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WE: ALRKAURAR NI EARNE S ART A BB XN el A & X F
MBLrEKEF AEEEAK FHEEHFLAEADFEME AN, UHLEFTAHERWE
o EEARTEXT, &iH6 HEAFREL, 25 B7F 6% % WA (6P) 3% % A #H +
3% # ¥ K (3P3SW) (6% # 75 0 (6SW) . 3% & M i +3% & 7 K +2% &
(3P3SW20) 6% # i KM +2% i (6SW20) fn 6% &t (6F, X M) o 72 o0 3 W 45 o 1 "%
(80.0+2.0)g Wy E @ 72 d, % 2% ¥ ,6P f1 6F 72 SGR . FCR .PRR .ERR #1 HSI ¥ @ ¥ & &
22 2(P>0.05), KmaEEHE,3P3SW 6SW 5 6F #1 L ,SGR £ %5 7 9.1% ~9.6% ,
FCR T 7 8.5%~11.2% , 2% 8 % (P<0.05),18 3P3SW #1 6SW L 8 Z £ 5 (P >0.05),
B, 7 PRR .FRR #1 ERR 7 # ,3P3SW .6SW ¥ & — £ B E # 5., A in& 5 ,3P3SW20,
6SW20 F1 3P3SW 6SW ., ,SGR 4% TH¥ 7 9.7% .15.4% ,FCR 2% F # 7 6.9% 31.1% ,
#h 3P3SW20 #1 3P3SW #j FCR z 4, H 4 2 % 8 % (P <0.05); #£ PRR 1 ERR 7 7,
3P3SW20 .6SW20 ¥4 — & £ & T J&; F it ,3P3SW20 ,6SW20 &y FRR 70 Jif i #1 Jig 17 4 & 45
H A F A2 E ¥  HST 3 K, % TBA (CHOL HDL fr LDL 5 A JIt # fls 7 2 20 A8 B # %,
HERFERHZOSW20 A, GHAS AN FEREFZR(P<0.05), i, ExE BT
W H AT A M ML FCR A1 SGR #y 48 X £ 2 4F %, K Ll # Lys,Tau #1 Put 5§ FCR fu
SGR f§ Pearsion 1 X FH A AT 0.8, EF 6 — K@i x A, FH, a5 XA EZENEREK
ARG TER  ELERERFAMDENEE XN HRELTER, THERAE, X R
£ KMER G AR % Lys. Tau o Put 8§ % 2 %05 i T & b 0268 Jig B 48 1R 09 A0 BT BE S0 AR, Aw
EAEfE RS A, e B G AR AR IRE T w AT R A

KW o, aBE R, a; £K; T, FEAER; 2K

FESZES: S963.32 XHERARERD A
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S A 28 2R 58 T e 5 0 I s A Bk 3R L/ i AR B
JI W7 L O IR L 5 BT R P (R R A B S
JrEE L A A R L 2 N RS R, B LA
W H 7 by A Ak g WA T X 3l B R S A
'

¥ At ( Ctenopharyngodon idella) J& 3% |5 & %
s, BRI R T a3 Y, BEH H R
HRS NI Ry 2 R AR R A K IR S A R
FRAROCR o B Ry BT IR A F O e 8, R 1E 1A
B R A A2 ) 7 R, 20 B I 1 R X
—fE bl AL I LR LUK By sl 6 B I Y
1 H O P IS0 R S Ry AR, 5 R 2H (X BRD
M FL B, PR 0 355 5 R0 £0 7 X B 0 A K AR g
7 5 s A0 LA B AL AR bR B S, Ay BBAE TGk H

R R T/ i A P SRR A 3 LA R 2K X
R IR B IR R A B I R S
AT b e B Sl W AR A IR R R PR A BEE 4
S, DAIR B G i 000 B IR R e AL H .

