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AEER o AR AT R ST A, £ E TR
SARIIRE B AT REAT G SRR, E A R B A i 5
AR o R ZF AT BRI AR S SR A I8 10 WP R e
Z— MR AR T R, T8 A SR R S IR RE
E PR TR I AR, MRK A IR
PR AR K R, Bk W i e
HRDRG I | 5 5 22 LR AR, W0RE N Y i
J R A 328 32 252 ), 410 o A B 00 A R0 8
G TRTRE W K R IR T R i o G 2R AL AT T A
SR WA R ah PR A AR R A9 32 TH, R EE T LA
PRAEFLUBRTA by 5 00 4 1 SR ™ iy, T8 37 A 1
e Ry T EE (EERIURER) 19 XLERAE
JIBHE SR R AN IEER i A AR 28 AT R AT R
JKBEE 7=, o0 1 B O 10 ~ 30 ku (/81
HHASRIL26.38% (K1),

x®1 HEFATERERABMNENEANMERERL
Tab.1 Degradation of soybean meal protein by
anaerobic fermentation of lactic acid bacteria
and aerobic fermentation of Bacillus

GERE L WWFBIE ARERE
Molecular SAM HAKEEEH KEETH
mass/ku FSM X FSM'Y

> 75 50.20% 12.85% 37.12%

30 ~75 33.40% 25.57% 33.78%

10 ~30 8.00% 26.38% 8.98%

5~10 2.20% 12.66% 4.56%

<5 6.20% 22.54% 15.55%
Ko e

( >30 ku) Ll 54.15% 14.00%

Macromolecular protein
(> 30 ku) removal rate

ALY ARG 25 AT A A A B SR AR
R ET R A AR F AN [R5 J5E 1) fA5), MAAR A PR
TR A ) RN A 3 4 O T 25
TG o 25 AT W = A R 8 R R U
EIR F RSP ARDEL R A n] A7 PR A AU, ik
i SRR A BT 1) 2R 77 o e A I K

BRI

1.1 AR &

ARG H R ETE IR R, Bt T 5 SR
SERERIIRDRE (6 2) , AR 5 B 50% S FEAli k)
(FM), 3 At 1 4 Bh ok B Bk 1 10%
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10% \20% \30% 1 40% , % B &M (£ 3) A
ST A RS W BRI , b SRl el A 1 Vi B2
BHEARR A R, R O DR B 5
60 [ i X3 0 , Fie fl Rk By BREE, R AT, A
i K IR A G 40 H W, SR B0k 1R
BHL (HKJ-218, T8 i e MR ) il B B A% 2
mm Y TLPERURLEDEL, HEA 60 CHET- 15 h, BT
-20 CyKFER-AE
1.2 FHEERE

SIAE IR K 2E I S i 1T, ST
AR, KT 5 AR S5 R R B, Y AT s
FIHM SR IR 4 A, B 1 R Rt AR A T
fbo BFRAER G, PRI S IE W, M R, 1
e (19.83 £0.33) g B4 fa 450 RRFEPLIA
15 AMFEH . SR 5 A, A 3 A FAT,
FOF-4T 30 BB AR & K (07:00 F
18:00) , $MEj5 1 h WAL AR 4 JE I 2 7K 45
b, FR5E B (8] 7K ik (26 £3.5)°C ,pH 2y 8.5 =+
0.5, AW 4.0 ~5.0 mg/L, Z A
R 0~0.03 mg/L, FEHLIFFEL TS d,
1.3 H@XE

SR T U, HEH 6 K 111 M i 4 £ A
YT 5 AESS IR, B AR S5 3R 2 b J5 T iR
WCHE A IR RS 45 6 24 b, 3l G it R
AR TR AR R B P THS R
F =20 CHAF T el Al 4T ; 1T 3
e, U A T AR S 0
1.4 MEIEFESHE
1.4.1 HKIEh

