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A kEE ZFEE KR TWE OHWE ik

(1. R RN R ZG SRR, T 510642; 2. WSk K2, | ARG IR IR R B 55056 =, sk 515063)

WE: Hal, FEAKE R NS K B TR EZSRIE. F# i (Rachycentron canadum) B A 4K #
PR, PIRTANMEESE . B FRME S AR R, SO E R 7 K N R R SR . AR, H TR IR A
A7 T BAR SR KA 2 ) K5 ) KRR 0 [ R 5, 37 J 1) 20 FE IR R R, BE RS & A FZE K I B R
B A TRHEEE BB, CEE SRS T EE A EAR. B JER. BIR. MEEFRERENTE K,
RDR R K R A AT, PRSI 7R S SRR A R IR, LA D ZE 8 5 R SR ANEE G 1A kLT

RIETRAB TS

KA EU R RN ERER R
hEHHS: 9651 SCMTIRG: A

% {1 (Rachycentron canadum)JNFRIEER, #5422
@, P, W H AL J8 T %% H (Actinopterygii). %
W fi1 BH(Rachycentridae). % & i1 J& (Rachycentron),
A B (49%0—35%0) P MRtk kT %
BT DL =0 A SE, R ) R
el HEEFEE N2 AWM, $i0 8 2K
I Pl 7 Y A BRI ik —Y .
BAHFEER, XM, M 758, KIS
e, AR AR E R L6—8 kg, 24E 1510 kgl
b WABFAOI A EIHR & LA H Z)HiE, L)L
SR, T R R4 10" kg SRT, 1E5F
FEA T, A DLOKEE AR SR N T . IXAR
PV BHIR, T H A 5 1E IR KA T 3.
17, H 2 TR R e T RF e R e . ARG S b}
FER D7 T, 75 4 ) E IR R SR AU %, Rk
AL TE & TRk O N F T 7R B AR 775 (A2, AT R R
A (>2 kg), BT HARRRI DR, H AT JE
& B RRAE T FHECA TRDRE, A 32 2 DL R UK i
oy F . R, SRR B E IR TR, TR
B RIS 8 P (1) v R 5 DR} B oA = T 2552
gk TR B MY R B OB . AR ST 2 AR il

Y iz B HA: 2018-06-20; 1517 HEA: 2018-11-18

XE S 1000-3207(2019)03-0680-13

B IR S IR T R, B A B IR T A A
SRV IREERATERE, DR SRS

1 FEESEFTRARER

11 FEEMEAREFRMR
BERRFR  HAEL AREEHANEAR

ROHBEZHFIIRIE . Chous™ L) oK) RIS 25 1
NEE R, FL A RN 36%—60%A0 & R
JE8JE FRFH RS . LA = 3 AN LR 2R A VR §E
Fr, RINZEH 418.(32.00 g, A4b R 5 SCHTEA]
U6~ 35 A E ) X B TR S B R N 44.50%
CraigZ ARG 5 (1 9 R AR, 19 5 2 IEN 8 7,
RILT.408149.30 gt xRl & AR FHE RN
40%—50%. %20l R RS & R R,
fic 1) 8 A K43 3 N35.8% 41.0% 46.1%.
51.0%-+ 55.7%H160.4% 1) 6 25 Jig 25 58 vl k), LA
R K N PFM R AR, KIL(16.70£0.50) gl
(246.80+3.00) g% 1) 18 B 85 H 1 77 2K 40l
52.5%F151.50%. FiRA ¢4 0 E R E)
s FEE T ARSI EAE R 1), ARHX
AINZETHH . MRS KRR . ORISR B RS

EEWME: B R KA A R A A=K I H ¥ 3 [Supported by China Agriculture Research System (CARS-47-G13)]
TEZ BN A (1992—), B, Hili R, fiEw e 4, 8N KA E F SRR . E-mail: 479156257@qq.com * 3L [F] 25—

==
BIEEE: 20 K, #9%, +4 S I1; E-mail: yylil6@scau.edu.cn
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B 7 SR B 7L/ DLAROE .
ERRMEKE YEE
1 2R R 2% . Zhou2 TRt T % W 1
(10.00 g)&h AN [F] 2 VR IV A 2R, 7R Hoos
Ry ARk a5l B B R I T4 )i
TR H60.42%—87.56%, & [ Ji LM LR
HN87.21%—96.27%; X WLIE KT . FFH. 164k
FiL KA PR S5 R B VR R T4 o 3R 9 16
HKN58.52%—70.51%, HAREKMWHELE N
88.97%—94.42% (£ 2). SR, KT EH HEAH
A K BOGS A [) A 1 1) 2 WV A 2R 1) 22 S G e
MIANTE 2, X oA AR R T AR B R A R A
RERE K W ARG AR R SR R
INGY A A 2RISR, 280 R R ) 7 R S B
bR R AT e R R B
BRI, AL FRERFEES: AR LA R
BREE. 8%, »2f2%. E4%. ZAHNA
R HER. CRRAGER; Ha5maEimiRcE
SRR IR & 7 8 0 L 1 38— PR g
Bama IR HE AR EKTEEAR
(0.69%—1.61%)FIFE R R (1.84%—2.67%) 155 5 2%
REfiC & Ta) R} MR ZE 1 4 1 [(14.70+0.30) g] 56d,
DA 5 RPN FR AR, om0 SR R AR =R 1
TR N 1.23%F12.38%. X4 EE @
#=1

