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WE: JHETARRBEA AT B LK. m A LIRAR R A A DB A
BHRFH R, LRAIAE R EH (12.45£0.07) gy K 0 R 180, ML K24
NE, FMLEINER, BNERIR, 2 A RRE S AKEE, RE84d. £R
Lor, BaAR A KT RS ER(WGR). 4F & & K& (SGR)F1A # & #(FCR) . 3 &
Tk, W& 8 FME (PER). AR MHSDAER (VSR 5 & Tk a4, KB
EFRAWeWME, HERSER TS Tokeaid, FIEE ameE D & KT ok e sk
4, MAVERMGENBEELEFZ2R. AREGANAAD RS MK 4T % A6
(AST)% M Mg fn 7 — B (MDA)4 & DA X Ca/PLh{H B 3% & T ok S 6k 41, T i 3¢ 45 1% 5% B
B (ALP). 2 4 1t 4 b fb B (SOD)Fu & it # ik 2t 4 1t 4 B (GSH-Px) 7% 1 DL & & & & (TP).
Hb=Z8(TG). k& S 2 B F M T ASEHL. ELRADKETH AR
ALT)EMUKEEETOM RS X2 ENLEFZ2R. ReFARAL P mAo X4 if
JEfnfp ity AR, AREeFAHAIRENTFEZRUAZTE, MNIAEZET
EAREARG . LN, EALREAHT, KASESHEELEARATES, BT
MY MADRGHEK, TEHRGIEGEGEE. Bit, TUEEKE#ENERA
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1.1 SEEEARRY

SEH FH UK G S Sk B0 B W A E R RS
XRARK Y, HLRIREE, F-20 °CK4
R A2 o BC A TRDRE S R 1T B R
AR [ Y 4 R o SRR R
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Tab. 1 The main nutritional components of formulated
diet and fresh frozen H. molitrix(dry matter) %
e 7% [k DK A
nutritional component formulated diet  fresh frozen H. molitrix

Ky 4.65 68.25

moisture

HEA R 52.65 56.21

crude protein

HLUIE W 11.00 32.74

crude lipid

Ry 8.51 9.69

crude ash

VER 12.6 -

starch content

1.2 EFEE

S O E R 8 E PR T K AR X A A
Y, FIBCA el S 56 £ 10 d A3 B S 56 B
Beo SCIRRIAS 24 him, BEMLPELE A% O
TR — A K T A5 [(12.45+0.07) g]43 M 24,
HFINEE, BIEEI0E, BREMEEE
i) T A5 ) s R oK ff B 37 (8:30 . 12:30F118:00),
FREe B 2930 min, Bl )5 T BRER I FIZEAE, FR5H
KU KBS H KK, TEE WIRKIE A IR0 R 50
(AR FR200 L)fR 3284 d, S IE], KRN
26~29 °C, ¥fii%.7~8 mg/L, % %A <0.48 mg/L,
Vil R £5 %(<0.07 mg/L, pHN7.2~7.6,

1.3 HERXESUESF

WFRLIEE NG, B4 hEHE, B E
R REMLIG R Al Ry ke b, AR A A
s BAEEBEYUEGRE M, FH0.01%Ms-222Jf
e, WRK . MRE, arEs R EBRIE, H
TIARIE PRI E ; BAEEREVIRSE M TR
DK BRI, A B EE SR A I T4 000 r/min
4 °CEAMTF B 10 min, YHEIMY, 80 °CIR-AF

# Mo BAEZ 356N H 5 3B (AT
By« B RS B ) RN IE O AE T PBSZE i
WA BT -20 °CIATER

Z: R AP A VO T 1 B IS 5 0 1 JH R
R IESIHK o FE RN A2.5 mLyK¥ REEIK
FHHL ) 2 K242 VKK 1 000 r/min”) 3¢ 5 min,
AR WAES °C, 1000 t/min, #0230 min, B E
W, —80 °CLRAF# M.

