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ERFRERD: A

g5 e ¥ WA (Oreochromis niloticus)” ., K11
fifi (Micropterus salmoides)"™ %5 B 1R KL 550CF Fl 4
FE o MRS e AR R 58
JERE, EARIE T — R BT )5 A2 R
i 3 A A — o R A 60%~70% (17
mn, AR S R AR XS BRIE BRES 4t (Tra-
chinotus ovatus)"'” . W64 (Oncorhynchus mykiss)""
% 35 1 BE 4 (Q Epinephelus fuscoguttatusx® Epi-

nephelus lanceolatu)'” . 1% %% (Lateolabrax japon-
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icas " RNk LU BRI 4 (Centropristis striata)'™ 55
MAERKEAEAN RN, BB W E R CERE
R P QR R P AR ), RER A AR
(Ctenopharyngodon idella)"™ ., J& % % Ak "%
i (Acanthopagrus schlegelii)"” AR 45 A THAL A FH
WOy R — AP E R, BRI A ML AR
FEAR MR R, AR, Wk
a5 03 A AY By BUXE R D R Y OF G 4 £
(Paralichthys olivaceus)'”, % K 8 ¥F (Macrobra-
chium rosenbergii)® . FLENEXTYF (Litopenaeus van-
namei)*" | WTEEP R RS (Dicentrarchus lab-
rax Y. W3k il (Megalobrama amblycephala)® %%
A7 AT 500

IR R, HMIRXK =S A K . A
BRI 20 A BRAG AR Y9G W5 . AR SEI DAL
. CEERBEEN . /R sk kR SR
EHNR—EABERE T 5 FCRmel, wrog
FAEAR TR T, XF 5 R ERRR & A R 0 A H
B, UMARIER M. CBEREEN . /D
BRIEE . By JUR RV 40 2 1 SR LR AR

1 MEHS A

1.1 SEIefERt

Sr BB (), BRI (L
S P R AT A ) SR R (7T R
FHEA AR, MRAFHATE 1 G >
FATR A 7)) AR O LRV B K A BT
) BRI AR AV A
R IR R S PSR ITRL. Sk
FRHI LR . 5% B J A RS T LR Ot
) S L 1. LR RL B P L 60 F 1Y
S ek | RHCRA ST, b RIGHARI
BRI KRS, IRIERKIRS, FIBAL L
@10 mm B AR

12 SBHESHEEE

S A BTG BRI T — Rt R R
FRIH LI AE R TR P ST BT 1L 3 F5 5 S 6 S i, (i
AT R X 13 & M) 17, Segi iz,
S B T P AR (4.0 mx4.0 mx4.0 m), T
i VR R 30 d, 5 R AR S AR S 3 b 3 )
R . R 3x5 WA K IF S, it s
FRARLRERD 3 AP MRATR K RAK AH T A S 56 £ B
BLATFEL ] 45 A SEE AE (2.0 mx1.0 mx1.5 m), %
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20, HRAFR S FRBERREIRS), o
HAEME 2 K, Y135 14 do ST, FF R anl
W24 h, HAPBE 15 RSN, RFEEFRER
R, PR B 45 M, BENLA R 15 4,
FHBE3ANEE, % 2%/d(8: 00 F117; 00), 3
Y/d (8: 00, 12: 301 17: 00), 4 ¥%/d (8: 00,
11: 00, 14: 00 fl 17: 00), 435I+%ME 5 Fhia sk,
P E WA R T R Y 3%, R 20 d FRAK T
B, AR R AL R R FRE iR R
60 d. FEFAMWIM], REASMIFEH 1AL 351734
2L SA IR, KR 30 em AYTELEE A 25~30 °C, pH
6.5~7.2, WA KT 3 mgL, @AUKE/NT 0.05
mg/L, BRICRLI AR LT IHN . SCkh
WK E A2 7000 m?, HEIKER 3 m, hIEH
B35 3 kW 40 Sl — 5, SCEHIE, iER
13:00 S FI%E R 4:00, & TFHL2 he BARN KA, &
IHRIA 4R, YA AT 3 mg/L i, JFHLE A

1.3 HEXE

FESRH SIS S5 o, T A SE G LR 24 he
SR PR I S A DA S £ Y B AR T i
THA A A5 R (SR) MM EH R (WGR), fERENF5
FEAE T, REALPkIE 3 R ) g A K AR T
TR B (CF), SRJ5 B T -20 °C vk P77 H
TS s s, FEREMAE T3 B 75
mg/L MS 222 ik[if, R#FIKCR A 4 mL, #iET
#E 2 h J5 20> 10 min (960xg, Eppendorf 5417R)
SYEINTE . RfIERE I 3 B TR, BT (R
F&FIE) 5 HFRESEAT 43 PR, THA PR L (hep-
atosomatic index, HSI) 5 fJf {& k. (viscerosomatic
index, VSI),