Tab. 1

o AR T R R AR S, L o e R
. ReEi. FHNER. 2R, HER. W
AR TFEED N NG63T%. 2.71%. 4.09%.
2.00%. 4.66%H13.83%. izt R FIAR fopy 4
B 97 % H M 4 11 [(9.79+0.04) g] 16J&, LAY E &
NV AR bR, R EEARME TR RN
1.12%. 72 258 5 70 SE Rk Dk b 8 A4 405
PR, FCHI3FR R R KT (1.26% 2.21%F12.62%)f
GRS NRIC & 1R R R 4 0 4)) 6 [(40.90+0.80) g]
10/8, RIN2.21%H %8 R T ULA AR B DU, o
SR A A TR R AN 107 A 2 R R A 7K1 o JT B
2 R A KPR (2.30% 2.53%- 2.76%.
2.99%FH3.22%) 1) 55 Z 55 Re R ) 1l k) 4 iR 22 ol £
[(14.70+£0.30) g] 56d, PAIE & R NPEMN 88, KL
X 50 = R O B 7 N2.79% . A F AR,
FH fORy RN B N ER (IR, LAE 5O PPN FE R,
RIEE M (1.25 N BEARMEEFEEN
2.33%"" (3% 3). A ST 0 Hofth 0 7 B IE R I
SR A AR

TRISEBRME®E  —WinE, 2EmRT
A M S T AR S T AR, B S ML
TEH K. Zhou s ™ I 2 1411 (10.00 g) A5t
S5, R I B R IR ) R RIS AR
SRR RS T8, A A SR E AR

FEEMNERRTFRE

The requirement of dietary protein for Rachycentron canadum (%)

AL HAE
Initial body weight (g)

EEUR AR

Protein requirement (%)

HAR

Protein source

AL TR bR 22 R
Evaluated index Reference

B R AR WG

32.00 44.50 iy, B IFM, Cas and FCR 3]
7.40 40.00—50.00 B FM WEEWG [4]
49.30 40.00—50.00 fkFM WEEWG [4]
16.700.50 52.50 Ry, B M, Cas FrEAEKHSGR [5]
246.80+3.00 51.50 ), BEEFM, Cas FrE L KFESGR [5]

VE: i} Fish meal (FM); %25 [ Casein (Cas); 1 5 % Weight gain rate (WG); 1a 85 i 2 Feed conversion ratio (FCR); 43 g A K&

Specific growth rate (SGR)

Fx2 FHEMNTREZERENTYR. HELQ. AEHMBENRIEKE
Tab.2 Apparent digestibility of different protein sources for dry matter, crude protein, crude fat, energy by Rachycentron canadum (%)
B HJfProtein source T#) 5 Dry matter (%)  #18 AH Crude protein (%) ¥ i Crude lipid (%) L BEEnergy (%)
HHFM 87.56 96.27 95.86 95.46
A'E I MBM 60.42 87.21 91.59 90.37
3K PM 80.91 90.90 92.06 90.58
GAISBM 70.51 92.81 95.36 90.63
14 FRM 58.52 88.97 93.71 83.07
3K PM 64.92 90.24 93.85 84.25
FAKEEHCGM 84.58 94.42 95.93 94.23

VE: B ¥ Meat and bone meal (MBM); X3 AI¥}Poultry meal (PM); & FfSoybean meal (SBM); 3ZF7 kfiRapeseed meal (RM); ££4 4

Peanut meal (PM); £>KZ& 47 Corn gluten meal (CGM). HAth 85 [6]# 1 Other abbreviations are the same as shown in the Tab. 1
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REMRBEICEE T EM. AR 4).
FEAANSEKRERENFA L9k b
MO N AS FESEZE T, HALARR, FHRMIF K
FON AR B IR B K R 7 B & T X )
HEN . H, MR EIR. RIS R E Y
B R RO AR 1 SO B ARUR. Chous T
Fe R, F R B AREE & Rl (6 Ky, DA R
VR FE R, KA 16.9% a0k X 75 11 4y 4
(32.00 @) EKPERE TR . 32 e S HI SR M B
RZEH #1[(94.60+2.80) g] Tkl H112.50%—50.00%

Ry, AR A KNP R AR, KIUEE BT
1912.50%. R AL A AR R 20 590 85 AR 2
WA [(3.15+0.03) AI(3.16+0.03) g)] %kl
10%—40% K}, Bt S6dik 56, LAY 5 R ATFN 45
B, R IR AE R AR R A OB 1R B B A 43 0l
13.35%H15.51% . HHUETAT W, 764 8 £ %)) 4 1 & 1]
Blrb, GO SRR S R B IR AR
ISP A PR (<20%), 5 R AT RE 2 A8 B R R i —
Se 8 IR S A R R A, iR B
FIR I8 A BT RE 2 RN 2 —.