o] 6h R A R SR I 2R ] AR
HorpoRL A s A SR AR N A A
(Leco FB-528); HLAR Wi & & A I ok H &R K42
ey KA ERIR HAE105 °CHE T 2= f vk
R 53R FH 2 3 1 550 °CH e 2k J 1 A

A T RN T Ry ol SR e A ) T
R 58 B A 77 0] S AT I . SR B X
KHAE3T °CF, 2 T+ 1l W B 53 B K A 1 2 A=
B pgls 2B o — A B S 1B . TERM A R
137 °CF, B2 THEER 30 min 5 2K f# 10 mg
VEN R —AVE K Bl T o

I3 45 DY 5% M (ALT) . 4% B 5% 2 il
(AST)FIHE 1 s 12 3 (AL P M LA 2 3456 (1 (TP).
JRZF (UREA), EJHFEEEL(TC). H il =EE(TG). 1K
% B B 4K 11 1B [ B (LDL-C) 71 3 24 B (GLU) 3% 2
K4 A s A AL Hr AL (H 7. 7100000 5E o I 2% 68
AW B ALRF(SOD) . i A Ak A W (CAT) FIL AT i
H K3 AL Y 5 (GSH-PX) 1 #: DL K 7 1% (MDA)
B E I E SR A L UL R R A BRI EA
w R S AT I A o I KRR S R A
P2 R 2 e SR Y AT ST 98 12 000 i (i 59 R 3 B R
A0 WG I S e M A, b BT &% B A H R
AR TEAEA A, W& ddb s eI AR W EOR iy
AT RS . RS B R FH ORI, 3R
& R R ) TR S B A
14 HEALAR

14 B R (weight growth rate, WGR, %) =
(WW,)/W,x100;

758 A K 2R (specific growth rate, SGR, %/d) =
(InW~InW,)/tx100;

5 M Fi30% (protein efficiency rate, PER, %) =
(W =W, ) (W< W,)x100;

17 B} 22 5 (feed conversion rate, FCR) =
Wo(W=W,);

B 2R (survival rate, SR, %)=N,/N,x100;

E i ¥ (condition factor, CF, g/cm?®) =
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WJ/L’x100;

JIE A& [ (viscerosomatic index, VSI, %) =
W, /Wx100;

JF 1 kb (hepatosomatic index, HSI, %) =
Wi/ Wx100,
X, CAREFERE); NI ERR); NN
LKREBR): wp o lal R HHLE B & (%)
Wik SRR R T HE(g); WA RINE(2);
W, NWIER I (g); WNIEE (g); WWIFIIETE ()5
WhEBE (g); LR K (em),

15 HIEAES S

FHSPSS 23. 0% 4 %F r A5 5 48 47 IR &
23 HT(One-Way ANOVA), #5252 (P<0.05),
FEAT Tukey [C 2 5 LA . BRASIE 40, B4y
DI 4 {5 5 i 1% (meantSE) £ 7 o

2 4

2.1 BEC& AR K EEEE X K OB e E KM RE
abAlD

T A5 s Al R DK i B 2 S S R ) R T B A
AERMRR(ER2), FLA R K T RE T FBW .,
WGR. SGRHIFCR . #IX T UK i % 2 (P<0.05) ,
IMPER, HSI. VSILL K0 & i i 2w T ok it
21 (P<0.05)(F62, #3)o #5350 2H K 11 22 s I 3
JEUL R4tk gy . MLEE A, MR . LK 4
R J 2 2 34 T B 3 25 ¢ (P>0.05) 0 45 SE A
R PR BT R 100%

