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HE i Bk s s A B R G BT ORI GLHT G, B 2013005
4 MRS AT ), LY 200000)

B E: AABRSERAMERADEREHRT R Zo5 A KMk hiF A NIEFERHEYS
MY, AR (HEO RS EH 55%) 5 R 5 RATBAEFF(Eh42H 35%) F
R YA o oy B R A% A4 AP S RF IS A9 A K ER A FIR AR A 35% .30% .25% .20% , &
#1932 A FM-35( %+ B&) . FM-30 . FM-25 FM-20, ¥ 300 BA47 4 F 394k & 4 (21.220.1) gy k7 &
o h AW FEIANEL HAANAEL 25 RE HZRE A, R AW . FM-30 &= FM-25 46934 &
Frab M ARG BAMLE R FE £ F(P>0.05),412 FM-20 20693 & £ 5 - B 2040 0L F %
8.97% ( P<0.05) , 44t 2 #3842 0.10( P<0.05) , SLEA R o (Ko HEG R AL 4
&) ERRFEF(P>0.05) ; FM-30 #= EM-25 28 84 & & J AR 5 g By o0 A% & Ao 3 B8 20 48 Jb
TRFH £ 7 (P>0.05) ,1/2 FM-25 F= FM-20 2849 F 4 JR Z WL IH AL & & & A FE L F 2 E K
F 2t B4 ( P<0.05) . 12 foiF AACIE A7 77 @, I FM-25 20 fo 7 4 3 44 5085 7% P A= FM-20 40 o i
BERABERRLFITE(P<0.05) %), &a6) L35 Aafesb R R R £ 5+ (P>0.05) , 247
WM EFF @ ABFIZERDER GG, HERETE S FHIK(P<0.05) ,FM-25 f2 FM-20 %41
kL Z A FM-25 e LR R E ¥ B F 5 TAT BB (P<0.05), A EER AW, EéaHs
T A 35% W AR b BRI SR T AR 100 g/kg 9 B (B EBEE 25%) , RAHR R D
Zoop e A RKIERE B RAN R R AEACRE A AR A SR e AR R
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FHBTSE A8 S B0 ( Carassius auratus gibelio) ' |
i1 ( Ctenopharyngodon idellus) " 3k 5 ( Mega-
lobrama amblycephala ) "™ F1 FL 44 1 Xt #F ( Litope-
naeus vannamei) "> A5 JAE , W EE B 5% W) A 4
SRBNYIE R PERE A m S W HUA S T R sh )
B 1 Rt 34 i TG B LA BUARVE T
KB ( Micropterus salmoides) J&— 70 BA
R T UE 1Y R P 0 28 DR Jo i 55 L IA)
il EFRMER  EPEC T Z IR, 2019 44
R BB R EA ] 47.8 T7 0 I R x4
bR Y R T R B R R Y £ Ry
TR 40% ~50% , R I, BF 9T T4k T
B E AR EA N EENE L, H
I, 7E A 11 2 o et v 2 i 38 0 B AR A8 1 R
FIURIRAT SR R B ok ik A B
oyt AR A oA L TR B 3R W TE R T A A R
FR R TE A 050 DA K T 22 &5 Sk F 58 X 42,
DA RE S 5 0 2 A [A) LU ) £, 25 88 X K
SRR RE LT AR Ak dE A B B 2 2 A5 Y
SR SR FF R KT B v A0 0 A O Al ek i i
KSR YAEK AR A B 4 RS S

1 #MR5F=E
1.1 R 5k E e

AR A T 2R B ) 7 R SR Y A A A
R 35% By LA RDRE (X RE L), R R RS SR ) SR R

Fict 1 B 4 o 48 R0 A6 I 1 36 e, L Ay B o 4y
MR 35% 30% .25% Fl 20% ,ic. A FM-35 ( Xf B8 |
FM-30 FM-25 Fl FM-20, fa]#HAC i A& 2k HI A T
TR NECRL, iRk R 28 O BRI (800, ik T
BB Tl A R A F) By i Js i 60 H i, 1%
T BHEL T R B, B R ST, IMAGE 'K IR AT G
it 10 H, 2R L ( SLP—45, 1 [ K 72 Rl 22 i
5 e el AL A 25 BF 5% T A ) R ELAR 2 mm
R, 50 CTHET 2K S EIRT 10%, B H 5
—-20 CHA7, IR B TR KL 1,

