed
and water were supplied ad libitum. The test period lasted for 18 days. The total egg weight and
feed intake of each treatment group were recorded every 2 days, and the feed to egg conversion
rate was calculated. Egg quality, including the average egg weight, eggshell strength, eggshell
thickness, albumin height, Haugh units (HU), yolk weight and yolk weight percent were
recorded before 1 day, after 6, 10, 14, 20 day of experimental period, respectively. The results
showed that the average group daily feed intake and average group daily egg weight in each
treatment group, the crude protein(CP) levels of the diet was the best with CP24%(CP24). There
was no significant difference in eggshell strength, eggshell thickness, aloumin height and HU
during the whole test period among the treatments. The weight of egg yolk and the ratio of egg
yolk to egg weight were significantly higher in the CP24 group than in the other groups;
however, the egg weight in the CP22 group was significantly higher than that in the CP24 group.
In summary, it is suggested that reducing the crude protein level of the diet to 22-24% has no

adverse effect on the egg performance in 6-month-old Japanese quails.
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B RIRE th LA EZI R R 2 - (BT D BEREh B A B BCER T - H ATE HSsR TR 2
HEH'HE (Crudeprotein, CP) S EEEEE 26-27% (B > 2017) > LI RHE S ERHA -
IEAh - B OREE SR > H A2 B - CHUSEL E R - MEMAEK
fAERA - HARHEZ &R EiR B PR ERE 0 - S @Iy 28R > BRI
IRHE R —ERE RS54 (Leeson ef al., 2001; Minoguchi et al., 2000) - H ATHFY— 53
EathZ HAEMRHHE N H e BN EENRERE G WHIHHERE ER K
FRHAER Z BRI - SRS HER E B ELEEE (%) HEEINERHEEE
IR © FIHWTFE Vohraand Roudybush (1971) SUERREDT - fEmERELE S & 1
# H #5535 (Coturnix japonica ) &5 - MR EMEE L E & & f 25%  Aboul-Elaet al.
(1992) Jrf5th > 1215 52 MR E LI5S (Bobwhite quail) G2 EHEEEE
12%28 21% » RIHZEERE 59.6 % L1 E 74.7% - #ifdldE A H & B R R BN EE
HNFZ— BRI NRC (1994) SRR - ERHARSERESE 28R 20%
Shanaway (1994 ) BRIEUR > EHMILSREREE EER e ERE LN EAE S
21%LE 24% & fofE
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EARERICAS (5 BB A T0% L0 | > HAE S} o 8 BB AR 2 JFURE AR =) - SUERE (AT
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RSB EZ BRI - (ERRSREE Ak EKE -
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S B M7 (Huagh unit, HU) =100 x logl0 (H-1.7WT 0.37 +7.6; H: ZE[H &% s WT
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=~ BRETOT
SRS S I ERHE FH SR 7017 %4 (Statistical Analysis System ; SAS, 2017)HyEHE

#HS 0 fik GLM(General Linear Models)f& [7> #E T8 75 5341 » i DA/ INET7 5B (Least

squares means) {53 L 5 FRA 2 T4 81072 BB 1% <
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Table 1. The composition of the experimental diet

Crude protein levels, %

Ingredients 22% 24% 26%
%
Corn meal 47.68 40.58 33.46
Corn gluten meal, 60% 4.0 4.0 4.0
Soybean meal 25.0 28.29 31.46
Choline-C1,50% 0.22 0.21 0.2
Methionine 0.05 0.02 -
Calcium carbonate 5.11 5.08 5.06
Calcium phosphate 1.66 1.64 1.61
Salt 0.3 0.3 0.3
Soybean oil 3.00 3.58 4.15
Premix* 0.3 0.3 0.3
Full fat soybean meal 12.68 16.00 19.46
Total 100 100 100
Metabolizable energy (kcal/kg) 3,000 3,000 3,000
Crude protein(%) 22 24 26
Calcium (%) 2.5 2.5 2.5
Available phosphorus(%) 0.4 0.4 0.4