2 EEtAR ANk EEsE T K O RS54 KRR S
Tab. 2 Effects of formulated diet and fresh frozen

H. molitrix on the growth performance of M. salmoides

®3 EAEERMKEEEKOEFRSERMN
g 40
Tab.3 Effects of formulated diet and fresh frozen
H. molitrix on morphological measurements and

nutrition composition of M.salmoides

TiH fic & k) VK ik e
items formulated diet  fresh frozen H. molitrix
FA&HFR  morphological measurements
A /(g/cm’) 1.7740.13 2.24+0.20
CF
AR /% 8.60+0.11° 6.67+0.51°
VSI
FFAR /% 2.67+0.17° 1.08+0.07°
HSI
EIRHAMR nutrition composition
K5 1% 72.00+0.01 68.00:£0.04
moisture
HE A B/% 18.01+£0.28 17.93+4.77
crude protein
HENE /% 6.78+0.21 6.37+0.04
crude lipid
HAK 1% 3.44+0.05 3.51£0.01
crude ash
FFHE R/ (mg/g) 74.33+£8.97° 42.77+0.95"
liver glycogen
JLFE R /(mg/g) 1.02+0.06 0.91+0.08

muscle glycogen

2.2 EAMRBAKEE SR KO B HLEEE
{e: DAL

e A ) Ak 20 K 1T PR s R TS
1% T VK faf 5% 2H (P<0.05), 1M iz & 3 Tk 3 M G I 2%
25 (K4,

Fz 4 EEEERFNKEEEE ST K OB
HESTE MR
Tab.4 Effects of formulated diet and fresh frozen

H. molitrix on enzyme activities of M. salmoides

TiH fic & vkt DRI b
items formulated diet fresh frozen H. molitrix
YIlh /g 12.45+0.07 12.56+0.14
IBW
%K H/g 53.50+4.24° 76.68+7.17°
FBW
/% 329.72+0.37° 510.51+0.61°
WGR
R AR K ER(%/d) 1.60+£0.99° 1.99+0.11°
SGR
B A% 1.44+0.26" 0.67+0.08"
PER
TR R EL 1.20+0.06° 3.60+0.35°
FCR
RIS R/ % 100 100

SR

LiH [IRRaaib s DK A i

items formulated diet fresh frozen H. molitrix
JFE A (1 §/(U/mg protein)  0.53+0.30° 0.72+0.07°
liver protease
Ji7 € ¥ B8/(U/mg protein) 0.76+0.21 0.79+0.02

intestinal amylase

e AT EARA R/ NG F RS ZE R B3 (P<0.05), FIF
Notes: values in the same column with different superscripted small
letters mean significant difference (P<0.05), the same below

http://www.scxuebao.cn

2.3 EEARFIKEEEEXT KO ESMREWL
i 0L

e A5 ) Ak AR DK A e 2 9 3 R M) K T B A
I3 A AR AR (36 5) 0 LA e 20 R 11 I B 1 2
() ASTIG Pk . A & & LA B Ca/PHO(E i 2 v T UK
fief #f 2H (P<0.05), 1 H Il 3 ALPIG 4 DL S TP
TG. FRE . 5B & & KT oKk b 654 (P<
0.05), 4% 5256 24 1 ¢ ALTIE Pk LA K JIH [3] 2 0 i 15
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*=5 EEARIAKEEEE YA OD RS
m#4E IEFRRIE N
Tab.5 Effects of formulated diet and fresh frozen

H. molitrix on plasma biochemical index of M. salmoides

iH [t s VKA (i
items formulated diet fresh frozen H. molitrix
BN EEER/(U/L) 5.97+1.51 5.05+1.20
ALT
B R [/(U/L) 53.05+3.89" 32.60+2.20°
AST
TR S /(U/L) 69.23+1.52° 109.42+11.35°
ALP
HEA/(gL) 38.40+1.80° 50.05+2.50°
TP
H i = fg/(mmol/L) 8.20+0.66° 17.35+1.29"
TG
S5 IR B/ (mmol/L) 15.06+0.77 14.50+1.02
TC
1 K% /(mmol/L) 4.7140.63° 3.30+0.28°
plasma glucose
Ji% 1 F/(mmol/L) 26.65+£2.78 22.22+1.40
plasma insulin
JRZ/(mmol/L) 1.23+0.12° 2.58+0.64°
UREA
Ca/(mmol/L) 3.03£0.26° 3.47+0.02°
P/(mmol/L) 3.1840.24° 4.42+0.16°
Ca/P 0.95+0.02° 0.79+0.03"

R BT E 257 (P>0.05),

24 EAEBMKESENAOESMRINE
LEE D BIF MR

B ARk, K B9 12 SODMIGSH-
Px I 1 ik 3 K T vk fef % 20 (P<0.05) i i & ) B
20 1M I MDA #1825 15 T oK e 655 21 (P<0.05). 4%
S 40 1 3K CATIG M L 2 GSH-Px/SODMICAT/
SOD L {H ¥4 TG it 2 22 5 (P>0.05)(36).