St P RE 35 55 90 R L 58 A 0 e 4 A7 BR 2 )
A R VI BT R A A Tk A Dy 3 R A
W), B2 PR B RE T ( Saccharomyces cerevisi-
ae) ,ZURPE R WE T A AR T4 Ok
JIAS BB A T P i, Horh TR BE R WY 251 53%
BBEKA (w/w) K BE A8 h, B BF 35 Fl s 0 4R % 1%
H B 5% 10° CFU/g, THIE B ¥ J5 B i R &
90% LA I IR T 451 W RHR BE 60 ~ 70 T,
10 min, B IE PRI . 90% 8@ i3 60 H i,
100%38 5t 40 B i, BEREREF= P 09 M 8 H & &
55.7% KI5 /# 1.6% MK & 7 6.5% , HL4F
it 4.0%, HEg RIES & 2.2%, K HRKR S &
2 014 pg/g, BEEEER & 5x10° CFU/g,

I 5 e e e R 2 P ARDRHEE A AE 110
AN 6 mol/L R R /Kfi% 24 h, 2R A 3h
ST (S—-433D, 81 ) M 24 FE R & it . 1Rk

BT IR LR R 5% (10% 15% [ty 3t BRI IRP) S IR A I 3% 2.
#1 HBRABMAEARREFRKFE(KFERH)

Table 1 Composition and nutrient levels of experimental diets ( air-dry basis) %
Tl H T %} Diets
Items FM-35( %} it Control) FM-30 FM-25 FM-20
JFUR} Ingredients”
f4#; Fish meal 35.00 30.00 25.00 20.00
KE 45 1 Soy protein concentrate 8.00 8.00 8.00 8.00
=t Soybean meal 8.00 8.00 8.00 8.00
FEKEHEFHH Corn gluten meal 6.00 6.00 6.00 6.00
4 Wheat flour 18.95 17.02 15.09 13.15
2¥ ik Wheat gluten meal 4.00 4.00 4.00 4.00
NG fi%+: Brewer’ s yeast 4.00 4.00 4.00 4.00
fa 3l Fish oil 3.00 3.36 3.72 4.09
3l Soybean oil 3.00 3.00 3.00 3.00
KE W5 Soybean phospholipid 3.00 3.00 3.00 3.00
BEEEREFR Y Yeast culture 6.57 13.14 19.71
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2R 1
it H ¥} Diets
Ttems FM-35( % #8 Control)  FM-30 FM-25 FM-20
fif 1 Squid visceral meal 4.00 4.00 4.00 4.00
B9 R R R Mineral premix® 2.50 2.50 2.50 2.50
Y F R AL Vitamin premix® 0.50 0.50 0.50 0.50
s Y,0, 0.05 0.05 0.05 0.05
411 Total 100.00 100.00 100.00 100.00
HFE/KF Nutrient levels”
7K 43 Moisture 8.72 9.03 9.55 9.73
M H B CP 43.24 43.21 43.39 43.01
HAEN EE 11.77 11.63 11.86 11.67
FIK S Ash 11.06 10.72 10.50 9.98

1) Pk ik I 7 7 v v DR ] SRR HORL 2 1 BT & it 40 R The ingredients were purchased from the Yuehai feed com-
pany ( Zhejiang, China) , and the crude protein contents of ingredients were as follows: fif} fish meal 670 g/kg, K =F H 45 & H
soy protein concentrate 650 g/kg, = H1 soybean meal 459 g/kg, Ifi ¥} wheat flour 136 g/kg, K & FH #} corn gluten meal
600 g/kg, A WiH wheat gluten meal 769 g/kg, WiF§ fi%+} brewer’ s yeast 524 g/kg,

2) W) B BUR R B T 5 4R RF it Mineral premix provided the following for per kg of diets: Fe 63 mg,Cu 3 mg,Zn
89 mg,Mn 11.45 mg,Co 0.6 mg,Se 0.24 mg,I 1.5 mg,Mg 180 mg,