IR TR A BE R IORE Y i BE v K R
2B VTR = AF 5T I sl i f A 25 B St HE R sl
T IR R T
1.4 SEIRIRFRNE

FHELZS B R TR ML 4 f0 ke Sl DA 708 R 0
(Christ Beta 2-4 LD plus LT; Marin Christ Corpora-
tion), &5 M IF . LB E A A 343 B
(Kjelflex K-360; BUCHI Labortechnik AG) il % &
Rn, FPLRE AL (N x 6.25) HEMEN; R
FICHEIOE M 2 N5 i 5 7€ 550 °C 1 gl 4 (SX-4-
10) HBERERE i 8 W A B K53 LI AE Wb 2= 24K
TR PEBERR A (ALP), ZIEFE RN (AST). WEMRA
HER MG (ALT) WM. s A& A (ALB). Hl
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®1 KEARERREFRES

Tab. 1 Nutritional composition of test diets %
R THIEET) LMW E A Hoky FEFFHe 4 8 INEREE

ingredients SBM CAP ™ CPC Cs
T SBM 65.1 0 0 0 0
LWERBER  CPA 0 35.7 0 0 0
HR R TM 0 0 46.2 0 0
MRS CPC 0 0 0 48.8 0
/NEKEE CS 0 0 0 0 52.2
AREVEN cassava starch 7.4 21.8 17.5 15.8 16.3
FOKUERY  corn starch 7.4 21.8 17.5 15.8 16.2
il fish oil 22 2.4 1.9 1.9 0.2
il soybean oil 32 3.6 2.4 3.0 0.4
1%TRE 1% premix 1 1 1 1 1
#4ZC  vitamin C 0.2 0.2 0.2 0.2 0.2
S ALREAE  choline chloride 0.5 0.5 0.5 0.5 0.5
Ca(H,P0O,), H,0 3 3 3 3 3
TR ET4EER  microcrystalline cellulose 8 8 8 8 8
RILLFYERMN  sodium carboxycellulose 2 2 2 2 2
it total 100 100 100 100 100
EIRST  nutrients
MEEE  crude protein 29.37 30.34 30.89 29.96 29.55
FARWT  crude lipid 5.59 5.72 5.69 5.51 5.45
K4+ moisture 6.61 6.62 7.52 6.90 6.32
K5y ash 9.40 425 5.75 6.45 5.45
WHEEEM essential amino acids
HER  Arg 1.64 0.91 1.29 3.61 1.26
B His 0.59 0.36 0.24 0.61 0.41
R e 1.00 1.55 0.90 0.65 0.83
M Leu 1.69 1.87 1.74 1.19 2.06
MR Lys 245 3.41 2.81 1.48 1.86
HAM  Met 0.19 0.49 0.33 0.17 0.42
KR Phe 125 1.01 1.14 1.34 1.22
HEE  Thr 1.06 2.03 1.02 0.81 1.35
B Val 1.45 237 231 1.32 2.02
WHARMEE  total essential amino acids 11.32 14.00 11.78 11.18 11.43

e BURE: LT RIGEEITEE: VC60g: VE30g: W15 g MAMES g; 2454 g: VA2g: VK32g: VB,1.5g; VBs1.5g; VD;1
g; VB, lg Mlg VB,08g: AMWE0.2g; WKH22g: hAHK36.2g FeSO4H,030g; ZeSO,H,020g; NaCl 10 g5 MnSO4-H,0 2.5 g;
CoCl,-6H,0(10%C0)0.5 g; Na,SeO5(10%Se)0.5 g; ERAN(2.9%)0.3 g; WiFREE90 g5 HAPIAIHS g: i 120 g; FACAHIR400 g5 4%
235g. 2.SBM. GHfl; CAP. ZEEFEA; TM. Bk H; CPC. MiFF R4 A CS. /NEkiE,

Notes: Premix (g/kg): 1. Each kilogram of premix contains: VC phosphate 60 g; VE 30 g; Inositol 15 g; Ammonium nicotinate 8 g; Calcium pantothenate
4g, VA2g; Vky; 2 g; VB, 1.5 g; VB4 1.5 g; VD3 1 g; VB, 1 g; Folic acid 1 g; VB, 0.8 g; Biotin 0.2 g; Wheat flour 22 g; Wheat flour 22 g; Zeolite
powder 36.2 g; FeSO,4-H,030 g; ZeSO,4-H,0 20 g; NaCl 10 g; MnSO4-H,0 2.5 g; CoCl,-6H,0 (10%Co) 0.5 g; Na,SeO; (10%Se) 0.5 g; Potassium
iodate (2.9%) 0.3 g; Magnesium sulfate 90 g; Compound antioxidant 5 g; Fungicide 20 g; Choline oxide 400 g; Zeolite powder 235 g. 2. SBM. Soybean
meal; CAP. Clostridium autoethanogenum protein; TM. Tenebrio molito; CPC. cottonseed protein concentrated; CS. chlorella meal

