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¥ Bk Jv 10 1 B ff1 [Epinephelus fuscoguttatus(Q)¥E.
lanceolatu(3)]"™ F11 B J¥ 8 6% (Trachinotus ovatus)"!
EOE{SIEN

2 BURE 8 (Centropristis striata) J& %51 H (Per-
ciformes), fif F} (Serranidae). %% ff J& (Centro-
pristis), N4 FEUBABE, T B EALE L FE g0
PN 2k % B KN AR T VU . 2002 A 3R
IR RGO R, EETEINAR . . LIS
Mo DX HEAT ) A SR B AR SR A . A OR AR BUH fis
ME TR OR R O A — e %R, w52
B SR SR s 4y 10 35 H A TR 1 RIEE K F
535k 45% 1 10%~12%"*""), Anderson 55”4l 3H
I FH G B A R 2 0B T 58 A R AR AR B8 B ) et v
8 foky L T AR HC A BT 5 S S XS PR R
R DR 2 120 IR 2 7% 116%™ 17,
RSN, W ARRF R R AR AR SO i 1]
A I BOR AL T3 OB A GORT, 3X 5 % A
Sk ) XS PRy A £ 28 Ak ooy 1) 80O R AR T A
Y25 ORI o AR S 56 R P A K U 4
BB X RS T . AR BY
FIFH Ao R 2 BRI SR BE W HE R 5 e R AT
WESE . LA ARRF v 40 25 Ry 25 S04 B 1) ) 2R
R B 1, R F AR R e A TR (LR 2
HeHs

1 MRS T7E

11 SKieé, ARRERRIFISSIE AR

S 58 AE S LT K ISR R 5ROk S 0 A
PEAT o BT 2R S0 BRI A LT B XA R K
TR R A EAL SRR AT TG K R s 1K &
By, BRIAWAKFELRARGE T, ZERAR

i 36 14N 200 L 15 24 K il (4% 68.5
cm, & 73.0 cm), K E MG B, B
I 300 ) 45 MR FR ) B oA 35% B SEER AR, FRAE
KR UTTE . AR AR

JIT FH KT e 4 25 F1 (CPC) Fh 8 7 ik i 2 4
PHECARA A (/e , w5 St HAb DR R
BHLFE B ZZR TR AR BiTE =), BYHIG R
Ky GERED), R GORT . e A TR R AE T T
BB AR AR, 2%). R RS 57
AL 1,

KRR &, W 4R K
XF BRARLRE (C) i flky B il 35%, AR 3 A4 Ab B
rh a3 ol e A AR AR I, R CPC R AR A
L C T 40%(R40) . 60%(R60) FiT 80%(R80).
Tk R40., R60 1R8O YA & AN 21% . 14%
1 7%, CPC & HAMHIN 15.1%. 22.6% F1 30.2%.
P SRR 1 B o 43%, MR 2k 10%,
SBET N 18 MIkg.

BT R B iR R R B, 2 80 H i, ARIE
S5 W 7 3 — FR A5 ORI TR A A
(R I IE ] FH50) . KT IR A 0 R
BRI RERL, A GE K 4R 2R A 10 min,
SR J5 H] SLP-450 #Y S 8Z AT 1] RERE AL L ([ K 5™
Bh2 05T B vl DU AR F 5T I, 1) R
TR, BLA% A 3 mm, KR 8 mm, KRR
i (25°C) TR )R, A AELEN, AR
PREFAEVKAR (-20 °C) o SEIRARDRHAC 77 M B 574
B 2,

1.2 FESLETIE
SEEGTF AR ET 1 RS T 3R KR v i B 9 Bk sk

x1 ANERERER

Tab.1 Proximate composition of the feed ingredients

J s} T/ % HEAY% LRI K5Y 1% BAE/(MI/kg)

ingredient dry matter crude protein crude lipid ash gross energy
fify  fish meal 92.3 66.8 11.0 16.4 18.6
FiFFR4E® [ cottonseed protein concentrate 93.1 62.0 0.6 7.6 17.4
XSPF  poultry by-product meal 95.6 68.4 11.8 12.2 20.4
A soybean meal 89.1 47.7 2.0 6.1 17.4
¥ wheat flour 86.6 16.5 2.1 1.1 15.7
FEHIRAY)  protein mix 90.5 61.5 1.4 42 15.0