®3 FEENLFRERNTRE

Tab.3 Requirements of dietary essential amino acids for Rachycentron canadum (%)

DREAER RIS AL

T

g B N N2 Bk % Sk
Essential amino Initial body ﬁﬁxg ﬁ FA Amino acid RGEE h 2230k
. . Requirement (%) Protein source . Evaluated index Reference
acids weight (g) formulation
= ey L UE 5 f= s
HEMRMet 14.700.30 1.23 Cffi E‘jd g)glﬂa*ﬁn m R ERERCM WEEWG [9]
HAMMet 9.79:+0.04 1.12 L HRFM m A IR CM WEEWG [11]
e s E AR gk A s .
Fi &R Arg 14.70£0.30 2.38 Cffeﬁ f'nfl g)jlﬂe:;in r AR ERCA WMERWG [10]
L. E= HH A5 o . —
LRE R Val 40.90+0.80 221 cffei E'niug)jﬁaﬁm SIRATEIRCY TN AR & B HFF [12]
e s LR gl K PR
R BRLys 1.25 233 J}fﬁ ;rjld%’; B BBERCL 4 K% SGR [14]

VE: #iE FR Lysine (Lys); 52 R Arginine (Arg); F & [ Methionine (Met); ZHE 2 Valine (Val); /N & A wheat protein (WP); L fi 4}
Red fish meal (REM); i {4 2K 282 Crystal methionine (CM); {4k 5 BR Crystal arginine (CA); S A4 % B2 Crystal valine (CV); fifd s
iR Crystal lysine (CL); FFJIEg /i & & Hepatic fat fraction (HFF). A& 5 [F]3% 1—2 Other abbreviations are the same as shown in the

Tab. 1—2
*4 FEESNTRERRTESHEERNTRIHENLE
Tab. 4 Apparent digestibility of amino acids in different protein sources consumed by Rachycentron canadum (%)
FIER R IH A & FJF Protein source
Arﬁlvr;‘iljﬁliﬂf;pﬁ;igm GHFM EMMBM  GABPM  GHISBM  ERPRRM  febiiem Rl
&R Lys 97.52 84.54 91.82 94.95 92.60 96.40 96.86
HA B Met 95.87 92.58 92.51 92.20 90.67 93.74 95.88
JRE R Thr 96.55 91.62 93.22 93.09 91.13 94.89 95.54
R IR Arg 97.64 93.13 94.18 94.75 93.74 96.73 96.44
H&EGly 96.24 93.24 94.30 92.58 91.90 95.42 96.10
225 3 Ser 96.88 90.60 92.88 93.24 91.48 95.24 95.13
4H 5 F2His 97.42 88.20 92.88 93.18 85.72 91.68 93.18
e Rlle 96.78 91.06 92.22 92.16 90.52 94.93 95.29
A Leu 96.70 92.62 92.92 93.87 92.04 95.76 95.29
KNEH2Phe 95.15 91.53 91.35 85.59 89.75 95.02 95.70
B Z R Tyr 96.55 91.62 93.22 93.09 91.13 94.89 95.54
SE R Val 95.24 91.38 92.18 92.92 89.99 95.23 95.47
REHERAsp 96.54 91.41 92.78 93.15 90.93 95.51 95.56
HNEEAla 95.68 91.72 91.62 91.09 89.61 94.98 94.26
B EIRGlu 96.37 93.60 93.96 94.84 94.58 97.23 96.01

VE: SEFHRapeseed meal (RM); 78 2E#Peanut meal (PM); #7 & ik Threonine (Thr); H & #RGlycine (Gly); % R Serine (Ser); 41L&
fZHistidine (His); =& K Isoleucine (le); =& MK Leucine (Leu); A% fRPhenylalanine (Phe); &M Tyrosine (Tyr); RERIR
Aspartic acid (Asp); TNZ B Alanine (Ala); 2 & fRGlutamic acid (Glu). HAh{# 5 [F]3 1—3 Other abbreviations are the same as shown in

the Tab. 1—3
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WA RN, 75 0] = A S R R A & R
(R F e ot . 9, B ERY N ZE 8 1 (10.50+
0.03) gl L i ow, DA E RNV 48 4%, N R
0 AT B AR R 34.05% 1 ok . S AR KR
F RO PRA FE AR, KGR 5 AW A
[(62.40+0.60)F1(81.70+0.30)g] 1l ¥} H150%—75%[¥]
R A L E AR e KRN
PR HRAR, K& B AT B 0E 1 1(108.20+3.00 g)
Tk 52.50% i fok

FHEG TR & R, 2 s B s E R
(R % 5 2. SaadiahZe!"” DAXS ALK 2L & 1
BAR20%—100% 1 fky, RIS AR 4 3 B AR foky
WA ZE 8 £ [(30.700.78) gl A KAt RE; 1H N
T E A K R AR R 2, i UE BB AR
Z1°60% 7% 45 . Costa-Bomfim2" FH iR 25 (4 /K fiRt
P AR N, LA RO R AR, RILE1R12%
[yt Y A B ZE 8 46.(11.90 @) i K. i)
R KR B AR REF](3.79+0.22) g] bk}
HH17%—S51% 1 ok & 1, 3 E RN e bR, K
P8R KR AT LA B AR, i m B AR K
Pt H AN R . A R AR AT
St B AR, DL B M FE KR, Lungers™)
RINEERE S A 4/ AT LB AR E 8 £0.(11.50 g)talk}
25% [P R o

