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T U R ) VA 22 A B G BEMLAE o S AN HRAL, AL FRAL R 6 N TEA . BURIE 1R L 24 L. Kk EOR-E
A H AR ZH (X PR ZHD K& f& 50,100,150, 200 g/kg #5801 H ¥ 20 (FG & & 43 %l 24 43. 15, 86. 30, 129. 45,172, 60
mg/kg) B 5 155 A OREARDRR X S X A= P M R AR A BT LA KO AR FG 3R BB s 1R . K45 2R Y FOR R AR R K7 H ORI i 2R
X 24 Ji B FG & A F) 129, 45 mg/keg B . BE B R R P EREM ARG/ HELRET &40
HFG & &k 3] 172. 60 mg/kg B, fE B H PR M EME R HI 0. HE FG AR BN E SRR L85 12 H. 4
X H Y FG A RSN 5.29,10. 26,15, 04,19. 09 mg B, X & FG 5% ¥ 4> % 20. 64,31, 86,39. 13,43. 32
mg/kg; I 24 B, Y EN A 0 FG AR 78 5.02,9. 83,14, 24,17. 55 mg i, W5 FG 5% B 43 %k 27. 38,
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Effects of free gossypol level in diet and feeding period on
free gossypol residue in eggs

HUA Peng-huan, LI Fang-long, WANG Zhe-peng,
MIN Yu-na,LI Lian-bin,GAO Yu-peng

(College of Animal Science and Technology » Northwest A& F University ,Yangling ,Shaanxi 712100, China)

Abstract: [Objective] The experiment studied the effects of free gossypol (FG) level in diet and feed-
ing period on FG residue in eggs. [Method] 480 Brown laying hens at the age of 30 weeks were assigned to
5 treatments, with 6 replicates per treatment. The preparation period lasted for 1 week and the experimen-
tal period lasted for 24 weeks. 1 control group fed with corn-soybean basal diet and 4 experimental groups
fed with diets containing 50,100,150 and 200 g/kg cotton seeds,respectively. The FG contents in diets of
experimental groups were 43. 15,86. 30,129. 45 and 172. 60 mg/kg, respectively. During the experimental
period, production performance, egg quality and FG residue in the eggs were measured. [Result] Feeding
129. 45 mg/kg FG for 24 weeks to hens significantly decreased egg production,average egg weight and dai-
ly feed intake, while increased feed conversion ratio significantly. Eggshell strength and yolk color in the

group fed with 172. 60 mg/kg FG for 24 weeks were significantly lower (P<C0. 05) than that of the con-
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trol. On week 12,the FG residues were 20. 64,31. 86,39. 13 and 43. 32 mg/kg when the daily FG intakes
per hen were 5. 29,10. 26,15. 04 and 19. 09 mg, respectively. On week 24, the FG residues were 27. 38,
42.40,45.17 and 53. 44 mg/kg when daily FG intakes per hen were 5. 02,9. 83,14. 24 and 17. 55 mg, re-
spectively. [Conclusion) The cotton seed content in diet should not exceed 100 g/kg to avoid the effects on

productivity and eggs quality. FG residues in eggs increased significantly with the increase of FG level in di-

ets and the extension of feeding period.

Key words:laying hens;cottonseed meal;diet;feeding period;residual FG in eggs
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PR d T3 R B U A Y BR L B AR T S R
TR IR R RS A kAR AR IR E B
WA 7 e R UL B R M AR BT R L AR 2
500 J7 t. 2y (i 25 S W DR R 2 RE R AL i Y
30265 . MK U S AR B (Free gossypol, FG) %
PUE SR AR 2 5] R e A n) i, 2R
HEE A BT R W, BRI R ) AR XY
B4R =R RS, M H AR FG 28] 120 mg/kg B, G4
FEVERE B REL, Panigrahi 20V RE  ZE AR PR
i 300 g/kg AR AT ORI, A AR B 3 AR
(P<C0.01), T B 45 F 55 438, 4 W28 i 300
g/kg MRV (XS T = X &, & 4 CIE 7 d J5
TEUd BB B TS B AR K R T 14 d XS 4R
SRR A . Bl Y R, A 200 g/kg A#
IR B M i XS 10 AL XS & R B FG 35, 27
mg/ kg, {H H i UL X 1 )4 R A AR HOR S
X FG AR B 5 H AR I 7K 7 Fi o 532 30 R OC R
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1.1 Rgesr

