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SERARBREMTRIZEER. KA
55 s traI SN

wEET, TAE, % #, BREE, #EE
(1. AR R R S0, WK EIESA MR B R E WE L=, K  400716;
.M ARFEEFES RGAEMFH A, HIK 400716)

WE: IHREABFORLRED AL EAK. KUK, WAL S EIERAZH,
ERAMARFHEAE AR (BT EM+RE+ZE T LB R) 25 %R AR F0%.
12%. 24%. 36%Fu48% 1y & ¥y, T RS & A5 5 (2 M & A CP42%, HfiE i EE 8.5%)
B LAk, EENERAKRENAREREWERTE2208F. £RET, Y44
BEHBEERER AT K TI12%E, x5 #8024 K KR EFBW) 4 E £ K £ (SGR)E ¥ [#
K, ZE48%E R ATk 2 & (K. 36%F48%% R AT & & i X (PER) L & K16, T4+
AFHECRZEAT. £ELRUAELEFFRLEEZR. BRAKTHL2EHMEN 4 E U
FREAR L (VSDFn 7 i tL(IPF) 2 F K, Tk 2 BEEEXn. MAERKTHH I, K
BOBMEMDERK, THENBEEEZEAE. SR AF24%0 EFIEA 7 &6
(GPT). LA A B (CAT)fn B A L4 S L BE(SOD)E L B & 5o HARAFI2%LL Ein
A REEHECHO) S ELD FRK, MHERATI6%U EMEGLUEESEER K. &
I mEH o =B (TC). R EEA(TP)AZ AALBE ELE E LT the AXEKH, 4
FOHRBRRNEN T2 FHMEREHEK, TEATERL WA L EHEK, BT
DLk 3 2 HLARORE AR R, REANERS A .

KB et EAHEAR; &8, £k, AhdERF

hESHES:S963.7

4 328 (Channa sp.) & E 5 2 IR K & 5%
FREE AN, HAET, CXF4sctlt e T E
2RI, H Sk A2 AR T v AR A R Y T
K, MHCE TR 5 DRS80S O T ST BN
=, ImzZammisEm AT, 258 il 5 5
fia R, B E A KRR, R
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IR Y T S A K R P i B AR 1400 1 B A3t
L

1 MRS T

1.1 SCIGGER

A E P RAA SOR AR i
i FLIR W (Lactobacillus) . TEHE TR (Yeast) . ZFfFT
W (Bacillus Cohn) i [ (16 (Azotobacteraceae)if i
i 5 A& WERC T A, HoE SR & 1,

®1 EAERRENERREERE E(TYREM)

Tab. 1 Proximate composition and amino acid

profiles of compound proteins and fermented

compound proteins (dry matter) %
i H HEHEARE REEEGEAR
items compound proteins _fermented compound proteins
HEE 385 42.6
crude protein
bishii=iin 52 43
crude lipid
W5y 5.6 6.8
ash
AR 1.97 2.52
lysine
HEER 0.54 0.61
methionine
WAL 1.42 1.48
threonine
BERR 1.76 1.98
valine
FEH R 3.66 3.84
arginine
AR 1.27 1.35
isoleucine
HER 2.58 3.14
leucine
HER 1.07 1.12
histidine
KHER 1.96 2.09
phenylalanine
PN RES A0 3.53 4.36
aspartic acid
B 6.65 7.78
glutamic acid
LR 1.68 1.75
serine
HER 1.77 2.03
glycine
MR 1.73 1.89
alanine
N 1.77 1.96
proline
LN 1.26 1.57
tyrosine
&R 0.59 0.81
cystine

DLk FN G R E AR, DLl S
O IR B R, BC R N S A 4 RE(CP 42%, EE
8.5%) (#2). TEFILAtin kb & A & [ U4 5

0%, 12%. 24%. 36%F148% Ky, Ff4h 7 i
TR IR G5 B 45 0% 45 AR /K SF- 1) e} i) 45 ot 2 i
AR K ) e S b 55 A0S AR B S 58 1R .
2 RHEUR R 8O H i, SREUE P L IR &
Y157, FHTE T TSE65SHY WU fiE #1182 i AL AL (b
SR T LR & R AT B &) i Bk A%
3.0 mm ) 37 PE AL ORI L, KT IR A4 °C
UKAE R H
1.2 AFEE

S0 1R Y AR B AR T A L A A
FF B 452 18 (W1 4R 1R T oM 22 2)4502 , Bl HLAT K
SANKLER, REANALPRR3ANER, BN EE3E.
TE % IR K AE PR K TR L (A R TR 250 L)) 77
Zeac i, H B RO AR T 13%~5%, BER
08:00., 12:30, 17:30& M1 . 7KIFEFIES H K
K, SZES I A] KR K (24.6£1.5) °C, pHA 7.1+
0.4, R4 >6.5mg/L, ZA<0.53 mg/L, WAHFR
£h %(<0.09 mg/L.

