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, 2009)
, 2006)

(Ctenopharyngodon idellus)(
(Allogynogenetic crucian)(

El

(Anguilla anguilla) s

1.1
(6.380.26)g,

) (1200L)
15d , 2 (8:00, 18:00)
540
, 18 (
120L), 6 , 3
, 30
(8:00, 18:00),
, 25min
, 1/5 )
21.5—24.5°C, >7.0mg/L,
<0.21mg/L, pH 7.9—8.1
1.2
( ),
; B- ,
; (
)> (
1

, (0%) Diet 1(0.05%) Diet 2 (0.10%)
Diet 3 (0.15%) Diet4 (0.20%) Diet 5 (0.25%)
, —4°C
F1 BUNEBHEAMANEZEERHS(FTE%)

Tab.1 The proximate ingredients of basal diet for 4. anguilla

(dry weight %)
(%) (%) (%) (%)
94.21 46.29 9.41 9.81

1.3
42d 24h, ,

6 , )
, 1ml ,
1.5mL ,4°C 8h , 3000r/min
10min 4°C ,
, -80°C
, -80°C
5 -20°C ,
, 9 viw) ,
Smin, s
(4°C, 4000r/min, 20min) 10%
, —80°C
14
14.1
(weight gain rate, WGR) (specific

growth rate, SGR) (survival rate, SR)

(hepatosomatic indexes, HSI) (condition
factor, CF)5
WGR(%) = 100><( - )/
SGR(%/d) = 100><(In —In
)/
SR(%) = 100><( / )
HSI(%) = 100><( / )
CF(%) = 100>< (2)/ ? (em?®)
( ><6.25);
( ) ;
(550°C) ; 105°C
1.4.2
(AMS) (LPS)
(T-SOD) (LZM)
(AKP) (TP)
1.4.3 SPSS16.0
(One-Way ANOVA),
R Duncan s
P<0.05 + (Mean==
SE)
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2
21 (P>0.05), 100%
6 2.2
2
>
,Diet 1 Diet 3 Diet 2
(P<0.05) Diet 3 (P<0.05),
34.22%  26.36%, (P>0.05)
F 2 EEEEHIFXTECGH S 84 K R 2 I
Tab.2 Effects of multi-enzyme on the growth performance of 4. anguilla
(0%) Diet 1 (0.05%) Diet 2 (0.10%)  Diet 3 (0.15%) Diet 4 (0.20%) Diet 5 (0.25%)
(2 6.22 £ 0.05 6.26 £ 0.05 6.37 £0.18" 6.40 £ 0.08" 6.59 £ 0.10° 6.64 £ 0.23°
(2 9.88+0.13° 10.41 +0.22° 10.37 £ 0.25° 11.46 +0.24° 10.58 + 0.20™ 10.70 + 0.46™
WGR (%) 58.94 +0.75° 66.39 +2.42° 62.89 +£2.26™ 79.11 +2.41° 60.65 + 0.52™ 61.03 + 1.56™
SGR (%/d)  1.10+0.01° 1.21 £0.03° 1.16 +0.03% 1.39 £ 0.03* 1.13+£0.01% 1.13 +£0.02"
HSI (%) 221 £0.13° 2.29 £0.14° 1.98 +0.08* 231 £0.10° 2.22 +0.09° 2.02£0.10°
CF (%) 0.133 + 0.009* 0.141 +0.007 0.134 +£0.002*°  0.144 £0.007°  0.142 % 0.005" 0.133 £ 0.004°
SR (%) 100 £ 0.00° 100 £ 0.00° 100 £ 0.00° 100 £ 0.00° 100 £ 0.00° 100 + 0.00°
(P<0.05)
R 3 EEEEH R ER M ER 81K B 5 B9 22 GE E %)
Tab.3 Effects of multi-enzyme on the whole-body composition of 4. anguilla (wet weight %)
(%) (%) (%) (%)
(0%) 73.06 +0.15° 6.01 £0.12° 18.61 £0.19° 2.68 +0.02°
Diet 1 (0.05%) 73.65 +0.05° 6.06+0.11° 17.87 £0.15° 2.48 +0.06°
Diet 2 (0.10%) 73.38 + 0.49° 6.18 £0.07° 18.59 +0.32° 2.60 £ 0.03%
Diet 3 (0.15%) 74.17 £ 0.44° 5.89 £ 0.08* 18.08 + 0.26° 2.46 +0.02°
Diet 4 (0.20%) 73.62 +£0.51° 6.05 £ 0.16° 18.09 + 0.28* 2.44 +0.04°
Diet 5 (0.25%) 74.02 £0.15° 5.88 £ 0.04° 18.28 +0.22° 2.50 +0.08°
(P<0.05),