TE: HHEA HEEN . RO AERERIR A B AR E R IER I S i, B 2 7 sE 4 SR ) B

Notes: crude protein, crude lipid, ash and gross energy are expressed as the situation stored in air (#=2)
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*2 ZRAMEHFMEFER

Tab.2 Formulation and proximate composition of the test diets

J5El  ingredient C R40 R60 R80
#43/%  fish meal 35.0 21.0 14.0 7.0
FIFFIR4REE /%  cottonseed protein concentrate 15.1 22.6 30.2
XS RH/%  poultry by-product meal 10.0 10.0 10.0 10.0
G H/% soybean meal 13.0 13.0 13.0 13.0
FEHIREW/%  protein mix 10.0 10.0 10.0 10.0
T#3/% wheat flour 15.5 15.5 15.5 15.5
AALHETR/%  choline chloride 0.2 0.2 0.2 0.2
Ca(H,P0,),/% 2.0 2.0 2.0 2.0
[l +/% bentonite 5.2 2.6 1.4 0.1
A-R/%  taurine 0.5 0.5 0.5 0.5
WEER/Y%  lysine 0.5 0.5 0.5 0.5
R /% methionine 0.2 0.2 0.2 0.2
A F Y YR TR YI/%  vitamin and mineral
premix 1.5 1.5 15 15
/%  fish ol 6.4 7.9 8.6 9.3
TH%/%  dry matter 86.6 84.0 85.9 85.2
HIEH/%  crude protein 433 43.1 435 435
HLIEIT/%  crude lipid 9.8 9.8 10.0 10.7
WK5¥1% ash 15.0 11.7 9.8 8.2
1#%/% phosphorus 1.5 1.5 1.3 1.3
HfE/(MJ/kg) gross energy 17.3 17.5 17.9 18.4

e 4 E R YR TR kg EHR 44 KA, 18 000 TU; 442 EKD,, 3000 1U; 4i/ERE, 225 mg; 44 KK, 15mg; 44 KB, 30
mg; 44 EB,, 30mg; 4iEEBg, 37.5mg; 4E4EEB,, 0.15mg; D-AEMIR, 1.2mg; D-ZERHS, 90 mg; MEZ, 9mg; MWEEK, 150 mg;
$EZC, 270 mg; JUUEE, 300 mg; FeSO,s 180 mg; CuSO4-5H,0, 15mg; MnSO,4H,0, 15mg; ZnSO4 75 mg; MgSO, 7H,0, 120 mg;
CoCO;, 0.9 mg; KI, 0.975 mg; Na,SeOs, 0.375mg; C4H\oNO, 5mg. HIEA. KRN . Ko BERUSRERTR N A SRS iR &
B, B 200 e 2 R

Notes: vitamin and mineral premix provides per kg of feed: vitamin A, 18 000 IU; vitamin D, 3 000 IU; vitamin E, 225 mg; vitamin K3, 15 mg; vitamin
B,, 30 mg; vitamin B,, 30 mg; vitamin B¢, 37.5 mg; vitamin B,,, 0.15 mg; D-biotin, 1.2 mg; D-calcium pantothenate, 90 mg; folic acid, 9.0 mg;
niacinamide, 150 mg; vitamin C, 270 mg; inositol, 300 mg; FeSO,, 180 mg; CuS0O,.5H,0, 15 mg; MnSO,4.4H,0, 15 mg; ZnSO,, 75 mg; MgS0,.7H,0,
120 mg; CoCO3, 0.9 mg; KI, 0.975 mg; Na,SeOj3, 0.375 mg; C4H ¢NO, 5 mg. Crude protein, crude lipid, ash, phosphorus and gross energy are
expressed as the situation stored in air (n=2)