SO 45 S B R AR A TF SO R
&R R E A KR
1.4.2 gk

FHLER (ORI EG @ Z00E I 5 5 7K 9ok 105
C AR T2 T 5 B 7 >R T S8 05 - R s
MSE 5 KAy 2R F S I 550 CRIBEEE .
1.4.3  JHALFEIN S 73 b

TRt 2 B Y Cr,0, F & E 2 M
DIVAKARAN 25 (77 3 4 B0 43 I 42 5 14 g,
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Tab.2 Formula and nutritional composition of experimental diets ( % ,dry diet)

J§45 Ingredient FM FSM10 FSM20 FSM30 FSM40
[ 4 4 Constant ingredient 26.90 26.90 26.90 26.90 26.90
ff1 55 Fish meal 50. 00 45.00 40.00 35.00 30.00
K Sk Fermented soybean meal 0.00 10.00 15.00 20.00 25.00
EKREHH Corn gluten meal 4.00 0.60 1.00 2.00 2.50
T4y Flour 14.50 12.50 11.50 10.00 9.00
HE % Methionine 0.10 0.14 0.20 0.20 0.26
FHEBR Lysine 0.40 0.40 0.50 0. 60 0.70
WA# Zeolite powder 1.00 0.96 1.00 1.05 1.04
H-fif R Taurine 0.10 0.10 0.10 0.10 0.10
f#1Jill Fish oil 3.00 3.40 3.80 4.15 4.50
JERHE Total 100. 00 100. 00 100. 00 100. 00 100. 00
E F2/KFE Proximate composition
M H Crude protein/ % 50.51 50. 62 50.17 50. 83 50.61
FR T Crude lipid/ % 13.29 13.28 13.37 13.45 13.50
k454 Carbohydrate/ % 18.17 18.75 18.45 18.78 18.51
JELHE Gross energy/ ( MJ/kg) 20.31 20.43 20.31 20. 56 20.48

T BRI (%, TR &AW 3. 005 BERER) 5. 00 MERAT S. 005 BOK1 2. 005 B F 2. 40 R E RN 2. 005 Z24E 0. 50 (4T 5e 4E
HERTREL A V, 8 000 000 TU,V,, 2 000 000 TU V50 ¢ Vi 10 gV 5 gV, 15 . V8 2.V, 0.02 g MM 40 g D-IZFRES 25 ¢
AR 2.5 g B2 0.08 ¢ ILEE 100 ) s 267 0. 50 (T Wi MR BRI &4 Ca 10.5 g K90 g Mg 12 g Fe 1.0 g.Cu 3.0 g.Zn 10 g Mn
3.8 £.C0 0.8 g.Se 20 mg) ; =44 0. 50; S LIAK 0. 50 R — 4055 1.00; 11 3. 50, FERHEI) 100,

Notes: Fixed ingredient (% ,dry feed) wheat gluten meal 3.00; brewer’ s yeast meal 5. 00 ; blood meal 5.00; soybean meal 2. 00 ; Salmon paste
2.40; Soy phospholipid oil 2.00; vitamin premix 0. 50 ( Contained the following per kg of vitamin premix : V, 8 000 000 IU, V2 000 000 IU,
V50 g, V10 g, V5 g, VoI5 g, Ve 8 g, Vi, 0.02 g, nicotinamide 40 g, calcium D-pantothenate 25 g, folic acid 2.5 g, biotin 0.08 g,
inositol 100 g) ; mineral premix 0.5 ( Contained the following per kg of mineral premix: Ca 10.5 g, K90 g, Mg 12 g, Fe 1.0 g, Cu3.0 g, Zn
10 g, Mn 3.8 g, Co 0.8 g, Se 20 mg) ; chromic oxide 0.50; choline chloride 0.50; Calcium dihydrogen phosphate 1.00; Soybean oil 3.50;

Yeast extract 1.00.