g5 LR, A R Atk b ok B AR AL
OIS 2 50, BRI MG SRIE 21
PR EAE Y M B (VR ARG B 3h R YR A ok

BARMGE 5). FN, Nyssh BAE B B R
RSN B AN T8 o) i, R BTN 0 o A 2 5 TR S e e
W g R O . R B R 1 SRR S B AR
HE R — B R BT, X 2 MRS R AR AR
R BT T Ry 1 — 2
12 EEENREAERMR
BERG 3 K Wang 5 B 50 #0008, fERLE A
94T Y% [P AR HR S AN [7] B A3 £ 3 (5% 15% 1
25%), AR E AR K ZNTEM TR bR, KL H a4t
[(7.7120.16) g]tal¥:  f yr A IS B A N &N 15%, 1T
AR F(25%) Rem Al A K . FFE, Craig
S VI 1A 549,30 g% 8 Xt 42, I A
MR 6] F 9 7K T (6% 12%F118%) H AR, DL &
ZNVE FabR, RINL6%A112% Myl s N 3RS e if
(¥4 KL RS R bR . ChouZ LU A G ih(2: 1) A
TRA MR WTUR, HBEE RO fe AR, KILE @
(41.00 g)FFH15.76% I8 i KTl peh A K T R e B
IR, O EDRIR T I 7R R, A
AR KNG R, A2 TR E K AR BT I 2R 1
SO o SR, 25 f0O0E AR 7 RS B FR 55 SR ik
AR Tt L5
g ARES oK — N, KRR K AN
5], KR BB - th(Siganus oramin)™" &P IR g
(Solea senegalensis). &Hi""(Pagrus major)55/>31
PR AN, K2 6= B AN A DR (Highly unsatu-
rated fatty acid, HUFA) & B RE 71 8 e 11R 99, 757
BHUFA(WDHA. EPA. ARAZE N 75 g 7 R

%5 FELENTHHEOREREHE

Tab. 5 The replacement amount of dietary fish meal by other protein resources for Rachycentron canadum (%)

E4=b/ TR R B PRAL R R EE BN

Protein resource Initial body weight (g) Replacement amount (%) Evaluated index References
HFFHIRM 94.60+2.80 12.50 e kK2 SGR [5]
ZHISBM 32.00 16.90 WEEWG [15]
EAREAKCCGM 108.20£3.00 52.50 8 K FSGR [5]
FTAKEEHCGM 11.50£0.05 26.27 WHEEWG [16]
FEAHPM 3.15+0.03 13.35 WEEWG [16]
HEAFFICM 3.16+0.03 5.51 WEEWG [16]
N EE WP 10.50+0.03 34.05 WHEEWG [16]
KEWRAEREASPC 62.40£0.60 50.00 R E K HSGR [17]
REIRYR 8 H SPC 81.7+0.30 75.00 WEEWG [18]
A A PM 30.70£0.78 100 e A K ZESGR [19]
I3 F K A SPH 11.90 12.00 WEEWG [20]
1 5 A KB YIFPH 3.79+0.22 17—34 WEEWG [21]
B RER YEA 11.50 25.00 BEEWG [22]

VE: KGR A Soy protein concentrate (SPC); EEE:¥Yeast (YEA); Fiff#Cottonseed meal (CM); /NZZ & ¥y Wheat protein
(WP); UFEE /K f##)Shrimp protein hydrolysates (SPH); 25 /K fi##Fish protein hydrolysate (FPH). HAthf&5[F3% 1—4 Other

abbreviations are the same as shown in the Tab. 1—4
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(Essential fatty acids, EFA) LA & IEH KK B K
AT B R X LR AT A i A A A TR
EREWIIR, F & A FIn-3 HUFAZKF 1B & 4 4
I7 75 0 4041 [(8.30+0.50) g] 56d, LU E KRN
WM FE R, B L4 n-3 HUFAFHREA N
1.49% . FKHFFED™ LUBIONE W A0 f21 3 9 T 45 1 7 96,
Iy M H 411 [(6.86+0.03) gliAk HEPAF
DHAIE B IN/KF, DARR & A K ZRIFM R AR, K
I10.80% EPAMIDHAZKFX] £ ) A2 KRR B, i
-3 HUFA I # ] £ 1) AR K

T EFA R F5 RACE % (8 &, 2% [EA
[ 2K 16 7 P 1 LA™ o D i 25T L o) s 21 9
Ay VR A I D g DT R, BC AN [Rln-3/n-6 PUFA
(Polyunsaturated fatty acid, PUFA) LL 1 R BC A 1 kL,
o ML 7 41 [(14.8240.44) g] 56d, DL 8 2 PRy
fabr, KA RHIE H n-3/n-6 PUFALL N
2.98. iKiEHEY R AR [FIDHA/EPA L (4 (n-3
HUF A &t 5 4 [7]) 1] M 25 87 1021 121 (6.86+0.03) g]
56d, LAREE A K NVE B bR, B /RDHA/EPA=
L3R AR A KRR L. R EAE KRN

NN

Ae BX

PR AR bR, %20 A R I, O R 4 1 [(12.90+
0.17) g]valkh A A DU 4 R 138 B VS N8 1.01%,
Wk DHA. EPAFIARA =3 Z A& & LA
2.20/1/0.16. F3AHRIE, LA E 2 9IFNFabr, 258
4 #1[(4.59+0.36) g)TalRF A8 AR DU IR 1) 18 H &
S0.45%" . VR TR B 43 B0 £ (B Brne
3 PUFA). 7k MI(E & AR, LA). Z46M(E &
W RER, LNA) M8+l (F & n-3F1n-6
PUFA) 1A fe 4] M2 22 8 £ 2y 184, R I AT AL+
T ZH A AR () AR EL[(143.73+1.90) g B3 T 4048
TZH[(127.40+1.84) g]Flfa il 2H[(121.46£2.08) g].
2k FRTR, 5 5 HUFAS RAE AR, 755
EGE S INEPA. DHAZSEFA A RE i & H 1B
K 6).