3) i RAUR RN AT 7o iR it Vitamin premix provided the following per kg of diets: VA 10 000 IU, VD, 3 000 IU,
VE 1 50 IU, VK, 12.17 mg, VB, 20 mg, VB, 20 mg, VB, 100 mg, VB, 22 mg,VB,, 0.15 mg, =¥ & biotin 0.6 mg, MR folic
acid 8 mg, JLEE inositol 500 mg,

4) B IR R SLME . Nutrient levels were measured values.

x2 ARREBSEFYEERAN(THREM)

Table 2 Amino acid composition of diets and yeast culture (DM basis) %
I H A%} Diets Tk 1 52 gy
Items FM-35( X} 18 Control)  FM-30 FM-25 FM-20 Yeast culture
Wi AR EAA
FE R Threonine 1.92 1.87 1.79 1.74 2.23
#5R Valine 2.23 2.20 2.12 2.10 2.55
EH R Methionine 0.98 1.01 0.98 0.89 0.86
SRR Tsoleucine 1.96 1.95 1.87 1.84 2.54
TZR MR Leucine 3.82 3.76 3.67 3.61 4.31
AN Z IR Phenylalanine 2.18 2.16 2.12 2.12 3.02
& BR Lysine 2.88 2.73 2.55 2.38 3.48
21 &2 Histidine 1.23 1.20 1.14 1.11 1.51
KR BR Arginine 2.57 2.57 2.54 2.53 3.98
LT SR NEAA
%/ Proline 2.50 2.48 2.41 2.36 2.77
KA E MR Aspartic acid 3.97 3.98 3.90 3.88 5.64
22 FR Serine 1.98 2.01 1.96 1.96 2.77
AE PR Glutamic acid 7.63 7.66 7.54 7.51 9.24
H& MR Glycine 2.22 2.13 2.01 1.93 2.18
NZ R Alanine 2.64 2.57 2.43 2.49 2.38
2L 42 Cysteine 0.84 0.79 0.79 0.41 0.80
fi% & f2 Tyrosine 1.44 1.37 1.40 1.35 1.81

A71 Total 43.00 42.44 41.22 40.20 52.07
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1.2 REERAFEE

T FH T R SR I T VL M 5 a5
Y, VISERE G R 22 904k 4 R, Pe e R TR AL B
WA S] SPBR BT (21.220.1) g IR AR
1300 FEHEATF5 GH IR, IR0 S 1 = SR, K
ISR 4 AN, B3 AT (R, B4 YR
(HA21.0 m, & 1.0 m, KRR 550 L) FEALHCE
fiyift 25 BB, FREE K PG K, B 4 53 B
HOM 10 L, FREHIE] SR A i e Ty U
R RHEMERRL 2 Y (08.00.16:00) , H #4m 2 H fa
RHER 2.0% ~4.0% , TR H2E B4 O K SUE O
Kp R S AR AR AR — 3, B RA,
SR FHAT W 05 AW E A G 26, R RIS 1~ 2 IR (5%
FEETA 1RSI 2 k), B Rk 2 R oK &
TEARGER 1/3~1/4, FIEAE HIROCT #H17, K
TR g S S A R R 1Y A SR K, KR 22 ~
30 T, %A S8 =5.0 mg/L,pH 6.8~7.5, WA &
1w <0.1 mg/L, WAHMREE &% & <0.1 mg/L, FFHH
PRI T I I R 2% Vi U S AT, 97 A 2
56 d,

1.3 HmX&E

FFAR I FF AR B, B 10 2 B 0 A R b 4
A, FRFHIAI S5 5 45 1R 3 R DLk 24 h,
ORI EE MR E, SR e R, TR
E(IBW) ARSI E (FBW) A7 i 5 (SR) I8 B
(WGR) , V¥ H >k &2 & ( ADFI) | 1 ¥l & %
(FCR), #HHBEVLE 3 &0, F T 4 i % 5 37
BT, T3 BT REALER 6 2 R IS Y R 1 SR
MR AR E T 1 mL — Uk T 5 2% DA R Tk
Hhif,3 000 r/min 20> 10 min, B EWE W, R 77T
—80 CVKF &, R0 i v A AL F6 bR, Jil 52
I, 37 RSt fh fige ) Bk o N U 2 RN NF R =, 3
FOEWEEE (CF) WA (VST) AR E (HST) . M
3 AL i i o e rp O 3 i BEOSCER [ 16 ] 19 7
AT R 3 Ay B, BT B, A B R,
FHfEmEHLY) A,