1.4.4  JHALEEMN E Ly =100% x (m,L, —myL,)/ Fw,  (5)

S P T I A TR T A A 1 00 S AR P E,=100% x (1 - Cr,/Cr,) (6)
ARG @AW A AT, 2RSSR B 3 1 R Py =100% x [1 = (s,8,/ Fyw,) x (mg, /mg,,) 1 (7)
Y RE SR 2 S Ml s i e Gk A T I A o 1, =100% x [1 = (s;83/Frw,) x (mg, /mg,,) ] (8)
1.5 $EHRitHE K Fon AR REL, %0 5 Son MR REER R, %/

B b Y 38 b AL 4G R R A (feed  d5 P, B FARE  Po HEFRTIER, % ; Ly N
coefficient ratio ) | § & 4= & 3 ( specific growth NRHEUURRR % s E, TR FWIELER, % ; P,
rate) \FE F JH AR (protein efficiency) GEERTL W& R E WL, % 5 1, Mg 7 2 0L 1L
U (protein deposition rate) HUEAFIIBIR (lipid 28, % ym, om, i 56 40 46 RN ZK IR i, g5 ¢
deposition rate) \ T4 5t R M AL (apparent dry  SHIREGHIA], d 5w, Ay RARHHLER (5B 425K, % 5w,
matter digestibility ) \ L & [1 1 fb & (protein  Fl w, 53514 1564 4y A 1R 2K 19 5 R 42 4
digestibility ) MURLIR 7 1 A6 5 (lipid digestibility) o %, % s, NAARDHLIG G B 2050, % s L, F0 L, 5y

NG 0 A 90 e AR OR8PS R O B, e
Fi =100% x F\/(m, —m,) (D) mg, Fme, 535 iR S5 366 o Cr, 05 3 4, mg;

SGR:IOO% X(lnmt_lnmo)/t (2) FI ﬂ‘j%é‘:%ag;ﬁ %%‘f@ﬂgﬁiagiszﬁ% y 3"%
Py =100% x (m,=m,)/Fyxw, — (3)  fEA L FIRURLIR D 0 R i 5348, % o
Pz =100% x (mw, —mow,)/ Fuaw,  (4)
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#3 WHEFRAEERABEHERER 1.6 ¥iEAbIE
Tab.3 Nutritional composition and SZIGEE Y SPSS 21. 0 #HE# T H 5 2=
protein degradation of aerobic fermented 437 (On. e-Way ANOVA, LSD), AR s R
sovbean meal by Dacllus P AT Duncan R T LA, BEA S LI
iR Index FTHL Proportion. Ay + 7525 (Mean + SD) /R, B35 /K F 7 A
FHL4E Crude fiber o 5 o) éé]:
SR EA R 1) Trypsin inhibitor/ (mg/g) <1
JpHE Stachyose <0.1 sty — s £z 2 &
o ol 21 ZBEREREHKORSE KL
Wi BIEIR EAA A
WA Arg 3.79 HIE 1 af 1. & W8 AR 008 i), FSM20 Al
f‘fggz - FSM30 2 {34 AR i R E AR R (P <0.05) 2
SIS Leu i B 515 A 1 5 T B 9 |
JHR W Lys 3.23 J& T R a3, £E FSM20 41 B ik 20 B A i 4% 52
iiggihe e W AR R BOF R BB E AR (P>
SR Thr . 0.05) ,FSM20 Fil FSM30 £H {4 43 — &, H 9 & A%
(R Trp 0.67 i,
R Val 2.7 2.2 AEBEEHEREMYAOBHEARNEN
A R NEAA 2
4R Ala 2.71
KA Asp 6.23 KESHMEREAREROBFHEEE R
ety 126 BRI (P <0.05) s 490U B 1 FACK % 5
s o . REH(P>0.05) . EFRITBAR LG EIHG
IR Pro 2.85 TR AL A FSM20 H 3 i KAH, FSM40 4]
%’fﬁf Ser 2.7 F A I DTRLR SN TX R41(P <0.05) . BliE
T - BRI A 50T, 1 0 DL S L 9 7 1

O FSM40 4] i F LT XTI, WLk 4.

