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B IC SR 25 ok 1 RN Rt e H i g 0 [R) Y S 1 H
KB, MER LSRR KR EE R
R WP A A E A, S R P&
& OH7EE ORHE L R WIE R,
1.4.2 HEmFidahs
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ST R OB € (X (Waters 2695, %5 Oy 236 nm AR 1.0 mg/kg . H X BE & (AL
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Table 1 Composition and nutrient levels of experimental diets ( air-dry basis) %
g A fE CSM 7K Dietary CSM level/ %
Items 0 4.5 9.0 13.5 18.0 22.5
JEK} Ingredients
E K Corn 56.090 57.09 58. 090 59.090 60. 090 61.090
/NZZ #k Wheat bran 11.050 9.750 8.420 7.105 5.795 4.475
¥ Soybean meal 22.050 17.850 13. 640 9.430 5.220 1.010
F ¥k Cottonseed meal 4. 500 9. 000 13.500 18. 000 22.500
L — i Z IR Eh R £ L-Lys - HCl 0.055 0.085 0.115 0. 145 0.175 0. 205
DL - TR & ik DL-Met 0.165 0.165 0.170 0.170 0.170 0.170
f1#; Limestone 8.170 8.200 8.240 8.280 8.310 8.350
WM A 45 CaHPO, 1.120 1.060 1.020 0.9380 0.940 0.900
&3k NaCl 0.300 0.300 0.300 0.300 0.300 0. 300
Wil Premix" 1.000 1.000 1.000 1. 000 1.000 1.000
41t Total 100. 000 100. 000 100. 000 100. 000 100. 000 100. 000
# K- Nutrient levels”
L e ME/(MJ/kg) 10. 46 10. 46 10. 46 10. 46 10. 46 10. 46
HHEH R CP 17.00 17.00 17.00 17.00 17.00 17.00
45 Ca 3.60 3.60 3.60 3.60 3.60 3.60
EWE TP 0.64 0.59 0.54 0.50 0.46 0.41
A X0HE AP 0.35 0.35 0.35 0.35 0.35 0.35
AR Lys 0.85 0.85 0.86 0.86 0.87 0.87
HEA R Met 0.40 0.40 0.40 0.40 0.40 0.40
EAMR + P AR Met + Cys 0.68 0.68 0.69 0.70 0.71 0.71
BRI FG/(mg/kg) 0.00 14.82 28.03 32.81 39.18 50.16

Y R A BT s A A 4 1k The premix provided the following per kg of diets: VA 12 000 IU, VD, 1 800 IU, VE 26 mg,
VK, 1.0 mg,VB, 3.0 mg,VB, 9.6 mg, VB, 6.0 mg, VB, 0. 03 mg, & fk. JH§i§ chloride choline 500 mg, 4K % nicotinic acid
25 mg,Z [ pantothenic acid 28.5 mg, i1 folic acid 0. 6 mg, 4 ¥ & biotin 0. 15 mg, Fe 50 mg, Cu 10 mg,Mn 90 mg,Zn
90 mg,10.5 mg,Se 0.4 mg,

2 VG B AR S STIE , K4y il . FG was a measured value, while the others were calculated values.

1.5 Sits#hr
R EE R ] SAS 8.1 B T HlFIrE 2 & B
53 #7 (one-way ANOVA) ,Duncan [QIEHFITZE 2.1 A CSM Ak EX SIS EMw =S HEEmW
o ERPSEHEFER, BEEKFE R P <0.05, A
B2 W, 5XBAHMMIK,13. 5% .
18.0% F122.5% H W AR T FHEERE(P <
0.05),22.5% 4 B F WK 7Py EFREMH ™
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HEEIF D HFRS TREIL(P<0.05); MK HELEEZW(P>0.05),
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Table 2  Effects of dietary CSM level on laying performance of laying ducks at peak production
I H 1@ ¥ CSM 7K 3F Dietary CSM level/ % Pl
SEM
Items 0 4.5 9.0 13.5 18.0 22.5 P-value
SEM) H R Average daily feed intake/g 160 160 160 160 160 160
FEE R Laying rate/ % 85.05 89.40 85. 66 85.36 85.28 82.71 1.45 0.10
W Average egg weight/g 64.90°  64.40" 64.71*  63.26 63.32™ 62.30°0.38  <0.01
H =% Daily egg mass/(g/d) 55.23"  57.61° 55.53% 54.04* 54.00™ 51.52°1.03 0.01
BLE L Feed to egg 2.91"  2.79¢ 2.90™  2.99®  2.99" 3.14%0.06 0.01
ik 25 % Broken egg rate/% 0.10 0.13 0.11 0.15 0.11 0.11 0.06 0.99
Wi 3% Abnormal egg rate/ % 0.33 0.31 0.40 0.44 0.26 0.30 0.11 0.85