=& (TG). MM (TP) MMAIHEEL (TCHO) &t 1.5 BUBHEMS It o4

F4 A s 4k T{X (Chemistry-800, Mikan hisen, BRI F AR, HHE S % (weight gain rate) .
HAS) 5 o 1AL 2 %X (feed conversion ratio) . 2E [ R % (pro-
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tein efficiency rate), JE# B (condition factor), Ji
A Lt (hepatosomatic index) FIEAA LY, (viscerosomatic
index),

HER (WGR, %) = (W—Wy)x100 / W,;

Fi KR (SGR, %/d= (InW, — InWy)x100/¢;

Tk R B (FCR)=F (W =Wy,

A RACE (PER, %)=(W—W,)/F x P;

HEG B (CF, g/em’)= W x 100/L°;

JFA LG (HSI, %)= W, x 100/W;

AR HE (VST, %)= W, x 100/W;

K, N AR, Ny AWIREG W AR IIR
(), Wo AWK (g), WM&
(2); ¢ MIEFAMIE] (d); F MRRHEA R E (9);
PoAGE AR B S i (%), PSR AR s
fMLE AR S (%), Py N2 4] iR 4t
P& i (%), Wy WIFBUE (2), W, P9 E oL &
(@), LHIAEK (em), W Rk (g).

KH SPSS 19.0 i#474811453#7 (SPSS, Chicago,
IL, USA). Frf Bt s 27 225347 (One-
Way ANOVA), 45k 2 5 W3 (P <0.05) Bf, K
FH Tukey K56 b 5 AS [R) A BR8] (4 - Y906 . i L
FII{H AR EZE (mean £SD) (n = 3) T~ SR
K& H 2081 (Two-Way ANOVA) #6; 56 45 M AT |
T Ak B R B A BLVE R R

2 4k

21 HRIRGIERMEQFEMNES S KMRERNFNT

ATy 2 Yk/d (B A, R R
S AR AR A R, DR R A =
BT R R 3 W/ 4 kA CTEREEAAS
PRSI 4 /d TR, AR R
LR E A E A, KB R BRI, B/
BRMESCG A, 45 S 00 21 B A0 Y 2R PR T R AN AR
JR AR R B 2 B EATUR A3 IR N (% 2). AFIE
PRI AR, AR T 2 R/ Nk i 21 1 7 0 R J5
HLOWER | EEHCE S X R (D) T
PE2 53 (P>0.05), H A BURIAR AF 46 8 1 4 A
OB RN T N O R | S D iy 8 (I
H (FH)(P<0.05), kR S T XA (R
H(P<0.05), 5 MRS 55 8 [ U5 6] 0 A0 1) A 1R o
WL TR R R TTSOR RS R 2 BAE A
3 (P<0.05). £ 41E) A L . B4 Lb R W B
IR E 2R (P>0.05), BN RS & R
o A ) AR EE L AR R it B ) T 5 AR
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(P>0.05)(% 3).

22 HRMERMERBRMNESEGFAIANELR
BRI

BB H S MMILA K . HAK . I8
U5 R 43 2416 (2. 35 22 5+ (P>0.05), X AT R 5
BRI TN R T 22000, BR S 5 IR
Xt LML (5. HLIR T . KA Rk 433
T HAEH (P>0.05)(3 4),

2.3 RRSIERFMERRMNE S MBELIERE

N

5 R 25 R ER, 1 YOG R A I A AR AR AR Y
R N R R, RS R ATCR 38
A LT P R I 1 9 M 3 IR (P<0.05) 5
BSR4 /d LA AR S R R E ST
2 R/ F 3 IR /A(P<0.05); MR S E . H
B HIRM =R BN R S DA S Ay s
A5 V9 I S AT B R R W (P>0.05)(F 5)
AZ R, BT HEALUSN, ANEMEA
Y5 I AR AR FR AR A R R AR 2, AR IR
5 R P AL A ) R ER R I = R R
T EHI (P<0.05); BH; HU2H 5 A 0 73 B 5G il
MR BE T . a S ERm, BEST
ORI BB AL (P<0.05); £ AR T 2R 1 4L RN R v
208 B, 10 L ) T Tl R T A S v T R A
(P<0.05); 5 Fy ML 4] w0 f R [ B A A
(P<0.05), PR3 5 ] Aok 2 1 V5% 0 1ML ¥ )
MM, AR SIHERE ., AR SIS
TG . A DG SR TE R L B IR T 1 5C
HAEH 3 (P<0.05),