6 ARk EESER K O B e MR
IR IRR S0
Tab. 6 Effects of formulated diet and fresh frozen

H. molitrix on plasma antioxidant index of M. salmoides

Vi Ea
i KA kit
. . fresh frozen H.
items formulated diet L
molitrix
B B/ 362.95+13.80° 432.95+8.27°
(U/mg prot) SOD
A AR 108.85+7.99 123.20+8.91
(U/mg prot)CAT
Bk H R S A e 530.45+63.71° 609.05+53.67°
(nmol/L) GSH-Px
GSH-Px/SOD 1.46+0.30 1.400.15
CAT/SOD 0.28+0.01 0.29+0.02
74 % /(nmol/L) 31.25+2.05° 28.20+0.14°

MDA

2.5 B & R AN K B 8 X O 2% 85 BT A A0 A7
EHAFHFM

DI SR Gt 2 DR 0 2R BT 20 M HE S RE S, Af g
FHRAC W, A0 M A% AT RT DL o T R
21T 440 MR 2 G JER RN, T A L v A S
U AU, T AN A O W i i B R R

Bl 1 FA R R i 3
K O R S5FT 4R BB M (L. E 400%)
G-cell: FF4fil: G-nucleus: MF#HMI#%: F-granule: [T 20 fid v o
B NG R 1. UKEFEEA; 2. MARA
Fig. 1 Effects of formulated diet and fresh frozen
H. molitrix on liver histology of M. salmoides (H. E 400x%)

G-cell: hepatocytes; G-nucleus: hepatic nuclear; F-granule: fat granule;

1: fresh frozen H. molitrix; 2: formulated diet

B 5 AR R H R B AT I B M . K
L, UK BRI B A K R HE
o AT BT . BE., =ik
JEEE PGP AN i ] e b HLHE S AN R S
1115 DK e 5% 25 v i 946 i RE 0 R A IS A R4
AP, W oE S WA IR (1#12),

3 iR

3.1 EC & TR ANk B E X K O R EA A K1 RE
aEA

ENTISTELE TV N3 €icd T NIy
WGRHFISGRE % & TRCA AR, HARER
= 43%, Ul BIC A RS ] T Rl R R B Y
K X5 TE BRI A B SRR ZE 6 (Scoph-
thalmus maximus)"" I (I RFFE G5 R — B, X LL45 R
R, R SR A 2T Pk i S i ) RO
BT I A mDRE, 130 BH BC A 1Dk Y 38 IR AR R A
(B CINASNEN & Ry R \ST ¥ o s (BP9 § 63 (37
K BB PER W K T HC G imDRL 2, 2R 1) ]
DK B 855 2 i i ARDRL AR SR IR IR 2 . AR SRR
R, KOREGHEEER SR, JFIEHA
52 ) WY S e IR, SRl U T A 1 S 0 R

http://www.scxuebao.cn


http://www.scxuebao.cn

1412 Ko

% W Q%

E 2 FEo&mpfnkeEstxt KO ESRIEM P AEALREMNEINMH E, 100x)
(2) Be & v R AT s (b) vKEEBEZA AT RS ; () TR A TR AL s (d) VK6 2 v i

Fig. 2 Effects of formulated diet and fresh frozen H. molitrix on foregut and migut in

M. salmoides under a light microscope (H. E, 100%)

(a) formulated diet of foregut; (b) fresh frozen H. molitrix of foregut; (c) formulated diet of midgut; (d) fresh frozen H. molitrix of midgut

