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I = 2B 25 A A0 B | K 1 BE B 52 i

#OA XAR#E EILR OEAE B OB

P REKRFREZFHR/RLGHZETHELETHRFTRTEEZR T/
RALIREKEREFT EEEZE T, R R 430070

FEE ST D ECRL I R B B i e R il AR R DL R (FMD R G 4 2 11 (SO LSRRI (CVD S
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TR LEAEE 100 B BRI 30 do 45 R &I FM R MIX 21 e Sk fr 1 % 56 A8 13 2 835 % SC A
CM 4, £HMEEEICRN . FM 4>MIX 4 >SC 4 >CM 41 (P<C0.05) , T £ 41 7] /Y 1R R H0R 28 1 5% fh %
WA 2 5 5 CM 41 B HE fr0 4 £ (A 20 1% L 401 20 98 A ol 5 R0 BE TR 7 i W 35 (K T Bk 401 SC 41 73 Bk H Ak ot 4
ey i (GPXO I PR W 5 8 F H A 41 (P <<0.05) i S 16 9 B AL (SOD) 3 4 B 12 A F M At 241 (P <<0.05) . I WL,
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S5 75 Yl R ik BE A B, B A= D Ak Y At N B — H 7R 9
AU TRV 7 L 40 3R B B i e A T 4 R A
TUREHKIRIE MY 1 K . H RO Lk X T U8 SR BT 5T
EEAR TR BA A E A A | 3t 4% g
T TR m R AR G AR IS S R K AT
T TG T U B CE SR T R O A BF 5T iE
RIE

B B K™ S W DR R 3R B 2 — AT
S (A My ML IR 3 Jo A B 0 7 B A R TR L T L
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CM 1 MIX 1N & IR, BF 55 1 5 U8 skRE £ A4 K1k
AE 4 B E LR 4 ML AL PERE 2 ), | e M e
Sk 21 78 7 T SR IR I B AR

1 HE5H%

11 A&

Y A= 0 2R A NI SR N T R I R AR . TR X
M1 (CyAn ADP, 3¢ ED Ml & B A v, DL A%
AU SRR S S AR, 1 S % B RSO R R U R (15 TU /@)
SR SEHEOR FIHERS . #E 28 CHE 5% 12 h, H 0.1 MS-
222 WRIEE, 2 K5 )7 % 3 B Morishima 207 19 )5 .
WEAL G 1 7550 ik S IR T LR = AL 5 7
2. WK AR R 20 d SEe R E A TR
ARk, L B 1 U8 SR £,

1.2 R

AR5 BT ERE B AR BE L 5 R 2K sl Wy 8
FRAHG = A AR G OB AR AR R . 44
T Ak v B P e B g D B 43 ) A T 3 R A
HESE . SO 1R ] 55 2 B/ Teshima %% 1Y)
Jik. B A RRR T 0.075 0 mm #f L HK L B
5 B i v P 4 A 2R 60 %6 & T 70 40 W A DT TR 50 L TR
T R EENE A 15 2 L WS R . Y U TR L
THE 24 h, FH L (Kagaku Kyoeisha Ltd.,
Tokyo) il BUE H K /N UKL, 3o i 5 & T — 20 C
VKAE . TADRE SEA A BURT BEA B o U2 1. 45 L)
R SRR AL WL 2.,

1.3 FHRKEE

WAL 20 d. B8 TF AR E AT . PRk AR — 3
Je sk 1 200 B, MIUR-F- 3R i i 35.0 mg., VR HHKE
THRIMAS H OKE 10 L), A ME 100 2 e K,
BEBLAT Ny 4 1B 3 AP AT, BRI 4 I, I ]
YR M 08:00,12:00,16:00 Fl 20:00, FFKid kM
(48 FNFE T 0, TR JIURL K /N AR 8 £ 1 R /)N 2k
TR BRI AT 20 0 25 e B CHE £ 1) 45 & Bh 1 L 4k
SEARMETC K MR AN 1R 3R 1 P K R A
Wil 7E (25.740.1) CHFH 5.2~7.0 mg/mL, i & +F
2£ 30 d,

14 BHARE

30 d AW LS H G . AARYLIR 24 h, I 54
AL A IR 56t B R R [ S DR kR L B A R
O E R R A KRR R S A G R
WL F DR BT A L A TEORE R A, A EEE R ALE 20
RSk AEAE —80 °C, T EEIE M/ M s A E A

