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fige A WU A JC LB R £ o A6 1) mp 3 i 75
HMETE AR RR I , ) S5 AR IR (3h) X5 0 Py i A
JRAEE SRR B A VR, et 2 A a0 R I
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R o & R IR IR AL E R AR S AR A A RO A B T IR RS L (ICP-MS,
550 °C bt (L SeB g A 7)) wmk%'rﬁﬁ THERMO, [ iz .
(GB/T 6438—1992) ; fal kL F1ZEfiE v Y, 0,4

F1 KWEBRAUZAR(%THR)

Tab.1 Formulation and chemical composition of experimental diets ( % dry matter)

Tkl Diets

JEUB} Ingredients

CON NP KER CEL PHY COM
i 4y Fish meal " 25.00 25.00 25.00 25.00 25.00 25.00
K% 5 Fermented soybean meal (¥ 17.00 17.00 17.00 17.00 17.00 17.00
14 Blood meal " 6.00 6.00 6.00 6.00 6.00 6. 00
T KFEEH Com gluten meal ! 16. 00 16. 00 16. 00 16. 00 16. 00 16. 00
AWk Wheat gluten meal " 4.00 4.00 4.00 4.00 4.00 4.00
HFHY Shrimp meal 4.00 4.00 4.00 4.00 4.00 4.00
#4078 Squid viscera meal" 2.00 2.00 2.00 2.00 2.00 2.00
P % HE Beer yeast'" 2.00 2.00 2.00 2.00 2.00 2.00
A2 il Neutral protease 0.00 1.00 0.00 0.00 0.00 1.00
45 1 fiff Keratinase 0. 00 0. 00 0.50 0. 00 0. 00 0.50
24 Z il Cellulase 0. 00 0. 00 0.00 0.10 0.00 0.10
T B2 Phytase 0. 00 0. 00 0. 00 0. 00 0.05 0.05
a-TEH a-starch 6.00 6.00 6. 00 5.90 5.95 5.85
K& Soybean oil 4.50 4.50 4.50 4.50 4.50 4.50
1l Fish oil 2.50 2.50 2.50 2.50 2.50 2.50
K E G Soybean phospholipid 2.50 2.50 2.50 2.50 2.50 2.50
Ul ZRAY) Vitamin mixture® 1.00 1.00 1.00 1.00 1.00 1.00
YRR S Y Mineral mixture > 1.00 1.00 1.00 1.00 1.00 1.00
L ET4E 2 Microcrystalline cellulose 2.00 1.00 1.50 2.00 2.00 0.50
2 — %45 Monocalcium phosphate 1.00 1.00 1.00 1.00 1.00 1.00
=44 =42 Yttrium Trioxide 0.10 0.10 0.10 0.10 0.10 0.10
EhiA Lys 0.40 0.40 0.40 0.40 0.40 0.40
R Met 0.15 0.15 0.15 0.15 0.15 0.15
WK Zeolite powder 2.85 2.85 2.85 2.85 2.85 2.85

2733 #fr Proximate analysis

L 1 Crude protein 51.01 51.44 50.75 50.92 50.99 51.04
HAE R Crude lipid 10. 97 11.25 11.07 11.25 11.19 11. 15
K4y Ash 14. 00 13.94 14.07 13.94 13.93 13.96

s (1) ARDRHEORE B VT IROR OR K 7= DR A B2 m) (G 2%, oh ) S 40t oy POl AR 71 71, 77% HIR T 7. 92% 5 & 18 K TP oL AR 1
53.19% KLARIT 2. 36% ; Ifi W3 LI 17 96. 19% HHARNT 1. 13% ; £ AR UM o 61. 16% MARNI 3. 41% ;43 Jiu by AR 1 83. 56%
HLHENT 4. 40% ; MR Ky HORLEE H 61. 72% FHAENT 11. 20% ; B fa 7 iR E 31, 13% MARNT 42. 70% ; W Bk hodL 2 1 54. 08% JKLIE I,
0.53%; (2) 4t RIEAY (1U 55 mg/kg T-iapEE) 242 A 16000 TU 4EAE 3K D; 8000 IU; 4iA= 3K K, 14. 72, 4843 B, 17. 80; 4E 4% B,
48.00; 44 & B, 29.52; 44 By, 0. 24454 K E 160; 44 Z C 800; MHEEME 79. 2077 245 73. 60 ; 1 6. 40; A= M) 0. 64; L 3203 4%
ALAERK 1 500; - 100; (3) Z# (mg/kg T4KE) : #i (CuSO, ) 2. 00; 5% (ZnS0, ) 34. 4; 45 (MnSO, ) 6. 20; £k (FeSO, ) 21. 10; filt
[Ca(l105),] 1.63;1ifi( Na,SO4)0. 18;4# ( COCl, ) 0. 24; 8 ( MgSO, - H,0)52.70,