3 (SO e S N RN A 3 (NS 32 N
HR g AR 2 B Iesh, KO REEE
[IARE IR S SR 7B SR (R NN D g T R
2R SE T BE A A e 23 52 e R B B 0 R
Yy R e ) . XSS SR, A DRI
il 1 5 2 Y T D] A R A T A U ) BE R
R E. Bk, 25 G UK 2% 8 5% L e AR
R Ho R B R AR Y BRI R Rk
R PR i ) GDRETC ) R R, PR B HG R R A
AR BESE, FRATTINE 320G T K 11 R B I 0
TE AR

WEFE R, Sl R et 20 B 25 7 Az A B
WiV SN, RDRE R VE M 23 A SR B W UE
oy TG R ) AR A o A 52 38 DR R B £ T 45 1)
BLIG 38 VE R B S MR O W A, RS
TR B VE A o R T UK T TR R i
HSLE R . X5 ZRI7E K H RS o2
R, B R K AL G KT REIR, R
ROTHSIE TR, WK 0 MR 52 0% 1Y g
T, CAEMRWUES, Y8 (Oncorhynchus
mykiss)!"VFI R A1 BE i (Epinephelus coioides) 5%
AR, S MEARII7EIFREDIR . HSIHE K
TR P 36 B 47 o 3 3R B A B 2K X Al
KALG Py R SRR, KR s ok b &
Yok VR 2 Bt IR A RS R, (HR R

http://www.scxuebao.cn

i 5 e B K AL S W RS IR B I R
meTtE, ARFRANI .

3.2 B A TRk i g X X O 2R 85X i A i
REMIRRBZME

0 25 1 A B A AR B 5 DR E KO 2%
221 = 15 SO v I A 117 £ 2 L2 R A e =R v O A
BB A AR . TR R AE ER A . IEHOREE
T, HLEAI R ALTAASTIR ML, A MU
UYL A A IR RN I, A 2y TR I N B
ARG PR R . AP AR, K H BT R
i B A AR IS I ASTH & PR TH i, 1 B AR
TC G 4] RE X R T PR B 0 I A T — o Y A
i, R MET R TSR B X6 A Rk ) A B N
RE B 2E . WA, IEZWE, #— L m T
TGH%IZ , T EAC A RDRE2H K 1 B 1 1f 2 TG
&, HFARLEE SR AE B A8 (Ctenopharyngodon idella)"™
& X AE 1 (GIFT Oreochromis niloticus)" 'l K32
B AR IE R B i), LDL-C
WEYEAL, B, w1 oKk G
Y AR RN ER AL, 2R O 1R R
e A iRDRE i R T i 1 . e B 2% R A
AR5 ST e o TN, BHETA R
JBR 5 2R 0 3 s 5 ek o B i OC R A HRE 45 R
A0 ARSI R, KA G KX R
FRBE MRS RS R EE2m, RFME
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JBE 5 2 0 43 W 5 DR K AL B WK TR ok, Xt
N 8 R 260 0 R ) A T S S ARO HE E R R A
518428 A4 (Rachycentron canadum)®" & /)il 58 45
R, AR H RO R E SRR A
Wi,

ALPE—F ZIIRERE, TENURN HH:2 5
i e A 1) e R AR, G T Mk v I A i AR
DR AR bR, ALPAR R 7 5 1A 1l 174 H 2 2 Ak
gy, PR eREh R E EEEAD, AR
R, OIRNBEEZ & FEALPH R, A
SEE A, K R AR R K e B S i 3 b e
o, YR SN ALPTE T, UL R
DK B B T DL K O R B ALK e ERE T, X
AT B J& ALPYS P T i A S PR o I S 5 385
el £ A Joi A3 0k R v A R A VR R i, A
200 S A AR R 5, 3 R R T R 5 5 £ oK fif
e 5 AR R RS PR T SRR Y SR R {HOR R
5 5% £ T 5 TDRE RN pK 6 B S, 2R AN . W
HIER 22 5, i Ca/P AR IFEEE , X2 AT
T — RN, HA EPERRAR