1 ABAMEAREXREFRHRS
Table 1 Composition and nutrients content

of the basal diets %

20 % Diet groups

JiH Items fiky KRGS M REEN
FM #HHSC CM Mix

A 820 B Ingredients
i} Fish meal 30 — — 10
KRE ks HEA
Soya concentrate
KK Canola meal — — 30 10
Tl % Casein 23 30 32 26
214k % a-Cellulose 16.5 6.5 4.
1 -3 Fish liver oil 2 5
KGR #E R
Soybean lecithin
5iER Attractants 1 1 1 1
g RWEY
Vitamins mixture *
TR S
Minerals mixture*
4% C Ve 0.5 0.5 0.
AR
Proximate composition
7K 4y Moisture 8.6 8.6 8.3 8.9
MU Lipid (dry mass) 8.3 8.2 8.7 8.8
MK 4> Ash (dry mass) 8.5 6.9 7.7 7.5
A Protein

(dry mass)

- 30 — 10

w
w
—_
e =
o

o
o
(&2
21

o
<
w

49.0 47.3 48.9 48.4

T JEHLER IR R K 2k A R WUR ARG Gao 450297,

mins mixture and minerals mixture are formulated according to

Note: Vita-

Gao et al 129,
F2 EANMBRASEBEAR
Table 2 Total amino acid contents (g/100 g
dry sample) of test diets %

2% Diet groups
i H Items ik K4 AR RAEEN
FM H 1 SC CM Mix

R Amino acids

W& R Arginine 1.88 1.77 1.56 1.78
& R Histidine 1.24 1.05 0.99 1.17
BT AE MR Isoleucine 0.88 1.76 1.58 1.90
LR Leucine 3.85 3.52 3.19 3.70
&R Lysine 3.39 2.89 2.46 3.07
FE AR Methionine 0.63 0.56 0.53 0.67
KN &M Phenylalanine  2.03 1.97 1.70 2.02
I 2 % Threonine 1.88 1.65 1.58 1.75
iR Valine 2.55 2.27 2.20 2.48
{6,912 Tryptophan 1.93 1.84 1.59 1.89
BT EAER S EAA 20.26 19.28 17.38  20.43
KA E R Aspartic acid 3.51 3.42 2.69 3.41
KA MR Glutamic acid 8.52 8.81 7.89 8.95
22 F R Serine 2.15 2.15 1.84 2.18
ifi % B2 Proline 3.44 3.52 3.19 3.41
H&M Glycine 1.57 1.08 1.20 1.27
H& R Alanine 1.94 1.36 1.33 1.55
SR T SR .

S NEAA 21.13 20.34 18.14  20.77
W BUE R 3 BR324 18 . Note: Data is the average of three

numbers.
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T A% 1 PR KR AT AE — 80 C UKAH T & MR 7 #r .
1.5 IEHRME

o Rk A A R A A BT AR R AL OLALCRY 4y
Bror . GRPRERI A AATE 120 °CF 4 2 48 5 B 2
K A3 it AR R R U 2 R 7 SR
FICHIAR I K53 R FH Sh A b R AR 2300 7€

T kL A A B S SE R 1Y I 2 2 B Teshima
SR RO 8 T

i A v R S A AR B (SOD) T 14 2R FH B IR s
AR Lt E L SR CCAT) 36 1 R FH R R 4 12
SE LA T K SR AL 4 i CGPXO T 2R I A i A
S50 R BE A G . H R R et A ) AR
80 AR 7 R ) AT I E

A KRR T T A S ] Gao 7 Ik

*3

1.6 HEALIE

BOPE ok 1 SPSS16. 0 48 it % F tF One-way
ANOVA J72Z 587 # Duncan’s ¥ 1{H £ 5 X
ISR 2 7 W E AT b2, P<<0.05,3h
NEFEBE.

2 BRESMW

A [EE | iR T 88 A4 1< M B8 9 B2 1

T Ak AS ] 1 U Xt e 6K R e 2 K 4 B 0 4 A )
FFRR LS R UL 3, 25t 30 d K, 44 a1
R VEARBMEDTRCRKA R EER.
FM 21 i 2K R ot i 0 R R B KR
TP E R SC M SM 4, SR, MIX 4H 13X
S g b 5 FM A B 35 22 5 L 4 IR FML, SC R MIX

