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KEphBHLERNHER, A~
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B7E 12.0% LAY, 5758 H A TRIF AL 89K S BB K 5 BB 2 XBiE: EKEHN; HAR
R BLFEERSBY S RALBEER,H HAHBIFILA RS IF; K BRAM

iR REE R BB A BRI MM AL, EREBRAEREL HESAS: 5963.1
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WARIE . ARSCHISE T 1 H AE R BC A 4Rk ep iz
REXRE B IR EX HABIFER
PEREFIL AL N, T R E BB E H A
BAFBLA R R NN AT A B AR,
TR H AT AFEC S R

1 wRETk

1.1 I ARRIARER

H VR #F 47 8F 0 F 3 V148 pi i ol o
¥ A ERAR G EENATE R —A. 8
IR AR R AR, R B R ER S
Pepb il B A — B AR 53 B AE 3517 IE R
L

IR ERERH CHEH 65.35% , &

Bl 3.90% , K43 1.74% , K53 7. 10% , Bl 4 %
3.10% ) L7 B ML IR AL LR A R A A 42
fit, % CHE R 62.50% , MR HT 4. 00% , MK
53 12.30% ,7K 43 10. 06% ) KX H BB B
WL BN BRI A R A,

1.2 B8R #LE $l

BitT 6 AMER SR N 2% WERFRE
FRB RS, AR ACHIRAL) AEEXREAH,
FBMEINE N 27.0% , % B.C.D.E H5351&
3.0% 6. 0% 9. 0% ,12. 0% [¥) T 478 E 8y, # i
B X B A B 11, 1% .22, 2% . 33. 3%
4. 4% WMEHEE, FBF AR E KER L
mINT 0.1% WEEE AR

W& R RO R, 3 80 B TSR R B 5 B
FRHRA S, M TRERAN 2.5 mm MR, B
RTBE, B 1.5 ~2.0 mm 5k, BT 4
CIKEPRTFEN,

BRI AR R OB R L 1,

1.3 HAFER

TR 7 Wi VLA B T K = R B AT B
BENHIT,

BB B PR IAE (0. 12 £0.04) g,%)
IR (2.16 £0.24) om [ H ASTBARLIAF, FEHL
5B 18 AW, B M4H 50 BB, 5 30 d 5
W5 5B — B BeAE KB B

F_BB,AE-HBEREEHRE, EREAN
FEPRHIIAME | EEERIIRAE (0.23 £0.12) g,

FIIEARK (2.97 £0.42) cm ISR, k82 7E 18 4
RIFE AT IRAE, BN IR 35 BB, FF A 23 do

[l — B Bt a8 RIS (A% 2 50 em x 60 cm x
120 cm) B3 FEF — /KB P (4 m x5 mx1.5
m) , R RAERHEMERY, 80P 3
AT

SEEHAIRI Y FR5E K R & UTIE M B AL B Y
BRIFILILIK , 7K 26 ~30 C,IEHE =6 mg/L, &
A <0.4 mg/L,pH % 8.0 ~8.5, BRI 4 &k,
5374 24:00,6:00,12:00,18.:00, #KRIiHEHEH
ERAAMRIBAF AR, LRBRE 3 h 25
Sk, R 18:00 B 3 I L W v 2 A o 59 2R AE
M,
1.4 iEiFNE

RIGTT 4 i BEDLEL 50 B 4TI <& w1 Jh A 1<
A&, FFRGRE G PR IR SR
ERK RE TR RER(S) XK E(R,) |
XTI EZR (R, ) MIRMBATRE(Cr)

S(%) =N./N, x 100 (1)
R,(%) =(L,~L,)/L, x 100 (2)
Ry(%) = (W, -W,)/W, x100 (3)
Cow=F/ (W, +W, -W,) (4)

RN, L, W, 53 BRI 45 R & R F8 4R
FEE IR R AR E N, Ly, W, 43 FIR
FARIE TF 4R B & DU F6 MR RO A7 T8 8, IR R T 38
FRE; W, TS MAHRBHEETIFEER,