360 B R /NHGE . fEREAY S, BISRAE T K
FRIH R GEN 12 ADoK Al (RS KA ik 3% 30 2
1), Y7 W] 1] 45 K 9:00 Fl 15:00 43 Bl 4 1 1 =
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fis ey, FVR BE S 80 mg/L). M A 7K A o Bt B
B3 B, e HAARK . (RisE MAFEE, R
B A RAFTE—20 °C AR g 43 A1 S 56 445 o i o 1A 2
AL o

1.3 HE9Hh

W5 S5 T iy R 45 SRR T BRI R A DA UK AR
Y, RS IR T R E A R 2R ROK R
7575 20 min(ZE Z L E N 120 °C). fFHEMR A
A1%K . AE 105 cCHEAE Pt T L BRE L B R IR A
80 Hfifi o MR AOAC!™ Jy ik 437l e 1wl def St |
S5 AL RN S5 K Ay . B . KR D .
JR Gy R i . HLEE 11 & 52 H] FOSS 8400 HILIGE
AAX (FOSS, Fi ) Wl , A5 Wi & & H SZF-06A
Jg 7 A A (L A R A E]L, D) Wl
FE o FE B A B H EA3000 CHNS JC £ 43 #r{Y
(Euro Vector, &= K F) M &, & HEH Parr 6200 4
FAYL (Parr, &) AE .

14 HEWHESZIT 0N

WK A E (WG), 1k &% (FCR),
] o} 5 7 W) o B BE A i AR (AL: NRE; W
PRE; #%: CRE; figft: ERE), LW . HFiALL
(HSD). PEHEYHEs & (A : NW; #: PW; fik:
CW) DL S v £ 7= it (R Vi #E it (RCP) 43l 4%
LN

FERR (Y%/d)=1/[(N+No)/ 22X (Wo/ N+ W /N2 x1] %
100%

WG (g)=W/N~Wy/Ny

FCR=I/(W~Wy+Wy)

NRE (%)=(W*CnWoxCnot W< Cna)/[1%
Cil*100%

PRE (%)=(Wx Cp— Wy * Cpot W= Cpy)/[ 1%
Cpel¥100%

CRE (%)=(W X Co—Wox Cogt Wyx Cog) [ 1%
Ce]%¥100%

ERE (%)=(W*CgWox Crot Wy Cq)/ [1%
CiA*100%

B3 B (g/em®)=100xW /LS

HSI (%)=W,/Wx100%

NW [g N/(kg = 5)]=1 000%(/x Cyp) X (1-NRE/
100)/(W~WytWy)

PW [g P/(kg 1™ #)]=1000%(IxCpe)x (1-PRE/
100)/(W~Wy+Wy)
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CW [g C/(kg fa7"i)]=1 000x(IxCcp)x (1-CRE/
100)/(W—Wyt+Wy)

RCP[g il #E /(g 77 ) ]=WG*FCRXFL/
(W,/NxDMF ~W/NyxDMF j+ W/N,<DMF )
o, K(g) oS 56 10 1) 45 K R P8 R 1) AR I
iy Wo(g) F W(g) 43 5l kS50 T b A4 R i B4~
Kl PN S S R T B N RN, G Dk S
TE U6 FIZE BT RS KR N SE 36 fa B 4 o(d) iR
RSB R 5 We(g) R A A~ 7K P BE fA 1 o i
Crno(%)+ Cn(%) I Cg(Yo) 73 331 Sy 52 38 T iy Rl 45
SR R LR R DL RO A R R
Tl Coo(%) . Cpd%) I Cpg(%) 43301 13 52380 IF I
R &8 TR £ A Y B 5 D BB A R fa AR R B i
Ceo(%) Cel(%) il Cea(%o) 43 Ry S U6 FF 4y FN &35 7R
A fr AR 5 e LA RSB AR R A0 AR B &5 s Cpo(MI/kg)
Cr(MI/kg) Fl Crg(MI/kg) 73 51l 2 52 56 1 B A1 &4
A iR BB AL M IR RERE; Cnd(%) . Cpd(%) .
Ced %) VA I Ced%) 43 5 R i BHRL &R 11 . B L ik
FUEBE B it Wy(g). Lyem) Fl Wy (g) 4% Jy 5255
S5 RIS T AR T R AR T R L R R D 5
FL(%) Mk K 5 i 3 DMF, (%). DMF, (%)
H1 DMFg (%) 4351 by 52 56 FF b F1 25 TR ) fa 44 T o
FIFE fa 1) AR T4 o % £