1.3 HmiflgS5 o

WFELIERIG, 2AE24 05 E, BERE
Bl HIL S 8 £ T R A B, , K — 3 43 1 i I A
an PR AEAE B LS SR LS T, T 0 VA A A
Br F A 3 A1 5 59— 43 IR AE & T 6 000xg
4°CEM T B0 10 min, WM, —20 °CI-TF
#H. BEEMILBGRE Ay emrts, HT
R LRI e, HEEMAILR4E @, FHMS-222
PEATRR I, AR . RE, B e IR
IE . BB (W), FHFIRARTE AR 00 e FE b g
TSI RE B KRR . B A R T UK IR
FR A, T 10 000xg 4 °CE& 4 T 50230 min,
BT, —20 °CIAFER .

T Ak JRRE K 4 R R AR 105 cCE T = E
o, RERHAIAX A ENEHEASE, B
AP E MR D & 5, R (550 °O)K Bk
DU KL 4y B o Ak A B R 1% B oR FH H 57.835-
S0 LR MY o

K4 B B AE AR A BT AL (H 7. 7100)I0 5 1 i
R e bR, WIER N 2R (GPT)., 7 W% A
(GOT)¥F 1 e w0 [ B (TC) . H il =8 (TG). &
EH(TP). AEAALBW & &, MR & &%
L VAR A RS E

14 HELAN
7 K &K (specific growth rate, SGR, %/d)=
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®2 LWARERREFKFERFEM)

Tab. 2 Composition and nutritional levels of the test diets (air-dry basis) %

BiH HEEAEBIUKTF  levels of compound proteins

items 0 12 24 36 48
J58l ingredients
&R Peru steam-treated fish meal 45 39.6 34.2 28.8 23.4
FE G dehulled soybean meal 23 23 23 23 23
E4HEAVJ  compound proteins 0 8.5 17 25.5 34
= HTEEY  strong flour 24.8 21.7 18.6 155 124
fil fish oil 3 3 3 3 3
Tl soybean oil 1 1 1 1 1
SALIETE  choline chloride 0.2 0.2 0.2 0.2 0.2
A TEE compound-premix 1 1 1 1 1
R &85 Ca (H,POy), 2 2 2 2 2
LB AL L-lysine-HSO, 0 0.169 0.354 0523 0.692
DL-#%{(X DL-methionine 0 0.051 0.112 0.153 0.214
B 357K nutrient levels
HE A crude protein 95 422 422 41.9 41.9
FLART  crude lipid 8.54 8.59 8.59 8.62 8.63
HIK4y  crude ash 10.5 10.5 10.3 10.1 9.85
HER  lysine 2.81 2.79 2.80 2.79 2.81
HAM methionine 0.97 0.97 0.96 0.97 0.96.

W LR SRR 2 65% L-#1 2R : DL-HZR £98% DL-H 2R

Notes: L-lysine-H,SO, consists of 65% L-lysine; DL-methionine consists of 98% DL-methionine

(InW-InW;)/tx100;

& K (feeding rate, FR, g/d)y=Fx2/[(W, + Wy)xt];

Tl kL 2 %4 (feed conversion ratio, FCR)=F/(W, -
Wo);

2 M 3K (protein efficiency ratio, PER)=
(W, = Wo)(FXFy);

A3 (survival rate, SR, %)=N,/Nyx100;

HEAK B (viscerasomatic index, VSI, %)=100x
Wy W

FF& L (heparsomatic index, HSI,
%)=100% W,/ IV’;

7 5 Ft (intraperitoneal fat ratio, IPF, %)=100x
Wil Wy
K, WA FIW, (g)F3 3 ok LR A4 ot it FIW) 46 1A
Btk cHFRFSER KRB Foh B aERE; F,
(Yo) MR BT s N(R) AN ()53l 4
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KBRS Lem)NaikK; w, (kM
WEE s W, ()W RFBEEE s W ().
1.5 BRSBTS E

B 1 ULV 248 245 1 1% (mean+SE) % 7,
K I SPSS 17.0%F B #5 £ ¥ 2547 2[R & Oy 22 40 Hr
(One-Way ANOVA), #5225k 5 @ K, W
AT TukeyZ & LA, B3 ME/KF A P<0.05,

2 HEH

2.1 EERBRBRKEXNAIZEE KM
aEA

MG E H B RKCE KT 12%0, 252
P14 2 AR T R R A O T BRAIR, 48% B AR
IR B IR (P<0.05) (#3). BEE R E A HE A
TEEACACE RN, 36%F148% 4K -5 1 i
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Tab.3 Effects of compound proteins on growth performance of hybrid snakehead

