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T LB AR AT R AR a0 TAT . 270 B-FHAREAH S50 gty EE F I LRALS R 3
W(FBAEINEL, BATE30R), L FHARBRAKFA O XM 68 H 3 BE, KE
A8 R, LRER S0 HRAKTFATESHRERES THRBA(P<0.05),m5 100% %
RARFUEZFRREZ(P>0.05), FFREHFEERE FORAE AKX E B LME £
FAREHE(P>0.05), MAEBRMDHAFREOERKFGE M, FEEAREIRKZF I M(P<
0.05) f2iFMeIg K eH EARLETHR AEQR MRS 454 LR F TP >
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HARAKF w3 hn, BT AE & 09 AT MR S I RALRE ), B BB S P 4 B AR BAL A AL
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1 #REFE
1.1 RIeEH

6 T3 A6 AT 25 1 02 DARR R O DR, SR R -
W - B T2 (£ A5 ZL 00 1 345620.6) £

Z [ NRC (1993 ) i 38 S hrifE, I 45 & 3R
(R A 77 SE B , T i 20 Al SE AR & 8 6. 0%
FORYRLER T & 5o 64. 5% ) o 52 R IR gk
it b FH 619 A FF 28 1 43 301 AR 0 .50 % i1 100 % 11y
A, A 3 b 45 0 A5 BB Y a0 1R Ak, L 4 B 2
BIRAKE WL 1, Fakk SRS R et 40 H B 4
BB BEE A 80 C, il Bk 428 2.5 mm 1) A 45
krakl,00 CHETIE T - 15 TR A

77, FAE R AR OB A R BR Y R AL
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Table 1 Composition and nutrient levels of experimental diets %
WH #AL7KF Replacement level/ %
Items 0 50 100

JEORC X T 367 ) Ingredients ( air-dry basis)

fh 4 Fish meal (64.5% CP) 6.00 3.00

i B A AT 85 11 Degossypolled cottonseed protein'’ 3.43 6.86
5 ¥ Soybean meal (43.0% CP) 22.00 22.00 22.00
SEHFFH Rapeseed meal (37.0% CP) 25.00 25.00 25.00
KK Cottonseed meal (42.0% CP) 15.00 15.00 15.00
K Wheat middlings 18. 00 18.00 18. 00
KM Rice bran 8.40 7.97 7.54
.l Soybean oil 1.00 1.00 1.00
S ALJHAH Choline chloride 0.10 0.10 0.10
#e A WAL Vitamin premix® 1.50 1.50 1.50
Y B Mineral premix® 3.00 3.00 3.00
43F Total 100. 00 100. 00 100. 00
BRI (T AL at) Nutrient levels ( DM basis)

# 5 [ fi Crude protein 32.3 32.3 32.2
HLIEM; Crude lipid 3.87 3.55 3.25
JK4y Ash 5.64 5.36 5.02
FLBE Gross energy/ (MJ/kg) 14. 77 14.. 80 14. 86
TiF AR Free gossypol/ (mg/kg) 147.9 160. 3 168.7

U RORT AR KL A BT R R R + IR N IR L O R R AR B 4 R 56. 40% (2. 40% |
1.46% .6.36% .1.80% #1300 mg/kg, The contents of crude protein, lysine, methionine + cystine, arginine, threonine and free
gossypol in degossypolled cottonseed protein were 56.40% , 2.40% , 1.46% , 6.36% , 1.80% and 300 mg/kg, respectively.