Notes: (1) Supplied by Zhejiang Xinxin Tianen Aquatic Feed Corporation ( Jiaxing, China) ; fish meal, crude protein 71. 77%, crude lipid
7.92% ; fermented soybean meal, crude protein 53. 19%, crude lipid 2. 36% ; blood meal, crude protein 96. 19%, crude lipid 1. 13%; corn
gluten meal, crude protein 61. 16%, crude lipid 3. 41% ; wheat gluten meal, crude protein 83. 56% crude lipid 4. 40% ; shrimp meal, crude
protein 61.72% , crude lipid 11. 20%; squid viscera meal, crude protein 31. 13%, crude lipid 42. 70% ; beer yeast, crude protein 54. 08%,
crude lipid 0.53%; (2) Vitamin mixture (IU or mg/kg dry diet) ; vitamin A 16 000 IU; vitamin D5 8 000 IU; vitamin K; 14. 72; vitamin B,
17.80; vitamin B, 48.00; vitamin B¢ 29. 52; vitamin B, 0. 24; vitamin E 160; vitamin C 800; nicotinamide 79. 20; calcium pantothenate
73.60; folic acid 6.40; biotin 0. 64; inositol 320; choline chloride 1 500; L-carnitine 100; (3) Mineral mixture ( mg/kg diet) : CuSO, 2. 00;
ZnS0, 34.4; MnSO, 6.20; FeSO, 21.10; Ca(105), 1.63; Na,S0; 0.18; COCl, 0.24; MgSO, - H,0 52.70.

1.4 HELAXSHESIT F,=F,/[ (N, +N,)/21/T (4)
S =N,/N, x 100% (1) C, = W,/L} x 100 (5)

Sex = (InW, = InW,)/T x 100%  (2) Hy =W,/W, x 100% (6)

W = (W, = W) /W, x 100% (3) Vg = W./W, X 100% (7)
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Fop = (W, = W)/F, (8)
Py = (W, = W,)/F, (9)
Py =D, /F, x 100% (10)
Lyr = D\/F, X 100% (11)
Ape =11 -(C/C) x (C,/C,)] x 100%
(12)

Sy HAETG R, % N, WARKEE RN, B
WIR AL, s Son WAFEAEK R, %/d; W, W)
IR, g W, AR, g5 T R 5250 KA,
dsFORBE R, o/ (B - d)  Fy AT EHEA R,
g;C WIBWERE o/ om® s W, N iR Ttk , g5 L 1A
K, em; Hy AL, % W, AIFIE R, g3V R
WA L, %05 W, g N E 3G &, g5 Fep A 480 BERL
% 3 Py HEABRE, %5 F, HENE UG
i, g Py HEERTURR, % D, k& A T
T i, g3 Ly RN VTR, % 5 D, A5 5 1T
BUmht, g F) HIEANGNI P&, g3 Wer NI E
L% Ap. HEFYRERVIEAR, % ; C; R FEfl

FE IR T R, %5 Co iR s SR R
%,%;Crd ﬂ‘j/fﬁj*"l’rh Y203 é’l\%,%;crr ﬂ‘:"ﬁ{Erh
Y,0, &&, %,

AHOC LS 25 R LV 49 (H £ 45 1% (Mean £SE )
TR FrAEEER A SPSS 17. 0 HEAT N ERTr
22500 (One way ANOVA) | 4 5[ 32 0y 22 53 #r Ak
HLZ 8] 2257 3% (P<0. 05) i, 5K H] Tukey 6 1
FEZ =R Ty