WiH SEEEAWZENIKTF/% levels of compound proteins

items 0 12 24 36 48
VIR & /g IBW 22.13+0.24 22.07+0.27 22.51+0.07 22.31£0.11 22.22+0.08
LR /g FBW 67.29+2.10° 64.75+1.38% 60.2240.62° 49.35+0.56° 44.46+0.75°
e AE K2R /(%/d) SGR 1.98+0.04° 1.92+0.05° 1.76+0.02° 1.42+0.03° 1.25+0.04¢
HE AR /% PER 2.01+0.10° 2.00+0.05° 1.79+0.05° 1.50+0.03 1.31£0.03°
kLR FCR 1.19+0.06° 1.19+0.03¢ 1.340.04° 1.58+0.03 1.82+0.04°
R /(%/d) FR 2.14+0.08 2.08+0.006 2.17+0.05 2.14+0.06 2.18+0.01
RIS /% SR 100 100 100 100 100

e FATHEA R EAR T RRORZE R B35 (P<0.05), K4, K6, KT

Notes: Values in the same row with different superscripts show significant difference (P<0.05), the same below as Tab.4, Tab.6 and Tab.7

ORI A, R R B 3 T (P<0.05),
H LA BRI E 2R (P>0.05), LI
), %5 0 21 A 28 8 11 1 TG 45 R 100%

22 EEERFEBRKE S ER B
AR LH B B F2 0

Fe 5 18 (1) 4 foRLAG D  & . WEAA L A
Fe B il 5 52 A B TR AR KO 1 38 i i 2 R I
(P<0.05), 17K 5 & 35 7155 (P<0.05) (%4).
Forr, 36%H148% 8 A 7K - 1) 4= f0 KL A i 4 4
JIE A% LG i B Lb 3k B0 B I, 1K 43 6 oA B
51 (P<0.05), £ L2l AR b . HL&R R 43 7
WA W 2 R (P>0.05),

23 EEERBBRKEN R EHILEF
{E: DAL

B DR A B IR RS I, 4
2 H8 ) Ji 2 1 e P 3 R I (P<0.05), T A
U7 BTG 1 3 I N (P<0.05), 4% S04 E A
T 1 TC e 2 AR 46 (P>0.05) (3R 5).

24 EEERABRBRKENEAREFIEFESR
EE MR E AR AR R

MG EEAEERKERT24%0, HEA
PG . 3 Ak A R Ak Ak I
T (P<0.05), i 1% 26 $5 bR AR X6 B 45
12%85 10K P41 18] T 1 3% 25 5 (P>0.05) . 4% SC 5

®4 EAERRERKFEIRZERSIERMEELNF 0

Tab. 4 Morphological measurements and nutrient composition of hybrid snakehead fed diets
containing different levels of compound proteins %

WiH HEAEEAIEEBKTF  levels of compound proteins

items 0 12 24 36 48
FEA&$4: morphological measurements
BEAREE VST 8.48+0.10° 7.46+0.16° 7.22+0.12° 6.15+0.10° 6.20+0.06°
JFfARLL HSI 1.31£0.06 1.31+0.10 1.27+0.04 1.294+0.02 1.31+0.04
i70i=1= A 2.24+0.04" 1.50+0.05° 1.32+0.04° 1.05+0.04° 0.90+0.04°
&40 % nutrition composition
/K4 moisture 70.13+0.11° 71.32+0.22° 71.89+0.26™ 72.43+0.26" 72.33+0.17°
HMAEE  crude protein 18.66+0.62 18.54+0.22 18.50+0.34 17.58+0.44 17.94+0.14
FMERT  crude lipid 5.69+0.25" 4.59+0.05° 4.44+0.03° 4.060.05° 4.13+0.04°
K4 ash 5.58+0.20 5.29+0.05 5.21+0.02 5.54+0.16 5.70+0.06

http://www.scxuebao.cn
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Tab.5 Effects of compound proteins on digestive enzyme activities in intestine and hepatopancreas of hybrid snakehead

KT & AiE/(U/mg protein) protease

levels B tk [IA#/(U/mg protein) pepsin

7 i 5 1 /(U/mg protein) intestinal lipase

i 5 FIf/(U/mg protein) trypsin

0% 425.2+19.56 213.3£12.14° 48.13+3.43°
12% 417.88+13.20 208.4949.02° 65.60+4.87%
24% 413.78+37.86 189.58+12.16™ 79.73£5.06
36% 406.10+12.18 151.33+7.62° 75.20+6.70°
48% 389.16+£31.24 128.48+16.48° 78.28+3.32°

e [FSNEARAN R 7 B 22 53 2.3 (P<0.05)

Notes: different letters in the same column mean significant difference (P<0.05)

ZH AT URE G G T 25 AR A (P>0.05) (26).