AT R B AR A RN TR OR 2253 3% (P <0.05) , MR S0 PR R R ZE R AR (P >0.05) . TR,

In the same row, values with different small letter superscripts mean significant difference (P <0.05) , while with the same

or no letter superscripts mean no significant difference (P >0.05). The same as below.
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3 0L, 5XF MA41HHE,9.0% (13.5% |
18.0% F122. 5% 4 & 2 WAL T 1L 3% GSH £ & Al

AR CSM 7k 3 &5 e HA 25 G 1fn 3% 4 (L F5 4R Y

R3 AR CSM KT Xt 5 IS B E RS I 32 A L3 4R

GSH/GSSG {;9.0% .18.0% #122. 5% 4 i 3% 47
& 13K MDA &5 (P <0.05) , % 411l 2% GSSG
i \T-AOC J GOT ,GPT Fl ALP 3322 % A
BE(P>0.05),

sbA

Table 3 Effects of dietary CSM level on plasma biochemical parameters of laying ducks at peak production

i H i H CSM 7K F- Dietary CSM level/ % Pt
A SEM

Items 0 4.5 9.0 13.5 18.0 22.5 P-value
BRI B H R GSH/ (mg/L) 12.84*  11.99™ 10.57™  9.37° 9.83° 9.87° 0.59 0.04
AT A H K GSSG/ ( umol/L) 71.50  74.30  96.85 91.94  88.78 93.82 6.70 0.08
I JRE T e H IR AL T A e H K b b b b

.18¢ .16* RE . ) ) 0.02 0.01
GSH/GSSG 0.18 0.16 0.13 0.11 0.12°  0.11 <
N % MDA/ (nmol/L) 8.04° 7.19°  11.92° 9.62" 11.19* 12.08" 1.33 0.03
Sy bfE S T-AOC/(U/mL) 8.06®  9.50° 8.02"  7.40° 7.36°  6.76° 0.52 0.03
BB ER RS ALP/(U/L) 422.15 516.91 466.99 421.29 611.27 451.46  64.82 0.33
A E S GOT/(U/L) 0.62 0.99 1.88 1.01 1.28 1.12 0.32 0.19
AR ERE GPT/(U/L) 1.78 0.88 1.36 0.97 1.91 1.34 0. 44 0.21
2.3 {AR CSM /K345 IEH E RS F MR BEASE) o3t . 1 B, X REL (4.5% F19. 0%

H12E 4 AL, JRL R CSM 7K S e 06 30 26 g 2%
SCIRIE ECIR I IR B IREAL R A
NAEE B TC R E (P >0.05)

2.4 {RMR CSM 7K 3t i & HA & G BT A . 5 AE #0
Ipia AR N
W HAT 3 DA, B SN , U I

AUTFHEZHL 2 /N S8 B BT 200 R 2 U, A 4
DX R gk Jk e LA R DL /b T A M A A TR
(1% ~5% ), K WIKIEF 4, 13.5% .18. 0% Fl
22. 5% LA FFIENG 15 722 P W1 48 i (10% ~70% ),
JFSE ARG O, A8 DX HE B ST S 48 A, O 1 B
YR I, Bt 5 B R CSML /K - 336 36 44 ™
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Table 4 Effects of dietary CSM level on egg quality of laying ducks at peak production