1 MRSk

11 SR8 R R 47 #4 B )

AR W B VL8 2 A R BR 2 WD 8
By A H LRI E S R AR R
HE S5 23 B AR SRR Bk i, B D
/AR SURal i D T T Bk NI A i S SO
Hor i PR A AR 9 OB ) A o AR AT S o3 A
(1) o Hh A0S E 57 o L A A 45 e 5 0 e
W2,

F1 BB EANNEEIRBLZAR(TUREM)

Tab.1 Proximate analysis of fish meal,pork powder meal and stickwater meal ( dry matter)

i1 by AR (RS &)
fish meal pork powder meal stickwater meal

MK 5 49/ % conventional nutrients proximate analysis
7K 43 moisture

#LZE H crude protein

HLIE W crude fat

K4y ash

fEfE/(kI/g) energy

RS 2 H7/ (mg/10 g) special nutrients proximate analysis
B B FE R total free amino acid

4R iR taurine

4128 histidine

i & 1R lysine

9, %% ornithine

2l fi¢ histamine

J7 i cadaverine

J&§ J¥i¢ putrescine

11.41 8.83 8.14
68.01 70.48 65.12
8.56 11.20 8.58
16.22 10. 14 20.78
20.60 22.30 18.70
1759.3 618.1 5057.0
508.0 53.2 1.390.0
421.3 4.0 602.4
84.0 36.6 505.1
13.1 6.1 35.8
1.6 5.5 25.1
14.2 47.0 85.4
10.1 7.7 19.9

K2 BHMEBRMNEFRSMENLER

Tab.2 Nutrients and oxidation indexes of fish oil and soybean oil

EPA' DHA? AV? POV*/(meq/kg) MDA’/ (mg/kg)
a3l fish oil 12.35° 17.00 0.79 57.09 2.23
il soybean oil 0.05 0 0.03 2.89 0.09
Tl BRI ER 2. ZF RN IR 53 R 4. i UMM ;5. 9 8 56. IR TR T I — 165k A5, DALMY 7 43 & i R

Notes: 1. eicosapentaenoic acid; 2. docosahexaenoic acid ;3. acid value; 4. peroxide value; 5. malondialdehyde; 6. fatty acids obtained by

normalization , representation with relative percentage

TSR T BT, U 8 B o 3 B ARl
LA O IR W A 23 0 AN 6% K A By (AT AR
6P) 3% A Ky +3% i KKy (3P3SW) (6% fiL
IR (6SW) 3% SE A K + 3% i I +2%

fiifl (3P3SW20) ., 6% fi i K Hy + 2% fi il
(6SW20) F1 6% fi Ky (6F , %F H8) #3110 6 Fh 45 A
S5 RE Y fRDRE, TC 7 L B A 2 i oy S 2R 3 (4%
HRLE B % 33.06% ~ 33. 89% , KL 17 &% #
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¥R

5.42%~6.69% ,fE 18.1 ~18.7 k)/g, o . % 2%
5t o AR 2 B iR 60 H G, A R AL (iR

BE 65 C) MM E/ 1.5 mm, K 3 ~4 mm {9 5k
RIAEL, BT - 20 CUKARTE -

®3 LBABEARECFAR(TUREM)

Tab.3 Formulation and proximate analysis of the experimental diets( dry matter)

6P 3P3SW 6SW 3P3SW20 6SW20 6F
JE#}/ % ingredients
i1 §} fish meal 6
1H IRy stickwater meal 3 5.7 3 5.7
¥ W # pork powder meal 6 3 3
fa 3l fish oil 2 2
2 KB fine rice bran 10 10 10 10 10 10
SKA§EK] rice bran meal 7.2 6.8 5.5 6.8 5.5 5.2
¥4 soybean meal 12 12 13 12 13 13
3 ¥4 rapeseed meal 20 20 20 20 20 20
5 K1 48 cottonseed meal 48 20 20 20 20 20 20
iR — %45 monocalcium phosphate 2.1 1.9 1.8 1.9 1.8 2.3
Wb Ky zeolite powder 1.9 2.0 1.9 2.0 1.9 2.0
J i + bentonite 2.0 2.1 2.2 2.1 2.2 1.7
/NF wheat 15 15 15 15 15 15
.yl soybean oil 2.8 3.2 3.8 1.2 1.8 3.8
ik premix’ 1 1 1 1 1 1
B4 5y #7/ % proximate analysis
#L5E 9 crude protein 33.41 33.22 33.33 33.53 33.06 33.89
MG 7 crude fat 5.42 5.73 6.42 5.88 6.36 6.69
JK 4y ash 12.23 12.30 12.10 12.47 12.22 12.12
Be2/(kJ/g) energy 18.1 18.2 18.5 18.5 18.7 18.4
554/ % total phosphorus 1.13 0.95 0.85 0.83 0.81 1.06
BiEESER/(mg/100 g) total free amino acid 514.8 654.1 800. 6 647.8 793.3 606.0
- F# iR taurine 6.1 57.7 78.9 56.8 77.3 43.0
ZH % Ji? histidine 5.9 28.7 53.9 28.6 53 38.3
#5152 lysine 10.3 19.4 28.1 19.3 27.9 13.9
5 %R ornithine 1.3 2.2 3.3 2.1 3.3 1.6