3 i

3.1 HRMEMANERRNESE KRN

A0

PRI A IR P ) — D E R, 2
KSR - PN EER R, R,
PR B R AT LR T SR R AR Kk RE . 7E
WA EAEE M (Arapaima gigas)T? . 4= AC HH Y
SRR T R B, B IR M A AT D)4 e A0 2 A
KR RE . ASEER PR R X B A AR K R
R DA HRGE AL, 33X 7T A A2 P A 45 W At
T, —R\EABZHEE, SRR G E
P45 BE EFTRD, RRAEG T AR 2 X sk 118 9 Ak R A
HOMABE MR, R AR D>, A REAE
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Tab.2 Growth performance of grass carp fed with the test diets with different
protein sources at different feeding frequencies
[ LETIES HAWE WA KR W Tkl 25 HARBE
feeding frequency protein source IBW/g FWB/g WGR/% FCR PER/%

2 /d 2 times/d T SBM 78.20+3.90 182.44+7.61° 133.37+2.01% 1.38+0.05™ 2.42+0.08
LEEREEH CPA 79.55£1.38 198.48+13.81° 149.38+13.99* 1.2120.01" 2.75+0.01°
sk T™ 76.00+1.15 115.64+3.18° 52.21+5.51° 2.72+0.22¢ 1.23+0.10°
¥4 EH  CPC 80.00+1.76 149.40+7.61° 86.71+7.16" 1.87+0.13¢ 1.79+0.13°
INEREE €S 76.78+3.40 194.62£10.36%  153.44+5.12° 1.23+0.09% 2.72+0.20°

3%/ 3 times/d TA SBM 77.31£3.92 196.86+0.17* 155.07+12.63° 1.26£0.02" 2.64+0.04%
LEFRFEE  CPA 79.75+4.51 214.44+12.47" 169.15+14.73 1.1240.06" 2.98+0.15
H R T™ 77.78+2.64 142.4445.57° 83.27+9.02° 2.08+0.12° 1.61£0.09°
AR CPC 80.18+3.46 178.37+5.59° 122.81+13.50° 1.42+0.01" 2.36+0.16°
/NEREE CS 77.73£3.78 198.20+3.81° 155.27+9.64° 1.26£0.06™ 2.63+0.13%

4%/ 4 times/d Tl SBM 80.22+2.34 227.33+11.81" 183.74+21.62" 1.12+0.08" 2.98+0.13"
LEEHREEH CPA 78.00+2.40 220.68+14.62" 182.76%11.66 1.07+0.06" 3.1240.21°
sk T™ 77.77+3.28 138.11£1.71° 77.7345.47° 2.42+0.12" 1.38+0.17°
¥4 EH  CPC 81.11£1.67 181.44+3.89 123.75%5.96° 1.52+0.13° 2.2+40.07°
INEREE CS 76.88+3.42 198.06+10.60° 157.5443.01° 1.27+0.03" 2.63+0.18*
P 0.703 0.000 0.000 0.000 0.000

ZHAEM  interaction 0.942 0.000 0.019 0.000 0.000

2%/d 2 times/d 78.11£2.70 168.12:33 .43 115.02441.26* 1.68+0.59° 2.18+0.62

3/ 3 times/d 78.55+3.36 186.07+26.12"  137.11+33.60° 1.43+0.35° 2.44+0.49

4/d  4times/d 78.8+2.81 193.13+34.14° 145.11442.71° 1.48+0.51° 2.46:0.66
P 0.812 0.092 0.108 0.348 0.355
G SBM 78.57+3.27 202.21£21.05° 157.39425.22° 1.25+0.12° 2.68£0.27°
LEFRFEEE  CPA 79.10+2.77 211.21+15.44° 167.1+18.66° 1.13£0.07* 2.95+0.19°
H R T™ 77.18+2.36 132.06+12.89" 71.06+15.53 2.40+0.31° 1.4140.18°
AR AEE R CPC 80.43+2.18 169.74+16.14° 111.09+20.04° 1.60+0.23" 2.12+0.28
NEREE CS 77.13%3.09 196.963+7.85° 155.4245.93¢ 1.26+0.06* 2.65+0.13°
P 0.08 0.00 0.00 0.00 0.00

iE: [FH P EARAE/NG FRERIR 2257 B3 (P<0.05), FIF

Notes: in the same column, values with different lowercase letter superscripts mean significant difference (P<0.05), the same below