1 H 1A H CSM 7K F- Dietary CSM level/ % Pl
Items 0 4.5 9.0 13.5 18.0  22.5 SEM P-value
%522 B Eggshell thickness/mm 0.355 0.348  0.346  0.339  0.343 0.350 0.01 0.46
HEFCEE Eggshell strength/kgf 4.37 4.26 4.24 4.21 4. 04 3.84 0.23 0.45
V455 Egg shape index 1.40 1.37 1.36 1.35 1.36  1.36 0.01 0.07
W FC 37 Haugh unit 74.72 75.73 77.09 72.36 79.57 72.33 1.88 0.09
EH Pt Yolk color 6.08 6.00 6.04 6. 60 6.83  6.88 0.41 0.43
WL Yolk rate/% 30.86  31.42  30.53 31.66  30.60 31.15 0.44 0.40

A %FHRZH control group;B:4.5% % 4.5% group;C:9.0% #1 9.0% group;D:13.5% 41 13.5% group;E:18.0% 41

18.0% group;F:22.5% 2 22.5% group,

1 EWHREIR BRI

Fig. 1
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], ToW] R SRS T B4 5 4. 5% A R /N 1
R AN ZS AR 1% ~5% 39. 0% 41 =3 ] &
/N B ISR BB AL B IV R A L v ™
Jri B AT A 4 236 A 513 5% 4B /NER B B 2R
4, B (R A I 5 18. 0% 1 22. 5% 41 ' /N 41 i
RERE I NTRAS e N A R S

K 3 Eon, % FEZH A 4. 5% 20 5P 55 P 345 iy
AW, T B 7 W WAL, 9.0% ,13. 5% .
18.0% F1 22. 5% 21 n B S W04 S A 45 09 360 A0 T 1
Z4 RE A, ORI A REAG I AT, SR A IR
2.5 FGAEEWBHAN. AR . EHNSUREFH

[==]

R 25 S 25 B, 7E 22. 5% 4138 36 1 BT L

JIE e JUL A AR T R B ORI S FG Bk B (TR

Microstructure of liver section of laying ducks (400 x )

WE M B WA Y kB FG &% &
4.55 mg/kg,

K
3.1 AR CSM kTN FIEHEB~ RN
Al

AR 45 R, M CSM K =13. 5% i
A SRR S 3 R T, A B 22, 5% B R g A
FHEEMH - EEF S EF R ER, S8R
26000 6 A3 JH i 22 XS 1R FG & i 0,20
70120 mg/kg (IR B0 TRMR , 45 BRI AR FG &
WX PR RN R ;Y FG & Rk #
120 mg/kg I}, R 30 IR 40 B 5 %Ik . Lordelo
SIS A B, AR 200 mg/kg B A E SR A
FG ] i S FRAIG 34 JRIIE 1 25 FR XS AN 44 R AR} L B
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PIFIFIG 7 R I F] 400 mg/kg B 2 FEMCRE W& E PR REA A R R0, HAS [R5 8 [0 A 5
i 20 e S R A e X 7 R T B R, AL R B A2 25 5, R L XY, S XA A 5 52 4
FEARPROP ARG R i . XS &I FG 2 #2E,

SOMA R RROE P B SR MR, A [F] 5 4 4

A XTHRZH control group; B:4.5% 20 4.5% group; C:9.0% 4 9. 0% group; D:13.5% #H 13.5% group; E:18. 0% 21

AN

18.0% group;F:22.5% 2 22.5% group,

B2 FEEWSHIAEHES
Fig.2 Microstructure of kidney section of laying ducks (400 x )

A XTHRZH control group;B:4.5% 20 4.5% group; C:9.0% 4 9. 0% group; D:13.5% #H 13.5% group; E:18. 0% 4
18.0% group;F:22.5% 4 22.5% group,

B3 FEWIERS
Fig.3 Ovarian morphology of laying ducks
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3.2 {AHR CSM /K34 5 I HA 2 5 1 3% 4 L 38 4R Y
A