1 BUR R (me/kg fa kL) 4 S, 8k 180, 4% 35, 4% 120, 4 0. 65,4l 0. 5,44 0.07, % 300,401 80, 4= % A 10,44 % B, 8,4k % B, 8,4
% B, 20,44 % By, 0. 1,42 2 C 250,32 B2 456 20, MR 25, 44 % D, 4,44 % K, 6,18 5, JLEE 100

Notes: 1. Premix ( mg/kg diet) ;copper 5,iron 180, manganese 35 ,zinc 120 ,iodine 0. 65, selenium 0.5, cobalt 0. 07 , magnesium 300, potassium

80, vitamin A 10,vitamin B, 8, vitamin B, 8, vitamin B¢ 20, vitamin B, 0. 1, vitamin C 250, calcium pantothenate 20, niacin 25, vitamin D5 4,

vitamin K6, folate 5 ,inositol 100

1.2 FEAZXTWEERE

Fr 8 52 B0 TR W VL — R AT R w52 56 2 b it
1o EMABLY 3 335 m*, Pk % 1.8 m [t %
FRE 18 MM N L.O0mx1.5mx2.0 m M4,
VEICSE B B b W PE B 1 AU AR RS R B
M B (80,0 £2.0) g 1) 5 F 400 J2, B
PLorh 6 4, B4 3 AT, B A7 20 A (4
ZH AR A 1 R T AT HR AR o

S R P S 1A RO Y R S, T A R

AP, &K 08:00 Fl 16:00 & B H M 2 ¥k,
P o AR A 3% ~ 5% , B 10 KAl it
RN TN S e TR ' I~ G S < I =< A
IR EEIFARE . IEA LI M 2014 426 A 16
H~8 H26 0,4l 72 d, #5250 1 8] /K &
25 ~35 C, %% >7.0 mg/L,pH7.0~8.0,
AR <0.2 mg/L, Wik 4h & <0.01 mg/L,
Ak <0.05 mg/L. F% 58 #4 [A] /K & 22 16 W
K1,
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35r

33
31
29
27 |
25

23
21
19
17

temperature

BE/C

15 1 1 1 1 1 1 1 1 1 1
6-16 6-23 6-30 7-7 7-14 7-21 7-28 8-4 8-11 8-18 8-25
H# date

B1 FEHEKERE
Fig.1 Water temperature changes during

the breeding

1.3 EmX&

TE 25 58 52 30 T B T, DA 53 415 TR0 AR Y
TrRERLAN I 4 8 £, 1 D W) AR FEAS R AT 4 AR
BRI . FRIH LI EE W, A5/ 24 h, W48
AT IR KPR IC SR AL, TR R A K R A

EEAS AL B rh BE AL R 4 R R AT 4
USSR I E o S BEPLIE I 10 4, ] 1 mL
ToWE AT A 7E R W R MK R L, ' T 2 mL
Eppenddorf 45 [ 4K #E [ 30 min J5, 5.0 (4 T,
3500 r/min)15 min J5H F 2 1M, IR, 03 F
0.5 mL Eppenddorf & 1, T A MK Z 5 & T
- 80 C AR ik UK A8 R A7, T L0 46 A i I & o
AN, MR Bt BB LI 6 R (A8 2 6 eI, ]
SR ML P ERN AR ) FRIBUR 5T 58, B 731 20 29 T M
il i = N R N DR B 1 W = R e
1.4 LZFESW

