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Tab. 1 Formulation of basal diet (% dry diet) 1Zh 12h
Ingredient % 15
Brown fish meal 17.00 1d, 5
Defatted soybean meal 27.00
Defatted canola meal 25.00 .
o 105°C :
Fish oil 2.50
Corn oil 2.50 ’ >
Flour 17.00 ; 550C
In g .
Mineral mix 5.00 AOCO [9]
? Vitamin mix 1.00
Carboxymethyl cellulose 2.00 1d ’
1. (g/kg )Mineral premix (g/kg mix): > >
FeSO,7H,0 15, CuSO4H,0 0.3, , ( 5
ZnS0O47H,0 10, MnSO4-H,O 0.5, NaCl 30, ), , 10
MgS0440, Ca(H,P04), 400, KI 0.05, PBS
Na,SeO; 0.005, CoCl,'6H,O 0.5, zeolite 5 ’ . .
503.645; 2. (g/kg )Vitamin mix (g/kg mix): 4°C 10000r/min 10min,
A Vit A retinol acetate 0.80, D3 Vit D3 cholecalcif- P 4C
erol 0.06, E Vit E a-tocopherol acetate 4.00, K3 [10]
Vit K3 menadione 8.00, thiamin 2.00, riboflavin pH 75 37°C i 1 ug
2.00, pantothenic acid 6.00, pyridoxine 2.00,
o L . . 1 U) U/mg
folic acid 0.50, niacinl5, Vit B12 cyanocobalamin 0.02,
11
inositol 40.00, C coated vitamin C 20, Benfeld '
choline chloride 50, corn starch  850.62 pH 6.9 25C s
F 2 ZWANMEFES ST AR
Tab. 2 Nutritional facts of the test diets (% dry diet)
. 1 2 3 4 5
Diet -
(0) (2x10%) (2x107) (2x10%) (5x10%)
Crude protein 38.71 38.03 38.01 38.71 38.87
Crude lipid 7.02 7.08 6.76 7.01 6.65
Crude ash 10.82 10.76 10.68 10.72 10.52
Carbohydrate 43.45 43.93 44.54 43.55 43.96
D (cfu/g)

Note: *Bacillus subtilis (cfu/g)
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1 umol 1 (P<0.05),
(U) U/mg (P>0.05)
( (P>0.05)
) : 37T , 2.2
1 umol 1 L) 8
Ul/g ( 4
[12]
1.6 (P<0.05),
+ (Mean=SE) (P<0.05), 2x107 cfu/g
SPSSI11.5 (One-way (P>0.05)
ANOVA), 2x10°—5%x10% cfu/g ,
(P<0.05), (P<0.05),
Duncan
) 2x107 2x10°  5x10% cfu/g
2.1 2x10° cfu/g
8 (P<0.05)
( 3) 3 , 2x10°—5x10% cfu/g ,
, (P>0.05)
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Tab. 3 Growth performance of juvenile black carp fed test diets for 8 weeks

Bacillus subtilis (cfu/g)

Index
0 2x10° 2x10’ 2x10° 5x10®

Initial weight (g) 4.35+0.06 4.28+0.12 4.38+0.10 4.37+0.02 4.43+0.04

Final weight (g) 13.14+0.23" 16.15+0.39° 15.05+0.09° 15.64+0.57° 15.75+0.34°

Survival rate (%) 96.67+3.33 95.00£2.89 96.67+3.33 98.33+1.67 96.67+1.67
Weight gain (%) 202.03+4.99* 277.35+9.23° 243.75+9.76° 258.19+13.89° 255.43+11.24°

Feed conversion ratio 1.72+0.03* 1.49+0.03° 1.57£0.06° 1.51£0.04° 1.54£0.04°

(P<0.05);

Note: Mean values in one row with different superscripts are significantly different (P<0.05); the same below

F4 FEEMBEAETEIEAN 8 B E8RAATBRALHE LEEE S

Tab. 4 Intestine and hepato-pancreas digestive enzyme activity of juvenile black carp fed test diets for 8 weeks

Bacillus subtilis (cfu/g)
Digestive enzyme activity

0 2x10° 2x10’ 2x10° 5x10°
Protease activity (U/mg Protein)
Intestine 42.97+0.90" 47.90+0.90° 70.85+2.62° 68.11+1.70° 67.05£0.71°
Hepato-pancreas 2.25+0.13" 2.36+0.27° 4.910.65 6.50+0.61° 5.46+0.42"
Amylase activity(U/mg Protein)
Intestine 31.89+2.27" 40.10<1.12° 42.93£0.75° 46.49+2.90° 58.80+4.09°
Hepato-pancreas 29.51+1.93 28.93+1.85 25.97+1.54 26.35+2.22 26.64+0.52
Lipase activity (U/g Protein)
Intestine 102.73+8.77 88.67+3.53 90.05+7.34 84.91+3.31 105.85+13.74

