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FEE: fabiap AR B E v 5 H R0, 15%. 30% @ 8, B 3 30% & 9 & & A F 4
REAN T R R R Fr R R ER, T R AR 4 B 4 A(CP 42%, GE 18 MI/Kg)#y 5 304d
47 %R HDyv Doy D3fuDy, HRAD BHWEAETEIOD8E, HRXABEHHRE
W ATBHEEK. BRRBRIPREANEIWNEH. FRIT, KEZTHERI0%E R
SR EBRMRADEHNAREKRE. FFEEKESGR). IR L (VS)F AT A LL(HST), #b
FREAEBRCANDEL IR ERDEH A KEH. SLRATETNE. HH A
B, BZaF. BHEURL2EAFANARYILEELZR. KABETHERINERLEF
Bk A 0 24 ik ¥ E B2 (CHO). H i = B8 (TG)s & % £ s & & fH [E B (HDL-C)Fu 1)k 5%
% 6% ¢ JE[E B2(LDL-C)4 &, % %HDL-C/CHOfrHDL-C/LDL-CtL 18, K & B & vt &
KT, Ao B mFEKEEEEAEEBOLDL-C)4ERF _BMDAEEL ¥
B, MABANHBEHECOD)EREZEAE. ARXEKY, ABEZTHERETATFED
FoBMAOBRYENEK, THERENATHEL2EZMH AT BHFENAK, ETUK
EROEHHERRB IR ENE . AR TN TS EAER T UESZ 0 A A
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1 MRS TE

1.1 SKIAR

il . SRR R R Y EEE AR,
DA 2 301 R 30 Sk B B VR TR ) R FH 35 Al A R (CP
42%, GE 18 MI/Kg)(F1), 78 HLatiim Rl o &
FZMCRAZLRR A . BEREDE . 2F AR R RN A
HEAT S R T A, T B o 32.5%, M
BT R24.7%, MR & 5 o10.3%, MK
EE NS T%EMNO, 15%., 30% Mk ; 1F
30% 10 BEAR K LA [, b 70 A AR 5 R AR
FR (A ) 5 08 AR /K - i rode ) 45 1 20 1R N 2
MR/KF), W a4 A A BRI SE g iR, 40001
FIRND,. D,. Dy, Dy &k E R R i

SOH i, REEHM RILIRAHA, HET
TSE65SHIRUIR AT W 25 g2 Ak AL (AL 5 BARTE THLAK
BhH & A B2 7D R AR 4 2.0F13.0 mmAY 77
PR AL OB R, XU JR A 4 S CUKAE AR AF
#H
1.2 [AFEE

S 0 FH Y AR B E R T RS
FE Y 1 2R CF- 4 1A T &R 10 g)4802 , BHMLSY
AN, A AN R, N EESRE.
TE % IR K AG PR K L (A RO FR 2 250 L)y ) 37
K BEIRSE,  H 45 M) 2 I i it 1 3%~5%, H
K08:00, 12:30, 17:00%5 &M 1K, KIEHEES B
KoK, SR K I M (26.2£0.5) °C, pH N 7.3+

F1 ZRARERKREFKFRTEM)

Tab.1 Composition and nutrient levels of the test diets (air-dry basis)

Wi H items D, D, D; D,
J#}/% ingredients
ﬁi};%j::?ﬁ*ﬁ Peru steam-treated 35 20,75 45 245
% 2 EH dehulled soybean meal 26 30 33 33
Hi¥F & [ cottonseed protein 8 10 12 12
K IS5 fermented mulberry leaves 0 5 10 10
T AT AY strong flour 228 17.05 123 11.844
7l fish oil 3 3 3 3
i soybean oil 1 1 1 1
JIHA% choline 0.2 0.2 0.2 0.2
A TR premix 2 2 2 2
IR — S 45 Ca(H,PO,), 2 2 2 2
L-HRA R R £ L-lysine-H,SO,4 0.323
DL-#E % iZ DL-methionine 0.133
EF/KF nutrient levels
HER % /% crude protein 42.3 422 42.1 42.1
HAR /% crude lipid 8.13 7.73 7.33 7.33
KK 53 /% crude ash 9.77 9.79 9.80 9.80
HHE TR/ % lysine 2.67 2.56 2.46 2.67
% /% methionine 0.84 0.77 0.71 0.84
B EIEEL/% sulphur amino acids 1.31 1.23 1.16 1.16
KLf8/(MJ/kg) gross energy 18.1 18.1 18.0 18.0

W LERIRER 35 % 65%L-H 2R ; DL-EEZ MR % 98%DL-E 2 R

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

http://www.scxuebao.cn
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0.5, fE>6.8mg/L, A <0.48 mg/L, W A4HL
+h%<0.06 mg/L.