FH B TR 28 7 22 0 A K 36 ) e £ A9 B 4R K P
SHER#E . WG, FCR, NRE, PRE., CRE. ERE,
JE W . HSI. NW. PW. CW. RCP il fa{k 4
B Ok4y . MEA . MBEN . KA. BE . BRALE
AE &) BB, AL BN 8%, 0 HE—2
B EA S (Duncan’s test) HLACASALBRIE] [ 22 5%,
T 22 7 BT mn s F E 2 B s B, AnAEnE R
% . NRE. PRE. CRE. ERE. RCP. Jifik
Eb A AR 2] R A5 R AT I IE 5% AR 4 o AR AR K
[N 1P 5 o NI TR S 7 1 DS SN 1 R D O
Holb TR A 2 45 5 AN T T R 20T, S
PEA 1) 08 AR 0 FRFE AR RS S R o T 25 4%
B xR I 35 FT R 2 70 B FLH SPSS #4 (IBM
SPSS Statistics 20, 3% ) 5, HL P<0.05 b2 5F
B EPEKF

2 4
21 FYEEEER. BR. EKMENFH
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F2F (ANOVA, P<0.05), HWG, #EE%, FCR,  0.05). #EFER C 1077 15 R0 AR T 45 & 1
CRE. NRE. PRE FIERE LW E%% (ANOVA, P> K} R60 F1R80 fffi (Duncan’s test, P<0.05) (% 3),

®3 FLBEESE £ SEMEARFRARE

Tab. 3 Survival, growth, feed intake and feed utilization efficiency of C. striata fed the test diets

Ik ﬁfﬁf{féy’%) Wile RO REN REREm  BREREY  BIEER RN %
diet weight weight gain feed intake FCR NRE PRE CRE ERE survival
C 66.4+2.5 36.6+£2.2 1.49+0.19 1.46+£0.21 27.6£5.6 36.7+8.8 28.5+5.2 31.2+6.9 85°
R40 62.84+2.5 33.6+2.3 1.39+0.06 1.50+0.13 25.6+1.8 32.6+4.7 28.3+2.4 29.5+£2.9 90™
R60 61.7£2.5 32.4+2.6 1.37+£0.02 1.484+0.06 27.0+1.8 36.1+3.5 27.1+4.9 28.5+5.4 94°
R80 63.2+3.2 33.5+42.9 1.27+0.07 1.2440.04 31.3+0.6 40.5+4.1 33.1+3.6 343+£2.2 93°

E: FCRAWRLAL NRENEGERE; PRENBEMHFIAR; CREAMMMNT: EREAMEMME. BTN TPHELSD. Eind R
KRB g 2R, [R5 7 BEAN R 3 R 257 W 35 (P<0.05)

Notes: FCR. feed conversion ratio; NRE. nitrogen retention efficiency; PRE. phosphorus retention efficiency; CRE. carbon retention efficiency; ERE.
energy retention efficiency. Datas are presented as mean+SD (n=3). The superscripts represent the result of Duncan’s test, and the data with different
letters in the same column are significantly different at P<0.05

2.2 FLUFEEEREE . BFAELFnf (4 B SCHZEHORT, HEE AR C. R40. R60 Fl R8O 1
TR B AC KO SRR B . BFAR L . 0 TEAEWEBE . AR L . AR ORT A BRI
TRZH BN BV RE & U0 52 (ANOVA,  P>0.05). G & % % (Duncan’s test, P>0.05)( 4),
T4 SORERHE. FRLE AR

Tab.4 Condition factor, hepatosomatic index and body composition of C. striata fed the test diets