FEME A N FR ARG 1 5 4 T IR, AR ROE
B 1~2 h, W 7 g B 2 0 BUA B 58 48 1Y
FEME T -20 TWKAE PR, P02 R B2
J&, T 105 CHT H T EFRY BTH R0 .

1.4 MEIRSH*
1.4.1 AR SEARIER

AR AT

SR( % )= 100xAK 25/ ¥ 25K ;
WGR (%)= 100x[ R¥JHE (g)-¥I¥H(g) 1/
WX H (g) ;

FCR=F M i/ [ RBHE (g) ¥ H (g) ];
HEE(FR,g)= [ # AR EE(g)x100]/
KEEL
HSI( %)= 100xHIEH (g) /A H (g) ;
VSI(%)=100x NIE & (g) /K E (g) 5
CF(g/cm®)=100x{k T (g)/

K (em) 5
ADFI(g)= B EH(g)/

[ REBEARE RE (D) ],

1.4.2  fakL ZEME 4 i RS SR R AL R

DR

fifi fa K AR AR & RORL 3 BT 2 % AOAC
(2000) , Horfr 7Ky F &3l o HEAR 7E 105 € 4L
T I R AR T R A Bh LI E A
% (2 300— Auto —analyzer, Foss Tecator, Fi ) il
E 5 KRG 7 5 R FH U0 R Sk U 5 R K 43 %
FETE 550 CH AR5 12 h IS, iRk R
PR TC R B4 BT R FH AR B IR IR R Gt vk
(ICP) (Vista MPX, 3£ [H) , 7 IL LAl I, 2 53t
BT 2 WL AL R ( ADDM) ML 1 25 00 7
fb# (ADCP) 2 M i %% (PER) (8 A LUK
(PRR) JEWUTARE (LRR) ,iHE AT .

ADDM ( % )= 100x[ 1-Ti k42 &5 (% )/

MR (%) ]

ADCP( %)= 100x{ 1-[ fal K42 & & (%) x
FEMEAT SR (%) /[ FEE525 8 (%) x
TR AR AR (%) ]

PER=[ RIJH (g)-¥IHHE(g) ]/
REEAE;

PRR( % )= 100x[ A (g) xAK &l 5 [ i
TR (%) —WIRE (g) <Pt S H
TE(%) /[ MR (g) <A EDHLEE 1
TE(%)];

LRR( % )= 100x[ K (g) xK kg
T (%) — W (g) <) 42 oL G 7
(%) ]/[ Femdid (g) xIaRPHLAG i &
(%) ],

1.4.3 Mg A fbFstr
M HEF (ALB) B H (TP) & & A
W (AST) A% N 5% 2l ( ALT) 15 PR 45 1l 7E A=
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FEAE AR L s R A= P BB A B B A 7 1 4
Pk &, I 3t {3l A 4k 43 B4 ( Chemray800,
T Rayto) W . I i 88 A4k P B {7 ( SOD ) 1
P 5 SR FH o T 04 AR AL Wl 5 o AUk U ( CAT)
PRI 5 R PR B 125 5 BBt AL BE /1 (T-AOC)
7 R P L 83 5 4 TR Tl ( LZMD) 37 PR 2 ok T L
Mk, LR FRARIE BT AR S e o A
Yy TREAI T T 443
1.5 BEAAYR