2 oA 2 FUR R R T 5 4 k42 4t Vitamin premix provided the following per kg of diet: VA 25 mg, VD, 5 mg, VE
40 mg,VC 500 mg,VB, 12 mg, VB, 6 mg,VB,, 0.05 mg, VK, 5 mg, #% ¥ % riboflavin 5 mg, JJLf% inositol 100 mg,JZ i pan-
tothenic acid 30 mg, 4H/& niacin 35 mg, /% folic acid 2 mg, 2: ¥ & biotin 0. 06 mg, Z, %A F: MMk ethoxyquin 150 mg, ¥}
wheat middlings 14.09 g,

D E iy 5 TR R N 4 F 75 4R 42 it Mineral premix provided the following per kg of diet: KCI 200 mg, KI 60 mg,
CoCl, - 6H,0 7 mg, CuSO, - 5H,0 14 mg, FeSO, - H,O 400 mg, ZnSO, - H,O0 200 mg, MnSO, - H,0 80 mg,
Na, SeO, - 5H,0 65 mg,MgSO, - 7H,0 3 000 mg,Ca(H,PO,), - H,0 20 g,NaCl 136 mg,

1.2 FEFEHE PIIRTE D 50 ¢)270 B, KEPLr i 3 4 (R4l e 3 4>
W H S AF  F M S P AR (O ER L EBAERE 30 B), H AR UK 0 1
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RGBSR B AL, R £ 35 AR TR K
B PR3 38 KA (A R R 300 L) i, 7K i A
SAKK, KIER(27.8+2.2) C,pH 7.4 +
0.4 ,7% % >6.5 mg/L, %A <0.50 mg/L, W fii§
fRih % <0.06 mg/L, HM R HIKEM 2% ~
4% ,FFFR 08:30 .12:30 F117:30 &40 1 ¥, 1A
FrEFIR] 48 JA

1.3 #RHE55H

T FR IS RS A5 24 h G FRE, B E L b
PLEL 3 R AafE S art fh, FH T R4 i I 5 5 ¢
FE RN 3 B fa, R F % S R vk AL B, 4y B
HH IR I, 9 ST BP0 VR R R R SR S A
—80 CLRAFF FH o H R IE BT &2 Jm A 10 £5 (&1
() pH 7.4.0. 2 mol/L ) & 2% vh i , Fl B 38 5 3K
A G TE 10 000 x g 4 C 4T 8.0 30 min, B
WA N B TR, - 20 CRRAFR .

T e L K 4l RE S Y 7E 105 CHET E e
ARG R YLK E R E M E A RS, RIK
L0 72 KRR D5 2 i, = i (550 C) Ky ke ik il
TE KA &

JHF Pt U Jofe 26 1 G U 9 Il O MR ot A A
A ) TREOF 5 T A 7 R0 B R o AR S
PR E O R VR A A 37 TR IR
PIVEF 15 min, 73 ff s 2 A R 1 g B &R M 1
AN PR . A BT TR A O R e A
LU O AE 37 CHE 5K /E M 30 min, K fi#
10 mgPE ¥y g 1 ARG M HA

JH R B 4% B 5 2 il (GOT) | 4% N i & 1
(GPT) ALYk AL (SOD) i o , B A fb g
J1(T-AOC) DL N % (MDA ) Fl JF- 4% Ji 7% i R
FH R B AR ) TR AR 5 0T A 7 1 AR
GOT .GPT 51 Hufi @ U F 2w A EH RS
LA 37 CFAEH 60 min, 4 1 wmol P4 i & fit
T BT 1 A TETG Pk AL 5 SOD 3 P L 2
SRR AL E A FAE 1 mL N SOD 11
il 3K 50% B fif 2 1) SOD 24 1 /> il 1 14
. T-AOC g LNHE 37 CHE, o4 B2 50
2R 5 R A FR I IO BB (OD) {4 14 Jim
0.01 B} 1 4~ T-AOC Hifvi, 44U i & &
R FH 2 Ty 0 5 s R 5
1.4 HEAR

FrE K (SGR, % /d) =100 x [In KH (g) -

In ¥ (g) ]/ KE(d) ;
HEEACF (PER, % ) =100 x fa kG E (g)/
EATREARE(2);

TR (FE, % ) =100 x fa kil & (g) /
TYRHBAR (L) ;

AR (FR,%/d) =100 x TH AR (g)/
PRI KA (d) x [ RE(g) +WIHE(g) 172}
JGIEHE (SR, % ) =100 x i 4 K RE () /
R R (E) ;

