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Effects of replacing fish meal with fermented soybean on
growth performance.feed utilization and non-specifoc immune
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Abstract: [Objective] The research investigated the effects of replacing fish meal with fermented soy-

bean on growth performance,feed utilization and non-specific immune response of Phoxinus lagowskii Dy-

bowski. [Method) Fermented soybean meal were used to replace 0. 0 (control),16.5%,33.0%,49.5%,

and 66.0% of fish meal in five iso-caloric (total energy of 15. 20 MJ/kg) and iso-nitrogenous (crude pro-
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tein content of 380.0 g/kg) diets, which used fish meal and fermented soybean as protein source, dextrin
and flour as carbohydrate source.corn oil and fish oil as fat source,and cellulose as filler. Each diet was fed
to Phoxinus lagowskii Dybowski with initial mean weight of (8. 06340. 95) g for 8 weeks. After the feed-
ing trial, national standard methods were used for determining muscle nutrients, and kits were used to
measure activities of serum alkaline acid enzyme (AKP), superoxide dismutase (SOD) and lysozyme
(LZM). [Result] With the increase of fermented soybean ratio,final body weight,weight gain rate, specific
growth rate and protein deposition rate decreased,and they were significantly lower than that of the control
group when the ratios were 49. 5% and 66. 0% (P<C0.05). Protein efficiency and feed efficiency of 66. 0%
group were also decreased significantly (P<C0. 05). The crude proteins in muscle of 49. 5% and 66. 0%
groups were decreased significantly (P<C0. 05), while there were no significant differences in moisture,
crude fat,and crude ash (P>>0.05). The SOD and LZM activities in serum of 49. 5% and 66. 0% groups
were significantly lower than that of the control group (P<C0.05),while AKP activities in 16. 5% ,33. 0%
and 49. 5% groups had no significant difference from that of the control (P>>0. 05). [Conclusion) Replace-
ment of less than 33. 0% fish meal with fermented soybean had no significant effects on growth perform-
ance,feed utilization and non-specific immune indexes of Phoxinus lagowskii Dybowski.
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nae) \fifJE (Phoxinus Agassiz) , 523 E A BIIR K
# SN 2 B AR S FLAT DY JBT A B, OR T B S L SR
IR R T N N R /I A SN T (1 20 S W
T PR S Tl A SR ) FEEEXS G BA T I W 37 58
RIEHI S, KPS IR AE T RS A
TEIEHARS Y TR AR KA E TN P
WA T A BT L 0T OC T I FC BRI & A Dy T Y
GO W R G AR IE . ARk L B 4R ALK 3R A
R K J  #8y B R L SoR ok 8 PR AR O
[E Br i B 9 PR 0 . &% B M1 (Fermented soybean
meal) & —FpHUE IR K 1 & D CEFRME S TS
AR AR I — A O IR R B, B
Hh B AR R B ORIV AR O T T e T VR 2 AH 1Y
T, Br W o By 0 28 2 BT A B f (Epinephe-
Lussp) P BE &S X B (Tetalurus Punetaus)™ |
i ( Sparusmacrocephalus)™™ | 4238 % 4k f (Oreo-
chromis spp)™ IFIEB (Carassius auratus )™ G
JEAE % ( Trachinotus ovatus Linnaeus)™™ | [ H fa
(Platichthys stellatus)"" 25 W58 WA T K B
SRR Ak o A K MR RED S T AR RET g T
L A AL AR BRE 5 e AR O T T OG TR
SR SR AR ORI 5N 7 28 SN IR SR DD E [ 5 s
B P 52 T 1) R UL ARG . Ol e AR T LA IR 5 4N

£ 0 G R AN ) He A9 14 % e R R AR f by S
i 3 A R A PRSI E M E 5 R v A T R R
(AN EER i R OB N B T d L SR R =R AW ER DO RN
B JUL P35 3R A B AR S e BE AR AR B R B AE N
A BT M R TR R e A 9 ARk T T 2
PERE R I

L MRS Ik

L1 REEARAH&E

DAy Tl R T SR (35 pR R 3 1AL B8 A W B
A R w4 Sy 8 R UK R R S BRI R OK
A O BE DT R L AR 4E R O R B A T O
MOV VLIV FV S Fl 4 0 CHLEE 11 & 524 380. 0
g/kg) EERE (ARE R 15. 20 MJ /ke) 2k kS il 17 kL,
R T R R AR R 1 L BB 43 A 0.0 %% (X BED
16.5%.33. 0% .49. 5% Fl 66. 0% . K FT 43 J5U Rk 3
Wit 0. 246 mm(60 H)Ffi . #6346 1 Fit Jr Fr H i &2 L 1R
BA]LFRE R EAZ 2.0 mm ok, TS B F —20
CrkE LR AEA H o
1.2 fAFER

I T FH % TG W T 3 AR A4 W T K 7 R A
Sy o ) 0 B AE 75 ARAR O R 2% KO A 75 3 5 IR A
WA R G0 h UEAT i 3R B0 F R A S B4 15 dL il
1 5 PR A AL AL L AR S Pk B AR 4K 5 AR fdt
% TG i 1 (PR 5 6 Ry (8. 06 £0. 95) g/ ) 600 & . B
BLorm 5 . A 3 AEE B4 EE R K G



%13 B

T 55 < S SRR A Ay X 0 PR A K DR ) B A AR S e i B A A Y 5 9

40 B o BEWH o MEE T 0 V.V w17
o 8 A 2 B . A 3 5 5 0 R] AR 4R KR
(194+3) C,NH;-N<<0. 3 mg/L,.DO>6 mg/L; %&f

KAWL 2 ¥ (09:00,16:00) , HIHZ R 3% ~5% , 1%
My = A T HUE .