RFRREFR G, BAHREYLE 15 BIF, B
MATF -20 CHIKMPRFEEH. RA 105 C
FRTRENEKSSE IR EREN EHE
HESE . S5-FERENERESE. RN
HK(550 C)MEKAS TR, HTHBEHERK
f%eJ5 F H 37 L-8800 1) i & L FR 77 A ) e A
B, BB &% - AWM BFERAEE
HP6890A RIS ik - 44 ARl BR , 3F F 0 —
HEHESIRBRN B S &,
1.5 BUEREBSHH

ST gEE DL M + SD 257, [ SPSS 13.0 4>
T8 B R 3547 5. F 5 22 047 A1 Duncan’ s
LEZERR, HERER FREREEET 2
38T
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®1 BBEAMEMEEFER

Tab.1 Ingredients and nutritional compositions of the experimental diets (%TE)
FARAR(% ) pugiit:| B4 cH4 DA E4 Faé
#O sk 27.0 24.0 21.0 18.0 15.0 15.0
FEREBER 0 3.0 6.0 9.0 12.0 12.0
ik 23 7.0 7.0 7.0 7.0 7.0 7.0
KZH 12.0 12.0 12.0 12.0 12.0 12.0
pidecy | 14.0 14.0 14.0 14.0 14.0 14.0
B 3.0 3.0 3.0 3.0 3.0 3.0
o EB 5.0 5.0 5.0 5.0 5.0 5.0
i 21.8 21.5 21.2 20.8 20.5 20.4
faih 2.0 2.0 2.0 2.0 2.0 2.0
K 2.0 2.0 2.0 2.0 2.0 2.0
JilEArafic 0.2 0.2 0.2 0.2 0.2 0.2
HERA: 5.5 5.5 5.5 5.5 5.5 5.5
R —S455 0.5 0.8 1.1 1.5 1.8 1.8
BEERS 0 0 0 0 0 0.1
ERER™ (%)
HEH 41.93 £0.58 42.09 £0.11 42.35 £0.40 42.24 £0.10 42.24 £0.18 41.88£0.27
SRS B 8.66 +0.01 8.79 £0.03 8.78 20.11 8.9810.07 8.92 +0.03 8.67 £0.28
w4y 9.34 +0.68 9.17+1.56 8.63x1.21 8.5510.38 7.99 £0.84 8.06 £0.21
BHB(MI/Kg) 20.2 20.3 20.4 20.4 20.5 20.4
RS asp 4.29 4.34 3.99 3.91 3.69 3.79
FERR thr 1.47 1.50 1.36 1.32 1.22 1.23
YR ser 1.58 1.59 1.47 1.45 1.34 1.33
BER gl 6.55 6.59 6.07 5.95 5.66 5.77
HE®R ely 2.34 2.34 2.14 2.08 1.95 1.99
&R Ala 3.24 3.22 3.00 2.98 2.81 2.84
AR val 2.54 2.58 2.36 2.31 2.22 2.26
FFLE R Met 0.62 0.57 0.53 0.48 0.43 0.58
BESR e 1.55 1.58 1.44 1.40 1.28 1.33
EER Leu 3.65 3.69 3.41 3.35 3.16 3.23
BEEER Tyr 1.39 1.42 1.30 1.26 1.16 1.21
HEHEBR Phe 2.17 2.24 2.03 2.00 1.92 1.98
44 His 1.40 1.40 1.31 1.29 1.21 1.28
WA Lys 2.59 2.48 2.37 2.31 2.15 2.19
KA Arg 2.76 2.76 2.58 2.53 2.38 2.44
JBEER Pro 1.97 2.00 1.84 1.83 1.68 1.72
R Trp - - - - - -
TAA 40.10 40.32 37.20 36.43 34.25 35.16

E: =« AR, BRN AR SRERTIERE ST RS, b BESEREERMBHB . « EFRARP BEIEETH
&, B (M kg) = | HERREA R (g/ke) x23.85 + HIRNIF R (g/ke) x39.33 + [ THREE(g/ke) - HERR TR (e/ke) - MR
FB(gke) -HRAER(g/kg) ] x17.57} +1000, KA N ME