25 EAERBEBRKTEXZZEMAEL
Eicgo-obA

ZHEEABEBERKTEELRYL, -2 B ERAR
ML 775 F B E [ 5 2 B (P<0.05). #5250 21 1 75 H
W=l BN RS R EA(P>0.05),
ME A E IR RIKE R F36%H0), 4238 i i
R A e i B RR K (P<0.05), 1T 7E 36%

48%F5 AR /K - 18] i B (GLU) & & U6 i 3 A2 1k
(P>0.05) (#7).

3 iR

31 EAERARBEREMITFIZR/E KN

ABFEASR R, EaEAREN24%0 1
1B 23 0 25 8RR 2 2 8 %) R S A KR AR K
K TEZE 4 (Rachycentron canadum)™ - B 5%

*6 EAERFREREMIRAZEMIEEIEEEMRENERORME

Tab. 6 Effects of compound proteins on transaminase activity and antioxidant in liver of hybrid snakehead

5iH LA R H B AR K T/% levels of compound proteins

items 0 12 24 36 48

8 BIE E/(U/g protein) transaminase activity

BHEELER GOT 107.37+5.58 111.40+1.80 122.63+2.34 114.00+5.20 119.00+11.50

HKNERE GPT 132.70+4.70° 139.00+6.80° 153.95+3.05° 162.15+5.95 158.19+2.60°

PLEALFEER/(U/mg protein) antioxident indices
WEMER CAT

AL ELEE  SOD

153.09+7.25° 183.37+4.94" 217.39+11.38" 207.99+£3.97° 217.52+14.54°

221.36+1.96° 259.40+16.79® 280.85+5.42° 276.04+6.84" 285.06+14.82"

®7 EAERFREBENEHIRIZEMIBE LIERISZIT

Tab.7 Effects of compound proteins on blood biochemical indices of hybrid snakehead

FEEARE K% levels of compound proteins

WiH items

0 12 24 36 48

& JIEL[E B%/(mmol/L) CHO 4.2+0.26° 3.640.08" 3.50£0.07° 3.54+0.08" 3.39+0.12°
Hih =5/(mmol/L) TC 1.2240.06 1.18+0.07 1.23+0.04 1.10£0.08 1.06:0.13
MIEH/gL) TP 31.17+1.59 27.67+1.20 29.00+0.58 28.93+1.30 26.23+1.36
H# H/(g/L) ALB 16.00+1.15 14.03+0.73 14.13+0.30 14.13+0.72 14.16+0.33
L% 1 %) §%/(mmol/L) GLU 4.87+0.35" 5.08+0.19° 4.67+0.20 3.43+0.06" 2.83+0.12°

http://www.scxuebao.cn
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ACH ARG | RS A AR bR S R 749

R, BAEABEZRAR L 40%, 23
RN A AR KRR, MRS A BEE A
BB B Ak f1(Oreochromis niloticus 9%O. aureus &)
HE foARRE R 2/3 103 (o 4R R 6%) K B Je % A £ £
il b A ARy (5 AR RE9%), AN 2 i B g &
ey E R PEREY, USRI, AT T AR
PR, AR A Y R A T A2 A R A
I, X fRs AR PR A RN, A A ] PR S
A . RS AL BHSEARMA I ZR . &
S0y - R A R NI RN B b S A LIPS
AT B T R, L I 3 I AT A O R LA &
HE AR, XU RERMEYEAPRRWIE
IR S b 1 A RIH AR R, Xk —
AR B A2 G B TR L g A A ook 0 ] A 2
AR TR AT RE R T AR BRI T B, R, 4
JERRSE, BTN ZCHERE G EATEIELE,

CAVIRY, Rt kB R0 5 BN
PEER % (Heteropneustes fossilis) ) K PEfE, S
T RARHRC A 1 FH BB A AR 75% fo U™ i K AR e
A0 RN K T 2 Wl Ry RS 100% B R 8 (Cyprinus car-
pio) PR ) FU83 TAS 5 M A KORY AR ST
grh, AR AR 12%0 M8 AR i 44 28
g A KRR, X EELE IR R, KBET. AL
WO R JEURE I BT, 4 A AR R T 5 e
il

WFIERW], e T 20 ] R AR Bl 2 R Al 0 1
SR PUE SR E S R, HRENE SEE
v K 2 A R AT AR 23 I AR e 5 1 1 A G
R, SEAGEDIRAERR . SRR L 4/5) 06
SRR E R E A O, DR A 4R 5 o A A2 G T
AT, BT BT AR R, N
M) 24 A2 il 1 AR P2 IXOAT B R AL A R TR AR
03 7K P KT 12%I0 AN BE 08 A% A2 8 28 4 1 RE 1Y
JE . ST E A E AR U5 N BE 5T (S
IR TRATFRE .
3.2 EEAREREMXT RZEBRERE KRS
B9 52 i