A LU A Bouin [KEER H,24 h 5, 4
BEMEK, ZHREW, A A, U R (JBEEN
7 wm) ( Leica RM2235 ¥ H-#L, ff [ ) | 55 A ks -t
21 (HE) Je 0 05 T I 28 B I8 B R AiE 3411 8
(Nikon YS100 % il #8%5% R 48 ) , HI 5 S0l fe R
HNEHE SEEAMNZER,
1.6 NEHFXW

e i 50 K g K SR, R BRI R
S EGOK A S W JE R B o K R TR O A A
LB 3552 3y i S PR S 57 R 5 1k I 1) TR R 4
T3] 6 i 7 e AR T 2 10 R BB P A (O T B0 1k
g K SR TR Y S 3R KRR VR S PE R
—THE B LB KR 3R 9% 12 h DL B i AE
L4 000 t/min B0 5 min, 3¢ I, K B AR
ER K B L R, T A G 1 TR R — R T
s A I 3 S AR A DN M BE Y £ SRR

LR A LB 350 TSP IR 1R R A
W, BT 7 d TS, i e BB R 1.6%
10° CFU/mL, FAEIRE S5, B AL 10
FEI/INEE A f0 A E SRR R, e BE R B
e B T ook I R VR SRR 0.2 mL/ R, iR ] | 4
B — B a] (35 1,24 .48 .72 .96 h) MLEL A1)
FETEHLIF L s BITFET-H(CM)
CM( % )=100x BT A0T- BEU/ PG B REL,

1.7 HiEAE

Bl LA BIE 4R 22 (SD) £/~ , >R F SPSS
24.0 43 M &K1 #E 47 ANOVA B K - )7 22 43 B Al
Duncan [KZ E/&E | VL P<0.05 1F 255 W& 1A
W bRt

2 & R
2.1 HERKMEEEMEARER

Hi 2% 3 TN, 48 56 d FRH e , #4510 4 i £ AE
KR #, SR ¥} 100% ., FM-30 il FM-25 %1 i)
FBW WGR .FCR .ADFI 5%} BRZHAH L G ik & 22 7
(P>0.05) ,{H FM-20 21/ FBW il WGR % H:Ath 3
2H 5 F AL (P<0.05) ,FCR 332 55 (P<0.05)
K Z A CF A B E 27 (P>0.05), bt M
BARIK T3 i HST A VST 23R Fta 4, Hop
FM-25 .FM-20 41 HSI Fll FM-20 41 %) VSI i #
T XTHE 4L ( P<0.05)

x3 BEEFYNKOBRGHERKEREMBEIERIZNT

Table 3 Effects of yeast culture on growth performance and physical indexes of largemouth bass

=] 2H 5 Groups

Items FM-35( %} I Control) ~ FM-30 FM-25 FM-20
WY E IBW/g 21.16+0.11 21.24+0.11 21.20+0.06 21.20+0.04
KIYJTE FBW/g 100.39+2.98° 100.93+2.13" 100.52+2.45° 93.45+2.99"
1R WGR/ % 374.40+12.86°  375.23x11.19°  374.15%11.54" 340.83+14.74°
Tk 2% FCR 0.95+0.01° 0.96£0.03° 0.99+0.01° 1.05£0.02°
P HREH ADFU/g 1.35+0.07 1.37+0.05 1.40+0.04 1.35+0.03
% % SR/ % 100 100 100 100
NEWEE CF/(g/cm®) 2.31%0.15 2.37+0.27 2.44%0.16 2.34%0.16
JiF{A& L HST/ % 3.41£0.83" 3.07£0.50™ 2.53+0.25" 2.11%0.23°
JEfA L VST % 9.34:£0.50° 9.51£0.43" 9.02+0.75" 8.56+0.41°

FAT R 8 AR o7 B A R 7 B R R 2 R AN B35 (P>0.05) , AR FEER /R 22 5 W3 (P<0.05) , FRF,

In the same row, values with no letter or the same letter superscripts mean no significant difference ( P>0.05), while with

different letter superscripts mean significant difference ( P<0.05). The same as below.
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2.2 8RS
4] A1 4% 4 ) 4 K 4y HLEE 1 M

x4 BEEFUNKOBRGH 6K M

Jig 5 R 5 B3 6 3 22 5 (P>0.05)

Table 4 Effects of yeast culture on whole-body composition of largemouth bass %
SgE| 21 %] Groups
Items FM-35 (%} i# Control) FM-30 FM-25 FM-20
JK 43 Moisture 70.43%0.89 69.80+1.30 69.53+0.42 69.46+0.56
HEH T CP 16.73+0.46 16.96+0.17 17.09+0.39 17.03+0.38
g EE 6.42+0.41 6.49+0.31 6.69+0.05 6.73+0.42
HLIK S Ash 3.80+0.10 3.93+0.33 3.94+0.08 3.95+0.32

