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Table 1 Composition and nutrient levels of diets (air-dry basis) %

5iH I W2 M3 B4 S el WTHA B8 oW
The first The second The third The fourth The fifth The sixth The seventh The eighth The ninth

ftems group group group group group group group group group
JE 8} Ingredients
£k Com 66. 90 68. 80 70.00 60. 60 65.00 55.70 58.00 54. 60 41.00
K] Soybean meal 4.90 7.20 9.50 15.60 17.60 20. 80 25.70 28.20 31.00
TRl Premix"” 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
%k |z Wheat bran 16.40 9.30 2.50 11.30 3.40 5.00
EKTEH Corn starch 5.00 5.00 5.50 6.00 4.60 11.30 5.00 8.00 16.00
f1#; Limestone 1.10 3.90 6.70 1.00 3.80 6.60 0.90 3.70 6.50
Wik 445 CaHPO, 0.33 0.42 0.47 0.36 0.45 0.50 0.40 0.50 0.50
#i = B2 Lys 0.03 0.34 0.31 0.14 0.15 0.10
HEZ MR Met 0.34 0.04 0.02
41t Total 100.00  100.00  100.00 100.00  100.00  100.00 100. 00 100. 00 100. 00
#:7KF Nutrient levels”
Qi€ DE/(MJ/kg) 11.51 11.51 11.50 11.50 11.52 11.47 11.53 11.48 11.40
HEH R CP 11.32 10.97 11.18 13.04 13.26 14.10 17.23 17.09 16.95
5 Ca 1.30 2.36 3.24 .31 2.30 3.33 1.27 2.33 3.32
AR AP 0.47 0.43 0.48 .47 0.46 0.42 0.45 0.45 0.46
AR Lys 0.72 0.72 0.72 .72 0.73 0.72 0.80 0.82 0.83
EHA IR Met 0.33 0.33 0.33 .35 0.36 0.36 0.41 0.41 0.40

VTR R P A4 Provided per kg of premix: VA 180 000 IU, VD, 5 000 IU, VE 200 IU, VK, 10 mg, VB, 10 mg,
VB, 80 mg, VB, 10 mg,VB,, 0.2 mg, {H# nicotinic acid 400 mg,Z R pantothenic acid 90 mg, I-# folic acid 9 mg, JHHH cho-
line 7 g,Ca0.5¢g,P0.2 g,Fe0.7g,Cu0.1 g,Mnl.5¢g,Zn1.4 g,110 mg,Se 6 mg,