80 2.0 1.0
0 b b £ ab b ~ b a a b
> ) z 0.8
“ 60 E L5 ’
g ~ %
= § = 0.6
S 40 1.0 E]
= % N& 0.4
1 P =
e B E

20 0.5
& & 0.2
®

0 0 0

FM  FSMI0 FSM20 FSM30 FSM40 FM  FSM10 FSM20 FSM30 FSM40 FM  FSMI0 FSM20 FSM30 FSM40
434 Group 434 Group 434 Group

HERR P _EJ5 i/ NS TR R R 4R 22 5w B35 (P <0.05) ¢

Different lower case letters at the top of the histogram indicate significant differences between groups (P <0.05).
Bl ZBEMBEREMIKOBSHEKERHIZIE

Fig.1 Effects of fermented soybean meal instead of fish meal on growth performance of largemouth bass
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F4 REBEMERENYXOBHEBNENZNI
Tab.4 Effect of fermented soybean meal instead of fish meal on feed efficiency of largemouth bass

Iy HEa FI AR BEIIRAES IR ks
Group Feed intake/ ( g/ &) Protein efficiency/% Protein deposition rate/%  Lipid deposition rate/%

M 1024.49 +16. 16" 2.39 +£0.11 36.03 £0.07° 39.61 £2.70°
FSM10 1134.08 +40.47° 2.38 £0.10 36.21 £0.40° 34.73 £2.15%
FSM20 1141.93 +21.47° 2.44 £0.05 36.43 £0.45* 33.17 £0.59%
FSM30 1156.66 +31.05% 2.40 £0.12 36.08 £0.26" 34.30 +1.69%
FSM40 1229.94 +31.65° 2.31+0.10 35.76 +0. 12" 30.35+1.01°

T [FF R AR TG 7 B B AR PR BORTE B ZE SR (P >0.05) AR FHRFRZERBE (P <0.05)

Notes: Data in the same column without a letter or with the same letter in the data superscript indicate no significant difference (P >0.05), and

different letters indicate a significant difference (P <0.05).

2.3 RETHEREMHIADRHMEAREN

oAl ASR L AR DO NSRS R RN iR g
TR EFE TR, 7E FSM20 41 i) H B
KM, B HZRRA BENZET(P>0.05);

MRS 2SI TR B JFH FSM 4
BEMT FM 4 (P <0.05) ; 4xfasK5r FSM20 24
BEMTHMA (P <0.05) , HAl & 2H Z 7] 22 5
ABE(P>0.05), WS,

RS RBEMERENNKORYLEERAMMN

Tab.5 Effect of fermented soybean meal instead of fish meal

on the nutritional composition of whole largemouth bass %
434 Group F#EH Crude protein HAG NG Crude lipid 7K43 Moisture JK43 Ash
FM 14.84 £0.01 3.48 £0.04" 75.88 £0.08*" 3.30 £0.04%
FSM10 15.31 £0.17 3.02 £0. 16" 75.32 +0.21* 3.41 £0.09°
FSM20 15.32 £0.15 2.87 +0.13" 74.81 £0.33" 3.18 £0.09"
FSM30 15.17 £0.16 2.94 £0.02" 75.55 +£0.21* 2.99 +0.04
FSM40 15.17 £0.08 2.52£0.07° 75.36 +0.07" 2.97 +0.02¢

T [ F R AR 7 B sl AR IR T BEFROR o A T 2E S (P >0.05) A JA FEEFOR 2557 35 (P <0.05) .

Notes: Data in the same column without a letter or with the same letter in the data superscript indicate no significant difference (P >0.05), and

different letters indicate a significant difference (P <0.05).