ARPTJEAL, AN a- R (C18
3n-3)MIHTE L, MR Y R B
AR, kG A W R Y B AT R R L R
MARA IR, XS C AR & & IHK ™ s
RSB AR BRE S S ], BB A A
FEUE . ALRAREER, EEEAE K
AR AR R I 5 IR A% S ) ot 3 R AR [

(CHO)FHIMAH & &, RWE G HE A IRREE 1 242
R BERRAC, X 5 E G E AR E A A
Al (i 40%) A G, — 5 T R D A ) S AN
i I T LA ) B 3 P R e e i, D
st [ JFF U ds AR s ) — T T S Pt R 4 i o
& 1N ST DL AR R (DN ] 38 5 0 i) /N i oA
B 0 M, SEGE W TR R KA S B R M, R
SR M E R, BRI, BRE&EA
T v K AR A N & 52 W 4 6 (Paralichthys oli-
vaceus )V Fll K Z2 B (Scophthalmus maximus)®* > &,
JIEL T i AR ORI AR XS Y A 2R
fiRifi, XU RN ERATRSESERR
ML . shPpy AR s H A RA G, H
H, A OGS | 7 0 R W B4 T 1 A FH L BRATS 4K
AR SR LU, PR R =,
HRAE K= B ) L 3d 75 ZE R AR 5T 9 ) B S it
LA 0 8 5 AL i A R BIL R

IV R 22 A Ak 48 Bk T I e sh W) ML 1 2
ARG . ALE T, EE5EAERNORKA
52 2 22 68 L s Hh =g . REAMAEAN
B e O ESE F NE ) il e < [
FERHRE o 3 3 W o R AR Y 07 AL 2 LA

IR

33 EAERRBEREMRTRBITAINEE
Al

JI AR Sy o B AR A e, TR AR A KL
R Agt e J7 TS 4 2 OGS AR T . Gl R R
A H B RPLEA R R SE, YR R A4 B
Tfg, fHECAT. SOD. SODAETH KA ¥ & fid
b A BB A DB T A AR, TR A D]
B A R [R] A B i S AL S (H,0,) 3T B
CATY B A= K (H 0 R S(0,), PRI 20 M 252
AR, R RE R, EaEREE
FRKF24%LL E 23 3% $12 5 2% S g IIFJIECAT A
SODIFE P, KA HE H IR T LABGE DA T4
fLie 1. 753 & ¥ AE M (GIFT O. niloticus)"" 7'
K1 B (Micropterus salmoides)™ I B 55 %
B, fEDRL b 7 SR AT DL R ) B A AL g
o [RVESF, 2 B T IE 04 B 2R TE R W E TE
o X UL G A 5w AR P A L RE
N i S D R 8= T 3| 3 S W SR A
e CAHMTIEN, R TP RYEER . &Y o-
U JRR TR 2 3 3 i E HLAR P EIL R T, AR TR

i

http://www.scxuebao.cn


http://www.scxuebao.cn

750 KorE ¥R

0 E

KU, bR A 20 S A o iR X R kA B
R MR 0 AR LY 45 SR AR S R A BT
B4R AL v S o A T S ik R e M R o i e AL
PRI AL BE 1 L2 Al B B S A S B, ks g
BACHE D RE , AT A B e AR LB | T i s K
R X REE S EABRNEETE. A
A R G R IR £ AT A A BE R e T THT Y
W BOREBCN B =, HAERILEE A TFRADTTE o

4 25

TREep O E KO (12%) 0 2 4 & EEAR
M AN 23 R ) 2 S 8 AR, T KT R AR
S A, ERT DL A% 3 AL AR ) B
(A Y= IR NOE = e

SE R :

[1] Ghaedi A, Kabir M A, Hashim R. Effect of lipid levels
on the reproductive performance of Snakehead murrel,
Channa striatus[J]. Aquaculture Research, 2016, 47(3):
983-991.

[2] Samantaray K, Mohanty S S. Interactions of dietary
levels of protein and energy on fingerling snakehead,
Channa striata[J]. Aquaculture, 1997, 156(3-4): 241-249.

[3] Aliyu-Paiko M, Hashim R, Shu-Chien A C. Influence of
dietary lipid/protein ratio on survival, growth, body in-
dices and digestive lipase activity in Snakehead (Channa
striatus, Bloch 1793) fry reared in re-circulating water
system[J]. Aquaculture Nutrition, 2010, 16(5): 466-474.