FEBBREBERENFELAR b # K=
FRFEME AN K, Sl gt R oF S H s R, S
EE AN BRARAK ML i AR, O
FSCA AR SO S AL [F] G A e e, SRR
I3z, 7 e ELAN R AR AR P A i 1
AR B ARV (R 7). T U R oyt

xo6 FHEINEMMBERRNEKRE
Tab. 6 Requirements of dietary lipid and fatty acid for Rachycentron canadum (%)
i H RIS it K& I 7 TR AR 2230k
Item Initial body weight (g)  Requirement (%) Lipid source Evaluated index  Reference
Jig Wi 75 >R Lipid requirement
41.00 5.76 i, SIHFO, SBO(2:1) WEHEWG [3]
49.30 6.00—12.00 fIlFO WEEWG [4]
7.7120.16 15.00 f1HFO e EKSGR [23]
W 75 I JT B Essential fatty acid
EPA+DHA 8.30+0.50 1.49 3, 4HFO, BO R A K #SGR [28]
EPA/DHA 6.86:0.03 1.30 i, MATMFO, OLO  Hf £ K#SGR [28]
n-3/n-6PUFA 14.82+0.44 2.98 i3, IHFO, SBO WEEWG [30]
ARA 12.90+0.17 1.01 @gﬂ& ﬁ;ﬁﬂ A’Z%m e K HSGR [31]
ARA 4.59+0.36 0.45 B{HFO WERWG [32]
DHA/EPA/ARA 17.84+0.13 2.20/1/0.16 @;g& ?SEE ;&gﬂﬂ FisE EKHSGR [31]

VE: i Fish oil (FO); %siffitea oil (TO); AAJ Arachidonic acid oil (AAO); Z-liButter oil (BO); HiHiiiOlive oil (OLO); i
Soybean oil (SBO). HAih{# 5[ 1—S5 Other abbreviations are the same as shown in the Tab. 1—5

®7 FELEANPHERHRERGHE
Tab. 7 The replacement amount of dietary fish oil by other lipid resources for Rachycentron canadum (%)
[ WO R B VAT S5k
Lipid resource Initial body weight (g) Replacement amount (%) Evaluated index Reference
iHSBO 62.40+0.60 33.00—67.00 FeE LK FSGR [17]
SLIlSBO 13.00 40.00—80.00 WERWG [35]
K NEHSPO 15.00 40.00—100.00 WERWG [35]
T RRIHLO 13.00 40.00—100.00 WMEREWG [35]

vE: K5 57 Soy phospholipid oil (SPO); ¥ JpkiH Linseed oil (LO). FAh{#i 5 [F]# 1—6 Other abbreviations are the same as shown

in the Tab. 1—6
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[(10.29+0.22) gl ok v 23 s i oK S Ay
M ORI ARE ), 45 R BN, Sl AR KRR
BIF; TR Bk = HUF AR B8 3 2 725 8 48 11
EFA T Z, i % fin-3 HUFAYTRUAS 2, Smi L
HR . AR R A o B AR R
0—100% 1 f 3, LAY B 2 TR 8 bR, KL E
140 #1(13.00—15.00 )k K G K S g
VR HE B AR BRI 4 ) N 40%—80%
40%—100%-+ 40%—100%. AW T, F%:E
ARV TR, KT AT B AR E %)t k)
33%—67%l[H P

gk LRTIR, WAL T R, 15l A T
e, KT SRR BRI S5 R B AR
AW AE KRR A K. SR, H BT AR
PR T~ 5 — R 0 05 ) B AR SRV A, SR TR A A ) i
BV A Bl A il A P S A K A R R 1)
e T BRI OGERZ, Bl A TR AR I AR
fh B A K PEREA — B A E A, (H— M
SEERE KT S THUF A &2 B B B A, M 52
FUE FRANME, IX & R AFRIE FC AR 1) 7] R
1.3 FE&NHRKUEYHEKRAR

AR R R 2 A B P A )RR oKL &4
(RE I 22, SR, 75 TR I & AR K A A )
AT AT AR R A R, A T R B
YRR BRARERL A 0 8OR

H R, A %5 H oK S & Rt e
B L. REITFEY AR E AT (5%,
10%-+ 15%. 20%A1125%) [ 7 R} W 5% 22 8 40
[(14.72+0.43) g] 56d, LAY & NP 85, 1511
B KA B I B B 17.27%. AR
KA T 9%, 4 8 2B K SRR BRI N PR
Fakr, 79 1 % 8 1 %)) 111(3.38+0.04) gl Rl Pk &
KSR E BRI N 18.00%—21.10%. X3!
(IR 9 S, DURE 8 AR K S FNRDRL R F 2 PR 48
bR, 172.56+0.80 gty 2 & a1 FRpRE b /N 22 JE K 138 H.

INE N23.14%—25.30%, 598.44+4.60 g K% %
A )N E R & BN I E 23.24%—23.51%.
I3k A i B, O R 5% B T L
% ® B AEf.(Oreochromis niloticus) 1 Yp JE fig 2
(Trachinotus ovatus){K. N 1 BF 584 & i & 1a)k}
o 3 B, AR D 7 o A R (B U S [
(LF4ez . MiEFE. RERE. ML/l . Bk ®
KVERD WA JE By AR KR IS & T k)
WEFEZ A T70d, KBV /N2 SN A E R .

g5 L RTIR, ZE A e k) KA A P IR IE A
TE:N20%—30% (£ 8), HMb/NE ek EsaE &
OB AR A PIIRARE . SR, AS R A2 KB B ) 75 oK
TEL R A KA IR 0 B R A R it —
G2
14 FEEMNHMEFRZENEKRAR