2.4 RKESHEREMTKOZHRIGELR
Eap=Al

R GAZ AR 5, FSM30 il FSM40 49 iy
Wy BB T Ak 5 0 AR TR RRZH (P <0.05) 5
AR 550 R 21 = (8] 2 1 0T 2 AT A 2R T B 3
PEZESR (P >0.05) RN R MR BT
FER A HIF R B 2E ek, WK 6.
2.5 RXEBESHBREMTAOZLEAEFNE
A

H13¢ 7 RIA: Bl & e ORIk &
o, FFRE S E B AN e R R R, B ALE
FSM20 413k 3 fe RAH, Ho B 25 i 7E FSM30 41
THIG B EPEFRAR (P <0.05) 5 Bl & B0 Mk & &
(RGN, W3 T I A B 7 I TR ) R R
Ak, ELE g 05 435 J17E FSMA0 41 5 25 %
(P <0.05) ;5 iz v 4 B 77 o B2 QAR 1)

B R AR TR R B DR B v R S o b
FHE T B I oK B 2 ks B O R NS h
FSM30 20 7 1f i 2 PRI

R6 REBEHBEREMINAKOBHIRIELENZIN
Tab.6 Effect of fermented soybean meal

instead of fish meal on apparent

digestibility of largemouth bass %

o) T A=) =i}

Group Dry matter Protein Lipid
M 86.65 £0.17* 91.86+0.46  87.32 +0.87
FSMIO  84.24 +0.12" 91.93+0.36  87.59 +0.67
FSM20 84.46 +0.57* 91.59+0.17  86.36 +0.33
FSM30 83.32+0.39" 91.51+0.39 86.41 +0.76
FSM40 84.00£1.09" 91.55+0.12  86.60 +0.23

WAV BRI T RS BRI R R R T B A 2 R
(P>0.05) , AN[FFERR 2R BE (P <0.05),

Notes: Data in the same column without a letter or with the same letter
in the data superscript indicate no significant difference (P >0.05) ,
and different letters indicate a significant difference (P <0.05).
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Tab.7 Effect of fermented soybean meal instead of fish meal on enzyme activity of largemouth bass U/mg
4341 Group % Gut JHE Liver & Stomach
FM 2 341.24 +336.47% 1928.83 +£301.02° 3 809. 14 £352.49°
FSM10 2 564.41 +103.32% 2 408.83 +348.77" 3450.31 +311.06%
2 E G ) Activity of protease FSM20 2 918.09 +325.66* 2 898.51 £109.50" 4 087.93 +211.89*
FSM30 1 996.07 +101.26" 1209.03 +133.42" 3 813.74 £447.23°
FSM40 1891.15 +230.11" 1101.85 £269.03" 2 518.72 +481.41"
FM 22.57 £2.51 22.88 £2.84 28.75 £1.80*
FSM10 19.97 £1.06 15.70 £1.26 28.92 +£2.11*
HEBEE 77 Activity of lipase FSM20 19.63 £3.48 19.45 +6.74 28.21 £3.06*
FSM30 19.45 +£4.98 18.00 £2.18 22.10 +2.81%
FSM40 17.60 £1.31 19.21 £4.10 16.07 +0.42"
FM 0.26 £0.05 0.42 +0.09 0.17 £0.01*
FSM10 0.19 £0.01 0.49 £0.19 0.16 £0.01*
VERYEEISG 1 Activity of amylase FSM20 0.20 £0.04 0.47 £0.10 0.18 £0.01*
FSM30 0.18 £0.08 0.25 +0.01 0.13 £0.01"
FSM40 0.18 +0.06 0.30 +0.01 0.11+0.01"

T : [RS8 EAR G TR EARAR R PR G B EMEZE S (P >0.05) AR TFHRFRZER BE (P <0.05),

Notes: Data in the same column without a letter or with the same letter in the data superscript indicate no significant difference (P >0.05) , and

different letters indicate a significant difference (P <0.05).