23

(P<0.05), Diet 2

(P>0.05)

2.4

(SOD)

>

(P<0.05)

, Diet 5

x4 EFEEIF X EM 25058 E LB R TR 2
Tab.4 Effects of multi-enzyme on the activities of intestinal
digestive enzymes of 4. anguilla

(U/mg prot) (U/g prot) (U/g prot)
(0%) 17024 +1.05° 21.38+1.34* 2563 +0.33°
Diet 1 (0.05%) 189.73 £0.81*° 24.51+1.06°  24.77 +2.34"
Diet 2 (0.10%) 176.71 £ 1.30°  30.06 £ 0.41*  23.41 +0.82°
Diet 3 (0.15%) 187.52+£0.33* 24.85+0.84™  22.51 +0.96"
Diet 4 (0.20%) 187.44 +£0.79° 2630 +1.11"  22.00 +0.78"
Diet 5 (0.25%) 186.24 £2.39°  23.11 £0.49°  22.17 £0.92°

SOD

SOD

(P<0.05), Diet 3 Diet 4
(LZM)

(AKP)
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Tab.5 Effects of multi-enzyme on the immune response of A. anguilla
AKP
LZM(U/mL)
SOD(U/mL) ( /100mL) TP(mg/mL)
(0%) 400.35 +2.97° 79.88 + 0.98¢ 2.36+0.03° 24.86 + 1.03°
Diet 1 (0.05%) 413.05 +2.52° 129.76 + 0.47° 3.32 £0.09% 28.90 + 0.49°
Diet 2 (0.10%) 423.79 +£1.73° 131.26 + 1.18¢ 3.05+0.10° 30.41 £ 1.60°
Diet 3 (0.15%) 436.35+1.81° 139.33 + 0.46° 3.55+£0.13° 34.52 +1.20°
Diet 4 (0.20%) 431.18 +1.57° 138.72 + 0.48° 3.53+£0.11° 29.86 + 0.45°
Diet 5 (0.25%) 418.03 +1.20™ 135.46 + 1.27° 3.14+0.09" 28.42 +1.37°
(P<0.05), LZM Diet 3
Diet 4 AKP ,
(TP) (P<0.05), Diet ,
3 Diet4 AKP , Diet 3 ,
TP 38.86% ( , 2006) ,
3 b b
( , 2005;
3.1 , 2008), ,
> ( ,2004)
3.2
, 400mg/kg ,
15.4% ( ,2013) , 6
(2001) (2009) ,
, Diet 2
(2009) (2009)
1%0—3 %0
; 1%o , (2013) (2008)
’ (Carassius auratus gibelio)
B- , (2000) :
50 1%o 3.3
s 0.15%
34.22%  26.36%, ,
, (0.2%) i ,
( , 2005),
0.15%, (2000) (2006) (B-
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8 ) , AKP ,
s , 0.15% 0.2% AKP
, TP
,Diet3  (0.15%) 38.86%,
8 , (2013) ,
( ,2013) R R
B-
, 6 0.15%
’ 0.1% , , , 2009.
’ 24(5): 417—422
’ , , , 2013.
s . 9(6):
84—89
( , 2012), : : , 2006.
, 22(1):
46—50
’ ’ , 2000.
. ,5:70—71
) , , 2005.
3.4 , 21(6): 40—41
, 2008.
’ , 17,
’ SOD 20—21
’ oy , , ,2012.2
,(6): 5—13
. , , 2009.
(2005) (Oreochromis niloticus) , 33(4):
( ), 726—731
SOD LZM , 2008.
200mg/kg ( B-
) LZM , 63—81
, 2001. ,
R SOD
15: 22—23
( ,2008) , , , 2012
, LZM  SOD , 33(8): 43—46
, , , ,2005. PS
0.15% 0.2% :  27(4):
AKP 286—291
, 2005.
’ . : .7
’ , 2013,
(Bigij et al, 1987), TP 1219
, , , , 2008.
s SOD ,27(1):
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96—100 to dehulled lupin-based diets on growth, feed efficiency,
2012 nutrient digestibility and carcass composition of rainbow
’ ' trout, Oncrohynchus mykiss (Walbaum). Aquaculture Research,