T2 50 F AR RF R = OB R P R S b X HORL R
Eritoh 434.3 g/kg KRR & i 28. 7 g/kg. M &
& 863 mg/kg.,
L2 RKEEH5RAFERE
1L.2.1 RX¥BBE58a8 HEH0 MK “EHERN
(93.4£3.5) % GREFT 1 A FH=EF M 480 X
it RV 22 4 BN H4E 0 & S5 A RIS G J2 UK A ) 2 46
R D U)o X B AL A S S e R R DL LI IV
4L Y 96 HX, i 6 NER L EEE 16 Hg; H R
W R 4508 0K R L X B 4 B R RO BRI AR
K, T I0 G TT IV ZHH R AR R Jn i 43 3 oh 50,
100,150 1 200 g/kg. X5 H AL 7 B8 372K F L
F 1, AR IV VABERE FG & &5 5
k1 0,43.15,86.30,129. 45 F1 172. 60 mg/kg.,
1.2.2 MALEHES®E WENGELE, BN
RSB 2 LRk B HRE S EY TS
I V2 T S I U T A S T AT g
WA K 16 h 6, A5 H M 4 7k, HoAth [R5 80
mFRE
1.2.3 XEHR WU 7 d, DS T 4 SOk 2
XEGRE AR A0S 77 B R R T i 2 R i (P>
0. 05) , FFFEATAH G TH1e 58 s i S ) 168 d(24 i),

*1 EBREARBRAREFRKTE
Table 1 Ingredients and nutritional levels of diets for laying hens
Ay 34 Groups
Component %} g CK T 1l m v
Tk /(g kg ') Corn 618. 90 612. 60 605. 80 599. 00 592. 30
KEHI/(g - kg 1) Soybeen meal 258.50 210. 40 162. 30 114. 30 66. 20
i1/ (g » kg ') Cottonseed meal 0 50. 00 100. 00 150. 00 200. 00
fi¥/(g+ kg ') Stone meal 87.00 87. 80 88.50 89. 30 90. 00
TR AL/ (g - kg™ ') Premix 10. 00 10. 00 10. 00 10. 00 10. 00
K&/ (g« kg™ ! Soybeen oil 5.10 9.70 14. 20 18. 80 23.40
R A 45/ (g » kg~ ') Dicalcium phosphate 17.10 16. 00 14. 90 13. 80 12.70
/(g kg 1) Salt 2. 80 2.70 2.70 2.70 2.70
EHEM/ (g« kg ) DL-Methionine 0. 60 0. 70 0. 80 0. 90 1.00

#i %2 /(g « kg~ ') Lysine 0

0.10 0. 60 1. 10 1.60
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%K 1 Continued table 1
BIRKF 44 Groups
Nutritional level %t g CK 1 1 il v
R/ (MJ « kg~ ') Metabolizable energy 11.13 11.13 11.13 11.13 11.13
HLZE /(g - kg™!) Crude protein 16. 50 16.50 16.50 16. 50 16. 50
45 /(g « kg™ 1) Calcium 3.50 3.50 3.50 3.50 3.50
B/ (g« kg™ ') Total phosphorus 0. 60 0. 60 0. 60 0. 60 0. 60
AR/ (g« kg™ ') Available phosphorus 0.43 0.41 0.39 0. 38 0. 36
/(g kg 1) Salt 0. 30 0. 30 0. 30 0. 30 0. 30
HBMER/ (g + kg™ ') Available Lys 0. 80 0.75 0.75 0.75 0.75
HREAB/ (g« kg™ ') Available Met 0. 34 0.34 0. 34 0. 34 0. 34

L WR R A E T 9w HAREHL . Fe 60 mg,Mn 60 mg,Cu 8 mg,Zn 80 mg,1 0. 35 mg,Se 0.3 mg,Va 9 000 1U.Vp, 1600 IU. Vg, 0.5 mg.
Vi, 0.004 mg. /LY FK 0.1 mg. MR 0. 25 mg.Je 5L iR 20 mg.¥Z R 25 mg. Ve, 3 mg.Vy, 25 mg. JHHH 500 mg, & FKFHIHHRME.
Note: 1 kilogram of premix provides:Fe 60 mg,Mn 60 mg,Cu 8 mg,Zn 80 mg,1 0. 35 mg,Se 0. 3 mg, VA 9 000 1U, Vp, 1600 IU, Vi, 0.5

mg, Vi, 0.004 mg,biotin 0. 1 mg, folic acid 0. 25 mg,niacin 20 mg, pantothenic 25 mg, Vp, 3 mg, Ve, 25 mg, choline 500 mg. Nutri-

ent levels are calculated values.