23 EBEFYRFAER
i 2 5 Al 1, FM-30 411/ PER,PRR,LRR,
ADDM F1 ADCP 5 X} FE 40 #H Hb TG i 3% 2% = (P>

0.05) ; FM-25 #H#J PER ,ADDM #1 ADCP %% iR 4
WAL (P<0.05), FM-20 41 (% PER .PRR .LRR
ADDM Fl1 ADCP L FXJ HR4H ( P<0.05) ,

R5 BESEFYMAOBRFERYRTREMRIELRHZM

Table 5 Effects of yeast culture on retention and apparent digestibility ratios of nutrients of largemouth bass

s 2[5 Groups

Items FM-35( %} I8 Control) FM-30 FM-25 FM-20
AR PER 2.43+0.04° 2.40£0.08" 2.33+0.02° 2.22+0.05°
HEAFIURZE PRR/ % 51.04+0.61° 50.43+1.08™ 49.37+0.78"™ 48.74+0.87°
Ae LA R LRR/ % 70.99+1.66" 68.44+2.08™ 67.65+0.27" 66.33+2.30°
TYERIIEIEE ADDM/ % 88.58+0.03" 89.57+0.64" 85.53+0.89" 86.54+0.20"
MR A PR WTH LR ADCP/ % 93.59+0.01° 93.76+0.15" 92.68+0.22° 92.76+0.05°

2.4 MFEEHLIER
FHe 6 AT, T RE 5% 35 W8 AR AS [ L 461 #a 83

B TR HRZE (P<0.05) o £ AL I H T-AOC
SOD K CAT i ¥E 5 X FE 4L HH 1L 22 5% K 8 3% (P>
Xof 6t £5 1L 3 TP, ALB . GLO & & B2 M R B3 0.05), LW LZM 5 PEBE % 00k B Ak OF B9 32 55
(P>0.05), Ifi#E ALT F1 AST W& BeT ®E SRR ETHESE FM-20 40175 LZM 1§ M5
FEARR % ALT WEMAE FM-25 1R 8k, B2 XTIRZL R 348 & (P<0.05)

&6 EEHEFYINKOZREMEE NSRRI

Table 6 Effects of yeast culture on biochemical indices in serum of largemouth bass

s 2[5 Groups

Items FM-35 (%} i Control) FM-30 FM-25 FM-20
MEH TP/(g/L) 41.20+4.38 41.24+5.96 47.83+3.78 50.30+8.66
HEH ALB/(g/L) 13.74%1.16 14.49+1.57 16.45+1.35 16.34+1.92
FREH GLO/(g/L) 27.46+3.22 26.75+4.39 31.38+2.54 33.96+6.77
BN RN ALT/(U/mL) 1.44%0.26" 1.71+0.25% 2.03+0.07° 1.54+0.19®
REFEEE AST/(U/mL) 2.73+0.47" 3.17+0.52° 3.16+0.21° 2.20+0.38"
ALY B LB SOD/(U/mL) 126.98+8.19® 119.05+7.27°  123.01+4.36" 139.56£7.67"
RYrE bEE)) T-A0C/(U/mL) 20.11+1.48" 22.78+2.29% 22.20+6.16" 29.85+2.84"
i E LS CAT/(U/mL) 5.80£0.93™ 4.79£0.43" 4.79+0.83" 6.32+0.43"
VAR LZM/ (ug/mL) 4.15+0.20° 4.79+0.94™ 4.75+0.45"® 5.70+1.05°
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2.5 FRERSEH PR 2 5, LR R 5 B G L T k1 10