» 24(5): 977—982 38(12): 1274—1282

» 2004. : : » 169—174 Lin S, Mai K, Tan B, 2007. Effects of exogenous enzyme

Bigij J, Dulak J, Plytycz B, 1987. Lymphoid organs of Gasterosteus supplementation in diets on growth and feed utilization in

aculeatus. Journal of Fish Biology, 31: 233—234 tilapia, Oreochromis niloticus >< O. aureus. Aquaculture
Carter C G, Houlihan D F, Buchanan B et a/, 1994. Growth and Research, 38(15): 1645—1653

feed utilization efficiencies of seawater Atlantic salmon,
Salmon salar L., fed a diet containing supplementary
enzymes. Aquaculture Research, 25(1): 37—46

Yildirim Y B, Turan F, 2010. Effects of exogenous enzyme
supplementation in diet s on growth and feed utilization in
African catfish, Clarias gariepinus. Journal of Animal and

Farhangi M, Carter C G, 2007. Effect of enzyme supplementation Veterinary Advances, 9(2): 327—331

EFFECTS OF MULTI-ENZYME ON GROWTH PERFORMANCE, ACTIVITIES OF
DIGESTIVE ENZYMES AND IMMUNE RESPONSE OF ANGUILLA ANGUILLA

LU Jing"?, LI Zhong-Bao' *, CHEN Qiang" ?, LI Wen-Jing" >, HUANG Yong-Chun"*

(1. Fisheries College, Jimei University, Xiamen 361021, China; 2. Fujian Provincial Key Laboratory of Marine Fishery Resources and
Eco-environment, Xiamen 361021, China)

Abstract A feeding trial was conducted to study the effects of multi-enzyme on growth performance, digestibility, and
immune response of Anguilla anguilla. Five hundred and forty fish were randomly allotted to six groups with triplication
and fed diets containing multi-enzyme at a rate of 0.05% (Diet 1), 0.10% (Diet 2), 0.15% (Diet 3), 0.20% (Diet 4), 0.25%
(Diet 5), and the control (Diet 0). After feeding for 6 weeks, the weight gain rate (WGR) and specific growth rate (SGR)
increased and then decreased with increasing multi-enzyme in diets. In addition, the WGR and SGR of Diet 3 were greater
than those of the control by 34.22% and 26.36%. However, no significant difference was found among all the treatments in
hepatosomatic index or condition factor (P>0.05). The feed added multi-enzyme decreased the ash content, but no
significant differences in body moisture, crude lipid content, and crude protein from those of the control (P>0.05). The
apparent activities of intestinal trypsin were significantly higher in Diet 1—Diet 5 (P<0.05); amylase activities increased
and then decreased with the multi-enzyme concentration; no significant differences in lipase in the fish fed with different
diets (P>0.05). The activities of serum superoxide dismutase, lysozyme; alkaline phosphatase of multi-enzyme added
groups increased significantly from those of the control (P<0.05); and the concentration of serum total protein of Diet 3
(0.15%) was higher than the control by 38.86% (P<0.05). Therefore, the feed added with 0.15% multi-enzyme can promote
the growth performance, digestibility, and immune response of 4. anguilla.

Key words Anguilla anguilla; multi-enzyme; growth performance; activities of digestive enzymes; immune
response
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