F1 HAABBEAREEEFRAS (RTEMD

Table 1 Formulation and nutritional composition of experimental diets(air-dry basis)
i H 4y A B4 4 Diet group
Item Component 1 I m I\ V
f ks /(g « kg™ ') Fish meal 543.8 453. 2 363.0 272.5 182.0
KWET K/ (g« kg ') Fermented soybean meal 0.0 107. 8 215.7 323.5 431.4
FKREMHK/ (g« kg 1) Corn protein powder 40.0 40.0 10.0 40.0 40.0
M4/ (g« kg D Flour 200.0 200. 0 200. 0 200. 0 200. 0
WIKE /(g « kg™ ') Dextrin 149.7 132.9 116.0 99.3 82.6
Fffmjj—ulﬂ a4 2% /(g « kg 1) Cellulose microcrystalline 10. 5 37.5 34.3 31.3 28.2
fitiE#}/ (g « kg ') Premix 10.0 10.0 10.0 10.0 10.0
LA/ (g « kg 1) Choline chloride 5.0 5.0 5.0 5.0 5.0
EHh5:/ (g kg DPoly sticky 5.0 5.0 5.0 5.0 5.0
Fokh/ (g« kg™ ') Corn oil 3.0 4.3 5.5 6.7 7.9
fith /(g + kg~ D Fish oil 3.0 4.3 5.5 6.7 7.9
ME M/ (g« kg™ 1) Crude protein 380. 1 380.0 380. 1 380.0 380.1
i HLBE W/ (g » kg™ 1) Crude lipid 60.0 60.1 60.1 60. 0 60. 0
Nfim M4/ (g » kg~ ) Crude fiber 10. 0 10. 1 40,0 101 40,0
MK/ (g« kg 1) Ash 82.4 75.2 68.2 61.1 53.9
BfiE/(M] « kg~ 1) Calculated gross energy 15. 20 15.21 15. 20 15.21 15. 20
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R B KR EARTTR RS A (CK) 25 A0
F(P=>0.05) iRV LV Ak B2 3% ER figh i 28 A 1A
Jo A RN R R A KR R R TR Y
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By FLA9) A 66. 0 0 I i FR sk 1) R 80% L 2R 1 TR0 Y
B EAR TR 4L (CK) (P<C0. 05), A [ 4] A 4 1]
AR EE 9 ER AT A LU L JUE A L RIE 096 B 2% S R W
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Table 2 Effects of replacing fish meal with fermented soybean in diets on growth and

feed utilization of Phoxinus lagowskii Dybowski

W) bf iy &K /g . . FEE KR/ R
a5 PR IR SRR e gy T ERE R %
Gr Initial mean Final mean Weinht eain rat Specific Feed efficien
Troup body weight body weight clght gain rate growth rate ced etliciency
I (CK) 8.047+0.03 a 16.62+0.75 a 1.0740.10 a 1.30+0.08 a 68.15+4.80 a
Il 8.05+0.12 a 15.59+3. 64 ab 0.947+0.47 ab 1.154+0. 44 ab 67.69+7.82 a
| 8.12£0.06 a 13.97+£1.91 ab 0.72%40.23 ab 0.96£0. 24 ab 63.92+6.92 a
I 8.10£0.16 a 12.57+1.48 b 0.5540.17 b 0.78+0.19 b 56.75+8.85 ab
Vv 8.00+0.06 a 11.71+1.37 b 0.46+0.18 b 0.67+0.22 b 49.2344.43 b
] TR/ 1/ AR ", v

4131 B PR Y EHRUURUR/ % RERIL) 2% BERRIL/ % B HE/ (g em )

N . o Protein Hepatosomatic Viscerasomatic Lol

Group Protein efficiency . . . Condition factor

deposition rate index index

I (CK) 1.794+0.13 a 35.427+0.43 a 3.00+0.26 a 17.88+1.80 a 1.7940.86 a
Il 1.7840.21 a 34.03+£4.07 a 2.9040.68 a 16.814+2.17 a 1.4940.32 a
ik 1.684+0.18 a 29.324+5.01 ab 2.95+0.42 a 15.49+2.15 a 1.4540.06 a
I\ 1.4940. 23 ab 24.3042.33 be 2.724+0.67 a 16.23+2.93 a 1.6440.37 a
V 1.304+0.12 b 19.37+2.81 ¢ 2.60+0.42 a 14.87+3.05 a 1.54£0.18 a

T < RSB R bR AR TR/ G 5 B 7R 28 53 .35 (P<<0. 05) . TR [ .