FE i A ST U B RS ) A2 7 19 LGI-18B
R HET BRI TR 2 EZ G, T H A bR
FE o HLEE MU DT CHLUK 23 R Hr o AR L B
iR L b o B 1 7 3 DU 5 P I SR AR
E MR 2 GB/T 5009. 181 —2003,

AR T B B b B A AR A BR A F] XRY -
1C BV 5 AR T 7E 5 2 AR R 18 B sykam
AN EI AR 4 B B SRR 23 Hr A SE 5 Ifi S
TR JIE v R i A RV R R B R
B C800 4= A 3l A= 4k 70 A A 7E o

A= Wy g oRe A 1R 3 BT AN E (S 56 3 B
Rk, ARy g B L g &, A S % Ml B K
W& 5 mL, i JE 3 min 70 R A, B0 (4 C,
10 000 r/min) 15 min J5 B | )2 3 ¥ BP 44 B0 .

FEWOBGE 0. 45 pm AL UE S A Sykam S-433D
LR 43 BT A 3 25 D, FE A Y AR ) g G i
Li + HU iR k5 R P BH 29 1 5 46 WY I B bk 10k Wik
Bk PE T Ok, B AT R AT A, RN E LIRS
Py AR TE O BE I AT RN . AN AR AB AT AR
K D e 4 32 570 nm, S2100 [k J5 30. 0 ~
40.0 bar, A7 0. 45 mL/min, S4300 JZ )i 2237
# 0.25 mL/min, #: 78 58 ~74 C , /& /7 6.0 bar,
I A% i 130 T

T AR 1D R 41 B 2 R GB 9695. 2 - 88, 3k 1]
GC-14C B A (A 35 AL ( H A By A |)) 7€ , I
TR AH Bk A — 2 i, LA 20 B (%) Rom
SR SRR AR A O J&W M 3 A
(30 m x0.25 mm x0.25 wm) ; & K45 T #
#& (FID ) ; FID270 C, #: i >Rk FH &5 F+ il : 80 €
(3 min) ~240 T (5 C/min) ; BN HAA X,
PN 600 1, HERE Ry 2 pl
1.5 HERFEERITSH

1At & % (feed conversion ratio, FCR) = 1Y
R/ (LRYE - R E);

e A K (specific growth rate ,SGR,% /d) =
100 x (In K B HE ~In Y] 45 R ¥ &) /M6 57
KA

HT44& L. ( hepatosomatic index , HST, % ) =100 x
JHF R/ A 5

#H B UL L & ( protein retention rate,
PRR,% ) =100 x (A RMIKEN x ZREHE -
Wit AR B x WG R ) /4R A B B x
FE X R A

B 5 Ut FH 3R ( fat retention rate, FRR,% ) =
100 x (ZoR AR IR I x LR B E - W1k ik
BT > B0 4 e 24 ) /8 AR D5 x 8 24 e Bt
we

=

EH {1 B8 ¥ (energy retention rate ,ERR,% ) =
100 x 5 56 25 o Inf 4 8 £ BB 12 105 0 4/ 4 2 £ B
N

SEH K s R ] SPSS 19.0 ilge it ik 17 5
B ¥ 75 2 3 #r (one-way ANOVA), [d] it} i 47
Duncan [§ 2 5 5270 A 52 56 508 19 25 52 B35 4,
Z5R LI {H = b5 #E 2 (mean = SD) KR H]
Pearson 43 7 J5 1 K 35 £ 4 AH ¢ 4k, IF 1] Excel
2013 fE[EIH 3 #7, P <0.05 Ry 28 % 3
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2 srngE R
2.1 BAXHMITEHMNEGLEKEEMANY
Bt b=

6P #1 6F 7£ SGR .FCR ,PRR Fl ERR J7 [fi
TREZF(P>0.05) (£ 4), BMaEEy
Jii ,3P3SW 6SW 5 6F A1t ,SGR #£# 7 9.1% ~
9.6% ,FCR FF&T 8.5% ~11.2% , 5% i %
(P<0.05),{H 3P3SW F1 6SW LR EXF (P>
0.05) ; [7] B+, 3P3SW . 6SW 41 i) PRR, FRR A