1.3 MEILRKRFE
1.3.1 A=ng RKREWERUEE HPAICFE

7R RO 0% AR B R PR R T AT R AR A R R R
i, B 112 & 13—24 JE R 1—24 JE =%
R OWER R ERE P HRE R AR,
1.3.2 &®K 5 12 A 24 AR, a3
EXGHE 60 M(CREE R 10 M) .4 CARAFE I 2 W 5 1
AN AN G AN A R N o g RN A

L.
1.3.3 BE&EFGEEZ  BEHL 4540 21 IBGL 5 )

S5 12 M 24 AN BTG E A A2 AL GRS 7T HO L
EH FG & & IR FG MR B R (FG R
R=1MOGE P FG I &/HEX 7 d FG i EHEA
). 1 BOGERIE R AW 2 7 d WA AR
7 dFG MBI ARIE AT FG 3R R M08,

R 2 AEMRMATEBRITBEGEF 8

1.3.4 AR 2 & AOHDHE & A L =E Ak
W KRG 1 P 45 =k B 3 DU 5 AR RN XS B b FG
B i AR % 0 5 AR BT 40 i R A AR
PR (ETG-1601A) 2 72 i B il 2 1Y (EFG-
0503) Fll Z T BE 2 i J5T 43 Hr AL (EMT-5200) I 5 .
1.4 HiELE

I R ] SPSS 18. 0 i 47 Ab B 5 47 5 [H]
R ZAH R LI EAR IR 7 RIR 45 41 1H]
FHME KA Duncan’s 7 22 R B E L E LK.
DL P<C0. 05 fEh 22 5 B & M bR

2SR5

2.1 REMHATE B AR B & 7= BB W
R IR K S FLARORS 2636328 7 P 9 5 0 L 2%

2,
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Table 2 Effect of different cottonseed meal levels on performance of laying hens

Yl P2/ Y Laying rate W& 2/ % DBreak egg rate EHEFR/ (g #1) Average egg weight
Groups 1—12 13—24 1—24 1—12 13—24 1—24 1—12 13—24 1—24
W CK  93.38%+1.30a 84.26%+3.26a 88.82%2.57a 0.4240.06 0.42%0.10 0.42%0.05a 64.13%F0.64 63.47%+2.17a 63.80%=1.02 a
I 92.56+1.92 ab 78.92+2.68 ab 85.74+3.39 ab 0.324+0.10 0.5540.20 0.4440.11a 62.87+1.33 62.80+£1.56a 62.83+0.92 ab
Ii 91.6342.31 ab 75.2444,93 ab 83.44+4,60 ab 0.494+0.03 0.424+0.06 0.4640.03a 63.37+1.12 60.53+1.83 a 61.95+1.,15 abc
85.13+4.55 ab 65.74+6.57 b 75.43+5.62b 0.65+0.03 0.63+0.04 0,6440.02ab 61.70+1.10 55.00£0.95b 58.35+1.63 he
I\ 82.89+4.81b 63.67+6.02b 73.28+5.51b 0.78+0.23 0.70+0.15 0.7440.12b 63.57+1.01 51.534+0.55b 57.55+2.74 ¢
il FEHHRER/ (g B Average feed intake B L Feed-egg ratio
Groups 1-12 13—24 1—24 1-12 13—24 1-24
Xf i CK 124.62+0.65 a 124.06+0.69 a 124.34+0.44 a 2.18+0.01 a 2.2240.09 a 2.20%+0.04 a
1 123.48+0.65 ab 123.100.63 a 123.29+0.41 a 2.1840.01 a 2.2740.04 a 2.2240.03 a
1 121.974+1.00 abe 122.48+1.00 ab 122.23+0.64 a 2.2740.01 b 2.3540.05 ab 2.3140.03 ab
Il 119.5740.63 be 119.70+1.42 b 119.64+0.69 b 2.30+0.03 b 2.6140.13 be 2.45%0.09 be
v 118.48+2.37 ¢ 116.2020. 96 ¢ 117.34+1.25 ¢ 2.3440.05 b 2.6440.09 ¢ 2.4940.08 ¢

T« [ 50 EOR br AN Rl/NG b RoR 22 53 3% (P<<0.05) . R,

Note: Different lowercase letters in each column indicate the difference is significant (P<C0. 05). The same below.

o1 2 Al 7E B IR ) HOREY 150 me/kg

k1 (FG 129. 45 mg/kg) M 56 T 44 F1 B 48 & 200
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mg/kg MK (FG 172. 60 mg/kg) (i 1 IV 4 4 iy 7=
B PR R AR A OR B R R 3
I BHEE L o0t REZH (25 8 (P<<0. 05) 5 B IV 21 1%
B RO IR B 25 T 3 (P<<0.05)
2.2 AEBHKEEARTEBERRNF I
HH 2% 3 AT B AN TRDAR R K 7 1 BORS fl i 2
%3