(P>0.05) , RUMBFRPEEEARELMBENA

Ven
2 &R B T S A B A3, (0B — B
21 EABARTSBREMHEETIRGE  XEASHBRBA S FEEDERER (P <
ERHTIR 0.05)  HAMHAMILBEMZR(P>0.05), ¥E

U KREHF B F&s, B A
EAFR A XTI B R IR (R 2) ,B&4H
RIZFABE(P>0.05), FAREHMIIBEN
e, Xt IR FH H A< T8 AR B BT 2R 5 TG B R

KEEMAEN 12.0% i, [F i B0 0. 1% Ky &
FRFS RAWE H AP AE B &R PRI
Bl R B H
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£2 EXEOBHEREHI B AE I IFEK AR R REAR0
Tab.2 Effect of substitution of fish meal by corn gluten meal on the growth, survival rate and

apparent feeding ratio of M. nipponensis ( n=3; X+ SD)

B—BE
H3 MR IE(%) HRIEEIR(%) RIER(% ) RMBFAREI
AdH 70.14 +£7.95 237.96 £29.04 74.0 £5.29 1.62 +£0.07*
B4 67.38 +5.66 217.56 £79.73 66.7 +17.01 1.97 £0. 10®
CH 67.30 +8.53 163.35 £43.53 82.7 +5.03 2.00 +0.08Y
DA 65.74 £6.46 180.05 +54.94 75.3 £4.16 2.04 +0.63°
E4 58.28 £12.2 208.23 £19.45 80.0 £12.49 2.05 +0.05°
FA 56.34 +£3.14 235.32 £47.68 76.0 +7.21 1.98 £0.07°

BoBE
H3 MR IE(%) HRIEEIR(%) RIER(% ) RMBFAREI
A 12.64 +0.86 106.98 +5.25 90.5 1.7 1.31+0.08
B4 11.08 +2.62 90.24 +15.61 87.6 £3.3 1.32+0.12
C4 14.24 +2.76 90.30 +£5.07 90.5+7.2 1.47 £0.44
D4 11.97 +1.33 90.14 +1.31 90.5 +£3.3 1.52+0.10
E4 11.41 +£2.72 84.60 £9.33 90.5 +£5.9 1.52+0.09
F 4 14.69 +3.25 94.11 +11.34 84.8£7.2 1.41£0.10

2.2 EAREAHBLIBREHMFEBLBR
LhERALPYE AR R

mE3 WA, BREHA(EXREAMHERN
12.0% ) Sx RANILAMEA & &F £ 745

(P<70.05) , HRZHSXRANAWHEL LR
ZZH(P>0.05), HABAULA K AR
FRURLIR o 7 Ak e 40 22 1) 2 T 3 22 5% (P >
0.05),

®3 FAZFaHESER &R BB T IR A F AR R

Tab.3 Effect of substitution of fish meal by corn gluten meal on nutritional components of muscle of M. nipponensis

(n=3; X+SD; %)

AR/ 1B K5y (%) HER(% ) AT (%) MRS (% )
A# 80.01+1.14 18.62 £0.29* 1.22 £0.07 1.11
B# 79.3510.18 19.01 £0.20% 1.38 £0.01 1.18
CH#l 79.58 +0. 16 18.71 +0.11° 1.49£0.16 1.13
DA 79.48 +0. 54 18.81 £0.09% 1.31£0.35 1.14
E# 78.74 £0.28 19.42 £0.06" 1.42 £0.05 1.16
F# 79.43 +0. 62 18.85 +0.06% 1.46 £0.02 1.06

E: RPAF LSRN E FBRAERABE(P>0.05),

2.3 EXAFAMBLBEREMIIFEEB BT
LIRALA KRER S BRI

HABFI A &8/ EERIKEK S
AR, RLZARMB AR, A FEREHER
FEMHABIFUAF RERERE R ELFR
HRETEHTLBEERF(P>0.05,%4),
2.4 EAXAFAMBLBEREMIFEEBFFIF
4h 8K AL 3 i P B 4EL B B % Ml

AR 7R FE B B A TR AR AL P A 1 R 4 AR
WS, HABIFLA & &SRR 16: 0,
20:5n3.18: 1n9.18: 3n3 H118:0, HAIEIFHLE
Z A ABH R (PUFA ) 1 EPA + DHA & 7%