2 4%

2.1 AEEEHIFIR A OB 4K IR0 E R F
AR m

H1 & 2 WA, Al sk e i 55 ) 9 ok R 1 2R
fip £ 15 %6 (SR) I A .3 52w (P>0.05) . 4K
T, AS [ A 700 ) 98 T R e A 1 R B 1 A A A
PEVEF, Horh KER (CEL A1 COM %8 Il b 25 42 55
TR B R B &R K BT & (FBW) | 3 R
(WGR) FilFEE A=K # (SGR, P<0.05) ,

F2 AR MIMER XK OB e E KISR0
Tab.2 Effects of adding different exogenous enzyme in diets on growth performance of largemouth bass

F8hr Index

PR Dt T i IBW g SRR FBW g R SR% e Kok SOR (/) R WOR/%
CON 39.61+0. 06 159. 08+1. 80" 100. 00 2.44+0.02" 297.17+7. 40"
NP 39.57+0. 04 166.59+2. 43 98.89+1.11 2.52+0. 03 321.04+6. 46™
KER 39.7320. 05 172.21£1.75° 100. 00 2.57£0.02° 333.41+3.99°
CEL 39.6320. 03 168. 57+0. 44 100. 00 2.54+0.01° 325.31+0. 76"
PHY 39.6320. 03 168.23+3.25% 100. 00 2.54+0. 03" 324.48+8. 32"
COM 39.76+0. 03 173.21+0. 68° 100. 00 2.58+0.01° 335.69+1. 38"

T R RO R AR A R NG TR R 225 W35 (P<0.05) .

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

P 3 AT R 500 A TR 4R R TR 1 R
FIFEE R (FI) |, LBk NP AbFRZ] 4h , Hofth b B4 (1)
FI ¥ 5.2 5 T CON 40 ( P<0. 05) ; [A] i, COM 41
B FL I 258 Ty 4 4L il I Ab B4 (P <
0.05) o ) A A IR 23 X6l R}k % (FER) il
HEFAE(PER) P2 A B2 (P>0.05) ., 5
CON #[t, NP KER LA & PHY RYUS N4 g & 11
A VU (PRR) , PHY I COM B3 in2s i
ER SR DI (LRR, P<0. 05 ) , AN [R] g 571
BOVR NS 535 $2 w5 7 Ok 1 B 6 x5 1 5 R g s
LMWL (P<0.05) ; COM 4 45 19 5 22 W3
R, H % T HALA 4 (P<0.05);

KER CEL F1 COM £ i Ii§ 7 ¢ WL 1k & 2 3 75
T NP 1 CON 41 (P<0.05), H4H A& A W 1
ZH(P>0.05),
2.2 AEEFIFIXKOBSFEEFHHIG

N3 4 iR, 5 CON NP PHY 1 COM 4h#
AR L, fakL ES i KER A1 CEL & 35425 T K
1 B g A 36 3 ( P<0. 05) . NP il PHY AbFHZH
FR A L (HST) 582 1 T HoAth 4 4H(P<0.05) , H.
PRI A 3 1k 25 5 (P>0.05) . NP Ab B4
OB L (VST SR, H 53 i T A& 4 (P<
0.05),

http://www. shhydxxb.com



734 W ¥ K ¥ ¥ 32 %

&3 AR N S IR BE 7 3 K O R EAR LR A B R0

Tab.3 Effects of adding different exogenous enzyme in diets on nutrient utilization of largemouth bass

JEF5 Index

- ] -
PR e WRECE  ROURHGE ROFORE ek SO et
FU/[g/ (R - d)] FER/% PER/% PRR/% LRR/% ADC of protein/%  ADC of lipid/%
CON 1.68+0.01° 1.24+0.02 242.32+4.42  40.050.52"  80.4320.58" 93. 74+0. 10 90. 33+0. 49¢
NP 1.72+0. 02 1.29+0. 02 251.40+4.58  42.46+0.34°  80.04=2.09" 95.470. 04 93.240. 70°
KER 1.83+0.01" 1.26+0.01 249.46+2.39  42.47+0.24°  80.58<1.05" 95.43+0. 16 96. 04£0. 45"
CEL 1.85+0.01" 1.22+0.01 239.60+1.79  41.50+0. 11"  81.03=0.39" 94.70+0. 04° 94.77+0. 69
PHY 1.770. 02 1.28+0. 03 249.97+5.20  42.62+0.63"  97.90+0.77° 95.09£0.05™  93.4420.47"
coM 1.930. 02° 1.21£0.00 237.35:0.87  41.84+0.20"  92.99:0.76° 96. 18+0. 14° 94.76+0. 32