2 MR A R S S, Hofth A1 B, CP, Ca and P were measured values, while the others were calculated

values.
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Table 2 Effects on dietary CP and Ca levels on the weight of breeder roosters kg
1 %2 %3 %4 %5 %6 57 %8 o 10 11
L B KT e ~A 42 A3 A A3 A A A3 A H ~H
i IK S Ca level Before  The The The The The The The The The The The
a leve
CP level test first second third fourth fifth sixth  seventh eighth ninth tenth eleventh
month month month month month month month month month month month
1 39 2.25+% 2.52+ 2.51x 2.45+ 2.52+ 2,48+ 2.46+ 2.35%x 2.34+ 2.34+ 2.34+x 2.43
o 0.24 0.28 0.29 0.34 0.28 0.28 0.29 0.28 0.28 0.27 0.26 0.20
1% 9 39 2,27+ 2.56+ 2.62+ 2.56+ 2.57+ 2.54+ 2.54+ 2.50+ 2.54+ 2.57+ 2,57+ 2.63 %
v o 0.24 0.25 0.25 0.23 0.24 0.22 0.23 0.24 0.22 0.22 0.21 0.27
3 39 2.22+ 2.53x 2.66+x 2.52+ 2.62+ 2.67+x 2.70x 2.77x 2.75+x 2.76+ 2.79+ 2.85=%
o 0.16 0.19 0.25 0.24 0.28 0.38 0.32 0.38 0.39 0.38 0.36 0.36
1. 3% 2.25+x 2.61x 2.60x 2.46+ 2.55%x 2.51+x 2.59+ 2.50x 2.49+ 2.45% 2.49+x 2.46 %
o 0.25 0.33 0.41 0.38 0.28 0.37 0.35 0.22 0.22 0.21 0.19 0.17
14 9 3% 2.27+ 2.50x 2.64+ 2.53+ 2.52%x 2,57+ 2.60x 2.60x 2.57+ 2.51+ 2.52+ 2.54=%
7 20,220 0.24 0.26 0.26 0.19  0.20 0.19  0.27  0.25 0.24 0.22  0.19
3 39 2.26+ 2.57+ 2.63+ 2.53+ 2.62+ 2.62+ 2.66+ 2.34+ 235+ 2.38+ 2.39+ 2.58=+
o 0.23 0.26 0.26 0.28 0.30 0.28 0.28 0.29 0.29 0.32 0.30 0.31
139 2.25+ 2.76+ 2.76+x 2.66x 2.78+ 2.74+ 2.80x 2.56+ 2.50+ 2.61+ 2.6l 2.60 =+
o 0.26 0.34 0.41 0.41 0.40 0.39 0.40 0.26 0.23 0.23 0.24 0.24
17% 2 39 2.30x 2.70x 2.68x 2.57+ 2.66x 2.62+ 2.63x 2.72x 2. 71+ 2.69+ 2.74+ 2.80 =%
? o 0.23 0.28 0.26 0.29 0.29 0.28 0.32 0.36 0.38 0.39 0.36 0.35
5 3q 2-17% 2.52% 245+ 2.38% 2.38% 250 255+ 2.52% 249 2.43% 247+ 248+
B 0.19 0.25 0.29 0.26 0.28 0.27 0.27 0.30 0.28 0.27 0.22 0.23
R {E Effect sizes
ME 5 CP 0.085 2.567 0.117 0.139 0.294 0.498 1.037 1.190 1.347 1.672 1.975 1.300
4E Ca 0.831 1.059 0.570 0.763 0.685 0.043 0.306 1.552 1.489 1.278 1.539 2.606
ﬁ%%ﬁﬁx% 0.304 1.298 2.181 1.476 3.413 1.978 2.454" 3.029" 2.936" 3.041" 3.893™ 3.100"
a

[R5 B IR AR A AR TR B RN 22 5 AN B3 (P >0.05)  AHS8FRE R 22 53 3% (P <0.05) , A 8] 7 BF %R 26 57l e 3%
(P<0.01)," FRFEFEH(P<0.05); " FREFMEE(P<0.01), FEIH.

In the same column, values with the same letter superscripts mean no significant difference (P >0.05) , while with adjacent
letter superscripts mean significant difference (P <0.05), and with alternate letter superscripts mean extremely significant differ-
ence (P<0.01). ” indicates significant difference (P <0.05), and ™
The same as below.

indicates extremely significant difference (P <0.01).
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4.447 f13.570 , G HF BEM M (P <0.05), Hl
1 T FR S ZEORG VR BT A FR A B A S AR
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PP A AR XY L35 GLO &5 Rtk 2 =
TIREA A (P <0.01) B &/ TR &E AR
MBS AT S E B A5 41 (P <0.05)  {H5 Al 4
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T H S 4 R AR T AR R S A
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(P <0.01), H Ao s A5 410 8 2 5 TR i
RS (P <0.05) , {H 5 FH Al 24 % 22 5 1 i 2%
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Table 3 Effects of dietary CP and Ca levels on semen quality of breeder roosters

\ T WG WremE i IRy 2 ARG TH

HLAE K- IR Semen quantity/  Sperm motility/ Sperm density ~ Sperm deformity Number of available

CP level Ca level mL 2 /(10°/mL) rate/ % sperm/10°
1.3% 0.40 0. 19" 0.83 +£0.09" 2.90 £1.13 8.20 +£3.93 0.97 0. 10*