2.1

e Sk B A K e

Table 3 Growth performance of loach fingerling

415 Diet groups

i H Items
fify FM

REEAEH SC

kM CM RAEHH Mix

WG R B/ mg TW
YR AR T /mg FW
WA/ Y% BWG

35.040.1
176.0+15.5b
402.84+44.3b

35.0420.2
133.0£21.1a
279.9460.3a

35.040.0
110.8+11.1a
216.54+31.8a

35.040.1
146.7+£17.7ab
319.2450.6ab

FeE KR/ % SGR 5.3740.30b 4.4240.52a 3.83+0.35a 4.76 £0.40ab
AR FCR 3.834:0.77 3.78240.56 3.9440.99 3.97420.62
B/ (g/fish) FI 0.53+0.10b 0.347+0.10ab 0.274+0.10a 0.4240.00ab
EHFAME PER 0.57+0.12 0.600.09 0.60+0.13 0.57+0.09
FEWEF/ % SR 82.943.2 84.6+8.3 85.9+4.4 85.4+5.1

0 A — AT A AR F R P 4L A 3 25 5 (P<<0.05), T #IF. Note: The values with different letters in the same row indicate

there are significant difference(P<<0.05). The same as below.
HIFE R BA W25 AR CM A E
BRAR T HAL 3 4., H#HAMBEEE LR N FM
4 >MIX 4 >SC 4 >CM 4,
22 BEFAMRBSMIREREAR ST

A5 0 4L 8] f A Y K 23 IR Gy R D FOHLEE 11
BAZBAFEARZW, AR R 4, 2

A FE IR 4 R I 26 5. TR SRR 4 B A R
A R | HE 2 R RN 4512 TR 5 L T R R (EAA) Ry
IR H &R FIE 0% AR (NEAA) B 2 52 3 15
B [ 2 (I8 A 5200 (P <<0.05) ., ZEUE LT 46
MEFM A ZAER =W ES T MR CM A
(P<<0.05),

x4 BUENERAN
Table 4 Whole body proximate analysis of loach fingerling %

i H Ttems

21 5] Diet groups

ik FM KREWGTER SC SR CM RAHA Mix

3 |~ " =N
*ﬁaﬂﬂﬂbqﬁﬁm) , 28.2-1.4 28.0--0.8 28.5-0.3 29.0--0.9
Crude Fat (dry weight)

5% 7 it
/kﬁ(j”ﬂii) . 82.040.7 82.7+0.3 84.5+0.9 82.240.5
Moisture (wet weight)
K4y CF Bt )
/{(ﬁ T . 9.5+0.8 9.5+0.4 9.3£0.9 9.5+0.7
Crude ash (dry weight)
y (+JF )
HEHTRE 68.1+1.3 714+1.0 69.0+1.2 70.0+0.4

Crude protein(dry weight)
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Table 5

x5 RHHEGESERAN(TRE)

Total amino acid contents (dry sample) of whole body of loach fingerling

/100 g

i H Items

215 Diet groups

il FM KEWRAEEH SC R CM RAHEMA Mix
WA EAA

&R Arginine 3.89+0.21 3.94+0.13 3.88+0.13 3.92+0.13
HE M Histidine 1.7140.01 1.6320.06 1.6020.04 1.660.06
FEE R Tsoleucine 2.8240.01 2.7940.05 2.7540.05 2.8140.08
ZL & R Leucine 5.2740.09ab 5.2340.05ab 5.1240.03a 5.3340.08b
#i &R Lysine 5.87+0.10b 5.68+0.04a 5.67+0.01a 5.80+0.04ab
HE R MR Methionine 1.5540.01ab 1.5840.01ab 1.5440.02a 1.58+0.00b
KN E MR Phenylalanine 2.8140.03 2.7440.04 2.724+0.03 2.8040.05
7 & Threonine 3.8940.21 3.9440.13 3.88+0.13 3.9240.13
AR Valine 3.5240.03¢ 3.40£0.03b 3.33+0.02a 3.3940.06ab
%4 R Tryptophan 2.2840.02 2.2840.04 2.2640.04 2.3140.02

BOTFEER S EAA
e 75 LR NEAA

29.284+0.04b

28.92+0.19ab

28.4940.25a

29.274+0.16b

KA MR Aspartic acid 6.55+0.19 6.52+0.10 6.34+0.17 6.5040.12
AR M Glutamic acid 10.1940.10b 9.75+0.10a 9.53+0.07a 9.62+0.25a
22 %R Serine 2.84+0.05 2.92+0.05 2.81+0.08 2.87+0.11
i % # Proline 2.8240.07 2.8640.04 2.7140.09 2.7740.08
H&® Glycine 3.42+0.04a 3.6240.05b 3.4340.08a 3.39+0.08a
W& Alanine 3.8140.04 3.7340.07 3.67+0.07 3.7340.08
MAEM TR AR S NEAA 31.90+0.09 31.68+0.38 30.75+0.53 31.19+0.69

23 mEAELEBEESW

23t 30 d MR 5 A A 4R I R e T
TR AE 71 1R CAT . SOD #1 GPX (G M (& 1),
T FM A CM 4 e ik CAT & I 2 & T 1] i
MIX 44 (P >0.05), fAM SC 1 CM 4 1) SOD Fi
GPX & #2430 1 25 I T HAh i 5 240 (P <<0.05) .