A AR RN T ROA R, 48
T CRIEAE Ay 528 1 50 751 6 S0l 2 442 v 100355 ¥ 1A T R
BrAAMAE A, Sejin® LI R K IR
b, 159 H1 %58 1 41 0] (4.60+0.40) g0 4E4 R CHITE
KB H44.74 mg/kg; F k™ DUREE 2B K 2N
Fabn, 15 46 g/ A7) AR 42 &R
CHIB & B I &7 ) 413.604113.2 mg/kg. &
B 0 A R CRR SR 22 e (1 JE R A e S T A
B G ERAE R SR EREA RCH K.
MLl WL, 72 FR S nt s R ARt Rk f 3k
AR S oAt A R AR LA R
SN BT A B, DA B R AN S A KO TR
fehR, EH MYt (3—5 o)Ak Pt EE . L
BE. 2R BifGE . R MHERFI IR ) 75 ok
7 N3.09—6.87 mg/kg. 351.0—363.4. 16.39—
18.87. 6.8, 7.63. 15.03%1695.89 mg/kg"" . &
YA R E RIS LK 9,

EEAWNTYRATROCERZME. 5T
F W, AL R KT B R 2 £ (Y S 2 4
Fo KR DU SR B R, OIS BN

*8 FEH&INWKLEYHTKRE
Tab. 8 The requirement of dietary carbohydrate for Rachycentron canadum (%)

I R A% i R E it PEAFE AR ERBEN
Initial body weight (g) Requirement (%) Carbohydrate source Evaluated index References
14.72+0.43 17.27 Mk Dextrin WEEWG [40]

3.38+0.04 18.00—21.10 W F K IER GCS %ﬁﬁ}%ﬂgﬁgf [41]
172.56+0.80 23.14—25.30 INFTERWS %ﬁ}éﬁ?gf [42]
598.44+4.60 23.24—23.51 INFEVERTWS *%fﬁ%is%ﬁu [42]

VE: 4L B KIE K Gelatinized corn starch (GCS); /N2 ¥ Wheat starch (WS).  FAth# 5 R 1—7 Other abbreviations are the same

as shown in the Tab. 1—7
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13.20—328.20 mg/kgFIAL A kL, J8 it 56d 1) 77 5E
I8, DAB I B RS M NI 5 b, B A
#HA[(7.15+0.85) ] RIRkH B 1) 18 B AN I 2 4954.20 mg/
kg; 7R E TR R R, R R KRN
PPN FEE, KT g B AN IE R REAN
75.47 mg/kg. LR, RIS B R E R E
A R R P A R, LR R I R
2 ek e & BB . R RIS DA R Ak U
AR YR, P ) 2 R0 2 B ) 9 45.80—524.30 11
3.30—57.40 mg/kg ML & B IR 5 .
1w RO PRI FR bR, 45 R oK, DABR IR Tk Bl A R
PR AR TR, 257 14 (15.89+0.84) g]ta Rl &k i 3&
BN 579 80.60/171.30 mg/kg; LA L 7 K
HRA IR TR, (9.92+0.47) g%t bkl o 4R &
IR 75 811.50F18.30 mg/kg.

g A £ R EEIK P B AN W] BUER (1) B R TR, 2
BB A A B TR 2 R Ay, R SRR B
FowitE . BERIETE R AR, R a R B R
A OB, DAYE B RO PR R AR, 15 A
[(22.10+1.90) gk A fif 3 B 8 N &2 880 mg/
kgo XIANAERSLLBERR — 045 e B U AN UL LIRS
ot 2 — VBN R B U S IR, 73 30 T i 6 4 A [ kg 7K
F(0.61%—1.51%) FIAS B 5 5% L 451)(1:0.5 1:0.8.
111y 1:24 1:3F01:4) L& DRI R 22 £ (6 g/
A7), LA Z VP FR bR, 15t AR s R IS
JIE 930 me/kg; 5 B EL 111, il R A 4
FEEh W IE 5 A BORAS « 2B S AR 3 PO IR B8 ~F- 7 1)
Wm0 sl g R R R I A o
TR, SRR AR B R B A R AR T A R,
TF TR, CURR & A KRNI R bR, 15 F
A0 21 601 [(6.2720.03) g]tal R A AR 1R 38 B s

B RIN0.79R121.72 me/ke. A 2% A M AbL
(R 7 ¥, A R TR T R ST P A M B R, [ DL
EAEKF RN TEAR, 15 H 258 1[(22.18+0.35) g]
PTG ) B 75 SR &40 9 N 1.298011.46 mg/kg. ik
B T S — LR WL R B AR
10, (HA7 Sl Z 5t fa ik fgie . PUsE b, PUIRRE
IR A Rt — PR
1.5 EFE&FERAMAMNHR

TR IO R AR AR AE P2 I T, o o AR
TN b BRI R, SR SR R R E SR
{8, SR BhE P2k B, (RIE S {E B, 154 TR
A, B RS T A B MR . BT, A
SR ZE T R IN SR 78 32 AR R A i R
o AN A 2 ) 51 6 5 T