11% 2.3% 0.36 +£0.18® 0.73 £0.18° 2.58 +1.02 7.60 +3.35 0.67 £0.06"
3.3% 0.39 £0.25% 0.74 +0.17¢ 2.53£1.22 8.70 £4.09 0.77 £0.11%
1.3% 0.40 0. 24" 0.85+0.17* 2.57+1.08 7.98 £3.52 0.94 +0.12*

14% 2.3% 0.39 0. 19" 0.83 £0.14" 2.86+1.40 7.05 £4.25 0.95+0.10"
3.3% 0.43 +0.19° 0.81 £0.10™ 2.55+0.75 7.47 £3.80 0.93 £0.10®
1.3% 0.37 £0.19® 0.77£0.17" 2.58 £1.32 7.50 +3. 84 0.85+0.12°

17% 2.3% 0.32+0.20° 0.76 £0.17¢ 2.77+1.11 7.74 £3.59 0.65+0.07"
3.3% 0.33£0.19" 0.78 0. 15" 2.59 +1.06 8.57 £4.60 0.69 0. 11"

S {H Effect sizes

L& E i CP 3.649" 8.652* 0.077 1.412 3.590*

E Ca 0.608 4.447" 0.892 3.570" 2.609

FLE 5 x 45 CP x Ca 0.558 2.112 1.356 1.034 0.688

AL 1 KP4 GOT {ﬁf TG &&fA SHMPEARPSAH(P <0.05), mEHRS
FERENE(P<0.05) % UA STRAEMEE  SHAMAGME S T, &k Emes TIRED

RZI (P <0.01) o Rl KLAS 7K P X B 24 XS 45 1M 75
AR PR A BE W (P >0.05), HEH
JRIEG — 35 ) 22 HL A AN I GOT 3% 4 A 22 i
AR (P <0.01) % UA & 5t 19 52 i 35 5
ZIKF-(P<0.05),
2.4 {EARAEEE AR KE S FHAE M 3R
BEE=EHTm

HI e 5 AT, Hh AR o A AL e R T
R R LA CF || A S W 1 T o i R S = DT A

FR S AR E PS4 (P <0.01) , B & T
AR A5 A5 2 b R SO S AR i AR R
BHZH (P <0.05) s e B S AL 8 e T
JRAHESZH (P <0.05) o 8 R M AS A AP & A
o e A 2L A 2 RS i S R R o e R I R TR
EABRESA (P <0.01) , @& H RS H R E &
FrEH RIS (P <0.05) fRE A B H 54 2
Fr T REHRKES4L(P<0.05),
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Table 4 Effects of dietary CP and Ca levels on blood biochemical indices of breeder roosters