1.3 Hmilg5aih

WFELIERG, 25 @24 h5fRE, BAE
2 REALE3 Rt/ o e fREah T AR AR A
FE; HAEEMALE4E i, FMS-2223E 17 bk
Fige, WK MRS, RS R BFBEAE, H
FICARSE bR I E s B EERVLRSE A TR
Fr kBN, 7E4000xg 4 °CA4 R B0 10 min, Y
M, —20 CCIAIEA .

T Rk SRR R 4 fa B S ¥ FE 105 °CHt T = fH
&, RJE R YL E kD R A,
F P 8 I LG 0 i, R TRL(550 CO)RY %
PR KA i

I35 AR 48 BR324 R FH 4 B sh A4k s i (H
SET100) 7, ALFE A A % 2 BiF (AL T) I 4 B 4% 45
fifi (AST) 3G P DL K A 0 & s (TC) . H b =18
(TG). =% B g & (1 M [ B (HDL-C) AL % B g
1 H [ BE(LDL-C) i & . I35 48 S Ak 4 5 1k
it (SOD)IF 1 FI T — 1% (MDA) & 2 % 1 5% 2 A
A=) T REBI 5T BT A 72 AR AT I E . A
J S R % S I
1.4 HELAR

5 78 4 K . (specific growth rate, SGR, %/d)=
100%[InW~1n W)/t

1 JFU 3R (protein efficiency ratio, PER)=(W—
Wo(FXF,);

T Bl 2 $X (feed conversion ratio; FCR)=F/(W~
Wo)s

& ¥ (feeding rate, FR, g/d)=Fx2/[(W+

Wo)xt];

A3 R (survival, SR, %)=100xN,/Ny;

JIt% 3% ¥ (condition factor, CF, g/cm®)=100x
WL

JIE A FE (viscera somatic index, VSI, %)=100x
WJWs

JF 1A Lt (hepatopancreas somatic index, HSI,
%)=100x 7/,
K, W) W(g)53 i hy 2 R A4 ot 125 FIW) 4 44
Fidr; tNFRHERKRE; F(o)NEHHEE;
F,(%) B H s s N )FING(R) 7 o
ZORBEAPIREEG Llem) ik ; w(g)Hh
NIIEEE ;. ()0 TR E R

1.5 HELBE S

S50 A 1 LAY 34 B 465 1 2% (mean+SE) %
/N, R SPSS17.0%F B A5 B4l i#E 47 B K 3R Oy 2541
Hi (One-Way ANOVA), 777 5k 3 i % K,
W HEFT Tukey 2 5 LA, 2 PE7KF- A P<0.05,

2 4k

21 REERMMRXORSERMEENZME

T ek H A ) KO e T S AR Ry b 35
e oA 1 SR ) A PR RE (3R 2) 0 30% 45 1R f K3 7K
R 1T R B 1) 8 SR R T R E A KR I IR
T HRZH RN 15% 45 18 (08 7K F- 4. (P<0.05), T X
R 15 % fa 8 B2 AR K ST 4 2 18] G B 35 5 ) (P>
0.05), 30% B AT 72 A S IR f5 (30%+AA)
R M ) 2 R R 5 R S A K R 5 X R A
TBFEES, FEES30%MB K4 T 8%
225 (P>0.05). £ LI I RRCR . Ak R 5L

F2 ERTRMABERMIKOREE KRNI

Tab.2 Effects of fermented mulberry leaves on growth performance of largemouth bass