AR A P ) A B SE AR, b T R R AR R
BOKEEPEIRE, WA T2 RRIE A, M
AR ERE

TP 28 PR 1) 2H AR AR R I R HL
FROAE T AR SR R A — 3 IR AR
RX LT BHERRIEAT BN TE, PR I 2% S 38 1 el
T AR ANV, 2 LR R A 0
HRRAM AL, JF R A R KRR A
Rorb, CTEAR TR P RDRER A7 SR R R
TEATE JEBRBUR IO, PR R E H 4w
R K PERE R (5 SRR, DL T X)
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AR VA B VA B R MR AR o 0k dU Rt Y
W LR B RS OO AR BT, (AT AR
TEIEFRAT-Mr, WO AL R 1 SCR
TRMSCR IR, AR 2, AR REf
% By BB B PR S, X SR
Wy W S A A A KPR RE R R 2 —

WFSE R, G M A ) D4 & fa Jx
IR e 1P, ARSCE0 i, fRpRHE (RS $
R A A KA S HAE A, A AR
ZH PSR R O 3 Yk/d Fil 4 R /d ) A AR K P RE R
TR 2 Yk/d iy, OIS E R R AR A0 e 3
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R3 BRGEMERNEEESERN I
Tab.3 Morphological indexes of grass carp fed with the test diets with

different protein sources at different feeding frequencies

[ LTRSS HAE JEAR EE/% JHAAEL /% RS /(g/em®)
feeding frequency protein source VSI HSI CF
2%/d 2 times/d T SBM 7.88+0.35 0.88+0.06 1.82+0.03
LERWENR  CPA 7.48+0.42 0.98+0.17 1.83£0.01
#oRH TM 7.79+0.74 0.88+0.13 1.82:0.04
MFFk&AEER  CPC 7.89+0.78 0.91+0.13 1.810.04
/NEREE - CS 7.2240.37 0.99+0.12 1.79+0.03
3%/ 3 times/d S¥ SBM 7.75+0.36 0.89+0.11 1.77+0.09
LIEREEH CPA 7.93£0.28 1.06+0.17 1.83+0.06
wWhH T™M 7.94+0.76 0.98+0.13 1.82+0.04
MFIRAEE R CPC 7.86+0.22 0.92+0.06 1.8120.06
/NEREE CS 7.59+0.51 0.88+0.14 1.76£0.02
43%/d 4 times/d TA BSM 7.60+0.45 0.87+0.09 1.81+0.04
LIEERIFEH  CPA 7.68+0.39 0.960.09 1.82+0.02
R H TM 7.55+0.65 0.86+0.03 1.82+0.09
MR R CPC 7.57+0.36 1.09+0.14 1.78+0.06
/NEREE - CS 7.75+0.39 0.98+0.22 1.83+0.03
P 0.695 0.125 0.270
ZHAEA  interaction 0.537 0.178 0.390
2 %/d 2 times/d 7.65+0.58 0.93+0.12 1.82+0.03
3%/d 3 times/d 7.76£0.39 0.94+0.14 1.79+0.06
43%/d 4 times/d 7.63+0.43 0.95+0.15 1.810.05
P 0.580 0.819 0.247
G SBM 7.75+0.38 0.88+0.08 1.80+0.06
LIERWER  CPA 7.69+0.39 1.00+0.14 1.82+0.03
#hd ™M 7.68+0.62 0.90+0.10 1.82:0.06
kiR CPC 7.77£0.50 0.97+0.14 1.80+0.05
/NEREE CS 7.51+0.46 0.95+0.15 1.78+0.05
P 0.603 0.076 0.235

ETF, URBARR/NBRER AL, R SR R AT L
AT RO . BRI A L R B L R AR
WAR R R FIRE T, X R IR (A ORI R
CIRYSTBUBREF: 3 EFdliS e Ol R W D /i = R R
AR R