EXRBEEAMTINE N 12.0% HH BB,
3 i

3.1 EXBEAMBHEREMI BLBIRER
FOEA
ARHABIFFBHEEEQKEHHRE
EIIRIE, Bukinfrksk BrER A H AE 4F
BEAMHEEEORSEN 36.8% ~42.27%,
BEB S8R 6% ~12% . HEWE™ Bk
4 H ABHRE B S B & H K FE N38.7% ~
40.3% , T FEED B H A TE ISR
BEHRNBRES BN A% ~41.5%, THEA
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RAKEE MA N RBEEEAK 0% . BE 42.35%, 181 K F7E 8.66% ~8.98% , M AE7E
18.8 MJ/kg (4RIEE, H ARBAFAE K B, ABF5Y  20.2 ~20.5 MJ/kg, 2EAKFA T AIRE N H A8
PR AR E A K 41, 88% ~  IFHIERTER.

x4 FAEOHHSEREHRXFEBXRRIRG RN ASERS BRI

Tab.4 Effect of substitution of fish meal by corn gluten meal on amino acid contents in

muscle of the shrimp, M. nipponensis (n=3; X+ SD; %FE)
SER A4 B4 (OF | D4 E# F4

RAEEBR Asp 8.91 +0.01 9.03 +0.09 9.00 +0.03 8.85 +0.35 9.15+0.20 8.94 0. 16
FREBR Thr 2.81+0.03 2.87 +0.09 2.77 +£0.03 2.74 £0.15 2.81+0.04 2.76 £0.02
YR Ser 2.82+0.05 2.96 +£0.25 2.73+0.14 2.67 +£0.21 2.75+0.02 2.73 £0.01
AER Glu 12.63 +0.03 12.74 £0.05 12.66 £0.07  12.45+0.42  12.80+0.28 12.45 +0.20
HE R Gly 5.36 £0.03* 5.55+0.004% 5.45+0.04®  5.3520.14° 5.67 +0.15° 5.66 +0.08"
RER Ala 6.09 £0.05 6.31+0.10 6.04 +0.01 6.03 £0.25 6.17£0.10 6.01 £0.003
IR Val 3.82+0.03 3.8310.12 3.87 +0.06 3.81+0.09 3.93 +0.09 3.81+0.08
F R & B8 Met 1.77 £0.27%  2.44 +0.03b 1.79 £0.45®  1.57 £0.55% 1.78 £0.14%®  2.04 +0.16%
BEAR e 3.77 £0.03 3.86 +£0.11 3.80 £0.01 3.7320.13 3.86+£0.10 3.76 £0.07
E& B Leu 6.39 £0.02 6.56 +£0.01 6.38 £0.02 6.29 £0.23 6.47 £0.15 6.31+0.09
BEBR Tyr 3.06 £0.06 3.10+0.02 3.08 +0.03 3.00£0.19 3.16 +0.06 3.10 +0.08
HHEB Phe 3.60 +£0.09 3.65 +0.09 3.57+0.04 3.55+0.05 3.67 +0.01 3.58£0.15
&5 His 2.18 £0.03* 2.25+0.04%  2.24+0.02® 2.23+0.06®  2.3110.05° 2.23 +0.02%
W& Lys 7.74 £0.01 7.79 £0.07 7.67 +£0.09 7.59 £0.21 7.78 £0.19 7.61+0.13
R Arg 6.73£0.001  6.91+0.02 6.84 +£0.04 6.66 +£0.22 6.910.16 6.63 +0.11
JHE R Pro 3.11£0.02®  3.19+0.02>  3.24:0.02° 3.13+0.09®  3.14+0.06®  3.06 +0.032
R Trp - - - - - -
SEMRBE TAA 80.79 £0.42  83.10+0.06  81.13+0.24  79.65+3.33  82.36+1.79  80.68+1.05

NEEERLE EAA 29.90 £0.40  31.00+0.26  29.85+0.27  29.29+1.40  30.30+0.71  29.8720.39
I BRRTEKETEEE, REENS . PR EAAHRANEFBRRERABE(P>0.05),

x5 FEXEAHESEN WX FRE HAE U4 URAL P A R4 B B R0
Tab.5 Effect of substitution of fish meal by corn gluten meal on fatty acid profiles of the muscle of M. nipponensis