GOT .GPT J& % & iR [ fife 3o 72 v i) 31 2 5% 2
ity , Horh GPT 2474 T 40 M ML 2% 9, LAC e A0
JHF I v %) 6 42 B e T AL 955 P 3 PR AR AT, 2 s R i
20 7 45 R B A SRR F8 A, GPT 3 P oy R 2
PR 25 P R B, T O JIE T RE AN 4 5l 3K 8
T FH GOT i . Braham 25 /45 1
S WA 1 IR 5 228 ~ 440 mg/kg A By 1) CSM
TR 15 JE AT LA 5] R B 45, 5 20T GOT
W B TR, B X L GPT i ¥ 76 8 3% 52 ; I b
BRI LW 15% 19 CSM (FAl R FG 45 &
H73.25 mg/kg) X 1 ~20 H & Bk A I
GOT .GPT J% ALP {FVETG B 5 m . 8 fhoxL &5
SR FHARFFDERG S5 2 1 o iR AR B oK — SR R
REAARRH 0 .25% .50% .75% Fi1 100% 5.k (100%
B4l CSM & 23.27% , fil ki FG & & >
156 mg/kg) /M 14 H S PEBEA AT 2 35 H i,
iRRH], A E 2K GOT #l GPT i& Mo g 3% 2=
St AL 25U N AR FTE TS me/ke I R A
2 J&, B 2 AR /N BRI LI IE GSH & & AN
DNA [Jiff , $2 % o — % %) B¥ 1 B A1 RNA i 55, X il
i GOT #1 GPT {F ML B &, A Imgs K%
BY, ff H 22. 5% () CSM (1] 2 FG & & N
50.16 mg/kg) %} &5 ] M 11 3% GOT Al GPT %
PETC R R, 256 D) R 45 5%, U6 B B o ) A
CSM 7K - 4 25 5 JiF JU JFF &40 it o8 20 B S g s 2% 1
A, RISl e A i B B SR L 3 5 R RO
252 L) A S o e ) AR R T PN, L
i BRI A s 25 B T RE AN — &S AT, 2
I TG X prp R A By 00 i 52 1 S 5% BRI BR AL A H
RIIER WARGE W5, BRI A, U 1
CSM X i A K MR BB Y 52 M . GSH 2 — B & & 3=
[ERE I AR R Sk /=Y 37 U R AN
A B AR A B, PR AP LR S 32 A
MDA & H 5L 51 & — s i v iY i it it 41k
PR AN T A R RN BT B, 28
HLIAR N MDA &7t 5 . T-AOC J& A T fiif it AL 1A
ARG e RO 5 G VAR bR, B R/ AT
PIRER AN S WHUAR BT A AL I 2 48 TR AR il 3R 584 ob
KA A BE T DL R LA B p A IR A
Koyacic'™ 28 4 i 25 B 70 4 HoA B S e, i e
AR R AR . R A Rt

TR A T Xk 0N R A A0 M R TS R R, &4 R
BB R A 99 W] DL B 5 /0 BROB R A i, 7 AR
PR A0 B, L R R PR T S R T R R E
FHIC ; SOD {4 55 42 3 R 7 1 Bl 4 A 1 771 2t 1) 14
M REAR, 1 MDA 5 548 {3 5 I Al .
PSRN, 4 e A0 S G L R RE SR R AR 8
AN H BE B B L IR b MDA & BEAIR
GSH % & . T-AOC HI & Bt H Bk i A 1L 9 i
(GSH-Px) &t o TA A % W 3 B 1 M 20 6 2F 1
TR A S AL A5 . AR B0 H R R CSML K
=9. 0% I g 3 AKX T 1% GSH & &= il GSH/
GSSG {fi, 1425 T MDA & &, {H %} T-AOC T i
RN, X U8 B R AR CSM K 3 13 2 i 26 1 4L
TR B SR AR PR 2R A AR
3.3 fAR CSM /K FExf H g E RS E MR

AR 5 35 22, 5% R R CSM K- (4l ki
FG 12 20 50. 16 mg/kg ) X & W ) 25 15 2 o JoT I
BER . i I LB, SR FG
5T 100 mg/kg Ji B 2 8 B AR B, R A6
TEM, FPUS ER, XUER I R R R
Tk FG & &A% 55. 85 mg/kg I, X5 8 H il R A7
3 JE AR B A A 0 B B () A K AT A
B XA RERBSSEFAS, EPRBEGY S
o m AR BTSSR SE , AR CSM 5] X
FAR A F R f T CSM AR AS 1R A1 S G 1R
Gy A IR RR DT R P 8. SR M AR
0 TR T LA A 9 3 3 3 R, O R R Rk T
AIBEINEE I S EE T EARIE L6
BAY HEEAR L, AR, IR PSR R R T LA
MEARE AR A R AR . & TR e R
(1) FG IR o , [ 127 38 4 7 2 0 T AR v A vy R F
1o 20 mg/kg, FHIL, T INE &1 CSM XY 45
B ERICIE R BT B A AR Y AN TG W Y
M), (E A8 7 PR X0 A 7 39 0 ol 0 100 2 AR
T b T AT s i — IR A R G .
3.4 (AR CSM /K EXFIEHEMHLR FG % BH
A