Wi H items D, D, D; D,

WIH AT /g IBW 10.960.22 11.51£0.25 11.1020.30 10.79+0.52
LR /g FBW 28.13+0.94™ 30.10+0.26" 23.29+1.40° 25.76+0.75®
e KR /(%/d) SGR 1.71+0.02° 1.68+0.02° 1.3240.08° 1.56+0.04®
HHE R AF PER 2.42+0.18 2.36+0.13 2.07+0.15 2.28+0.04
Tkl Z % FCR 1.30+0.10 1.33£0.07 1.53+0.12 1.37+0.02
A H/(%/d) FR 2.0620.12 2.08+0.14 1.910.09 2.0140.07
R # /Y% SR 96.67+3.46 93.33+2.75 95.56+2.49 94.44+3.83

e FATEAE B A RN TR 2 R B (P<0.05), R

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

http://www.scxuebao.cn
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R I TC i 38 22 5 (P>0.05),
2.2 AEERERMIKORBEHSIEIRFAHER

30% A B AR KT DL SR FE S IR R L PR e 2
S 3 AR K T B 4R Fb RRFAAR BE (P<0.05), T
15% 04 B AR K 3 A I8 35 5% R (P>0.05)(£:3) .
AL A T PR R DL K Ak Ay L MR A
[T . RLAR I FTREL K 43 B FE 3 JC 1 3 25 5(P>0.05)

F3 ABEMIAOBGRSERNEFFARMNIIE
Tab.3 Morphological measurements and nutrient
composition of largemouth bass fed diets containing

different levels of fermented mulberry leaves %

i H items D, D, D, D,

FEASTERR morphological measurements

AL CF 1.31£0.01 1.29+0.02 1.28+0.03 1.28+0.03
AEAA L VST 7.21£0.15" 7.03+0.07* 6.27+0.18" 6.32+0.09"
A4 L HST 1.70+0.04" 1.63+0.03" 1.31£0.09° 1.30+0.05"

E IR R nutrition composition
/K4 moisture 72.00£0.40 71.35£0.45 71.35£0.45 71.15£0.35
HL5E A5 crude protein 16.70+0.20 17.00+0.20 17.10+0.40 17.50+0.20
HARENI crude lipid 6.00£0.20 5.75+0.15 5.55+0.15 5.45+0.15

HK5Y crude ash 3.20£0.05 3.26£0.05 3.24+0.04 3.20+0.03

2.3 ABEESRMITK ORI ERE RIS

30% A B AR KT DL R R FE S IR R L PR e 2
8 R AR R 11 M i 3R I Lk = R R
= % B IR A T I [E BE S &, 42 " HDL-C/CHOFI
HDL-C/LDL-C {8 (P<0.05)(4), Fifi & 1% 35 %5
FRIKFE B 38 i, A 1 2 f i, 375 I %% B B 2K 1 AR
I e £ I 3 P IR (P<0.05)

24 ABRMHNAOZBSMBFNELERN
A

B S AR Ry KT I s, KRR

R4 ARGRMAEBERMIAOEL
0 3% B B A 8 e AR B 52 )
Tab.4 Effects of fermented mulberry leaves on blood

metabolic indexes of largemouth bass

TiH items D, D, D, D,
S L] i/ : -
10£0.13* 6.61+0.07° 4.82+0.07" 4.86+0.09
(mmol/L) CHO 7 7 7
Hm =g/ . . . .
£ + 4 i
(mmol/L) TG 1.56+0.02* 1.51+0.02" 1.44+0.02° 1.42+0.01

o 2 P IR A L
(mmol/L) HDL-C
I B A 2 s e/
(mmol/L) LDL-C

HDL-C/CHO

4.30+0.02° 4.12+0.04° 3.28+0.03° 3.26+0.04°
2.204£0.03" 1.79+0.06" 1.27+0.04° 1.26+0.01°
0.60+0.01° 0.62+0.01° 0.68+0.01° 0.67+0.01°

HDL-C/LDL-C 1.95£0.02° 2.30+0.06" 2.59+0.05" 2.60+0.02°

5 100 3% T SOD IR M i & FH s, LA 4 B AR
(P<0.05)(35) 30% Ry F: AR K- LA K #h 72 i 1A
QAT G 2 W B AT K 1 2B 671 75 MDA &t
(P<0.05), TMi15% 5 &K 5% 4 22 5 oA
8.3 (P>0.05).