L : AT R AR AN ] /NG B R R 25 5 .25 (P<0..05)

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

F 4 (AR RIS IR EE H) 7 3
A O E&RHE AT LL FAE A LE B3
Tab.4 Effects of adding different exogenous enzyme
in diets on CF, HSI and VSI of

largemouth bass

limp ! F8hr Index
Diets  Jjuyiie CF/(g/cm’®) JFHRLL HSI/% WKL VSI/%

CON 2.5120.01" 2.43£0.02"  8.33+0.08"
NP 2.56+0.01" 2.64x0.01°  9.45+0.09°
KER 2.75+0.01° 2.41£0.03"  8.01+0.01°
CEL 2.71£0.01° 2.15+0.01°  8.45x0.03
PHY 2.5620. 02" 2.68+0.02°  8.69+0.03°
COM 2.54+0.01" 2.26+0.01°  9.16x0.02"

T AT b A 6] /NG - RER R 28 53 W 25 (P<0.05)
Notes: In the same row, values with different small letter superscripts
mean significant difference ( P<0.05).

2.3 AEBHFXOBRE2EFFEMALR
H A HY 200

W 5 Fron . KER AbHEZH 40 Y 7K 7 35 i fe
B 2T PHY A COM AbHE4] (P<0.05) ;COM
AP & s, 5 CEL A A B
FEVE2ER (P>0.05) s Mk s im PHY i COM 5
FHEE T IR & 8 (P<0.05) , fak
NP KER CEL 1 COM 1 %5 Jin {2 2 FEAK T FF
NG5 B 7 & (P<0.05) , Rk s im NP PHY |
CEL F1 COM I 245y 1 LA FPop 8 1 i) 7 ot ( P<
0.05) ;KER ,PHY .CEL F1 COM (¥R N 45 1
LR ok A I 75 i (P<0.05)

3 dtig

ek v Ry e B R AR R SR 2 5 A
FELPIPE S A Yy P 2 B ARDR OB, T -5 1 [R]
Pt P B BT T A1 B e LAY fo (A T B i
A o AH R T A 500 B0 5 R LA S5
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fFE ) IR D S s 37 N B sh P 1 I
B LUR T8 S22, 2 e e A 0 3E 0k 2R
RO R R M AR K S e sk
1 PR RE 5 B 1 b B B AR g 4, LA
2 P T 22 O %) A ik, DT 9820 A A R %o ) e
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salar) FYRIFSE A B IER A 1 W10 1 DR 25 eI #1226
AR PRI ALY KROGDAHL 45 75 i filf
( Oncorhynchus mykiss ) BFFE HWUESE T X — W0
Mo SARSESORE ST S B rP R AR T DLAE —
FREE bl b JBe A 1 A o PR A TR M, AR AR S
B, vh VAR A S I AR TR R B
B AR A R, B R R T, o A i b
X R 1 R AR K M e EL A R S e, AR
BT F ADRL A ARk 5 12t 0 AR S A R
FEY)EE 1, X RE R TRDRL B8 0 2 1 e ) ROR T AR
T E Ak E AR e A AR
TR S AR U, T DR AR A R b e O
B 503l TS o A AT ) 2 P IR = B TR i
PESh X E S B A Y R
FRH ( Carassius auratus gibelio ) ™ )52 5 34 £ 31F
WX — i, ARSI Z AR L. LEE 56 B
T EE RS IR BT S AR R 5 e, IR T
AN]SR T4 J5T KL AR 1 B R TR AL fE
LI AL 5, 45 R R BT, S I 2 1 g AT DLAR =
e J5ORH I AR, 0 H I A W R T AR R
A TINER P RSSO DR A A T M A2 B T S, O
S mRHEC 5 Th S AR AR BT Eu A 5. X AT RE
SE TR LR P EAE R BUE SR 1, QiR AR
P Tt 1) A - K S8 e i 5 TR 2 1 il i
AT LRk v 2 BT ) AR R R
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RS ERFRMIMNEEEFIFIT KO RE 2 & FFAEF AL PIBERE 75 5 B0