FG X & & A # FHAEM , WA M5 REft 3 O
JIE R B AR BE A S SR AR, W R B0 )
TEUR, 51 i K i A 4 B Bl R0 A AL, 3 BE S 5 1M
EREI A M, i 57 5 21 4R A OB R I A I
PhJAE L B MR e B o M I T AR 8 BT T
JUE, 3 B B [ S5 HE A4, HoR S R WCHE o
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Effects of Dietary Cottonseed Meal Level on Laying Performance,
Egg Quality, Plasma Biochemical Parameters, Ovarian
Morphology and Gossypol Residue of Laying Ducks at

Peak Production

RUAN Dong LIN Yingcai® ZHANG Hanxing CHEN Wei WANG Shuang

( State Key Laboratory of Livestock and Poultry Breeding, Key Laboratory of Animal Nutrition and Feed Science
(South China) of Ministry of Agriculture, Guangdong Public Laboratory of Animal Breeding and
Nutrition, Guangdong Key Laboratory of Animal Breeding and Nutrition, Institute of Animal

Science, Guangdong Academy of Agricultural Science, Guangzhou 510640, China)

Abstract: This experiment was conducted to study the effects of cottonseed meal (CSM) on laying perform-
ance, egg quality, plasma biochemical parameters, ovarian morphology and gossypol residue of laying ducks
at peak production, and to estimate the dietary CSM optimal level of laying ducks. A single factor design was
adopted and seven hundred and twenty 19-week-old Longyan laying ducks were randomly divided into 6 groups
with 4 replicates per group and 30 ducks per replicate. Ducks in the six groups were fed the basal diet supple-
mented with O (control) , 4.5% , 9.0% , 13.5% , 18.0% and 22.5% CSM, respectively. The content of
free gossypol (FG) in CSM was 266 mg/kg. This experiment lasted for 12 weeks. The results showed as fol-
lows: 1) compared with the control group, the average egg weight in 13. 5% , 18. 0% and 22. 5% groups
was significantly decreased ( P <0.05) , and the average egg weight and daily egg mass in 22. 5% group were
significantly decreased (P <0.05), but the ratio of feed to egg in 22. 5% group was significantly increased
(P<0.05). 2) Dietary CSM level had no significant effects on laying rate, broken egg rate, abnormal egg
rate, eggshell thickness, eggshell strength, Haugh unit and yolk color (P >0.05). 3) Compared with the
control group, the plasma reduced glutathione ( GSH) content and the GSH/ oxidized glutathione ( GSSG) val-
ue in9.0% , 13.5% , 18.0% and 22. 5% groups were significantly decreased (P <0.05) , but the plasma
malondialdehyde (MDA ) content was significantly increased ( P <0.05). There were no differences in total
antioxidant capacity ( T-AOC) and the activities of glutamic oxalacetic transaminase ( GOT) , glutamic pyruvic
transaminase ( GPT) and alkaline phosphatase ( ALP) among all groups ( P >0.05). 4) The integrity of the
dominant follicles was impaired, and some of them were fractured to fusion in 9.0% , 13.5% , 18.0% and
22.5% groups. 5) The content of FG in rectal contents was 5. 57 mg/kg in 22.5% group, but it was unde-
tectable in breast muscle, liver, kidney, egg yolk and egg albumen. In conclusion, there is no negative effects
on laying performance, egg quality and organic damage when dietary CSM level is less than 9. 0% , and there
is no residues of gossypol in egg and breast muscle. [ Chinese Journal of Animal Nutrition, 2014, 26 (2) .
353-362 ]

Key words: cottonseed meal; laying ducks; laying performance; egg quality; plasma biochemical parameters;

ovarian morphology; gossypol
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