B S A 7 0 414 (3.0020.05) g ] FAE
B 0—0.40% 7 B I BC & TAPRL, 15 B H X B S ioE
H R EEN0.05%. MHITEREARIFF . BT
AR E AR RO o 8 -Fks e v R
HRIN0—0.045% IR, ARRER I 2 R PEA
FabrR, I ZEH 0 414 [(5.40+£0.120) gtk E
% 438 B 7R I B 90.03%, VR B A (2 3k 25l 4
A, BRI DR BV A . T IR B e 7 i g
[(14.87%0.51) g)FalktH a8 nAs [ 7 &2 5 & BE -5 &=
Pk iz, LA B SO PR 4R AR, KIL0.5% U8 a2 1)
KRR Bt SR RE R L FLAR SR A B,
WA R RIS I EX EH (19 g )EK. &
P TN RE R RER L FE i, FH AR 2 A2 K RNV 45
B, 75 H IS BRI H0.20%—0.40%. {55 7E
T A0 (22 gl )R R 1T IR A A
T B FIRE R LT B8 (K B 5 402.0x 107 cfu/g, L SE
A K FNIEN FR bR, Bon AR A K, fm R

x9 FEEINUREZNFIKRE

Tab. 9 The requirement of dietary vitamin for Rachycentron canadum (mg/kg)

FiHEEN TRIG B A it R URGEELR SR
Vitamin Initial body weight (g) Requirement (mg/kg) Evaluated index Reference
#eEFC VC 5.46+0.02 13.60 HEE A KHSGR [49]
H#eEFRC VC 4.600.40 44.74 WHEWG [50]
YEEFKE VE 6.08+0.08 13.20 B EKHSGR [49]
JIH#E Choline 4.60+0.40 695.89 WHEEWG [50]
T % 2 Thiamine 4.60+0.40 6.80 WEEWG [50]
¥ # &£ Riboflavin 4.30£0.20 7.63 WMERWG [50]
W% Niacin 4.60+0.40 15.03 WEEWG [50]
2 XPantothenic acid 3.23+0.06 16.39—18.87 Frse £ K SGR [53]
WL B Pyridoxine 3.23+0.06 3.09—6.87 5 5E A KR SGR [53]
W Inositol 3.23+0.06 351.00—363.40 FrE A KZESGR [53]

VE: 44 R C Vitamin C (VC); 4E4 % E Vitamin E (VE).
1—8

HoAth {5 5[] 2% 1—8 Other abbreviations are the same as shown in the Tab.
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P R AAE SRR S 1, oG8 e R B LS R . TE R
HA (10 gZ2 A7) TAREH R 10,60 % i B 2F H FF 1 Al
0.10%55 T HE, Befp (Lt HA K15, g et
WF 7 R B, 72 AR rh 8 0 1 % 2F Tl R RE %t 25 e 3k
ZEH0(108.20+3.00) g K. G ATE
BEFFH 26, W8 01 % A [ i e L 48 & A AR KR i
SR, (H AT At ORLIE KT . BRam s e
IS8 SN 4 = I <R /S e = BB B TR SR b
0—2% ¥y AR [A B, DA =5 2 PR 8 4%, K BLA N
/b1 L[] i o] DA 7 o A 4 AR G (E I 2 N
SE AR, EERINEN0.ST%. LidEREY
o TEDRHAR IR 038 NS K 28 11, 3% AL B
AR RIS

2 FESESERMARIVK
H A, F708 % B 0 F S K e 2 £, Sl

Bt A N THRC AR P, vkt B 7R 8
PRI HE, 25 5 J WSO8 Joia AR A6 9 B L 0 R 5 B 7K A
B E AR N, Dt A Re i 2 FLAR A TRTE I
. MR, BoamE RAERem, 55 isimr
fifs, W FRIA ARG G, A R TR0 77 i R F
SR R AEAF R IIHET R

T A 2R TR P S, (HEE TR R
P2 H TR B, e ol 2 AR 7 i f1 1 SR B e A
IO R AROKEE AR AR . 2 HT, I FRIE BRI 7 B
ATTIHE R, T8 & 1R R DR AN R .
AT T, FM RO TR AR ) 77 5 R5UR 5 DK 1
FE, A0SR, B LA, & HIX 7 8 i)
Ao &bk £ E 22 @ 4 H A 3t f.(Epinephe-
lussp) T E8 (pagrosomus major) A KL, F K R
Bk 1.8, it Tk i R R 1.0 2R,
T NE B 1 4 0 20 £ 0 A Rk 32 DL PR AL

®10 FESITYRNOFTNE

Tab. 10 The requirement of Dietary mineral for Rachycentron canadum (mg/kg)

)% TR I6 R R VAl AR SR

Mineral Initial body weight (g) Requirement (mg/kg) Evaluated index Reference
#kFe 15.89+0.84 71.30—80.60 WERWG [54]
i Cu 9.92+0.47 8.30—11.50 WERWG [54]
£E7n 7.15+0.85 54.2 R P R RR S L ALP [54]
£ Zn 7.00+0.20 75.47 FEEE K SGR [55]
WP 22.10+1.90 880 WEEWG [57]
TP 6.13+0.21 930 WMEZRWG [58]

W /85Ca/P 6.03+0.26 1 HERWG [58]
EhiMn 6.27+0.03 21.72 FrE A K HSGR [61]
fifiSe 6.27+0.03 0.79 A KZESGR [61]
fifiSe 22.18+0.35 1.29—1.46 i€ E KA SGR [62]

vE: #§Phosphorus (P); £5Calcium (Ca); ££Zinc (Zn); #Cuprum (Cu); kFerrum (Fe); ffManganese (Mn); ffiSelenium (Se); Bl P iR
fig 5 P Alkaline phosphatase (ALP). HAth {5 [F]3% 1—9 Other abbreviations are the same as shown in the Tab. 1—9