[4] Aliyu-Paiko M, Hashim R, Chong A S C, et al. Influ-
ence of different sources and levels of dietary protein
and lipid on the growth, feed efficiency, muscle compos-
ition and fatty acid profile of Snakehead Channa stri-
atus (Bloch, 1793) fingerling[J]. Aquaculture Research,
2010, 41(9): 1365-1376.

[5] Shen HM, Chen X R, Chen W Y, ef al. Influence of di-
etary phosphorus levels on growth, body composition,
metabolic response and antioxidant capacity of juvenile
snakehead (Channa argus x Channa maculata)[J].
Aquaculture Nutrition, 2017, 23(4): 662-670.

[6] ZhaoPF,LiF]J, Chen X R, et al. Dietary lipid concen-
trations influence growth, liver oxidative stress, and ser-
um metabolites of juvenile hybrid snakehead (Channa

argus % Channa maculata)[J]. Aquaculture International,

http://www.scxuebao.cn

[10]

(1]

[12]

[13]

2016, 24(5): 1353-1364.

A, B, RIRIE, 5. AP0 R0 A 22 A AR I
HAAARFREISZ W], 31 E FR 221K, 2016, 28(8):
2497-2503.

Zheng J, Jiang Y, Wu X Q, et al. Effects of four feeding
attractants on growth and serum biochemical indices of
hybrid snakehead[J]. Chinese Journal of Animal Nutri-
tion, 2016, 28(8): 2497-2503(in Chinese).

X BE, Wl %, 2R /NGl ORI R AR 7K B o ORI 5
AT, LR 2RS4k, 2009, 18(1): 101-106
Liu 'Y, Leng X J, Li X Q. The application of fermented
protein feed in aquatic feeds[J]. Journal of Shanghai
Ocean University, 2009, 18(1): 101-106(in Chinese).
WAL, 22 BERR, WAL SER . Rk B R SR e
B4 (Oreochromis niloticusxO. aureus)E ¥ A4
AN G 7 2 [T]. R S WYE, 2007, 38(2): 168-
173.

Lin S M, Mai K S, Tan B P. Effect of soybean meal re-
placement by rapeseed-cottonseed compound on growth,
body composition and immunity of Tilapia Oreochromis
niloticusxO. aureus[J]. Oceanologia et Limnologia Sin-
ica, 2007, 38(2): 168-173(in Chinese).

FUE B DR B A Tl TR R PR
AR AR R B WA B BB (D). K7 224k,
2017, 41(2): 258-270.

Bai F J, Luo L, Huang X Z, et al. Comparative study on
effects of silkworm pupal oil and other six kinds of lipid
on growth, body composition and lipid metabolism of
GIFT Oreochromis niloticus[J]. Journal of Fisheries of
China, 2017, 41(2): 258-270(in Chinese).

Park MY, Lee K S, Sung M K. Effects of dietary mul-
berry, Korean red ginseng, and Banaba on glucose
homeostasis in relation to PPAR-a, PPAR-y, and LPL
mRNA expressions[J]. Life Sciences, 2005, 77(26):
3344-3354.

LiuJ X, Yao J, Yan B, et al. Effects of mulberry leaves
to replace rapeseed meal on performance of sheep feed-
ing on ammoniated rice straw diet[J]. Small Ruminant
Research, 2001, 39(2): 131-136.

Islam M R, Siddiqui M N, Khatun A, ef al. Dietary ef-
fect of mulberry leaf (Morus alba) meal on growth per-
formance and serum cholesterol level of broiler chick-
ens[J]. SAARC Journal of Agriculture, 2014, 12(2): 79-
89.