Tab.5 Effects of adding different exogenous enzyme in diets on proximate composition of whole fish body, liver and

muscle of largemouth bass %

545 Index

T #} Diets K4y HEA HHLAE Wi R4y
Moisture Protein Lipid Ash

44t Whole fish body
CON 71.95£0. 54 16. 53+0. 09° 7.14+0. 12™ 12.97+0. 19*
NP 70. 78+0. 46" 16.90+0. 18" 6.96=0. 08" 12.76£0. 11"
KER 72.38+0. 17° 17.03+0. 07" 7.05+0.06™ 12.59+0. 09"
CEL 71. 67+0. 36" 17.32+0. 08 7.47+0.04" 12. 46£0. 02%
PHY 70.28+0. 57" 17.06+0. 11" 8.60+0. 18" 12.03+0. 29"
COM 70.02£0. 39" 17. 63+0. 04° 8.56+0. 06" 11.38+0. 14°
JFRE Liver
CON 74.22+0. 45 10. 86+0. 55 4.95+0.02° -
NP 73.62+0. 19 10.97+0.21 3.89+0.17¢ -
KER 74.59+1. 04 11.55+0.32 4.26+0.04™ -
CEL 72.96+0. 14 11.67+0.21 3.84+0. 09° -
PHY 72.18+0. 62 10. 40+0. 21 4.48+0. 14 -
CoM 73.82+0. 19 10. 62+0.23 4.22+0.13™ -
WA Muscle
CON 78.82+0. 14° 19. 13+0. 13° 1.24+0.02° -
NP 77.49+0. 13" 20.20=0. 10° 1.43+0.07" -
KER 78.41£0. 12 19.57£0. 07" 1.55+0. 08" -
CEL 77.75+0. 11" 20.17£0. 09" 1.68+0. 05" -
PHY 77. 80+0. 24" 20. 18+0. 25" 1.69+0.07% -
CoM 77.09+0. 14° 20.45+0.07° 1.97+0. 08" -

T AT R R AR AN R NG TR 30R 2557 .3 (P<0.05)

Notes: In the same row, values with different small letter superscripts mean significant difference ( P<0.05).
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Effects of dietary exogenous enzymes on improving growth performance,
body composition and feed utilization of largemouth bass ( Micropterus
salmoides) fed low fishmeal-based diet

QIU Hongjie', HE Xiangzhong', CHEN Naisong"*, LI Songlin'?
(1. Centre for Research on Environmental Ecology and Fish Nutrition, Ministry of Agriculture and Rural Affairs, Shanghai Ocean
University, Shanghai 201306, China; 2. National Demonstration Center for Experimental Fisheries Science Education,

Shanghai Ocean University, Shanghai 201306, China)

Abstract: In order to evaluate the effects of exogenous enzymes inclusion on growth performance, body
composition and feed efficiency of largemouth bass, the diet with 25% fish meal was considered as the
control, and another five isonitrogenous and isolipidic diets were formulated with the inclusion of neutral
protease, keratinase, cellulase, phytase and complex enzymes ( neutral protease, keratinase, cellulase and
phytase ) , respectively. The fish were fed the experimental diets for 57 days twice daily. Results showed that
fish fed the diet with keratinase, cellulase or complex enzymes inclusion displayed higher final body weight,
weight gain rate and specific growth rate compared to the control group. Meanwhile, largemouth bass fed the
diet with the supplementation of neutral protease, keratinase or phytase obtained significantly higher protein
retention rate than that in the control group. The lipid retention rate was significantly higher in largemouth
bass fed the diet with phytase or complex enzyme compared to other groups. The inclusion of exogenous
enzyme significantly elevated the nutrient apparent digestibility coefficient of largemouth bass: the highest
apparent digestibility of protein was observed in largemouth bass fed the diet with complex enzyme, which was
significantly higher than other groups; the apparent digestibility of lipid in largemouth bass fed the diet with
keratin, cellulase and complex enzyme was significantly higher than that in the neutral protease and control
group. In summary, the supplementation of exogenous enzymes, especially keratinase, cellulase and complex
enzyme, in high plant protein diet, can effectively promote the digestion and absorption of nutrients, improve
feed utilization and elevate growth performance of largemouth bass.

Key words: largemouth bass; exogenous enzyme; growth performance; feed utilization; low fish meal diet
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