ERR ¥ — & 2 B 48 & 16 % Al )5,
3P3SW20 .6SW20 FlI 3P3SW .6SW L, SGR 435I
FH&T 9.7% 15.4% ,FCR 435 T+ T 6.9% .
31.1% ,[% 3P3SW20 #l 3P3SW i FCR 2 4}, H
R2ZEHF B E (P <0.05); 7 PRR fil ERR Jj Ifi,
3P3SW20 6SW20 ¥ 5 — i FEFE T B, ILAh,
AN, X RE D 0 DOAR A B Y 12 2 AR
3P3SW20 .6SW20 i 4] FRR & & 14 &, 6SW20
B 4 S A f i AL, O S S AU AR B
25 (P<0.05),

R4 BREHTEHINEEERKEENALENZ N

Tab.4 Effects of stickwater meal and fish oil on growth and

feed efficiency of grass carps for 72 d

RbFZH treatments

FER
indices 6P 3P3SW 6SW 3P3SW20 6SW20 6F
¥I¥ T/ g initial weight 80.27+0.32  80.00£0.30  79.97+0.15  79.2 +1.83 80.63 £1.5 79.97 £0.32

A Y/ g final weight 221.30 £8.70% 248.93 £4.07°

250.03 +9.61°

232.90 +16.53" 211.37 +14.11°  226.00 +5.20

A K2/ (% /d) SGR 2.02+0.08®  2.27 £0.04° 2.28 +0.08° 2.05+0.01"  1.93+0.14" 2.08 +0.04°
Tkl Z %% FCR 1.95+0.12° 1.72 0. 14" 1.67 +0.08" 1.84+0.07"  2.19+0.17° 1.88 +0.05™
HEARVIHAE/% PRR 26.57 +4.2° 33.78 +1.98°  32.94£2.07°  30.95+0.1"  26.69 +3.77° 28.24 +3.26"
ST/ % FRR 48.09 £5.85°  26.92 +6.05"  35.73 £4.58"  40.47 £1.52* 56.86 +2.50%  24.83 +3.8°

fE L %/ % ERR 17.23 £0.96*  19.05 +1.19*® 20.75+1.95°  19.09 £0.32*®  17.00 £2.08" 17.18 +1.13°

T R A AT RO AT M ] 5 B I ROR 22 5 R 35 (P >0.05) , AR T B R 2252 3% (P <0.05) , T[]

Notes:In the same row,values with different small letter superscripts mean significant difference( P <0.05) ,the same as the following

2.3 BRRHMMERNEARFELL FFREERS
EfmnFEELIERN G

6P F1 6F 1y HSI JH-JE A5 U5 % & | 1L 7§ TBA |
CHOL HDL LDL ¥J L i % 2 5 (P >0.05) (%
5) i maE R E ,3P3SW 6SW 5 6F t, ik
fEtn A LTt (HBR 3P3SW Fl 6F 19 IfiL ¥

TBA 2R W EIN(P <0.05) , AW 27 AR E
(P >0.05); BN 2% 3 J5, 3P3SW20,
6SW20 5 H XN 1) 3P3SW 6SW L, | ik f5 b5t
B I, H 6SW20 Mg T K, 5 6SW
TEJFFWERLAE U7 & & .\ TBA .CHOL .HDL #l LDL J5
A W% %5 (P <0.05),

x5 BRFREMNEHIESFELL TR S 8 m % ELERE R

Tab.5 Effects of stickwater meal and fish oil on hepatosomatic index,

liver fat content and serum indicators of grass carps for 72 d

£

KbFHZH treatments

indices 6P

3P3SW 6SW 3P3SW20 6SW20 6F

AL/ % HSI
JFREAHAS Wi/ % hepatopancreas crude fat
JSEVHYER/ (mmoL/L) total bile acids, TBA

AH[#E %/ (mmoL/L) cholesterol, CHOL

EEENESE H/ (mmoL/L) high-density lipoprotein,HDL 2.36 +0. 10*

K% B s & 11/ (mmoL/L) low-density lipoprotein,LDL  2.73 £0.25" 2.52 +0.18™ 2.56 +0.33" 2.84 +0.14° 3.36 +0.01°