http://www.scxuebao.cn

53 MG, 5. BEEAFERMR QR Aesc b K A RS E g bR 751
[14] B, 8 M (Rachycentron canadum)*t LA S EY) & accharidases in diabetic rats[J]. Chinese Journal of Endo-
HIERF R FE[D]. WL | R R, 2011, crinology and Metabolism, 2002, 18(4): 313-315(in
Zhao J. Study on utilization of several animal and plant Chinese).
protein sources for juvenile cobia, Rachycentron canad- [22] LiYG,JiDF, Zhong S, et al. Hybrid of I-deoxynojiri-
um[D]. Zhanjiang: Guangdong Ocean University, mycin and polysaccharide from mulberry leaves treat
2011(in Chinese). diabetes mellitus by activating PDX-1/insulin-1 signal-
[15] X5, A7, 2288, % RERBEE D SR Ak ing pathway and regulating the expression of glucok-
WIS ey A, B IRV R AT IR inase, phosphoenolpyruvate carboxykinase and glucose-
FEVERIEI R[], R ORI, 2009, 18(2): 6-phosphatase in alloxan-induced diabetic mice[J].
160-166. Journal of Ethnopharmacology, 2011, 134(3): 961-970.
Liu Y, Leng X J, Li X Q, et al. Effect of fermented mix- [23] EEHR, FHB, KE, & R ES AR
ure-protein replacing fish meal on growth, apparent di- R TR LI AR A TR AR I B AT R[], K
gestibility coefficients and serum non-specific immunity 2012, 34(16): 25-28.
of tilapia (Oreochromis niloticusxO. aureus)[J]. Journal Zhang X D, Li Y G, Zhang L, et al. Effect of dietary
of Shanghai Ocean University, 2009, 18(2): 160-166(in mulberry leaves on productive performance, egg quality
Chinese). and serum biochemical indices of laying hens[J]. China
[16] Nandeesha M C, Gangadhara B, Varghese T J, et al. Poultry, 2012, 34(16): 25-28(in Chinese).
Growth response and flesh quality of common carp, Cyp- [24]  1&FE, A, RIAZE, . KRS SR A kd
rinus carpio fed with high levels of nondefatted silk- B MRS PUEAL BE DT B m[T]. KPR
worm pupae[J]. Asian Fisheries Science, 2000, 13: 235- %, 2016, 40(9): 1408-1415.
242. Xu T, Peng X H, Chen Y J, et al. Effects of replacing
[17]  LiY, AiQ H, Mai K S, ef al. Comparison of high-pro- fish meal with fermented mulberry leaves on the growth,
tein soybean meal and commercial soybean meal partly lipid metabolism and antioxidant capacity in largemouth
replacing fish meal on the activities of digestive en- bass (Micropterus salmoides)[J]. Journal of Fisheries of
zymes and aminotransferases in juvenile Japanese China, 2016, 40(9): 1408-1415(in Chinese).
seabass, Lateolabrax japonicus (Cuvier, 1828)[J]. [25] DoiK, Kojima T, Fujimoto Y. Mulberry leaf extract in-
Aquaculture Research, 2014, 45(6): 1051-1060. hibits the oxidative modification of rabbit and human
[18] Mondal K, Kaviraj A, Mukhopadhyay P K. Introducing low density lipoprotein[J]. Biological & Pharmaceutical
mulberry leaf meal along with fish offal meal in the diet Bulletin, 2000, 23(9): 1066-1071.
of freshwater catfish, Heteropneustes fossilis[J]. Elec- [26] BiE. EAEOUE SR AKIETL) M (Scophthalmus
tronic Journal of Biology, 2011, 7(3): 54-59. maximus L.)FELH #OR HEFL[D]. 7 & 3 B K
[19] Rangacharyulu P V, Giri S S, Paul B N, ef al. Utiliza- 2#,2015.
tion of fermented silkworm pupae silage in feed for Wei Y J. Study on the effect of fishmeal replacement
carps[J]. Bioresource Technology, 2003, 86(1): 29-32. with compound proteins in the diet of turbot juvenile
[20]  Bairagi A, Ghosh K S, Sen S K, et al. Duckweed (Lemna (Scophthalmus maximus L.)[D]. Qingdao: Ocean Uni-
polyrhiza) leaf meal as a source of feedstuff in formu- versity of China, 2015(in Chinese).
lated diets for rohu (Labeo rohita Ham.) fingerlings after [27]  ®b vk, sk, FAR. B MURE AR 6 il Bt I S 3L B o
fermentation with a fish intestinal bacterium[J]. Biore- PENLEEAF SRR [J]. M R 5 I &, 2012, 33(4):
source Technology, 2002, 85(1): 17-24. 211-215.
211 TR, ZEmTE, JrBe. Sk B R RO K RN Yang S B, Zhang Q A, Wang J. Research advances in
SUKE B RS EIAE [T, TP AN AR 24 &, 2002, natural food resources with hypoglycemic effects and
18(4): 313-315. their mechanism[J]. Food Research and Development,
YuL Y, Li X R, Fang X. Inhibitory effect of total 2012, 33(4): 211-215(in Chinese).
flavonoids from mulberry tree leaf on small intestine dis- [28] LeeJ, Choil C, Kim K T, et al. Response of dietary sub-

http://www.scxuebao.cn


http://www.scxuebao.cn

752

Ko AR

0 E

[29]

[30]

[31]

[32]

stitution of fishmeal with various protein sources on
growth, body composition and blood chemistry of olive
flounder (Paralichthys olivaceus, Temminck & Schlegel,
1846)[J]. Fish Physiology and Biochemistry, 2012,
38(3): 735-744.

Nagel F, von Danwitz A, Tusche K, ef al. Nutritional
evaluation of rapeseed protein isolate as fish meal substi-
tute for juvenile turbot (Psetta maxima L.)-Impact on
growth performance, body composition, nutrient digest-
ibility and blood physiology[J]. Aquaculture, 2012, 356-
357:357-364.