NEWEEE (CF, % ) =100 x {K & (g)/

R (em)?;

WHEFE £ (VSI, % ) =100 x NEE (g)/
UNEAEIN
JFJEHEE (HST, % ) =100 x I (g) /
HE (),

1.5 HiELAEBES5HH

Bk BT A1, B 35 DA S5 (B RbR o 1R R
K1 SPSS 11. 0 X il 15 %54l 17 50 R 28 7 25 43 #r
(One-way ANOVA) , 77 72 53k 3| 1. 3 /K, W 33k
17 Duncan [RZH LK, B E/KF R P <0.05,

2 FRESH
2.1 Rean@ERPREBREFEAIENEHXT
FEEERKERENRM

A% 2 mJAL, 50% B AUK -4 27 4F fa 1 R
0 TR AL (P <0.05) , 15 100% ALK
HEFRALF(P>0.05)  DAMAREE KRR,
EAR I E NG YV E IS N P N
(P>0.05) , HAp e 2 AR R R F ol 3 Al Ak
BEREILL 50 % B AR o #5418 AR iy g
l RN 100% o
2.2 ReamERbEBEFEEBEREHX
EE (=R v el a0

i B S U e - B R AW NS
B0, B AR S BORF I (P <0.05) o 4%
27 3Rt 1 T R 4 A50R0 I 96 52 TGt = 22 5 (P >
0.05) ,{H it 3 Mt M Al FF 2 R AROK - iy 388, i
BRFIE 5 4 o e, i TS R D AR .
M A R A RS [R) KT fop o 27 4R f i 4 T
Yoot KA 50 RIS 10 AR 23 5 3 G . 36 52 T
(P>0.05),
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Table 2 Effects of replacement of fish meal with degossypolled cottonseed protein in
low fish meal diets on growth performance of tilapia
i H AL KF Replacement level/ % P
SEM

Items 0 100 P-value
¥ Initial weight/g 50. 4 50.3 50.2 0. 084 0.693
K& Final weight/g 157.0° 160. 5* 158.3% 0. 665 0.046
HEHEKER SGR/(%/d) 2.19 2.23 2.21 0.009 0.164
a8 FE/ % 70. 4 71.8 70.8 0. 004 0.188
HH TSGR PER/ % 2.20 2.24 2.21 0.012 0.189
HEX FR/(%/d) 2.61 2.60 2.61 0.015 0.752
% # SR/ % 100 100 100

[P TR ARG TR 253 83 (P <0.05) o R,

In the same row, values with different small letter superscripts mean significant difference (P <0.05). The same as below.

R3 REMEARTPHBEFEAERENN TG EARM M (EEEM)

Table 3 Effects of replacement of fish meal with degossypolled cottonseed protein in low fish meal

diets on body composition of tilapia ( wet weight basis) %

biiE| LK Replacement level/ % P 1

Items 0 50 100 SEM P-value
TS % VSI 7.31°¢ 9.65" 11. 66" 0.668 0.002
HT 45 % HST 1.39 1.74 1.98 0.138 0.217
AESH BE CF 3.62 3.38 3.22 0.141 0.872
F4# )& Dry matter 27.6 27.2 27.2 0.087 0. 266
#5 EH Jfi Crude protein 17.6 17.4 17.3 0.073 0.343
PG N Crude lipid 7.55 7.36 7.26 0.055 0.814
K43 Ash 3.42 3.35 3.38 0.025 0.352

2.3 ReamnEARPRBRFEAEAEaNXT
% 4F & AT BR A L BB IS M Y RS0

I 4 m] R, O B A R 2R B ALK
Hoy g 25 A #1D JE R U R 2 0 R R A O A
FARM (P <0.05) o 50% ZAUKF-41 2 i i

iR 8 A O A . 3 R T X IR A 100% AR
HKFLL(P <0.05) , fHXT HRZ 5 100% ALK 41
ZIHIJCRE IS (P>0.05) . K i A ke & H
FRARK - B0 38 T, BB TR R e O 1 e 2
(P<0.05),