Tkt JEIFE/(g/em’) JFFAA EL % Kay/%  MEAM% KB % 5K53% /% W%  EEE(MI/kg)
diet condition factor  hepatosomatic index moisture  crude protein _crude lipid ash phosphorus  carbon  gross energy
W4 initial 2.85+0.10 1.98+0.33 69.5+0.3 16.8+0.2 8.5+0.3 5.2+0.0 1.19£0.05 15.1+0.7 7.2+0.1
C 3.37+0.30 1.79+0.48 69.9+1.0 16.6+0.3 9.3+0.6 43+0.1  0.93+0.04 15.2+0.8 7.5+£0.3
R40 3.05+0.39 1.80+0.12 69.7+0.4 16.5+0.3 9.5+0.2 43+0.1  0.94+0.04 15.8+0.5 7.5+0.2
R60 2.91+0.17 1.59+0.21 70.0+1.1 16.6+0.0 9.1£1.1 4340.1  0.93+0.02 15.3+1.0 7.4+0.5
R80 3.18+0.31 1.47+0.20 69.8+0.7 16.4+0.2 9.4+0.5 4240.1  0.88+0.01 15.840.9 7.5+0.2

e Bda o T EHESD

Notes: datas are presented as mean+SD (n=3)
23 SEREFENTEARLAROBEN SR SRR C. RA0 FI R60 7 7
i =1
R RO TRE BReie er (D:
7 W E 0 (ANOVA, P>0.05), {H %87 0 3 Bt

FE AN EFE R A R (ANOVA,  P<0.05).
B R RL f Ry A R L B a7 T S R 3.1 FEMENEMBRBINSGZ

2 ZBF{K (Duncan’s test, P<0.05) (% 5). Fe TR AR V) e X E AR LI
2.4 SRUUEEE E RS B AT B G o LA IR 5 3 R DR £ Ry R A B

it g 38 3 S — o ORI R AR

45 WG, FCR. NRE. NW HIRCP AR gy gy o iy 11 40 1 AR IX— SR, %
HROPHTH LRI, DR ROKT ORI g o e i 1 2 10 9805 1 3 Bl Oy o 603 1
FROUIRIRFRIE AL A O 5 . A L WRAIIRCR . B E A F R T A B U AT AR AR
PG T5 Y RN IR FE X 0B OB ). FOMRIERE CL B9 1. Wang 252 % B2 SR AR 1 TR
R40 Fi1 R60 A () F7 FE AL 25 22300, 1 #EMEADRE R8O QLA C 7 v 1K) A4 d5c i3 B 40 be X — T A o
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RS FYREFENR. BMBREVHRENRNEHE YR

Tab.S Wastes of nitrogen, phosphorus and carbon and ratio of fish meal consumption to

fish production in C. striata fed the test diets

kel RHTRE/ [g Ni(kgfa = 8)]  BRHEICE (g P/(kg i )]
diet nitrogen waste phosphorus waste

B R T AE R
[e Uk B R (g ff ™ i)
ratio of fish meal consumption
to fish production

THEBCR [g Cl(kgfa =)
carbon waste

C 73.9+18.2 14.1+4.3
R40 77.0£9.9 15.2£1.9
R60 75.2+5.7 12.6+1.2
R80 59.4+2.9 9.3+1.0

371.2+100.4 0.79+0.12°
425.2+56.3 0.54+0.04°
440.0+50.5 0.35+0.02°
352.4+10.3 0.14+0.03"

i B FoR T EEESD. EAR T REORAE RIS, (75 7R R # R oR 2 57 5.3 (P<0.05)

Notes: datas are presented as mean+SD (n=3). The superscripts represent the result of Duncan’s test, and the data with different letters in the same