FRALA. AR A EDRL A R B AR T A K IR
TERIRCR BT D]. PR ALK, 2006.
Zhang L B. The study on effection on the growing-and-
finishing pigs of compound protein substituent for soy-
bean meal[D]. Baoding: Agricultural University of
Hebei, 2006(in Chinese).

KA. 56 R A TR B AR TR R A XY A F AR
BEFE[D]. 58 W AER LR 2, 2006.

Zhang Y M. The study of effect on compound protein
feed substitution soybean meal to the laying hens[D].
Baoding: Agricultural University of Hebei, 2006(in
Chinese).

VLTEBE, AR, AL, 55 R I S 0 T IR I 2

http://www.scxuebao.cn

[33]

[34]

e fig . MU KPR A 0], 38 R 243k,
2016, 28(4): 1250-1256.

Shen H M, Peng X H, Lin S M, et al. Regulation of fer-
mented mulberry leaves on serum lipid and blood gluc-
ose levels of Hyperlipidemia Tilapia(Oreochromis niloti-
cus)[J]. Chinese Journal of Animal Nutrition, 2016,
28(4): 1250-1256(in Chinese).

BN, BB, BRI, 25 S B e A KRR
Jig B AU AL 5T RIS AT, B0 FR 44, 2014,
26(11): 3485-3492.

LiFJ, Yang Y, Chen WY, et al. Effects of dietary mul-
berry leaves on growth performance, fat metabolism and
muscle quality of tilapia (Oreochromis niloticus)[J].
Chinese Journal of Animal Nutrition, 2014, 26(11):
3485-3492(in Chinese).

WRESES, XU, MR [, 4. S 8 M Bl PR /N BRLR
B U B LR AT, b R 2 3 2 e
2010, 26(11): 835-838.

Chen L L, Liu W, Chen J G, et al. Study on the hypogly-
cemic mechanism of flavonoids of mulberry leaves on
glycemia in diabetic mice[J]. The Chinese Journal of
Clinical Pharmacology, 2010, 26(11): 835-838(in
Chinese).


http://www.scxuebao.cn

54 MALA, 45 EAE D TR AR 23S A K IRE RS AL AR 5 753

Effects of replacing fish meal with compound proteins on the growth, body
composition and biochemical indices of hybrid snakehead

LIN Shimei ", MA Huijia', XU Tao', CHEN Yongjun', HUANG Xianzhi

(1. Key Laborary of Freshwater Fish Reproduction and Development, Ministry of Education,
College of Animal Science and Technology, Southwest University, Chongging 400716, China,
2. Institute of Sericulture and Systems Biology, Southwest University, Chongqging 400716, China)

Abstract: This experiment was conducted to study the effect of replacement of fish meal by compound protein
(fermented rapeseed meal+cotton meal+silkworm pupae+mulberry leaves) on the growth, body composition, anti-
oxidant ability and biochemical indices of hybrid snakehead [with the initial weight (22 g)]. Five isonitrogenous
and isolipid diets (CP 42%, EE 8.5%) were formulated to contain different levels of compound proteins based
upon the basal diet to replace fish meal 0%, 12%, 24%, 36% and 48%. After 8 weeks, the results showed as fol-
lows: when the replacement ratio of fish meal by compound protein is more than 12%, the final body weight
(FBW) and the specific growth rate (SGR) were significantly decreased, and reached a minimum at 48% substitu-
tion level. A lower protein efficiency ratio (PER) and higher feed conversion ratio (FCR) were observed at the
36% and 48% substitution levels. There is no significant difference in feeding rate (FR) for each test group. The re-
placement level of compound proteins decreased significantly body crude lipid, viscera somatic index (VSI) and
intraperitoneal fat ratio (IPF), and increased significantly whole body moisture. With the compound protein level
increasing, the activity of trypsin decreased significantly, whlie the activity of intestinal lipase increased signific-
antly. When the compound protein level is higher than 24%, the activities of glutamyl pyruvic transaminase (GPT),
superoxide thandismutase (SOD) and the catalyse (CAT) activities significantly increased. Serum CHO was de-
creased observably as compound protein ratio is more than 12%, but blood glucose content was decreased observ-
ably as compound protein ratio is more than 36%.There were no significant difference in total cholesterol (TC),
total protein (TP) and albumin (ALB) for each test group. Results of above show that a suitable percentage (12%)
of compound protein replacement of fish meal does not affect the growth of hybrid snakehead. And high replace-
ment level would inhibit the growth of hybrid snakehead, but it can improve the glucolipid metabolism and antiox-

idant capacity of hybrid snakehead.
Key words: hybrid snakehead; compound proteins; fish meal; growth; biochemical indices
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