*Supplied per kilogram of diet: vitamin A, 22,500 IU; vitamin D3, 3,000 IU; vitamin E, 60 mg; vitamin K3, 6
mg; vitamin By, 22.5 mg; vitamin B»,22.5 mg; vitamin Bs, 6mg; vitamin Bi», 75 mcg; d-pantothenic acid 24 mg;
nicotinic acid 1.5 mg; folic acid 1.5 mg; biotin 300 mcg; Fe, 180 mg; Mn, 60 mg; Cu, 15 mg; Se, 0.225 mg;
Zn,90 mg; Co, 0.75 mg.

2 ~ SRR

FREAFELE G EZERY O ARRLENREAA PIEHREE - EEEA
ERHAER 2528 - W1k 2 Aion  BREESERSE 7-12 0 atlaefl > DIESseiRe 24% M
EHHEAR R ARSI HEEE (P<0.05) 240 HAsbals s - 245
BLPSRE N EEE (R2) HHBEER ) Sollalt RSB 2 PR H SR e B
FHAERpa A Z MR E 2R HUEHIGNESR 1 g 51 Al e g
e PRGH P 6 H A EE R 82-85% 2 B{HH1 Narinc et al. (2013) HRHEUR » (AR

Bz 6 HlREERL 80%HIMHAT - f& ERTAt 6 i H A H MR - EEFH s
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T EREAESER 2% S 2 26% I IUETRHRER | MRS fiieE
FESERE 24%REE 26% WA REN NAEAEE R © JRRIER S A E RS ERELE
0% HFRER - HigE R CP MAAEENEENERE Y B - Indreswari et al.

(2016) DARHLiGRE skl s et - Halbnaaia (CHIAE f 2800 keal /kg - WiKF&4HM Z
EHE S REEHIE 18-19% - 8 0 AR5 - BB e RHRERMERHE 3.5 /o6 » HE{H N
A AR R 7 2.19-2.23 5L > RIRSZE 5 iRk b ltfd 72 5 mTAE R PR
HrEs e (CHEERE N BB SIRAR - 1 ISR R atE » HEQ'E
REELERAH R R R BB ST - A E R E REERE RS ERRER  IAEE—
LRSS -

Ratriyanto et al. (2017) DL=7F&E&dkE CP » 435k CP16.5 ~ 18.0 K 19.5%[C & nEH
Kelip 2 A BIZEERIR 2 AR AENVERE - 45IREEE - i8S CP16.5 4 - Hea Rl AR i
7= MLAEEE S CP19.5 40 > RIEEFERYERHEHE | RN RE 1 B i e
o B A NUERRIREIRIACER - thaks T AT ER AR - (BT RHR SR K A R T TS
B ARG EARE D E S E 26%EZ A% 2 22 o {272 Sharifi ef al. (2011)
Z AR - $RISERET SiEAE CP 4 (CP24) Bi{KEaHE CP 4 (CP22.08) HHEL: » HiIEH
NS I B R BRI eR IR o BB CP24 AR 2R A A > 45 AT
)5 EARAEE I E A 45 5 ( Howes, 1964 ; How and Beane, 1966 ; Shim and Vohra( 1984 )
JRENERRAtE E N BRPNEREE T » ISt CP HEFREZ ARG ERE -
SREAI NS B RS - BERRSRTE A R s R B Rt E N B 2 &8
ToREAFTER - HUAHEA RS - EERNS - HAlGBREENESERE
HEZ RS 2 CP26%LL | -

o ERE

HEGEA FE O E &R 2 e H AR R B SRR T B ER R T
B A% 3 R - BRAEsBEES 10 H - LIESSE CP22 pR M ARy s YR EAE (P<0.05)
2N HA R PR AR I R R e B e - SR R 22 B - BRI Y LR