F4 RENEBDHEBBFESEREN T F & AR EH L EEEEH 00

Table 4 Effects of replacement of fish meal with degossypolled cottonseed protein in

low fish meal diets on digestive enzyme activities in hepatopancreas of tilapia U/mg prot
Wi H B IKF Replacement level/ % Pl
Items 0 50 100 SEM P-value
Je 4 1 /i Trypsinase 70.6" 88.3° 67.4° 3.749 0.015
VEW i Amylase 175.2° 199.9° 268.6" 13.983 <0.001
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2.4 REMBEARTHEBREFEEEREHX
FIREFREAH mENERUALFERSEN
0

MR 5 R, T P A A 2 B R K
Tt 5 3 #0109 IR E A T 8 AL 45 b LB
JEE R BE L (P <0.05) o B i i A kf

HEAE RO B35, B Ak a5 I B IE T-AOC,
GPT ,GOT ,SOD {14 I i 0 Jit 7% 2 3 b 35 R AI%
(P <0.05) ;i MDA & &R 5 iR 455540
JH) A LA , BBl A I 19 A R 2R R ARUK - 1Y
Hhni G (P <0.05)

x5 REMARDHEBBFEEERENN T ELFRER S AELERUARFEERS EHXFIT

Table 5 Effects of replacement of fish meal with degossypolled cottonseed protein in low fish meal diets on metabolism and

antioxidant indices and liver glycogen content in hepatopancreas of tilapia

bifE| B IKAF Replacement level/ % P {f
Items 0 50 100 SEM P-value
fLHE 7 Metabolism indices/ ( U/mg prot)

BN GPT 90.1° 75.7° 58.0° 4.783 <0.001
AL GOT 125.9* 95.8" 78.5° 6.944 <0.001
P LFE4n Antioxidant indices

ALY {L#E SOD/(U/mg prot) 196. 5 151.1° 126.7¢ 10. 586 <0.001
BB LRE )1 T-AOC/(U/mg prot) 2.69° 1.65° 1.29¢ 0.211 <0.001
A i MDA/ ( nmol/mg prot) 40. 6° 52.5° 60.8" 2.924 <0.001
JIFHE . Liver glycogen/(mg/g) 43.8° 36.9" 30.0° 2.000 <0.001

3 3

AR IR Z5 5 AT LU Y, eI A0k 1A} ( £k
AR 6.0% ) i M A b 28 1 o8 U A 2
S B 90 A K R AR R R AR D
A W AR I LA R R A AT 0 5 e e B R A
TRRE R g T WRSE WL, ROA P 3R B I 2 A2
2 A g (g GRDR AT R RRRERI R 50% ry R
G SR kL F RS ST R 2 R, A FFORT I8 BT LA R AR
60 % [T, e LA A F) 33, 76% 1 5 1
TEJB % B AF kL kb Fe ik (ki B AR Y =1:1)
REFFRII AT LSS B A0 g . Ry R e,
9 A 0 AR R (4 T 52 A 3 D9 R i b s AR ) 1 T
ESRMAR ., HAT, FEE S REM LT 45
Whits WA TR PR BOE BRPUE RN 5 T BOR 12
TR B TR A K S DR R R B
s S BEFE B, H A AR ok R 45% )
o 8 AR 2R 11 A RO DUAS 3 50 % 1 fh0)
E N . Luo 2 BT & BR , il 8 4 £41 f) f )
(fBs FH AR 22.5% ) AT LU 30. 5% I /3 A F
B AR 50. 0% (9 5 4 f0083 T AS 5% mi) HG A 7=
B, SEFUEEE BE I , P AP A 6 4 0 h )

(faoky H13E 2 48% ) v I B A R 7 T 354K 40% 1)
kR A B, Gui &M B kB, 16 5 B A
BECHRFFRII I 13% ) s I 5 % WA FF R0 e A
YR EGE B, LIRS A R R, A Rk I
FIRRFE B 1 7 K ™ e L i A BRI 202 AT AT
(Y, AELAN [ £ 0 o 5o A [ Of Y5 1% i oFF 2R 11 19 T A2
A AN E o