R AEHE 12 Jo] 45 2 b AR AR -5 O IR A 0 8 35 92 5 5
7RI 5 25 24 F. H R b & 200 g/kg M A0 (FG
172. 60 mg/kg) i1l 5 IV 2H /Y £ 72 o B2 1A 80 21 (0
et HE 4t 3 [ A (P <20, 05) , HoAth 48 b5 TG 3% 22

=4
It o

AERHAKEBRIBEBERRAZIT

Table 3 Effect of different cottonseed meal levels on egg quality of laying hens

512 J& 12th week

sp4 B/ o A RIE/

A/ mm

Groups Egg shell (kg *« cm™?%) Albumen %)ff%ﬂz% HU% [folfﬁit
thickness Egg shell strength height cotor 4ugh un
*f i CK 306.55+6. 26 3.93+0. 24 6.77+0. 39 8.85+0.07 76.4743.16
1 310.87+3.25 3.91+0.16 6.714+0. 35 8.83+0.09 76.0443.22
I 307.60+3.99 3.70+0.15 7.56+0. 26 8.68+0.16 83.7541.42
ik 307.86+6. 45 3.84+0.23 7.214+0. 44 8.62+0. 30 76.9344.23
IV 310.55+5, 65 3.90+0.07 7.49+0.55 8.47+0. 20 83.1043.17
5 24 J8 24th week
oral H AL/ pm BT/ EIEE/m
A £} " VEL Y o1 Ay S/ Mm i M
Groups Egg shell (kg * cm™?) Albumen \%}E%}E‘r Hﬂ% EE]’%%&
thickness Egg shell strength height ¢ augh u
X CK 291.48+3.22 4.07£0.23 a 6.43+0. 60 8.21£0.20 a 77.8944.37
1 299.44+6.55 3.96+0.21 ab 5.8140.28 7.734+0. 31 ab 74.92+2.01
11 294.45+7.92 3.84%0.22 ab 5.26+0.51 7.32+0.34 ab 69.3344.96
il 295.74+7.70 3.84+0.08 ab 6.61+0. 32 7.47+0.60 ab 79.54=+2. 30
v 283.33+3.80 3.50+£0.15 b 5.4040. 69 6.9640.54 b 68.3145.63
2.3 EmMIFCGHRBESEBFCGEANERARTH o FG AR & 0 & | X T FG & &AM R i H
REIX R M i R0 ] SR B PR A JE 4 AR 1Y FG Bk AR R
M 4 n gL BEE EXS R H FG S & I8, P,
x4 EBFAEAFEMBEFCENESERFCHRBEMNXR
Table 4 The relationship between FG intake and FG residue in eggs at different periods
%5 12 J 12th week %5 24 J 24th week 1) Average
. B FG W& FG . WBE FG BE FG . B FG BE FG
FG A ¥ ! FG H # ! FG H ¥ !
sa SRR e mmw U0 mEm  mEe 00T R mER/
Groups Xverfg/e 0% (mg+ kg 1) Residual Xvelfg/e 0% (mg+ kg 1) Residual zveri/e 0? (mg+ kg 1) Residual
FG intake Re§1dual FG E(r ratio FG intake Re§1dua] FG E(; ratio EG intake Re‘sldual FG F(r ratio
in eggs in eggs in eggs in eggs in eggs in eggs
X CK 0.00 a 0.00 a 0.00 a 0.00 a 0.00 a 0.00 a
I 5.2940.38b 20.64+1.42b 23.85+1.97a 5.024+0.07 b 27.38+1.59b 32.65+2.22a 5.1640.03b 24.01+1.32 b 28.25+1.91 a
1 10.2640.07 ¢ 31.86+1.36 ¢ 19.1940.70 b  9.83+0.13 ¢ 42.40£2.43 ¢ 26.04+1.33 b 10.0540.04 ¢ 37.13+E1.44 ¢ 22.61£0.76 b
Il 15.0440.14 d 39.1341.48 d 16.10£0.60 be14.244+0.33 d 45.17+2.51 ¢ 19.5441,13 ¢ 14.64+0.12d 42.15+£1.30d 17.824+0.75 ¢
v 19.09+0.16 e 43.324+1.68 e 13.90+0.74 ¢ 17.55+0.43 ¢ 53.44+2.19d 18.2941.06 ¢ 18.32+0.68 ¢ 48.38+1.37 e 16.104+0.67 ¢
3 Wi HRTE HRARFFDF & 1 130 g/kg BB T R B
> Y