1.17 £0.24™ 1.08 £0.20° 1.22 +0.27" 1.10 £0.26"
14.27 +1.26* 11.77 £0.59* 14.5 +0.99*
3.10 £0.80™ 3.80 £1.35* 3.15 £0.45" 3.75 £0.45* 4.70 £0.40°
6.02£0.38% 5.47 +0.51* 5.45 +0.74°

2.38 £0.07" 2.37 +0.06"

1.29£0.22" 1.13 £0.25%
14.72 £2.98" 20.09 =1.78" 11.96 £0.47"
2.03 +0.64°
6.09 £0.09" 6.84 +0.01" 5.32 +0.53"
2.41 £0.09® 2.52 +0.06° 2.29 +0.03*

2.34 +0.19°
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24 AMPHEEREBRMEMES FCR
SGR H 18 3 14 5 47

¥ 6P 3P3SW 6SW FI 6F 4 fil ke v (14 34, 25
AR (TFAA) (414 1R ( Tau) (2 2 B2 (His) |
M (Lys) . 5 %2 (Om) 41 ¢ (Hise) | /7 ik
(Cad) JE i (Put) (A= 8y e LA JEURE A 356 filh 14 i 440
f) 5 FCR #1 SGR fi Pearson A 3¢V 73 47, & 46
WA AR =4, 85 R K 6, WLLE
H X B8 H T 5 FCR Al SGR (1) 4 3¢ P & 2 /K 3%
(AU KB P 4B KT 0.05  (HAEH & RER” >

*x6

0.80 YR ¥, 55 FCR AH KM /NI g Lys >
Put > Tau > Orn > TFAA > Hise; 5 SGR [ #H 56 ¥
K/MIRF A Tau > Lys > Put,

TEXHE S BB R® >0.80 f A T (Rif 3 ) 1E
[\ 9 534 J5 % B, B ATTAT FCR A 52 0 L YR 2R 4
S LA B S A R R I 4B B R AR A
0.97 LA E (& 2) 5 %) SGR Ay 52 Ml LA — ¥k ek %k
ZAA B S, s R RN i LA RO
0.94LL E (1 3),

HFEEEBRMEYES FCR 1 SGR B8 X &5 4

Tab.6 Correlation analysis of free amino acids,biogenic amines with

feed conversion ratio and specific growth rate

Pearson W7 B S 3R free amino acids H W% biogenic amines
SR 2 R : ‘ :
Pearson analysis BEEAER  4Mm sEm BEm SEAR 910z I T8 ¢
result TFAA Tau His Lys Orn Hise Cad Put
FCR R? 0.853 0.892 0.568 0.901 0.861 0.820 0.597 0.893
P 0.077 0.056 0.246 0.051 0.072 0.094 0.227 0.055
SGR R? 0.750 0.826 0.462 0.814 0.768 0.775 0.59%4 0.805
P 0.134 0.091 0.320 0.098 0.124 0.120 0.229 0.103
RT3
Notes: R*. Pearson correlation coefficients; P. Bilateral significant
2.00 1 . 2.00¢ $=0.005 9x*~0.137 5x+2.472 5
1.95 »=0.000 9x*-0.052 8x+2.406 4 1.95 R=0.979 5
1.90 R>=0.979 4 1.90
% % _
W 1.85F Nﬁ% 1.85
gﬁl.so— ZE 1807
st =7t
1.70 1.70
1.65 . ! - ' 1.65
10 15 20 25 30 4
WL / (mg/100 g) Ji& I / (mg/100 g)
lysine putrescine
(a) (b)
2.00 »==0.000 026x°-0.001 9x + 1.968 7
1.95 R>=0.9108
1.90
§»§ 185
=0 1.80
=& LTS
£ 170 .
1.65
160 L 1 L J
0 20 40 60 80
AR / (mg/100 g)
taurine
()
B2 #HEBJSEMFEBRSABRENXE
Fig.2 Relationship between feed conversion ratio and lysine, putrescine and taurine
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894 Ko7 OF IR 39 %
~ 3=0.000 015x>+0.0027x+1.995 0 i
230 R 0.892 7 . . 230
T 225¢ S 225¢
S 220 S 220¢
s 215¢ @ x 215 ¢ »=-0.001 2x*+0.063 4x +1.478 5
) I i £
K H 2.10 Mg 210 f R?=0.946 8
ﬂ 205 | 05t
#2007 E 2.00
1.95 . L L ! 1.95 L L . !
0 20 40 60 80 10 15 20 25 30
AR / (mg/100 g) W / (mg/100 g)
taurine lysine
(@) (b)
2.30
T 225
S 220
v g 2.15
i’ﬁ 3 510 3 =-0.007 65x>+ 0.164 75x+1.401 3
@ R=0.948 2
H 205 -
ﬁ 200} *
1.95 : : ,
4 6 10 12