FETE S BRI e BE St 2 /NS 22 52 - Rieral (2005) ZAA9E383H - GARHE
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B > HELHAMMHEREESZR (P<0.05) - At miifElE B a8 &R
H &8 7 4558 B Ratriyanto etal. (2017) WFEEUR > DA=fdfAkE CP > 7755 CP16.5 ~ 18.0
Je 19.5% B0 &R IE s~ A i - BIERREREANAY)mE - AlgEEs CP18.0 5 19.5 4
F o (FEEEEER CP16.5 4HEE » HILEIR - EHGSIFTRER—ESEZ CP - F
REAREZ ENAYIE
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Table 2. Effect of different protein levels with isocaloric diet on laying production and
characteristic of Japanese quails (Coturnix coturnix japonica) at high-laying period.

Dietary protein levels, %

Items 22 24 26
Means + SD
Day 1-6
Average group feed intake, 11.91+0.73 12.00 £ 0.77 11.47 £ 0.84
kg/group birds /day
Average group egg weight, 5.24 +0.16 547+ 0.11 521+0.11
kg/group birds/day
Feed conversion rate, kg/kg 2.27 +0.09 2.19+0.14 2.20+0.15
Day 7-12
Average group feed intake, 12.14 + 0.13 12.27 +0.14 12.04 + 0.10
kg/group birds /day
Average group egg weight, 5.34 + 0.17% 5.59 + 0.06° 5.21+0.16%
kg/group birds /day
Feed conversion rate, kg/kg 2.27 + 0.08 2.20 £ 0.05 2.31+0.09
Day 13-18
Average group feed intake, 12.29+0.19 12.23+0.11 12.11 + 0.06
kg/group birds /day
Average group egg weight, 545+ 0.11 5.57 + 0.06 557+ 0.31
kg/group birds/day
Feed conversion rate, kg/kg 2.26 + 0.01 2.20+0.01 218+ 0.12
Full trial period
Average group feed intake, 12.11+0.42 12.17 +0.42 11.88 + 0.52
kg/group birds /day
Average group egg weight, 5.34+0.162 5.54 + 0.09° 5.33 £ 0.26%
kg/group birds /day
Feed conversion rate, kg/kg 2.27 + 0.06 2.19 + 0.07 2.23+0.12

' Each sampling day of each treatment sample size n = 500.
% Means within the same row without the same superscripts differ significantly among the

treatments (P < 0.05).

46



FHeEeENEDE e EHSEN N ARSEEEEZPE

* 3. tfEEHREAFELE BN S EN H ANRERNE 28
Table 3. Effect of different protein levels with isocaloric diet on eggshell quality of Japanese
quails (Coturnix coturnix japonica) at high-laying period

HH EREHESE %
Dietary protein levels, %
Items 22 24 26
Means + SD
The day before the test
Eggshell strength, kg/cm?  0.57 + 0.13 0.65+0.15 0.62 +0.15
Eggshell thickness, mm 0.200 £ 0.020 0.200 £ 0.020 0.210 £ 0.020
Day 6
Eggshell strength, kg/cm?  0.52 + 0.15 0.55+0.12 0.50+0.17
Eggshell thickness, mm 0.210 £ 0.020 0.200 £ 0.020 0.210 £ 0.030
Day 10
Eggshell strength, kg/lcm? ~ 0.65 + 0.11° 0.57 £ 0.16° 0.64 + 0.15%
Eggshell thickness, mm 0.200 £ 0.017 0.190 + 0.019 0.195 £ 0.023
Day 14
Eggshell strength, kg/cm?  0.55 + 0.15 0.65 + 0.26" 0.57+0.19
Eggshell thickness, mm 0.193 £ 0.016 0.191 £ 0.019 0.191 £ 0.017
Day 20
Eggshell strength, kg/cm?  0.61 + 0.17 0.66 + 0.18 0.60 + 0.20
Eggshell thickness, mm 0.192 £ 0.015 0.191 £ 0.017 0.197 £ 0.021
Full trial period
Eggshell strength, kg/cm?  0.59 + 0.15 0.62+0.19 0.59+0.18
Eggshell thickness, mm 0.198 £ 0.019 0.195 + 0.019 0.200 £ 0.024