3.1 EWAMFCAKEEHAFHENXR

A 56 25 R R WL R FG oK OF i i
129. 45 mg/kg (K M1 & 8 150 g/ke) B, 7= FH K |
KB RO 2 8 T A R R B AR OB R L
ETE . FHESEDIIEERNEE FG &Ry 120
mg/kg iR 5 H M AE 5 25 X 7 8K R T F; Pani-
grahi ZE R SY & B, 7E AR RS I 300 g/kg 1R AR
FIRKL (FG 24 255 mg/kg) . #3015k & & W & %
I8 7 SO IT I, 45 JRL Y (T 24 48 B X R

TR GRS ABE TS AR . i & A
HORROG SEX8 147 D 91 12 J6] 9 1) 37 10 L 25 2R 3R T
TRVHRL P B U0 S A I 5 A O 179 me/ke B X ENG A
7 E RIS 3 3 R R 2 S N 3 X AR I 4
W ZEMA ] BE R R T a6 e 18] o Ui e A
Wi R RE KA FE AR T IT S . S5 A [ X6 i Aof ok
e 2 AR Ty (49 i 52 % 2 AL 160 %1 1 000 mg/ kg AREE,
ABFFEEE RS R G R AT RER 5 A .
3.2 EBHMFGCKAKEEERRMNXER

A IE 45 R R WL AR FG UK 1720 60
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mg/kg CRA & & 200 g/kg) I}, REAS 1 35 P AR
70 5 B R 2R BT €0, G A 2 BT AR AR 25 e N
HE 70 o B AR 5T IR R S N B PR A g ) i)
E(E R 0 D W A RN T < £/ /0 el (L 1
5% TS A ST BT, AR AT P sh R N 2 Rl
W T AR, Hop Fe't L Ca’t oy AR AR B O B
BUY. Aran VYR 5E % B U B A A O Gk B
200 mg/kg % fif X £ 2 5T TG 5 ), (2 2R B
4 B 5 22 5 5 Adeyemo™'™ W 5% 2% B, A b7 M1 5 AR,
60 26 BRI AR 23 X 2 5 S 5 R B AR A
FEARWY, A I 300 g/ kg A Y 1) kL 1) 0 AR XG4
JEL o AN W) 2R e JRE E ORI BE . 3K 5 A 3 e i ) 4 AR
AR TE] o AELJ 300 156 4 00 3 A 1 ke B i 0 T v s OO IR R
FEAE T T4 M 5 v Ca® " A4, i 1M 35 i Ca®' 1Y)
VR, S BUECRE TR, A R R L &
XK SR A R R AORT . AR R A B S X R
X LT TP S B B A A R
3.3 EBFCHENEEEMICERBENXER

Ui s A 1 A€ 2l 1A 9 A W] R R T
Wi T HGE S W A W A JFEIUE i gk R R
Baliga % 45 o A 1y 8 5 0 20 R 5 26 1 IR 45 5 1
— 2 ;s Abou-Donia 45" 48 o A i (1) B 3t 7T LAAR 25
iy 1, 55 R R v A1 BT LR KR R AR R . SR
1PN iR SV E WA = DN S K E
fi BEL LF A4 85 19 35 1 (Clawson) M, Lordelo 2557 gJf
U, A v AR AR R R RE 5 BRI A AR AR
P BN AR A G, Tk 2 A B el I S O
S5O . A 45 A 3 I, BN U R Ak
VA 5 R X R T £ A B AR IR A OC, B A AR I AR A = Y
O R i A T AR R A TR U0 A T AR
P 23 0 BRI 5 [A]— 4b 3 A 1 00 30 PR 1 SEE 4 L 2
HR U N I P SR T R X Al A Y F o 4
R, 55 24 FIE X0 25 2H 55 AU 258 10 1 L
5 12 JE R AR L L 5 i v i A 1 R B A R TR
12 J& o GE S A AT RE 2 TR My AR N IE AR B R A
#=RVERT 24 Y R FG S 28 T 12 K
XG5 o A4 B U K AR 25 2 T AR 1 R0 BB B AR 1 LS LT
Z 5V A R B, 24 J8 253G E 1) FG iz
FEE PR EW LR 2, H 24 XS E T FG 5k
el 12 FNE.

4zt B
1) DX A 7 P B T o K SO0 DR £ 1 o A

Mo A 100 g¢/kg(FG 24 86. 30 mg/kg) .

DFGIEEXS AN BA U8R & B, EXY
I O E AR HOARL BE FG SR R BT 39 25
PG SR B I 20 T FG & AR B H R, X
IR BB G EE b FG i 5k B R
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