3.3 EATEAR K EEEER A O E At E I EE
pal-nbAl

S )L BB BOIRAS R Rl A K A
5, S5RGBT R & A B Bt Ak R, B
B G i Ak PR 1 i L% (malondialdehyde,
MDA), M = A 35 AR P, ABIE 9
o R PR B B G A R IR S T FIEMDA
o, RO & A TIE Ot E R . X5
IR G 1 (Myxocyprinus asiaticus)?F1JE& B % 4 f.(O.
niloticus)”" I B3 25 R — 8. sh ik Ak
Y&, 4k SR AFIhEE . BeAh, LR
R O R E R A RS, 3K SODFIGSH-
Px V& P 3 FEAIL, X 3R B A 1A k) 5] R A ik
MDA % 138 i i [R] f L fa0R P AR B 8 &R 48
2 8 feF, JEim S BHLAREBR A 2R
WS . MK ASTIG M Thm, Bk — B IESE TR
e Rl Xt K 1T B s O 3 i A S P 45 3

gi b Tak, BN vk e T K O R Y
AR PERE, (H AR ROR H AR T RS R
7 T A5 ) Rk 20 3 R ) R 1T B A ) i b i R
DIREN i R AW ISR =R o - i T I IR N6
R BIE, AT DU S UK R B Y 8 FR AR R
1SR a5 AR AR I, TR AT 2 K T B 1
[V B s N 15 8= Wl 4719 39
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Effects of formulated diet and fresh frozen Hypophthalmichthys molitrix on
growth, plasma biochemical index and antioxidant ability and
histology of Micropterus salmoides

MOU Mingming ', JIANG Yu', LUO Qiang’, CHENG Yongjun', LUOLi', LING Shimei "
(1. Key Laboratory of Freshwater Resources and Reproductive Development, Ministry of Education,
College of Animal Science and Technology, Southwest University, Chongging 400716, China;
2. Agricultural Commission of Bishan District of Chongqing, Chongqing 402670, China)

Abstract: To study the effects of different origins of feed on growth, plasma biochemical indexes, antioxidant ca-
pacity, liver and intestinal histology of Micropterus salmoides, 180 largemouth basses [initial average weight
(12.45+0.07) g] were randomly divided into 2 groups with three replicates at a stock density of 30, and commer-
cial compound diet and fresh frozen Hypophthalmichthys molitrix were allocated to each of two groups of fish for
a feeding period of 84 days. Results suggest that group with commercial compound diet behaves significantly
lower than the other group on weight gain rate(WGR), specific growth rate (SGR) and feed conversion ratio
(FCR), with the same conclusion on the liver protease activities. And the former performs higher than the latter on
protein efficiency ratio (PER), hepatosomatic index (HSI) and viscerosomatic index (VSI) than the other group,
similar to the hepatic glycogen contents. But significant difference disappeared in muscle glycogen and intestinal
amylase activities between 2 groups. The AST activities, glucose (GLU) and MDA contents and Ca/P ratio of lar-
gemouth basses fed with commercial compound diet are significantly higher than those fed with fresh frozen trash
fish group, but the activities of ALP, SOD, GSH-Px and the contents of TP, TG, UREA, Ca, P in plasma are signi-
ficantly lower than fresh frozen trash fish group. No significant difference was observed in ALT, TC and insulin
contents of plasma among all groups. The histological study showed that ultrastructure of the liver and the intest-
ine in the commercial compound diet treatment were abnormal. Serious vacuolization in liver, the severe mechan-
ical damage of intestinal villi were found in commercial compound diet group. The study, under given conditions,
indicates that fresh frozen H. molitrix is more appropriate to feed M. salmoides compared with commercial com-
pound diet. The latter not only affected the growth of largemouth bass but also did harm to the liver and intestine
of largemouth bass. Therefore, feed formulation technology for largemouth bass could be further developed, refer-

ring to nutritional composition of fresh frozen H. molitrix and the metabolic properties.
Key words: Micropterus salmoides; feed; frozen fish; biochemical indexes; liver; intestine
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