FHAE B 85 3 5 U5 R A e A 10 1 PR ) o 11
28055 ) W BB R BRAK, FE 1 52 e 3 i A=
K0 Luo 25V BESE S AR T S 0 A R
B B ) e R K PR RE RIS, R A O X R R
RS O AR 2, FEURE R TR, A
FEH LT A R 2 R AR DK ok I A 52
e 25 9 £ 1) 4 1 32, 3 B 0 0 AV OFF B 1 0 2 R
T) kAT 14 52 M AE L AT $2 2 Y B P o 2 ) )
AR I R — R, &S Y b, B
126", Robinson 25"V HF 5T 45 Y, BRI % 9
XS B A B AR T A2 770 184 180 mg/kg, SR, A Bt
L R W I e I L e s I
170 mg/kg , {H B By M oFF 88 1 A WS s 25 & & R fa
I AEPRINRE = T — B R R A, iR
SR, A ] B XS i B AR B 1Y T A2 g ) 2 AN
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AHIEFE & B, ek R o AR R 1 R AR £ R
IK-2 38 3 R B AR A0 T Ak B S 1 B ROK R
K 50% WAL Z A A KPR RE A g, HL IR R AR
F i M I g, X 4R B AR A ORI i
TR ACRE S 4 . R R B R A
PUE IR 7R 25 B AS [ X 5% 5 f 2 AL il
WP E AR B R S AT R 2 A
KA AR 50% 1 g8 I, )R v it B A A i
A RTHE I, {5 A fa ) T AT R AR S S R
43X AT BB R 2 T AT T 1 X R 4 AR b
F14) 38 IO P R 3

ARG H, BE A I T AR A 2 R RO 1 3
i, B A r I RAE GOT A1 GPT 3 4 B AI%, 1fii 2E
KAEREI AR Z RN, X R IR T aE 2
BT RENB G, HiE K e BT HE A A
Koo ARG ) 55 J5 91 R 8 R, A 3% A xR g
SRR, X &SR AR, Blom
SEUOTBE ST H AR AT R 52 B AR DR Ak 4R
FRUTHE 6 AN F , ASHE i) L 48 10 A= K v B A LS R
H 2R ARMENE S5 AR 1 BB PEfE . Lee 251 FIHR M
KRR AR )l v f 80 ) 37 O 6 0 3 AF (IR
250 g4 NE] 4 000 g) L5 & B, WL B AEDEL PoAR R
KT D52 4R AR R TN 2 5 Wi T . 1 A= 4 A ¢
SEPERE ; SR, A2 1R SR R A 28 1 AR RIS 2 4R 1)
FFRARRE R 43 T 0 5 3 AR IR T o Y i 4 L L
A MLAEA ST &, AU 588 28, =8
KU 48 35 1 B AR 75 % 1Y £00) 1A 77 ML 6§63 d, i i
9 A Kkl R A2 BB R 0 5 EL SR 4 R
£ 50 % By foRy ) 5 0T 6 140 d, 0T 6814 A K P g
B N (8 1 S/ 2 S IR GIE S Bl B G By
B el e A R, PR, kA 2 R A ) R R
R AL D0 BT W - N2 o I B R R0
IXCFEAT 25 R A 2 BBl B e 1 o

WFFE G B, 1R Ak 4 B 2 6 2 i R R S e
FEIIRE = A S0 27 L A R A 6 Y AT 5
KB, RIS B 8 5 2 A A R S e
& DI RE T 7= A R[] B 5 W, DA ATRA R R R X 2
A f1 1T JE fiE GOT . GPT A1 SOD i 1 1) 5% Wil £ K,
LU AE A, T DA SR I S B /N L AR BIESE
R, WA B A FF 2 R AOKOE B, 2 Ak £
JHF TR 7 7 S Ak R ) S 35 B AIG, 3% B 1) ) o 0 T
FAT 25 11 6 2 E a0 S e MR 8 R 48 7= 4 T fh