£ 2% apm

S 180b e bh
%DE 160 gcm
St 1400 mMix a
5—5 120f
= < L
Z2 100
gs 80f
f_’;; 60F
F = 4op
Bz 20+ b ah b 2

ERNINN NN

CAT SOD GPX

SAALNEF Oxidase

1 BRHEasaFREALEEYE

Fig.l1 Activities of antioxidant enzymes of loach fingerling
3 i i

31 AEEAIE RS A 885 =

AR LE R L. FM AW ERKREREEES T
Hofts 2 FpRIY) EE IR (SC 411 CM 41, X 2B 1 4
REFM AW ] DL o e BRORHE £00 i A KM RE . FM
HMIX H A A: KPERE A W B 22 5% . FM 2 i 3 &

F(402.8% + 44.3%) B T MIX 41 (319.2% +
50.6 %6) , X 1] GBS R Sk R I B 1 R L, ) Ui Bk
T A0 T AL 05, T O O SRR £ B AR L AR AR5
Hh R RCHE A BB RN RS R R EL AT A LY R A
(FM>MIX>>SC>CM) . 43 Hr K 3 5 40 1] 8 5 3%
BRAXRR. MR TR % & A LR 522
K EAC R Z N HEK =R, HEH
FX BB R (038 1 22, ME K 7= sh W 5 k.
HA B B & Y e E T
TR IE M, AR T R E R
Bomer g s AR E KR ITR R A RS R,
DAL AT 4 T V0 Bk 2 S R R B ) L AR R R
AN ) AR TR CEVD B AR T H 4 & AT
SETAERERE. JHh, AR B R R BOR 0 ik
EABCEER DR MY E AR SCAHAMCM 45
FM 4847 0 3% 1 22 5, 2 B T U8 Bk HE a0 xf 1) ) o
AN ) R LA AR TR 0 R L R AR I
HRE AR RBIEIE T 4. SN EE I ELRE
76 ST HE €0 LA X HRGE L W] AR SR R T AR AR
I3 R v B AN 2 B AR G TR L — P
ZE LA, 5 SC A CM 4 e de, FM 41 | i 3 R
FERFE R FM 8N AE #E T U8 S5 HE fa i B &,
(ITE X g
REHFAABESRNENHEDEORSHZ
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FhoeE SR F . PUSE R I E R Y i A e
F AR W77 A, T 308 R T 2 0 2 ) ) ft R
D e L7/ N S h Y X NI K = S R O
a2 BB ) ) BF ST AR 2D . Twashita %90 & 2R 4]
UENCRISEAN SN S 7 S € e 1 0K €1 B U
I H. b Bz 40 M BE 5 48 7 . Cheng %2 & Bl Tk
AR P PP SR B, BEE DR R
WA B S RN, AR 5 5 NS 7 T S U R
it 5 PR B R AIG . AR BEARY R IR S i 0 R
P30 T 5 S A KR AR R AR S
TN, TR AR AT 50 R R PSR T
TREICENE, R TFIHEFRN T ML EANEAER
B — 5.
32 AEEAREMNEESERARNZME

) B i 2 2 R RN AR 2 R AT T A
R, R R AR R Y kb 25 T DR RS 0 T A
TR 0 L Ath 22 B R 1) Bk =, O HL A8 68 45 w5 AE 4 2R 11 1]
BHIE FPESS FEAIS b, R CM 4 U B FE £
F14) 51 2 P D 20 R X 2 b T R R = ] AT
TAME FM 4. 240 A U SO ik 26 2 BE R 7 oK it
F14) DG 23 SR T K 56 0 £ 28 o 6 2 1R R 41 IR 1Y)
TR B e 1.3% ~ 3. 2% R 1. 3% ~
L5 SRRl o AR 3 56 4% 4 A ) vl ot TR R 4
RS M AE 2,46 % ~3.39% 1 2.20% ~2.55%
T, B gl Ko A e ok i, R T %
DR Y R R 4 B T U R £ 1 T SR
3.3 AREZEAREXEHE SR ENEEENT G