11 FEEANFRNABNEERNE

Tab. 11  Optimal amounts of additives in diets of Rachycentron canadum (%)

bl BRI R N ERGEELD SR

Additive Initial body weight (g) Addition amount (%)  Evaluated index Reference
T 3£ Betaine 3.000.05 0.05 WHEE WG [63]
JiH7 2 Bile acid 5.40+0.12 0.03 TR FCR [64]
R B Z W% Alanyl-glutamine 14.87+0.51 0.50 A K # SGR [65]
2 ALK B Galacto-oligosaccharides 18.55+0.23—19.03+0.06 0.20—0.40 FEEAKZE SGR [66]
Fili B 2F FUAF T AIRE R FL A 1 BasS and LaA 22.00+0.15 2.0x10'cfu/g g £ K% SGR [67]
R R 2 AT 1 BaS 10.10+0.50 0.60 FeEEKFE SGR [68]
7 FEChitosan 9.40+0.40 0.10 FrEAKE SGR [69]
AR R Taurine 108.20+3.00 1.00% FeEE K& SGR [70]
JIE & [ Cholesterol 24.00+0.19 0.57 WEE WG [71]

VE: R ZE LR B Bacillus subtilis (BaS); "8 2 #LAT B Lactobacillus acidophilus (LaA). HAth #5658 1—10 Other abbreviations are
the same as shown in the Tab. 1—10
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RN (5 E45%, TEIT5%—15%), HEEUE T BIF
ISR o AH A, KT R EUAS 2 #1.(>2 kg), HHTIF
JEFRFARIG M BERER . AN =, ARSI T ik i
IR, W B TR RAKIGEE, 75— 5, KA ZE
B BEROR, T O DRTRL, B R b
PLAE 77 I A FR B AR 77 7R B 0 ORI AR L A )
DRI, 4 5 76 2 0 5 KRS 22 £ 175 97 75 SR A
Je A2 7 R R AR L DR LR I e A A 7= T 201
WE5E. RIS, B AT b 258 s Rk AT
ERFAFIIG, 35 B AR R T HARA 2,
G NHEMNR S, SR AR F 5, PUi
BE 125, A e R i R T A
AL )M FRFA ) 7 5K, HFRba = ia vl &5 291 &
B IMREI R A AR

3 FRS5RE

HHl, AREH AR EFRFERSWERPH AT
WA RS E, KX EARMNERERREN
40%—50%, MG N6%—15%, BKALEGY N
20%—30%. [AIT, A 5 AR XA 6] 85 [ ) R0
R, LTREIER. fER. UHREE RS
&=, BREOE. BRI &R A f I &
I FH 5t B 1S4 22 B, I S Oy ZE T A A R
DI e e

H2&, HATha — L s 45 8 f fa) kLR 27 58 2
b B ) R B e (DB ER R VRSN,
0 A i YR PO B R SR B R R A 2 R L
WEFCHRIE, W/ N KRR REERAR . K
FEAE AR RBERRAASE . (2) B AR A Ys RN g i U5
FIH 5T, H AT 32 A R SR IR AR ok A
B — W R A Y, 1 A [R] B IR B RV A
FH 5 AR £ A0 g 1 B 58 2D AROE, AR .
(3) HH, X T % W £ )75 77 75 SR WF AL 3515 R AE 4 f
BB, A DX AN R AR K M B 8 77 75 SR AT
o (DMEITLRBZ XS AIAGEE. PLEML. PN
WRe MR B2 PR, OB TEEMA
A A K PR (A K AR E TR 6—8 kg). MK
QEERIE10 kgL ) IHE s, HETE &4 8
FREE I KRR IC & R =, 5 30 A TR R %
K. FETREERMA & A& BT, I L 22 R ]
BUREMFEREZ —. WEAHE AR LLE R B
Bt R SR s R R, B ARk A
FIHZ . FHitk, SFEAE S K AMAEKTE
(R B Ak S AR L sk in T8 2% Je 25, AR 7=k
R AR BC A PRI 0 CAHE) M, DASR S A A ek )

il 2, Jab UK 2t ) T . (6) AR 22l
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PROGRESS IN NUTRITIONAL REQUIREMENTS AND FEED RESEARCH OF
COBIA RACHYCENTRON CANADUM

MA Yong-Cai', ZHANG Guan-Rong’, LI Meng-Meng', CHEN Han-Yi', NING Li-Jun',
XIE Di-Zhi' and LI Yuan-You'

(1. College of Marine Sciences, South China Agricultural University, Guangzhou 510642, China; 2. Guangdong Provincial Key
Laboratory of Marine Biotechnology, Shantou University, Shantou 515063, China)

Abstract: Farmed fish has become the main source to meet the demand of human for aquatic products. Cobia Rachy-
centron canadum is one of the main farmed marine fish in southern China, which were cultured in sea net due to its fast
growth, tender meat and high nutritional value. However, the cobia cultivation mainly depends on iced fresh fish, espe-
cially for the culture of large-size fish, which seriously restricts the development of farming industry. It is urgent to de-
velop the corresponding formula for fish growth at different stages. This article summarized the research progress of
cobia on nutrients requirements such as protein, fat, amino acids, fatty acids and micronutrients, the alternative of fish
meal and fish oil in feed, the application of feed additives, as well as the developmental status of feed industry to
provide reference for studies on nutritional requirements and the development of compound feeds of cobia.

Key words: Rachycentron canadum; Present aquaculture; Nutritional requirement; Formulated feed