R RER A B C D E F
14:0 3.05 2.57 3.01 2.76 3.25 2.56
15:0 0.55 0.53 0.55 0.57 1.66 0.53
16:0 24.15 24.39 25.67 25.10 26. 14 24.30
16:1 2.18 2.03 1.93 2.14 3.04 2.02
16:2 0.48 0.35 0.29 0.27 0.53 0.35
17:0 0.91 0.84 0.83 0.87 1.41 0.84
17:1 0.56 0.09 0.22 0.34 0.64 0.14
18:0 8.16 8.22 7.76 7.82 6.76 8.19
18:1m9 14.11 15.98 14.74 15.03 15.11 15.92
18:2n6 4.29 4.68 4.30 4.64 4.85 4.66
18:3n3 11.62 11.02 11.94 12.12 10.78 10.98
18:4n6 0.96 0.22 0.89 0.89 1.05 0.74
20:0 0.46 0.74 0.81 0.93 1.80 0.23
20:1 0.34 0.32 0.30 0.30 0.29 0.32
20:2m6 1.09 1.25 1.14 1.32 0.79 1.25
20:46 3.53 3.19 2.86 3.04 4.26 3.18
21:0 0.31 0.15 0.17 0.20 0.42 0.21
20:5m3 16.16 16.95 16.48 15.48 8.57 16.89
22:6m3 4.717 4.88 4.48 4.33 4.01 4.86
HeE 2.34 1.60 1.63 1.84 4.64 1.84
SFA 37.58 37.44 38.79 43.77 41.44 36.86
MUFA 17.19 18.41 17.19 17.82 19.08 18.39
PUFA 42.90 42.55 42.39 42.09 34.84 42.91
EPA + DHA 20.92 21.83 20.97 19.81 12.58 21.75
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& FrEE Y E AR U B R AR EKEE
B ERMEE N, KEEH, KBEEAS™
BRA K TE KR R B IR R A
HIE-0 M ERRERE SRR R H AR
SR AE KRS RE, - B, £ RAH
X3 2R A X 3 B R S T X R (P >
0.05), &% 4 H A B4R B9 B 76 F7E 66. 7% ~
82.7% , BB, FBRE WX E R HLE
RFXHRA(P >0.05), FHMERLIFAE
84.5% ~90. 5% . T M AEXT 3G I ZEAAE 2T 3% B
REXTEEE, F— N BHEXT KRR H
56.34% ~70.14% , i tH X4 3% H 231k 163.35% ~
237.96% ; 5 B BeAH XK AL Ky 11.08% ~
14.69% ,FAXTIEEZE K 84.60% ~106.98% , X
556 57 FR 89 H 2278 4R BB 36 B0 A% K B AR #F
AR ER X, FEAFH HARBIG %R
BORHFE N EANSHRENRSR,
H A TE AR 3 50 A~ PR B E 34Ky (36.4 £2.3)
mm"" , ZA3IRE JE A, t R BRI AR B T
P

MBI BRI ) R BR R S
FREAMBREAH BRI, FURAREE
A HRREREE(<12.0%) W, UE
—BrBod B4 S HA RIS A 2 R 7 B 2
F(P<0.05), HRduLEEREEZR (P>
0.05) . F=HA H A8 4R B9 5y o5 3 85 ARG A
FAZRA . B BSHNERRITREK
HILBEZF(P>0.05), FL, \AEK FEM
RMBE REFIRE, DN TE T 12.02ME
KREAHERIPEE b 44. 4% Wk, X B A
TBIF e KRR B IR LB E W,

REGOST %' Fj £k B M B A B A%
P75 BB ( Psetta maxima )9 J&, % MR o0&
BH52% , BEREREREAHBBME N 20%
(BREBEN 40% ) i, B BEF I A K Fehr 57
RARAE BEWES, KIKUCHI"™ FEXEH
MR REH GHRAS 75% k) BT 6
( Paralichthys olivaceus) 8 &, K M EXEHH B
REN 40% B, £ 1 A 1 A XHEDBHR R %2 3%
mal, B 2 A B 60% B, A K B &K F 3R
#H, KA MOYANO %“2] i} 0. 8 ( Oncorhynchus
mykiss) , EL-EBIARY &[] 3t 45 85 ( Dicentrarchus
labrax) .PEREIRA 2" %4 4 S5 ( Sparus aurata