T SZ R . A2 AT I A DG I 5 & B, 4DRHIE O v 3
FERD ARAT R B 8 1 52% 23 i 25 52 i & 3 A1
1% GOT . GPT ., SOD #I % i /g 5 "' . Burrells
SE RS B, W A R AR R A A KO g 4
T A (4 A W e 5ORT IR AR RS M R B
Krogdahl 25 fF5¢ % B, K & 5 Bl (9 A8 o) 45 0 3%
SR I R G i ) 3 A Tl O Pk R AR KT o 3 S B
SR, DR b A [a) A ) 2 o R S LS K
BIRBAE 5 e £0 25 1 T R 40, AT foff L A i 1
JE B 22 5

4 & it

@ LEAR A Bk v I A ORF 5 1 AT DL o6 4
AR T A 52 W 2 A £ R A KPR R, E A
PBENL A 22 7 HE DT R R

@ L5 o Ml 2 A A AR A0 DR b By
MR EE B AR AR (4 K7 U I 50% N EL

SE
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Replacement of Fish Meal with Degossypolled Cottonseed Protein in
Low Fish Meal Diets for Tilapia ( Oreochromis niloticus )

LIN Shimei'”* MAO Shuhong' GUAN Yong' PAN Yu' LUO Lin’* LUO Li'?
(1. College of Animal Science and Technology, Southwest University, Chongqing 400716, China;
2. Key Laboratory of Freshwater Fish Resources and Reproductive Development of Ministry of Education, Chongqing
400716, China; 3. Beijing Fisheries Research Institute, Beijing 100068, China)

Abstract: In order to study the feasibility of replacement of fish meal with degossypolled cottonseed protein in
low fish meal diets for tilapia ( Oreochromis niloticus) , three isonitrogenous and isoenergetic experimental diets
were formulated by replacing 0, 50% and 100% fish meal with degossypolled cottonseed protein on basis of a
practical diet ( fish meal content was 6. 0% and crude protein content in fish meal was 64.5% ) , respectively.
A total of 270 male genetically improved farmed tilapia ( GIFT) with an average body weight of 50 g were ran-
domly divided into 3 groups with 3 replicates per group and 30 fish per replicate, and the fish in the control
group were fed the experimental diet containing 0 degossypolled cottonseed protein. The experiment lasted for
8 weeks. The results showed as follows: the final weight of tilapia in the 50% replacement level group was
significantly higher than that in the control group (P <0.05), but there was no significant difference between
the 50% replacement level group and 100% replacement level group (P >0.05). No significant differences
were found in special growth rate, protein efficiency ratio, feed efficiency and feeding rate of tilapia among all
groups (P >0.05). With increasing replacement level of degossypolled cottonseed protein, the viscerosomatic
index of tilapia was significantly increased (P <0.05), but no significant differences were found in hepaticso-
matic index, condition factor and contents of dry matter, crude protein, crude lipid and ash of whole fish ( P >
0.05). The replacement level of degossypolled cottonseed protein could significantly affect the hepatopancreas
digestive enzyme activities of tilapia ( P <0.05), and the highest values of trypsinase and amylase activities
were found in the 50% replacement level group and 100% replacement level group, respectively. With in-
creasing replacement level of degossypolled cottonseed protein, the total antioxidant capacity, activities of su-
peroxide dismutase, glutamic pyruvic transaminase and glutamic oxaolacetic transaminase, and liver glycogen
content in hepatopancreas of tilapia were significantly increased ( P <0.05), while the malondialdehyde con-
tent was significantly decreased (P <0.05). In conclusion, the suitable replacement levels of fish meal with
degossypolled cottonseed protein are not more than 50% in the tilapia low fish meal diets, and higher replace-
ment levels can induce negative influences on immune response of tilapia. [ Chinese Journal of Animal Nutri-
tion, 2011, 23(12) :2331-2338 ]

Key words: tilapia ( Oreochromis niloticus) ; low fish meal diet; degossypolled cottonseed protein; fish meal
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