J& Kz / (mg/100 g)
putrescine

B3 4HBUGESRMERSHEEERENXR

Fig.3 Relationship between specific growth rate and lysine, putrescine and taurine

3 e

EREMMEEERBREER
6SW [t 6F 1) SGR £ 75 17 9.6% ,FCR T %
T 11.2% ,PRR .FRR 1 ERR ¥ —ERHE 7+,
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Effects of adding stickwater meal and fish oil into basal diets on grass carp
( Ctenopharyngodon idellus ) growth  liver fat content and serum indicators

LUO Qigang', YE Yuantu'* | CAI Chunfang', WU Ping', ZHOU Yagqin', LIN Xiuxiu',
ZHU Jianming' , CHEN Kequan', PENG Kan', ZHANG Baotong’, XIAO Peizhen’
(1. Key Laboratory of Aquatic Nutrition of Jiangsu Province ,School of Biology and Basic Medical Sciences,
Suzhou University ,Suzhou 215123 | China
2. Open Laboratory for Aquatic Animal Nutrition , Beijing Research Institute for Nuiritional Resources,Betjing 100069, China)

Abstract. In order to investigate the effects of grass carp diets,which were added with stickwater meal and
fish oil to supplement fish required part of growth factor,on grass carp growth,liver fat content and serum
indicators. In practical formulation mode, six experimental diets added 6% pork powder meal(6P) ,3% pork
powder meal +3% stickwater meal (3P3SW ) ,6% stickwater meal (6SW ) ,3% pork powder meal + 3%
stickwater meal + 2% fish oil (3P3SW20),6% stickwater + 2% fish 0il (6SW20),6% fish meal (6F
control ) were prepared. All the experimental diets were isonitrogenous and isoenergetic. The diets were fed to
grass carps[ mean initial body weight of (80.0 +0.2) g]in pond cages for 72 d. The results showed that,
there were no significant differences in SGR, FCR, PRR, ERR and HSI between 6F and 6P. After adding
stickwater meal, SGR of 3P3SW and 6SW improved by 9.1% —-9.6% compared with 6F,when it comes to
FCR, it decreased by 8. 5% - 11. 2% , the differences were significant ( P < 0. 05 ), but there were no
significant differences between 3P3SW and 6SW ( P >0.05) ,while in PRR,FRR and ERR terms,3P3SW,
6SW have some improvements. After adding fish oil,compared 3P3SW20,6SW20 with 3P3SW ,6SW , the
SGR decreased by 9. 7% ,15. 4% , the FCR increased by 6. 9% ,31. 1% , the differences were significant
(P <0.05) ,except the FCR of 3P3SW20 and 3P3SW. In terms of 3P3SW20 and 6SW20,PRR and ERR
declined ; at the same time,FRR and liver fat content increased,and HSI, TBA,CHOL,HDL and LDL with
liver fat showed the same trend,and the highest group of these indicators was 6SW?2O which had significant
differences( P < 0. 05) , compared with all other groups. In the correlation analysis of free amino acids,
biogenic amines with FCR and SGR, Pearsion correlation coefficients of free lysine, taurine and putrescine
were all greater than 0. 8, and presented a quadratic function. So, in the effect of promoting growth,
stickwater meal is better than fish meal. Adding small amount of stickwater meal to diets which have no fish
meal can not only meet the needs of grass carp but also save the amount of fish meal, and this growth-
promoting effect is closely related with free Lys, Tau and Put. Fish oil promotes fat deposition in the body
and liver,burdens the lipid metabolism. Together with its easily oxidized characteristics,its use in aquaculture
feed is limited.

Key words; grass carp; stickwater meal; fish oil; growth; liver; free amino acids; biogenic amines
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