L) WAFR B MR R A4S ERERTE
SEREHTAEWFHEBRNEKER. K
REPULERFEMEANPEXEEARRK
MER 12% , IR URE R 75% Bk . TR
JURBESRTAR 708 IR AR b B R E A
HEERMER R 5% ~10%,

AR ER, H 12% HEXEEABEBER
44.4% &k 2R E R, B0 0. 1% M E AR
A ME H AR KRR G #, R M X
HH AR A AE X 3 B R, R R R AR
(F2), EAEEOHMEBELTEFEE . TYRMNE
HEEARGE ", B, REERATE, A
F 1AL EE EREE B RAan MM,
SRR B E R A R B K T B 2B RE AR, B
InEERSS G FE N E AR K PR AR X R
#, KIKUCHI'™  REGOST %Y f1 EL-EBIARY
&I M) ORTE S ERE AR P R R
HEERAR R BB A AR, LIMP ik Ly
TR BRI FE AR B S AR, W AR AR B R B
I e E AR T v HAE KRR .

3.2 EAXAEAMTLSBEREMITBXRFIRIA
fn R B R0

X i 1) | 4 Sk 87T LA R # R 9 ( Seriola
aureovittata ) (25 -26] KB R, AR E LA A
EiEk AR EE B an 2 B mSE,
BEEEMRED RBEFMILAERA R EAZ
R EXREAMENEREE"Y , KRS,
FRULPIHLE B EEAENHESX RAZEA
EZ575, HARBIF LK 5 BB FIR 435 &
BIARE TORE B S 2 AR LT & B .

MR EERTEN TSR IR, EXE
HoBREh X FEH ABIMEERLEN
BULFEEARSENLEEZW, XA E
KREAHBREHIFASHD HARBLFILAK
ARBREFRNE. BEES" Bk wE
KREBAHBREABRFEN T KB AR JLYEXTEF
Rt R AR T RMMER

B S AL EERE R EREERFNE
H3E N, 258 H AR TR AR MR RO IR BT BR (SFA) 3 &
B, W 2 A AAR B2 (PUFA) i1 EPA +
DHA KFPEEAREHHHHIME N 9. 0% it B
BT XTRSEaHNFEREBRDA X, A
Wi E S AR PUFA f1 EPA + DHA &,
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The effect of partial replacement of fish meal by corn gluten meal in diet on
the growth and muscle composition of Macrobrachium nipponensis

HU Pan', HUANG Xu-xiong', GUO Teng-fei' , XIE Nan’, YIN Yan-giang', HUA Xue-ming' , ZHOU Hong-qi',
GUO Shui-rong’

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. Fisheries Institute of
Hangzhou City, Hangzhou Academy of Agricultural Sciences, Hangzhou 310024, China)

Abstract: The effects of corn gluten meal (CGM) as a partial replacement of fish meal in diet on the growth
and muscle composition of Macrobrachium nipponensis were studied. The experiment diets contained a gradient
of CGM such as 0% (the control) , 3% , 6% , 9% , 12% and 12% +0.1% MHA-Ga respectively. All diets
were fed to the shrimp triplicately. In the first phase of the experiment, diets were fed to juvenile shrimp
(initial body weight of 0. 12 £0.04 g) for 30 days, and in the second phase diets were fed to juvenile shrimp
(initial body weight of 0.23 +0.12 g) for 23 days. Growth, survival rate and the muscle composition of M.
nipponensis were determined. The results indicated that there was no significantly difference in relative growth
rate and survival rate among the treatments ( P > 0. 05) although there was a tendency of declining relative
growth rate with the increment of the partial replacement. The nutrition assays of the shrimp muscle indicated
that there were no significant effects of the partial replacement on water content, total lipid, crude ash, total
amino acid( TAA ) and total essential amino acid ( TEAA) of the shrimp muscle (P > 0. 05). The poly-
unsaturated faity acid and DHA + EPA proportion in total faity acid profiles of the muscle obviously decreased
as the amount of CGM in diet was more than 9.0% .

Key words: comn gluten meal; Macrobrachium nipponensis; growth; nutritional components