32 BBESMEMANERERENESELXERK
val: oAl

P MR R X} 0 A SR LA T A s e, A
RE SR/ . PRSI A K

FEARSZIG A [ 45 MR 3 o) e £ ) 4 £
WLR B A A T A W, X5 Pedrosa %557 #fF 5%
SER— BT H O R E AR S
IO FE A K A 35 52 . Peng %65 I FH/NER
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PRSI BN I AE /NER S DR TR o B B B A A
B4 TCRM . Sankian 255 TRV S I EA HUBY X
BEWE (Siniperca scherzeri) ¥ . K 1 43 TG . 3 5%
W, FEARSCER Y, Sk, CEEREEN . Bk
R e 4 2 11 I/ N K 22y o) £ 4 0 AL PR R 2R
BT, MLARNG . MR 0 Rk o3 E i T i 2 P Rg i
KRS RAE CEEREE A LT W
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Tab. 4 Nutritional composition of grass carp fed with the test diets with
different protein sources at different feeding frequencies
4=t whole fish AL muscle
AR HA

feeding frequency protein source K% Koi%  MENiI% HEA/% K% A% FAIRWI%  FEA%
moisture ash crude lipid crude protein  moisture ash crude lipid crude protein
2/d 2times/d EA1 SBM 71.90£1.28  3.39+0.26  4.64+0.12 14.16£0.69  81.09+1.21 1.44+0.16 1.110.07 16.91%0.15
LIEREEN  CPA 72.61+1.26 333028  4.13£0.19 14.27+0.41 81.62+1.06 1.43+0.12 1.34+0.11 16.55+0.18
HBRHR T™ 72.56£125  3.43+0.22  4.20+£0.51 14.02£0.57 80.83+0.81 1.43+0.14 1.23+0.16 16.78+0.22
MFRR4EERE CPC 72.24+1.17  3.2240.18  5.17+0.57 14.31+0.66  80.43+0.79 1.51+0.13 1.37+0.15 16.82+0.11
NEREE CS 7281111 3.46+0.32  4.18£0.26 14.24+0.52  80.87+0.37 1.57+0.06 1.17+0.08 16.73+0.33
3%/d 3times/d 1 SBM 73.1241.55  3.52+0.25  4.60+0.55 14.24+0.51 80.46+0.26 1.45+0.14 1.14+0.03 16.22+0.24
LEEREER  CPA 73.04+1.09  3.41+028  4.65£0.70 14.68+0.37  79.85£0.72 1.40+0.19 125+0.15 16.42+0.45
HHE TM 7278122 3.58+0.19  4.59+028 14.71£0.79  80.97+0.52 1.50£0.11 1.27+0.23 16.15+£0.36

MFRRZEER I CPC 72414132 3.32+0.17  4.44+0.79 13.95£0.62  80.8+0.28 1.56£0.08 1.18+0.06 16.6+0.67
NEREE - CS 72.87+1.15  3.34+0.18  4.31+0.48 14.96+0.51 81.32+0.48 1.48+0.17 1.15+0.01 16.62+0.54
4/d 4times/d T SBM 72.89£1.79  3.49+0.21  4.67+0.71 14.62+0.95 81.09+1.21 1.60+£0.07 1.17+0.03 16.78+0.81
ZWWRHEEH CPA 7221x1.85 35702  4.54£0.64 14.94+1.03  81.62+1.06 1.48+0.07 1.31x0.11 16.35+0.21
R T™ 73.00£1.76  3.67+0.14  4.36+0.43 14.31£0.18 80.83+0.81 1.59+0.08 1.24+0.09 17.25+1.09
FFFRZEER I CPC 71.8240.89  3.56+0.27  4.54+0.59 13.91+0.69 80.43+0.79 1.47+0.11 1.12+0.05 17.02+0.59
NIREE CS 71.84+0.87  3.47+0.25 4.54+0.63 14.65£0.56 80.87+0.37 1.53£0.20 1.17+0.04 16.45+0.13

P 0.888 0.146 0.765 0.127 0.488 0.186 0.689 0.170

2 HAEH interaction 0.963 0.734 0.625 0.220 0.249 0.412 0.556 0.101
2 /d 2 times/d 72424131 3374025 4.46+0.52 14.41£0.63 80.92+0.81 1.48+0.12 1.24+0.15 16.77£0.23
3/ 3 times/d 72.85+121  3.43+0.23  4.52+0.51 14.52+0.66 80.68+0.65 1.48+0.13 1.19+0.12 16.40+0.48
4/ 4 times/d 72.33+1.47  3.54+0.22  4.53+0.53 14.48£0.92 80.92+0.81 1.53+0.12 1.21+0.09 16.77+0.72

P 0.299 0.140 0.932 0.851 0.618 0.410 0.635 0.080
T SBM 72.64+£1.55  3.46+0.23  4.64+0.12 14.34+0.73  80.88+0.92 1.49+0.13 1.14+0.05 16.64+0.57
LIEERWEENA CPA  72.56+1.45  3.43+026  4.44+£0.54 14.6320.69  80.86+0.12 1.44+0.12 1.29+0.11 16.43+0.31
il T™ 72.70+1.44  3.55+020  4.39+0.40 14.68£0.90  80.88+0.63 1.51£0.12 1.25+0.15 16.73+0.79
MR CPC 72.33+1.78  3.37+025  4.72+0.67 14.06£0.65  80.55+0.60 1.51£0.10 1.23+0.14 16.81+0.52
/NEREE CS 72.45+1.16  3.42+0.25 4.35+0.45 14.62+0.59  81.02+0.42 1.53+0.14 1.17+0.05 16.60+0.37