Note:Different lowercase letters indicate significant difference at P<Z0. 05. The same below.
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A
M 3 nT LU HY L Bl I OR A ARk L
4 0 3% G S UL IA) v L 2 o R T R
B, o D I SRR AR L 91 AN B A T AT

20 9% TR Mt R AR 1 5 i 00 B0 5 0 IR 2 (CKD 22 57 R
W (P>0.05) . 1M IV AV 20 59 0L (55 50
ZEAR T XA (CK) (P<C0. 05), A [a) 45k 28 1] A
EL % EC A L PR v (%) 7K 4 KL 7 F1OREL J 43 5 k43 4
R AR E(P>0.05),
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Table 3 Effects of replacing fish meal with fermented soybean in diets on nutritional

composition in muscle of Phoxinus lagowskii Dybowski %

20 51 Kar HEH HEAR 7 HLK 53
Group Moisture Protein Lipid Ash
1 (CK) 77.0440.43 a 18.46+0.62 a 1.41£0.09 a 2.6540.09 a

1 77.40+£1.08 a 17.9840.97 ab 1.4240.10 a 2.6140.10 a

I 78.26+1.13 a 17.264+0.97 ab 1.4340.08 a 2.614+0.10 a

v 78.38+1.16 a 16.774+0.79 b 1.4340.10 a 2.57+0.10 a

Vv 78.96+1.24 a 16.574+0.84 b 1.4540.08 a 2.5440.13 a
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Ky AU DR i R Y (B e o 3 2 2) B AUk
Tl B0 4)) 1 (Pagreus major) B}, i 56 W44 i 12 1
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Table 4  Effects of replacing fish meal with fermented soybean in diets on non-specific

immune indexes of Phoxinus lagowskii Dybowski

2H | AKP/ SOD/ LZM/

Group (UemL™ 1) (UemL™ 1) (pg+mL™D)

I (CK) 1.0540.23 a 179.8349.49 a 2.26+0.55 a
I 1.09+0.18 a 168.52415.71 ab 3.064+0.24 a
il 1.10+£0.07 a 162.2347.55 ab 2.304+1.00 a
I\ 1.224+0.33 a 135.82433.95 b 1.164+0.07 b
V 1.174+0.01 a 138.33424.55 b 1.134£0.09 b

A 5T KB, kTR AR R H o
66. 020 B, ¥ [ Mg 1) 1) B AR B 1 R S0R 3 B AR
TR A 150 W A % TG M5 I & k) b R R R AR
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BT AN BB 58 20 B T3 A 38 4 A7 A 508 R B K
o MEATAE 2 Fh & B GOR R AR PR
BRE MK G ERE M IREM TiX— 5. 54h. KEE
R LB AR IR B A R T o R L &
DL A PR B S S S BURDR T B
FER B i Ol O R R R R AR R R
i it i A= K32 fH .

PN O U SR SR AR DO RT AT TR N
L R AR L A IE il B2 34 TG 18 35 2 e (P=>>0. 05) , %
LR S B oY A L & T ORI AR R RL Y fa R
FE AN R 3 80 V6 it o 453 16 21 2% 52 % I 410 (4 JF 1 L
R 6 B 5 0] B O 8 38 25 57, AR 0 45 SR A AU .
3.2 ERESMXEKSAAE IS

NN RS 5% ra D= S
A HUIRAS L B A2 AR 4y R R R B LR IR R 2
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R 49.5 001 66. 0 0 isF, % EC g AL A T %) KL 1 5 o
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AL AR I 5T A L AR B TR L R 50 26 11 1 f R B
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FIEE YA TR 2 9F B T IR AL L X 5 AR

IS5 AL, X DHESE F 17.626,31. 426,45, 1%
1 60. 8 Y0 ) & T R AR 00Ky R 11 B ) A et 452 ML
TE 886 I, FCWLPA rh i K 43 R AR 11 KR 7 B K 4334
RAZFN W EFW . 1M Moyano % [ 53 2 W . 1)
TR R A5 e R AL A B A3+ 31X 5 AR K 50 4
A g 225 X P 22 5T B T AT A R
T I £ 1 i RO TR 5 R A
3.3 ABEMMMEKBIEFRERZIERHZM
AKP 2 5 BTG 8l S5 0 12 Wi 1Y 5 2248 b
Z— WA NS5BRIEHNER .S
RNA.DNA K 5 AR i A7 60, Aot &
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B AR X M TE AKP G M5 AN 2 X 5
FUCRE R R IR A R (1 (m (44 f0) = m (T
M= 1: DXFREPEayai g AKP 1§ W
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SRR AR X T AKP WM R R 3
SOD J"{Z FA-7E T 4 i 3% S e (4 58 ot v L J2 3
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5K 2 W G 28 BB ) % D) AH G 0F T 1 5 A I A
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B U AR R 5 X A L & B A
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HE) SOD 1% M 12 N . Francis 250V #F 58 % 0,
TR B TR R ) 4 B AR LTS 19 SOD i 1. A A i
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