FER 7 Al & BB SR W 4 00 90 0
AT AR 4 ( P<0.05) ,FM-25 215 FM-30 411
WEEELFE TX A (P<0.05), [ @KBE

#o Hp FM-25 I ILZE R ik, H 2 & T X
T4 (P<0.05) . S BIHTHAL Y WK 1,

x7 BEEFYNAOBRHFERSEMNZI

Table 7 Effects of yeast culture on intestinal morphology of largemouth bass pm
SyE| 21 %] Groups
Items FM-35( X} i# Control) FM-30 FM-25 FM-20
B Villi height 752.6+81.2° 696.8+70.5¢ 948.9+117.3" 823.0+73.2°
BT Villi width 119.0+13.8" 70.8+10.7° 77.2+9.6" 73.5+12.5"
WUZJEE Muscular thickness 102.3+14.0° 113.5+14.9®  123.8+16.0° 103.6+17.3°

1~4. %} #& (FM-35) ,FM-30 ,FM-25 Fl FM-20 41 /) fij
JAH MT  JUR IR VH BB i VW B TR

1 to 4. foregut tissue of the control (FM-35), FM-30,
FM-25 and FM-20 groups ; MT: muscular thickness; VH: vil-
li height; VW . villi width.

B1 BEEFUXNAOBSEESHINE(HE £E6)
Fig.1 Effects of yeast culture on foregut morphology of
largemouth bass ( HE-staining,10x)
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Effects of Replacing Fish Meal with Yeast Culture on Growth
Performance, Serum Biochemical Indices and Intestinal
Morphology of Largemouth Bass ( Micropterus salmoides )

BIAN Yuhao'** XU Xiaoying">® DUAN Zhipeng"** SUN Zhongchao"
LIU Jiangying' LI Xiaoqin"** LENG Xiangjun'*""

(1. National Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai
201306, China; 2. Centre for Research on Environmental Ecology and Fish Nutrition of the Ministry of Agriculture ,
Shanghai Ocean University, Shanghai 201306, China; 3. Shanghai Collaborative Innovation for Aquatic
Animal Genetics and Breeding , Shanghai Ocean University, Shanghai 201306, China; 4. Shanghai
Yuanyao Biological Co., Ltd., Shanghai 200000, China)

Abstract; This study was conducted to investigate the effects of replacing fish meal with yeast culture on the
growth performance, serum biochemical indices, and intestinal morphology of largemouth bass ( Micropterus
salmoides) . Four isonitrogenous and isolipidic diets were formulated with yeast culture ( crude protein content
of 55% ) inclusion to decrease dietary fish meal from 35% (the control diet) to 30% , 25% and 20% , refer-
ring to FM-35 ( control) , FM-30, FM-25 and FM-20, respectively. The total of 300 largemouth bass with an
initial average weight of (21.2+0.1) g were randomly divided into four groups and reared for 8 weeks. Each
group had 3 replicates, and each replicate contained 25 fish. The results showed that the weight gain and feed
conversion ratio (FCR) in FM-30 and FM-25 groups presented similar performance to the control ( P>0.05) ,
but FM-20 group had significantly lower weight gain and higher feed coefficient than the control group ( P<
0.05). There were no significant differences in whole body composition ( moisture, crude protein, crude lipid,
ash) among all the groups (P>0.05). The protein retention and lipid retention in FM-30 and FM-25 groups
showed no difference with the control group ( P>0.05) , but the apparent digestibility of dry matter and crude
protein in FM-25 and FM-20 groups were significantly lower than those in the control group ( P<0.05). In ser-
um biochemical indexes, there were no significant differences between the yeast culture groups and the control
group (P>0.05), except that the glutamic-oxalacetic transaminase activity in FM-25 group and lysozyme ac-
tivity in FM-20 group were higher than in the control group ( P<0.05). In foregut morphology, the replace-
ment of fish meal with yeast culture significantly decreased intestinal villus width ( P<0.05) , while the intesti-
nal villus height in FM-25 and FM-20 groups and muscle thickness in FM-25 group were significantly higher
than those in the control group ( P<0.05). In conclusion, the inclusion of yeast culture can decrease dietary
fish meal from 35% to 25% without negatively affecting the growth, feed utilization, antioxidant capacity,
non-specific immunity and intestinal health of largemouth bass.[ Chinese Journal of Animal Nutrition, 2021,
33(9) :5182-5192]

Key words: largemouth bass; yeast culture; growth performance; nutrient utilization; serum biochemistry ; in-

testinal morphology
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