gt ] A A

HER BEH HEH EEA . _ 4 PR PRER _ %) 1%
5 7K S BEiEREE  FEE AR =i
J K Ca lovel TP/ ALB/ GLO/ ALP/ GPT/ GOT/ UA/ BUN/ TG/ GLU/
V
CP level /L /L /L /dL /dL /dL
eve (L) (g/L) (g/L) (U/L)  (U/L)  (U/L) (mg/dL) (mg/dL) (me/dL) (mg/dL)
| 3% 41.31+ 25.18+ 16.14* 179.42+ 9.50+ 324.79+ 6.05x 2.00x 60.25+ 208.46 +
T 501 1. 36" 4.16" 98.27 7.37  168.36* 1.53°  0.51® 17.95% 28.36
1o 5 30 40.70 = 23.29+ 17.41% 191.55+ 7.50+ 276.10% 5.53x 1.80% 66.45+ 204.70 +
7 5339 4620 6.50%  107.05  6.77  86.13*  1.14°  0.62"  18.20° 30. 06
3 30 30.54+ 25.10+ 14.43+ 156.45+ 8.68+ 255.45+ 5.58%x 1.68%= 66.14+ 209.14 +
22T 6. 38 6.45" 8.07% 50.22 5.61  42.59"™  1.60° 0.57°  26.14° 31.07
| 3% 39.47+ 23.20+ 16.28+ 174.68+ 7.86+ 239.50+ 5.34%x 2.09% 56.68+ 201.00 =
T 406" 2,54 404" 78.45 5.29  63.37"  1.63° 1.11*  18.12% 31.63
149 5 30 39.79+ 23.55+ 16.25+ 167.00+ 8.86+ 217.73+ 6.05x 1.86% 56.27+ 213.41 +
7 T 3.79M 9 70™ 4. 70" 51.59 5.55  80.93°*" 1.43°  0.83"  19.20° 19.79
3 30 38.95+ 22.40+ 16.55+ 165.80+ 7.40+ 315.90+ 7.46+ 1.95+ 61.85+ 206.95+
7 5.65% 3.37° 5.78% 41.31 4.94  106.18° 2.22*  1.15® 23.07™ 31.46
| 3% 38.06+ 23.28+ 14.78+ 191.40+ 7.30+ 302.80* 7.88=% 2.10x 57.25+ 193.30 +
500 3,00 6.84"  76.64 4.77 65.53  2.41° 1.02*  15.76° 37.26
179, 5 30, 43.63+ 23.83+ 19.80% 163.35+ 11.00% 316.20* 7.59% 1.95+ 55.30+ 214.15+
7 27 7960 2,78 8.11°  45.93  6.14  96.05° 2.86°  1.05°  22.24° 45.98
5 30, 39.38+ 23.50+ 15.88+ 152.20+ 10.05+ 287.90+ 7.56% 2.25% 49.00+ 198.40 +
.0 /0

5.77°  3.80™  6.15"  36.52 7.07  79.09"™  3.41%* 0.72*  16.73% 52.89

RN {E Effect sizes
MEE 5 CP 0.730 2.735 0.282 0.198 0.859 3.478" 14.043™ 1.557 4.327" 0.472

4% Ca 2.480 0.134 2.524 1.877 0.357 0.735 0.985 0.788 0.071 1.259
J k
ii%lgfix% 1.862 1.145 1.277 0. 654 1.332  4.442™ 2.525° 0.469 1.017 0.745

xS AREZEERMGKERMHLBMRHESENZ I

Table 5 Effects of dietary CP and Ca levels on hormone contents in plasma of breeder roosters

HLEE E Bk 5 7K S = AR R R FOR IR 2 B o

CP level Ca level T,/(ng/mL) T,/(ng/mL) Cortisol/ (10 ng/mL)
1.3% 1.34 +0.47% 19.97 +7.34* 1.82 +0.78“

11% 2.3% 1.27 £0.35% 17.70 =5. 54 1.89 +0.78%
3.3% 1.33 £0.44® 18.79 +6. 64" 1.85 +0.94*
1.3% 1.44 +0.51° 18.56 =7.10" 1.63 +0.68™

14% 2.3% 1.39 0. 49" 16.69 4. 83° 1.77 £0.63*
3.3% 1.13 £0.59" 21.41 +8.45" 2.01 +0.86*
1.3% 1.33 +0.41% 19.61 =8. 56" 1.44 0. 86°¢

17% 2.3% 1.20 +0.48% 20.38 +9. 14" 1.79 0. 75*
3.3% 1.12 £0.54° 24.11 £13. 06" 2.09 £0.79*

W {E Effect sizes

HIEH R CP 1.096 2.553 0.217

£E Ca 2.773 3.106" 4.153"

HIEE H i x 45 CP x Ca 0.970 0.985 1.178
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Effects of Dietary Crude Protein and Calcium Levels on

Reproductive Performance of Breeder Roosters
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Abstract: The experiment was conducted to investigate the effects of dietary crude protein (CP) and calcium

(Ca) levels during the overall breeding period on reproductive performance and blood biochemical indices of
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breeder roosters. A total of 135 new Yangzhou breeder roosters at 21 weeks of age were randomly divided into
9 groups with 3 replicates each and 5 roosters each replicate. The roosters were fed with 9 different diets de-
signed by a 2 x 3 factorial arrangement with three crude protein levels (17% , 14% and 11% ) and three calci-
um levels (3.3% , 2.3% and 1.3% ) and the same other nutrition levels during the overall breeding period.