P 0.481 0.207 0.466 0.055 0.783 0.604 0.588 0.309
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Tab.5 Serum biochemical indexes of grass carp fed with the test diets with
different protein sources at different feeding frequencies
LIRS HAWE BEA, BNy AR ARy e BHER =R REA/
feeding protein (g/L) (U/L) (U/L) (U/L) (mmol/L) (mmol/L) (mmol/L) (g/L)
frequency source ALB ALP ALT AST GLU T-CHO TG TP
2k/d 2times/d A1 SBM 13.96+0.73% 119.33+5.86™ 4.32+0.33" 26.33+2.08"™ 2.63+0.21° 7.27+0.09° 2.76+0.19"¢ 34.22+1.76"
CEHRHEEA  CPA 12.99+1.20 152.67+4.16° 3.67£0.32" 20.00+1.00" 2.67+0.11" 5.82+0.41™ 2.72+0.43"" 27.99+1.43"
HHHE T™M 10.79+0.11% 138.00+11.78  11.33.88"  42.33+5.51% 3.80+0.92"¢6.57+0.22" 2.00+0.24" 25.97+0.71%
MFRZEE . CPC 13.60+£1.65° 147.33+£11.93° 9.66+0.12°  38+3.60% 4.88+0.27°% 7.56+0.77° 3.61+0.32" 36.24+2.74°
/NEREE CS 12.58+0.26" 138.50+£16.26% 4.65+0.87™ 25.66+3.05™ 3.46+0.28"™ 7.06+0.29% 2.48+0.20""30.09+0.76"*

3 k/d 3 times/d

HH SBM 10.83+0.64™

108.66+11.59™ 5.33+0.84™¢ 21.50+2.12"

3.10£0.06" 5.67+0.42" 2.59+0.38" 28.0443.14"

ZEEMHEER  CPA 11.05+0.44™ 143.33£10.02%° 9.63£0.66° 39.00+3.60" 4.43+0.66°° 6.07+0.57™ 3.59+0.47" 28.02+1.29™
WHER ™M 12.38+1.08™¢ 133.67+5.68°° 13.33+0.88" 42.67+4.93% 4.13£0.49° 9.53+0.31° 2.21+0.51™ 30.28+3.43"
AR 4681 CPC 12.72+1.07° 143.50+£10.60% 5.34+0.31" 27.33+3.21" 4.54+0.55*" 6.93+£0.82* 3.53+0.23°" 30.75+1.87%
INEREE CS 11.34£0.58" 106.5042.12  3.68+0.61°  28+2.64™ 3.52+0.29" 6.82+0.12° 2.91+0.33%% 28.14+3 27"
4%/d  4times/d A1 SBM 10.27+1.24* 104.33£11.02° 4.07+0.58™ 28.33+3.51™* 2.79+0.09° 6.18+0.75" 2.60+0.14™ 24.92+2.74*
LEEMEER  CPA 10.73+0.92" 125.5049.19™¢ 6.36+0.30"" 33.33+4.51%" 5.77+0.928 5.67+£0.61" 2.99+0.46°* 27.86+2.03™
R T™M 11.5440.85™ 105.67+8.02°  7.33+0.87° 35.00£4.00 8.03£0.51" 6.92+0.12% 2.39+0.22" 30.46+3.62"
MR E  CPC 11.45£0.93™ 103.5+2.12a  6.67£0.61" 29.00+3.61° 4.72+£0.36"" 6.08+£0.46™ 3.18+0.20*" 30.38+1.18"
INEREE CS 11.52£1.66™ 114.5£7.78"  5.62+0.35™ 28.67+3.06°° 5.47+0.32"% 5.74+0.62" 2.80+0.68" 28.40+2.56™
P 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000
L HAEH  interaction 0.009 0.016 0.000 0.000 0.000 0.000 0.183 0.004
2/d 2 times/d 12.78+1.41* 139.21+14.84° 6.73+0.89  30.46+9.09 3.49+0.97" 6.86£0.73 2.71+0.59 30.90+4.19
3%/d 3 times/d 11.51£1.18" 125.00+19.76° 7.31£0.93  31.93+8.38 3.97+0.66" 6.83£1.32 2.93+0.64 28.60+3.08
4 %/d 4 times/d 11.24£1.01° 111.27£9.85" 6.09£0.39  31.28+4.10 5.35+1.82° 6.15£0.64 2.82+0.45 28.86+2.53
P 0.003 0.000 0.562 0.869 0.002 0.103 0.566 0.131
ZH SBM 11.68+1.89 110.78+10.82° 4.57£0.37° 25.87+3.68" 2.81£0.24" 6.39+0.83" 2.65+0.24° 29.06+4.68"
LM ENA CPA 11.59£1.31 142.38+13.14° 6.56+0.89™ 30.77+8.94™ 4.05+1.48™ 5.86+0.49" 3.10£0.55" 27.95+1.40"
AR T™M 11.57£0.97 125.78+17.02% 10.67+0.98° 40.00+5.63" 4.98+1.97° 7.44+131° 2.20+0.35 28.91+3.34°
WHRAEBR CPC 12.59+1.43 133.7142226° 7.22+0.75° 31.44+5.81" 4.71£0.39" 6.86+0.88" 3.44+0.29" 32.46+3.34"
INEREE CS 11.81£1.06 119.83£16.96® 4.67£0.44" 27.44+2.87" 4.06+0.99" 6.64+0.63™ 2.73£0.43% 28.88+2.30"
P 0.479 0.004 0.000 0.000 0.018 0.011 0.000 0.048
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Comparative study on the utilization efficiency of grass carp to five non-grain
protein sources at different feeding frequencies