Hepato-pancreas 63.71+4.64 61.68+7.41 64.12+8.02 64.29+£3.57 61.25+5.37
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(Labeo rohita)

8
(P>0.05)
15¢g
0.5x10" —1.5x107 cfu/g

[2]

[13] 4x10"—6x10" cfu/g

>

Wang & Xu

[14]’ 1><107

2 cfu/g (Bacillus spp.) 6.5 g
B 65 g (Oreochriomis niloticus) (Cyprinus carpio) 60d,
13107 cfu/g 1 (1) 1x10*—6x10°
2 782 ¢ cfu/g (B. coagulans) ,
(Larimichthys crocea) 1.35%x107 345 g ,
cfu/g 10 8]
Bl 2d1g (Litopen- 3.0x10° cfu/g
aeus vannamer) 1x10*—5x10* cfu/g ,
40d I 0.67 ¢ i
6x10° —6x107 cfu/g
58d 7 345¢
(O. niloticusxO. aureus) 3.0x10°
cfu/g 56d
(8] ) , Merrifield, et al. !'® 69 g
2x10°—5x10° cfu/g 1077 cfu/g
) ) 10
2x10° cfu/g (7]
, 5x10°—1x10" cfu/g
, , 341 ¢g (Oreochriomis spp.)
5 Bagher,
fif] et al. ') 1.8x10°—6.1x10° cfu/g
2x10’ cfu/g s 2

*5 FRaMEBERETRMEN 8 AGHNEAKER
Tab. 5 Whole fish body composition of juvenile black carp fed test diets for 8 weeks

Bacillus subtilis (cfu/g)

Fish body composition (%) 0 2x10° 2x107 2x108 5x10%
Moisture 70.93+0.33 71.39+0.24 71.38+0.33 70.84+0.61 71.60+0.19
Crude protein 16.52+0.21 16.52+0.07 16.54+0.19 16.76+0.03 16.43+0.22
Crude lipid 10.26+0.10 9.85+0.24 9.57+0.27 9.76+0.44 9.40+0.27
Crude ash 2.58+0.04 2.69+0.10 2.68+0.13 2.66+0.02 2.61£0.18
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EFFECT OF ADDING BACILLUS SUBTILIS TO DIETS ON GROWTH
PERFORMANCE, DIGESTIVE ENZYMES ACTIVITY AND BODY COMPOSITION
OF FINGERLING BLACK CARP (MYLOPHARYNGODON PICEUS)

SHEN Bin-Qian', CHEN Jian-Ming', GUO Jian-Lin', PAN Qian', SUN Li-Hui' and YE Jin-Yun?
(1. Zhejiang Institute of Freshwater Fisheries, Huzhou 313001, China; 2. Huzhou Teachers Collage, Huzhou 313001, China)

Abstract: A basal diet without adding Bacillus subtilis and four test diets containing 2x10° 2x107, 2x10* and 5x10°
cfu/g of the B. subtilis were prepared to feed five groups of fish in triplicate with an initial average body weight of
(4.16+0.03) g respectively. The feeding experiment was conducted in 15 re-circulating tank systems (80 L each) at a
controlled water temperature of (25+0.5)°C for eight weeks. The results showed that the weight gain of fish fed diets
with B. subtilis increased significantly compared to that of fish fed the basal diet (P<0.05), and the feed conversion ra-
tio(FCR) reduced significantly (P<0.05). However, weight gains and FCR of fish fed diets containing different levels of
B. subtilis showed no significant difference (P>0.05). Survival rates were not affected by adding B. subtilis to diets
(P>0.05). Intestine protease activities of fish fed diets with B. subtilis were higher than that of fish fed the basal diet
(P<0.05), and intestine protease activity increased with the increasing level of B. subtilis supplement up to 2x10’ cfu/g,
but above this level, it appeared to keep stable. The intestine amylase activity of fish fed diets with B. subtilis increased
significantly (P < 0.05), and higher level of B. subtilis supplementing appeared to have higher activity. Fish fed diets
with 2x107, 2x10® and 5x10° cfu/g B. subtilis had higher hepato-pancreas protease activities than those of fish fed the
basal diet and a diet with 2x10° cfu/g of B. subtilis. While the hepato-pancreas amylase activity, hepato-pancreas and
intestine lipase activity were not affected significantly by dietary adding of B. subtilis (P>0.05), the body composition

was not affected either. In conclusion, under the condition of this experiment, adding 2x10°—5x10* cfu/g B. subtilis to

fingerling black carp diet could improve fish growth and feed conversion without affecting the body composition.

Key words: Bacillus subtilis; Black carp (Mylopharyngodon piceus); Growth; Digestive enzyme activity; Body composition