3 iR

30 AXEBEMHBREMNROBEEKMEE
aEA

KRBT R, 7K ek A 8 B AR
0K 9 L ) PR S g i R B DA SR M A AN [
A BT 2250 MR T te sk, Watkf
XS A W AR R S R A, R AR Y A R
PEECRM, WARSLIR G R T LUF Y, K BT
R e SR IR 2 0] B AR, B KT (30%) A I 5
ERak SRR B AERK, X57EE
MG b RIS R — B R A 5% 5 it
A& e B B HE £ (Oreochromis niloticus) )
KPERE . X R WIS Wy X S M i 52 6e 77 KL 3 )
PR MAAE 2R, CAMRREN, Rk
T I BE W% 4035 BN B 9% B 635 (Heteropneustes fossilis)
A ERE, 5T R A i H E R AL 75%
¥, B 5 TE S B8 (Labeo bata)!'™ A Eg V. B 6

x5 EARBRRMEAEBERMIKXORSMFR AR

Tab.5 Effects of fermented mulberry leaves on antioxidant enzymes activities of largemouth bass

i H items D, D,

D, D,

AL B AL BE/(U/mL) SOD 387.67+8.00°

7 —%/(nmol/mL) MDA 1.95+0.06°

422.33+5.78*

1.82+0.05°

443.00+10.21° 437.00+11.02°

1.52+0.08° 1.47+0.05°

http://www.scxuebao.cn
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(Labeo rohita)'" I W58 &I, KSR LI
Tkl 50% by, 5 ST BURHC A 4l T8 TR
R P W B 5% Rk TP 0% fh kY o AN S 5 SR B IR
S, REEFRM A5 % MR AN 23 5 K R
A, XEEZEIRUESE, R LS AT LA
FEXF SRR A, (DR A 1 SR R R30%
oy om0 R e AR, R LKEET. 20
DAREAR 25 25 BRAE P M SR rh b 3 SR R - i 3 1,
(el AR o e LR/ S =T AL R R 36
W PE L AT R AR ALk e 38 3% 40 A T A 3 1T
X ] g SR i KT (30%) & i 5 i B AR A0k AS il ek
R T B A KPR RE A SR

AR EE R BIR, B KT (30%) K i 5 -
BE kb TS AR SRR, R PR Y A RS
WAFR M . BRI SEN B s dg i, 7EAR
ek e b 70 A0 T U RR R R K PR
A L A R B S A A A B A A A
o XEegh ISR, K0 BT 5 A 45 &
FEMRMBE ] o & T MO MRXT fh R 2 LR (CAA) Y F]
HAETs, BASIMFAEVFZ 0L, PP EE R K Fh
e LA B S50 SR A AN TR T AEAE 25 . R WFIR IR
S, e ARk e S T e Al B L A B e T
FEWR AT S R Y 0 T AR R P, B KR
Y AE Y IR AR Y Xl R TR
K ek v A SR B At TR LR

ek v A ) EE R R A AR R A A PR AR R
PP 22 5 S0SE 0 3h 45 B R AR, R 52 i 3
P E R PERER Y fEASI I, KEERMIFIRA
SRR RS i, RUIRMH R RO
REERHE DM X STER P S AR bt
AR~ [FFE, TEED LRGSO IK Y
B VORI i I B Y (R I SR A T IR H A
RS L S R T m 4.

3.2 REEMHBREHMIXOELRERAB
I E L RE NIRRT

F A Y R R A YRS
T RE P I3 B AT e I B A I s S BE 2. |
Ai, RHEAERE" PMERh T2, A
AE A% 8 Sh W 9 AR PR RE, o ] LUl it 2 A
RS B RENE Dk . AL A R W B, 1
e rb IS N A 18 2R R I 2 AR O 1 SR G i A
R, Ul SR R Y R R A A 5% A A4
. XSERPPHEED EBEAER 8. 7EAP

http://www.scxuebao.cn

s AR, Sk SR AT DL REARAR % B AR
BT, X RN, R b &G A 01-
i S Y L %5 2 (1-deoxynojirimycin, DNJ)PF1 2 i
Z54) I3 BB A4 1 0 ) W T R ER R I b O e
M, ) B LA O 4 IO v AR A A O e g I
MERER, TR LA P oE . s R
PRI ANFE AR 2, R HR BRI TR, Park%?
WNGrFARIESE & M4 BB i i 34 15 PPARSH
LPL mRNAZ 5K P8 1 WLAR IR DA . A 5
PR 1 B T T LA o) B 3 PN R Y R i,
= HDL-C/LDL-CIGAE , i AH [ P ) JHF ik 5% 5 F
PRI, AR, ARDEHAS I s 7K P (30%) & T
S AT K T 2R 6 ) i HDL-C/CHOMTHDL-
C/LDL-CHUfH, 2 WA & o ] o o £ {4 AH i) e 2%
iz AR (H S 1 A A AR ke B R O R
MER, A TETiE— 25,