column are significantly different at P<0.05

R40
R60
c —J
R80¢ t t t t
0 5 10 15 20 25
FEE
distance

1 FRYEEFRBEHE SN
Fig. 1 Analysis of production benefits between
C. striata fed the test diets

W, B ARRCRAR KRR B L Bk T il e J7 B9
fiky S, HEMECT P Ak SRS SR, &
S EGT AT R B RO A R R BT D
B, 43RBT O 70% i, AR
50% m ke, BCOT R R foky 5 RO 35%; T
LTl C 7 Hh fA RO 35% IF, AR 50% B9
ke, BT RS O 17.5%, HI,
Wang %2000y, IR E BB, BT
7 09 B AR ARk 35 B LR AU B URT R AR SR Ak
B 77 Hh A80B) B B o3 B RE B8 SR 2t B ke
A ROE DR B K F o e Ah, 2RISR
¥ A= K 1R BE A FCRIF 4 1) B £ 8y B ARV T,
Wang 85121 A P e Ak £ 453 5 AR 10 288 4 I
IO 7% BN PR T 1 75 e A F AR B IR 0 o AR
o LR WL, ASBTTE R HTBE I A 5 AR f83
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AR O PP A A A e 4 A R AR R T
AARE, AR BDRE A DR IR
Xk PS5 1Y 52 W0 AR X b 5 5 ) 5 ] (R M)
5 AN J7 T ZE A PEO A QARDRL fk 8K i

TE R AR BT, WoR AR R
SR, MU T 28 0 A v £R0R B AR B9
RN o J7 22 53 BT 009 ) 3 45 RAR KPR B2 BBk T
AN ) Ak 2L 28 1) % H 2 P AS () ) a1 A
SRR, IR Ab B AL N A [A] H A (] 4 R S
BRI, W g A PR A 22 5 0 1R 2K R E
Az, R A I R DR R 2K XA BR SR
BEEAL T T P A A g R AR LT R A A
{ELH T IR FH MR SR B A7 AE, — 28N R
AATYER X IR 7 M A AR L B A A2 AR
Mo R Tk LIRF IS, Zhang 55 48 757 22
Or M B BE Rl B85 G Z2 T g it o M 7 1 2R I
(GE SRR RN ADEVE I~ VI & DK R A &)
FEAERK GE) . FCR. X IREE IR M (RUR Y HE
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Potential of replacing fish meal with cottonseed protein concentrate in
black sea bass (Centropristis striata) diet

ZHANG Jingya', REN Xing', LI Weiye’, LIUMinhai’, WANGLi', WANG Yan"

(1. Ocean College, Zhejiang University, Zhoushan 316021, China;
2. Zhoushan Fisheries Research Institute, Zhoushan 316000, China;
3. Institute of Mariculture Breeding and Seed Industry, Zhejiang Wanli University, Ningbo 315100, China)

Abstract: Replacement of fish meal in aquafeed has been recognized asa key to sustainable development of
aquaculture industry due to the fast expansion of aquaculture industry in the last 40 years. Various plant ingredi-
ents, including cottonseed meal, were tested as fish meal substitute in fish feed, however, complete replacement of
fish meal with plant ingredients in carnivorous fish feed remains a problem. Cottonseed protein concentrate (CPC)
is a novel cottonseed protein ingredient with high protein content and low free gossypol, however, knowledge
about CPC as a fish meal substitute in carnivorous fish feed is scarce. In this study, a 10-week feeding trial was
conducted to evaluate the potential of replacing fish meal with CPC in black sea bass (Centropristis striata) diet. A
single factor experiment including four fish meal levels was done. A control diet (C) was formulated to contain
35% fish meal. In the other three diets, 40% (R40), 60% (R60) and 80% (R80) of the fish meal in diet C were
replaced with CPC, respectively. Each diet treatment was triplicated. Initial body weight of black sea bass was
(29.540.5) g. During the trial, fish were fed with the test diets twice daily. The results showed that the replacement
of fish meal with CPC did not significantly affect feed intake, growth, feed utilization efficiency, body composi-
tion and wastes of nitrogen, phosphorus and carbon. However, the ratio of fish meal consumption to fish produc-
tion (RCP) declined with the decrease of dietary fish meal level. According to a multiple dimension analysis based
on growth, feed cost, feed utilization efficiency, environment impact and RCP, the farming benefits of black sea
bass fed diet R80 was different from those fed diets R40 and R60. This study reveals that fish meal content in
black sea bass diet could be reduced to 7% by CPC inclusion.

Key words: Centropristis striata; cottonseed protein concentrate; growth; feed utilization efficiency; waste output;
fish meal dependence
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