3 9he

3.1 REEHEREMIT A DB e £ KL
RIS 200

A HIBFFY 3 , 38 10 & I SRR A R
AT LA 5 K 7 s A KRR AL GRDRE R . B
Hre 20 B S T SRV AR 14% ik, 6
fif5 4 SR 49 5 Rk R A 2R K 2R B 0 s DING
At F R ORI H AR TR AF 25% 1 f0k , ]
B RBC TR BB TR 2 R B I Bk
BRI 45% fRy I 43 W R v K 4 B T

=)

Ho

KREEEAEA A T LA SR R R,
SR e I SRR 23 B K AL S MR A W A
LERERF AN, S TG LM 5 — 7T, M
WA B R v 2 7 AR N O IR S 1 2
LR, FLrp — 0 70 K 2 52 B O S R SR R R IR
— R RIEMR R B R IR (R AR N A
M H R MR MR AR (FER KA R
TR ) 23 20 e T SRR R O3 A UM M BE IR, i o
_B%ﬁ,l,i[ 13-15] .

ARSIZI0 i FH #) 2 ST T AT 4R 5 I 0 TP AT
X FREA/NYE A S RFE (<10 ke HH
15 35.2% ) , e A R/ K ARBET fok o
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Effects of fermented soybean meal replacing of fish meal on the growth, feed
utilization and digestive enzyme activity of juvenile largemouth bass
( Micropterus salmoides )

TIAN Xinxin'?, HUANG Wei’, XIE Chunyuan*, CHEN Naisong'?, ZHU Zhanying’, ZHONG Guofang'
(1. Shanghai Ocean University National Aquatic Science Experimental Teaching Demonstration Center, Shanghai 201306,
China; 2. Shanghai Ocean University Fishery Nutrition and Environmental Ecology Research Center, Minisiry of Agriculture and
Rural Affairs, Shanghai 201306, China; 3. Huzhou Haihuang Biological Technology Co. , Lid. , Huzhou 313105, Zhejiang,
China; 4. Shanghai Xijie Trading Company, Shanghai 201228, China)

Abstract; In order to study the effects of fermented soybean meal replacing of fish meal on the growth, feed
utilization, apparent digestibility and digestive enzyme activity of largemouth bass ( Micropterus salmoides) ,
we employed soybean meal with aerobic fermentation by Bacillus subtilis as a partial substitute for fish meal
with equal nitrogen and equal energy. 0% (FM group), 10% (FSMI10 group), 15% (FSM20 group),
20% (FSM30 group) and 25% (FSM40 group) of fermented soybean were respectively used for replacing
0%, 10% , 20% , 30% and 40% fish meal. Largemouth bass, initial weight, (19.83 +0.33) ¢ were
randomly divided into 5 groups, each group had 3 replicates and every replicate contained 30 fish. The
largemouth bass were fed twice a day (7:00 and 17:00) for 75 days. The results showed that: there were no
significant differences in the feed coefficients of five groups (P >0.05) , however, the final average weight
and specific growth rate of FSM20 and FSM30 groups were significantly higher than those of other groups
(P <0.05) ; proteins efficiency of each group showed no significant differences (P >0.05) , the food intake
of FSM groups were significantly higher than that of the FM groups (P <0.05), and the protein deposition
rate and fat deposition rate of the FSM40 group were significantly lower than those of the other groups (P <
0.05) ; there were no significant differences in whole fish crude protein in each group, and the maximum
value appeared in FSM20 group (P <0.05), and crude fat of whole fish in FSM groups was significantly
lower than that in FM groups (P <0.05) ; there were no significant differences in protein digestibility and fat
digestibility between all the groups (P >0.05) ,and apparent digestibility of dry matter of FSM30 and FSM40
were significantly lower than that of other groups (P <0.05) ; there were no significant differences in the
activities of protease, amylase and lipase between the FSM groups and the FM groups while fermented soybean
meal was less than 15% .

Key words: fermented soybean meal; largemouth bass; growth performance; feed efficiency; apparent

digestibility ; digestive enzymes
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