'Each sampling day of each treatment sample size n = 30.
3 bMeans within the same row without the same superscripts differ significantly among the treatments (P < 0.05).
P<0.1
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Table 4. Effect of different protein levels with isocaloric diet on egg quality of
Japanese quails (Coturnix coturnix japonica) at high-laying period
Dietary protein levels, %

Items 22 24 26
Means + SD
The day before the test
egg weight, g/egg 11.46 + 0.87 11.04 £ 0.94 11.43+0.85
Albumin height, mm 3.40 £ 0.58 3.231£0.71 3.04 £0.82
Haugh unit, HU 1915+ 7.8 189.6 £ 11.2 185.7 £ 13.7
Yolk weight, g 4.21 + 0.65 456 +0.71 4.26 + 0.88
Yolk percentage, % 36.74 + 4.58 40.40 = 7.40 37.39 £ 8.03
Day 6
egg weight, g/egg 1150+ 1.22 11.02 £ 0.77 11.13+0.90
Albumin height, mm 3.88 £ 0.64 3.75+£0.80 3.68 £ 0.83
Haugh unit, HU 198.3 £ 8.7 197.2 £ 10.8 195.8 £ 12.3
Yolk weight, g 3.58+0.81 3.66 + 0.36 3.67+£0.36
Yolk percentage, % 31.25+ 6.58 33.23+1.87 32.84 +2.07
Day 10
egg weight, g/egg 11.22 + 0.97 10.79 £ 1.15 10.85+ 1.05
Albumin height, mm 3.44+1.09 3.51+0.64 3.4310.68
Haugh unit, HU 191.8 + 15.6 1945+ 9.0 1929+ 111
Yolk weight, g 3.58 + 0.37 3.48 + 0.44 3.43+0.68
Yolk percentage, % 31.89+2.13*  32.20+2.23®  33.44+ 354
Day 14
egg weight, g/egg 11.08 £ 0.90 11.24 + 0.68 10.95 + 0.69
Albumin height, mm 3.81+0.71 3.95+0.55 3.94 £ 0.57
Haugh unit, HU 198.0 £ 10.1 199.8+ 7.5 200.2+ 7.2
Yolk weight, g 3.64 + 0.40? 3.90 £ 0.53° 3.68 + 0.44?
Yolk percentage, % 32.91 + 3.98 34.79 + 4,53 33.52+3.19
Day 20
egg weight, g/egg 11.21+0.93 11.28 + 0.93 1153+ 0.76
Albumin height, mm 4.03 + 0.63" 3.91+ 0.53% 3.65 + 0.64°
Haugh unit, HU 200.8 £ 8.3 199.2 + 7.2% 194.9 +9.3?
Yolk weight, g 3.63+0.36 3.63+0.15 3.73+£0.32
Yolk percentage, % 32.40 + 2.56 32.21+2.78 3249+ 2.36
Full trial period
egg weight, g/egg 11.29+ 0.98 11.07+£0.91 11.18 + 0.89
Albumin height, mm 3.71+0.79 3.67+£0.70 3.55+0.76'
Haugh unit, HU 196.0+ 11.1 196.1+9.9 193.9+11.8
Yolk weight, g 3.72+0.57% 3.90 + 0.69° 3.80 + 0.58%
Yolk percentage, % 33.05+ 4.40° 3524+ 6.05° 33.98 + 4,772

!Each sampling day of each treatment sample size n = 30.
35 Means within the same row without the same superscripts differ significantly among the treatments (P <

0.05).
P <0.1
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