The results showed as follows: 1) the roosters in 11% CP +1.3% Ca group had the maximum density of
sperm (P >0.05), and the number of available sperm was the largest, which significantly higher than that in
11% CP+2.3% Ca group, 17% CP +2.3% Ca group and 17% CP +3.3% Ca group (P <0.05). The
roosters in 14% CP +3.3% Ca group had the largest amount of semen, which significantly higher than that in
17% CP +2.3% Ca group and 17% CP +3.3% Ca group (P <0.05) , but not significantly higher than that
in the others (P >0.05). The roosters in 11% CP +1.3% Ca group and 14% CP group (with1.3% , 2.3%
and 3.3% calcium) had the higher sperm motility, there was no significant difference among them (P >
0.05) , but which significantly higher than that in 11% CP +2.3% Ca group, 11% CP +3.3% Ca group and
17% CP +2.3% Ca group (P <0.05 or P<0.01). 2) The roosters in 17% CP +2.3% Ca group had the
highest content of total protein in serum, which significantly higher than that in the other groups except for
11% CP+1.3% Ca group and 11% CP +2.3% Ca group (P <0.05 or P <0.01). The roosters in 11%

CP +1.3% Ca group had the highest content of albumin in serum, which significantly higher than that in 14 %

CP +2.3% Ca group (P <0.05). The content of globulin in serum of roosters in 17% CP +2.3% Ca group
was the highest, and significantly higher than that in 11% CP +3.3% Ca group and 17% CP groups (P <
0.05 or P<0.01), but not significantly higher than that in the others (P >0.05). The activity of glutamic-
oxaloacetic transaminase in serum of roosters in 11% CP +1.3% Ca group, 14% CP +3.3% Ca group and
17% CP +2.3% Ca group was higher, and significantly higher than that in 11% CP +3.3% Ca group, 14%

CP+1.3% Ca group and 14% CP +2.3% Ca group (P <0.05 or P <0.01). The uric acid content in serum
of roosters in 11% CP groups, 14% CP +1.3% Ca group and 14% CP +2.3% Ca group was lower, and
significantly lower than that in the others (P <0.05 or P <0.01). The roosters in 11% CP +3.3% Ca group
had the lowest content of ureal nitrogen in serum, which significantly lower than that in 17% CP +3.3% Ca
group (P <0.05), but not significantly lower than that in the others (P >0.05). The roosters in 17% CP +

3.3% Ca group had the lowest content of triglyceride in serum ( P <0.05), which significantly lower than
that in the other groups except for 14% CP +1.3% Ca group (P <0.05 or P <0.01) , but there were no sig-
nificant differences among the other groups (P >0.05). 3) The roosters in 14% CP +3.3% Ca group and
17% CP +3.3% Ca group had the lower content of T, in plasma, which significantly lower than that in 14%

CP+1.3% Ca group and 14% CP +2.3% Ca group (P <0.05). The roosters in 11% CP +1.3% Ca
group, 14% CP +2.3% Ca group, 17% CP +2.3% Ca group and 17% CP +3.3% Ca group had the higher
content of T, in plasma, which significantly higher than that in the others ( P <0.05 or P <0.01). The roost-
ers in 17% CP +3.3% Ca group had the highest content of corticoids, which significantly higher than that in
17% CP +1.3% Ca group (P <0.01), but not significantly higher than that in 11% CP groups (P >0.05).

In general, the roosters fed the diet with low crude protein and calcium levels can achieve better fertility and
higher economic efficiency than that fed the diet with high crude protein and calcium levels. [ Chinese Journal
of Animal Nutrition, 2011, 23(8) .1280-1288 ]
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