AN Y B AR ST =R C AR 295 A
RE A B2 = ML BT I RE 0™, Iy A T o A Ak
L ] 35 5 S0 PR B RRE SN o 3 R 7 L AR
b 55 28 7= T T ) T B b S AL AR Py
g Bt A 5 . AR R B, AR B N &
i S i B S R IR 11 SR 49 1M % MDAUK S | T
SOD/K -, 1 Je % & 4k fa "R R 1 A fF 58
AIRFER LB, X g JAR, b nliE i $2
o DL T 4604k . Ty B 4 4 Mg I 2ot 4 Ak i 1 R
IS E B F K, B8R 9E IO, DA o4 3% B
BT RER . WA IFGTde SRt 2
U/ =RV IR IR =R A=A BN (1871 917 5 ) |
RS 25 W SR A 20 S5 38 A2 ok 3] PR AR A B
F UL AT DL, SR 5 g A ) ) A0k O 3 et 4
GIRZNOE =R AT DAE S5

4 i

TRDRE v S e 5 AT LK P £B (15%) A
SRR R R A A, T K P (30%) B AR £
by o B O D RS R A, E AT LLE R
1 65 1) Jig ST A AL AT A AL RE ) o AR R
Kb FE Al A LR T LR R R A R, fe it
RERBAER,

SE R
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Effects of replacing fish meal with fermented mulberry leaves on the growth,
lipid metabolism and antioxidant capacity in
largemouth bass (Micropterus salmoides)

XU Tao'?, PENG Xianghe'”, CHEN Yongjun'’, LIN Shimei'?", HUANG Xianzhi’, LI Yun'"?
(1. College of Animal Science and Technology, Southwest University, Chongqing 400716, China;
2. Key Laboratory of Freshwater Fish Reproduction and Development, Ministry of Education,
Southwest University, Chongging 400716, China,
3. Institute of Sericulture and Systems Biology, Southwest University, Chongqing 400716, China)

Abstract: This experiment was conducted to study the effect of replacement of fish meal by fermented mulberry
leaves on the growth, lipid metabolism and antioxidant capacity of largemouth bass [with the initial weight (10 g)].
Four isonitrogenous and isoenergetic diets (CP 42%, GE 18 MJ/Kg) were formulated to contain different levels of
fermented mulberry based upon the basal diet to replace fish meal 0 (D), 15% (D,), 30% (D5) and supplement
EAA based on 30% (D,). After 8 weeks, the results showed that final weight (FW), specific growth rate (SGR),
viscera somatic index (VSI) and hepatopancreas somatic index (HSI) were decreased significantly when the
replacement ratio of fish meal by fermented mulberry was 30% , and supplement crystalline amino acids (CAA)
could improve the growth of largemouth bass obviously. There were no significant differences in protein efficiency
ratio (PER), feed conversion ratio (FCR), feeding rate (FR), condition factor (CF) and whole body general
composition for each test group. The largemouth bass serum of CHO, TG, HDL-C and LDL-C were decreased
observably but the ratios of HDL-C/CHO and HDL-C/LDL-C showed the opposite trend. The LDL-C decreased as
fermented mulberry ratio increased. Superoxide dismutase (SOD) activities increased significantly as fermented
mulberry ratio increased, but malondialdehyde (MDA) decreased markedly. Results of above show that a suitable
percentage of fermented mulberry replacement of fish meal has no effect on the growth of largemouth bass. Too
high replacement levels would inhibit the growth of largemouth bass, but could improve the lipid metabolism and
antioxidant capacity of largemouth bass. Supplement of essential amino acids can improve the utilization of
fermented mulberry, and promote the growth of largemouth bass.
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