MR WAL P A B ROS 8 53 HLIA 89 i & AL By
ARG, 2 7= 8 E AR B R, SOD i J2& B
B ARFE MY AL R B EE AR . CAT w] DL T H, O,
aia K H % H,O 1 O,, GPX ] DL 43 fi#
H,O,"", A i, MIX 4489 CAT i 7 i 1%
F FM Ml SC 41 ;SC 41/ SOD i 7 8 8 T HAth 3
4;CM 411 GPX Jf M 8 28 T Al 3 41, mARIR
i TR 45 B 1 URXT R SRR £ 4 £ PR Bt SR Ak i S M R
M) F 5t DAL, A 3 6 45 SR 3R W1 T LRl A IR 4 ) Rk
CAT.SOD #l GPX & PE /=4 T A F By 52, 78 H
MBI 5 Al R RE & BT AR — B 45 5 Dong 481
& B MR o 2 0 DE A9 SOD i GPX & &= B 12
IR T ARy 20 . R B, i) MR HC2H ) S R
JIEf SOD Ml GPX & B & =y 1) M £a )y 410
TEWFLSh M 5 o, Yahia 25529 BF 5% & B b M 00 53
I RN HLR SOD & 1 #RAK T il M Al 4 25

Al b R BT S A Tl 6 P2 7 A [ 4 LRI A ]
T 7 N IR A DRI 56 T T S A il I 41 1) B 5
SR A AE AN ] HORE I (1) A [R] 2 2

25 BRIk A 5T e kR £ 1) R} 1 A IR
PEATHIRZT . & BLRE R FM 38 0 aT LA i T8 Bkt
fofE e, N4 A R PERE . i Tl f8 oK /b ik
TCIE DN RE A R 8 3 T B9 T A R (E 2 1 R 2
FROMEE 5 A0 2R 23 A PR SROHE 12068 25 41 1) ) vh 2 ARG
AL, HAR SC 4 i A b i i 20 R 451 2 1R
b FM 235 AR LR DR v e 8 2 R 41 R
B TR Bt i TR A I % 0 T AR TR
T TG BRHE £ ) OR . A% AL IRDRE O 4 f RS 4R AL
Bl 7 A TSR i 7 R — 2B o3 M S [ A 7
[B]FIAS [F) 2 2R B PSR A Tl . DRI, AR U 25
T ARy e e BROHE £ 40 4 5 B 2 1 DR AR A DR BRERE
i GRDRE R R AT LR R A R PR R L D e Bk L B0
b HTDRL A F 7 S 416 1 B 2 i dl

2 % x #
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Effects of different dietary protein sources on growth performance,
amino acid composition and antioxidant ability of loach,

Misgurnus anguillillcaudatus fingerling

YAN Jie WEN Yonghui WANG Weimin CAO Xiaojuan GAO Jian

College of Fisheries/Key Laboratory of Agricultural Animal Genetics ,
Breeding and Reproduction of Ministry of Education/ Key Lab of Freshwater
Animal Breeding ,Ministry of Agriculture , Huazhong Agricultural University ,Wuhan 430070,China

Abstract A feeding trial was conducted to investigate effects of fish meal (FM), soybean concen-
trate (SC),canola meal (CM) and a combination of these protein sources at ratio 1 : 1 ¢ 1 (Mix) on
growth performance,whole amino acid compositions and antioxidant ability of loach,Misgurnus anguil-
lillcaudatus fingerling. A total of 1 200 loach with an average initial weight of 35.04 0.1 mg were fed on
the test diets for 30 d in a flow-through fresh water system.The results showed that the body weight
gain (BWG) of FM and Mix groups was significantly higher than those of SC and CM groups.Moreover,
feed intake (FI) of the fingerling in FM was higher than that of the plant protein groups. Whole body ly-
sine and valine concentrations in essential amino acid of the fingerling fed on CM were significantly lower
than those fed on FM.In the term of antioxidant enzyme activities,the fingerling in SC group had higher
glutathione peroxidase activity and lower superoxide dismutase activity compared with loach in the FM,
CM and Mix diets groups.In conclusion,fish meal is suitable protein source for loach fingerling.

Keywords Misgurnus anguillillcaudatus; protein sources; growth performance; amino acid com-

position; antioxidant enzyme activities
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