XIA Shisen '?, DONG Lixue', LU Xing', TIAN Juan', YU Lijuan’,
WEN Hua', XIE Shougi®, JIANG Ming "

(1. Yangtze River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Wuhan, 430223, China;
2. School of Fisheries, Huazhong Agricultural University, Wuhan, 430223, China;
3. Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan, 430223, China)

Abstract: Soybean meal, as a high-quality plant protein source, is widely used in grass carp feed. This study was
to estimate the utilization efficiency of grass carp to five non-grain protein sources at different feeding frequencies.
A two-factor orthogonal experiment (3x5) was conducted to evaluate the utilization efficiency of soybean meal,
Clostridium autoethanogenum protein, Tenebrio molito, chlorella meal and cottonseed protein concentrate for
grass carp (Ctenopharyngodon idella) at three feeding frequencies (2, 3 and 4 times/d). Five diets were prepared
with five raw materials as a single protein source. Grass carp with an initial body weight of 80 g were fed with the
five test diets at three feeding frequencies for 8 weeks in a pond cage (2.0 mx1.5 mx1.0 m), respectively. At the
end of culture trial, the growth performance, whole fish body and muscle nutrient composition, and serum bio-
chemical indexes of grass carp were investigated. The results showed that grass carp in Tenebrio molito group (2
times/day) had the lowest growth performance, and the fish in soybean meal (4 times/day) and Clostridium auto-
ethanogenum protein (3 times/day and 4 times/day) groups showed the highest growth performance among all the
15 treatments. Meanwhile, there was significant interaction between protein source and feeding frequency on final
weight, feed conversion ratio, protein efficiency ratio and weight gain rate of grass carp (P < 0.05). The protein
efficiency of different protein sources (except chlorella meal) for grass carp increased with the increase of feeding
frequency. Regardless of feeding frequency, the weight gain rate and protein efficiency rate in chlorella meal and
cottonseed concentrate protein groups were significantly lower than those in soybean meal, Clostridium autoeth-
anogenum protein and chlorella meal groups (P < 0.05). The feed conversion ratio showed an opposite trend (P <
0.05). The feeding frequencies and protein sources had no significant effects on body indexes (hepatosomatic
index, viscerosomatic index and condition factor) and basic nutrients of whole fish and muscle of grass carp (P >
0.05). Feeding frequency had significant effects on alkaline phosphatase and glucose in serum of grass carp (P <
0.05). The alkaline phosphatase activity of groups with 2 times/d was significantly higher than that of groups with
3 times/d and 4 times/d (P < 0.05). The glucose content of fish fed 4 times/d was significantly higher than that of
fed 2 times/d and 3 times/d (P < 0.05). The activities of alanine aminotransferase and aspartate aminotransferase in
serum of grass carps in Tenebrio molito group were significantly higher than those in soybean meal group and
chlorella meal group (P < 0.05). Under the present experimental conditions, the optimal feeding frequency of grass
carp was 3 times/d or 4 times/d. The order of utilization ability of five protein sources for grass carp was
Clostridium autoethanogenum protein = soybean meal = chlorella meal> cottonseed protein concentrate >

Tenebrio molitor based on the growth performance.

Key words: Ctenopharyngodon idella; feeding frequency; protein sources; growth performance
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