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, ( 1)
(o (Vicia sa- 40 ( 20 ), , (
tiva L) " (Momordica charantia) "% KL 105A-4-2 )
) 2 mm , 80°C
2
, ( ) 8 1.2
, 1
, , 375
, ( 59.0 g+0.6 g)
1 15 (2.5 mx1.2 mx1.2 m), 5
, 3 ( ),
1.1 (5.0 mx3.0 mx1.2 m) , 25
5 ; 3% 3 (09:00, 13:00, 17:00) ,
75% , 15 min
, ( ( lh
DL- 49%) [13) ) , 1/3 :
(broad bean diet, BBD); 60% 0.85~0.90 m, 20~30°C, DO>4.5 mg/L,
<0.2 mg/L
, (common vetch , 8
seed diet, CVD) (bitter melon seed 13
diet, BMD)( ; 1.3.1 ,
75% ) 24 h, ,
, , ) ) (WGR) (FCR) (SR);
) 6 ,
60%); , , ,
24 h , (HSI) (VSD) (CF)
(soaked broad bean, SBB), (%)=100%[ (g)- (2
, (8
, = (@[ (&)-
; (@1
F1 BE. KEEFRERITERRS
Tab.1 Proximate composition of broad bean, common vetch seed and bitter melon seed
x £SD
item broad bean common vetch seed bitter melon seed
moisture 12.5+0.4 7.4+0.1 10.2+0.2
crude protein 29.2+0.3 25.3£0.2 27.4£0.2
crude lipid 3.5+0.6 3.0+0.2 11.30.5
ash 3.5+0.0 3.1£0.0 11.0£0.1
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x2 ARAMREFRKT

Tab.2 Composition and nutrient levels of diets

%, at fed basis
item control diet SBB BBD CVD BMD
fish meal 3.0 3.0 3.0 3.0
soybean meal 10.0 - - -
cottonseed meal 16.0 - - -
rapeseed meal 16.0 8.0 11.0 19.0
wheat bran 9.50 - - -
rice bran 15.0 9.9 10.5 2.5
wheat middling 22.0 - 12.0 12.0
wheat flour 5.0 - - -
dry broad bean - 100.0 75.0 - -
common vetch seed - - 60.0 -
bitter melon seed - - - 60.0
soybean oil 0.5 0.5 0.5 0.5
choline chloride 0.5 0.5 0.5 0.5
Ca(H,POy4), 1.5 1.5 1.5 1.5
Y vitamin premix" 0.5 0.5 0.5 0.5
2 mineral premix? 0.5 0.5 0.5 0.5
micro-encapsulated Met - 0.6 - -
total 100.0 100.0 100.0 100.0 100.0
nutrient level
moisture 8.6 59.5 9.4 9.8 9.3
crude protein 28.4 13.5 28.2 26.7 28.1
crude lipid 4.8 1.6 4.4 4.4 6.8
ash 6.7 1.6 5.7 5.4 6.5
0 1) : VA 6000 IU, Ve 200 mg, Vp 2000 IU, Vg 50 mg, Vk 5 mg, Vg, 15 mg, Vg, 15 mg, Vs 30 mg, Vps
35 mg, Ve 6 mg, 0.2 mg, 3 mg, Vg2 0.03 mg, 200 mg. 2) : Zn 80 mg, Fe 150 mg,

Cu 4 mg, Mn 20 mg, I 0.4 mg, Co 0.1 mg, Se 0.1 mg, Mg 100 mg.

Note: 1) The vitamin premix provided the following per kg of diets: retinyl acetate A 6000 IU, ascorbic acid 200 mg, cholecalciferol 2000 IU,
tocopherol 50 mg, menadione 5 mg, thiamin 15 mg, riboflavin 15 mg, niacin 30 mg, pantothenicacid 35 mg, pyridoxamine 6 mg, biotin 0.2 mg, folic
acid 3 mg, cobalamin 0.03 mg, inositol 200 mg. 2) The mineral premix provided the following per kg of diets: zinc 80 mg, iron 150 mg,
copper 4 mg, manganese 20 mg, iodine 0.4 mg, cobalt 0.1mg, selenium 0.1 mg, magnesium 100 mg.

(%)=100x () () (0.1% ), 3000 t/min 5 min,
(%)=100% (2)/ -80Cc (AST)
(2); (ALT) M(IgM)
(%)=100x (2)/ (9); (ALP) ALT AST , 1eM
(g-em)=100x (g)/ 3 (ELISA)
(em’); ( ); ALP
) - (
), BS-200

1.3.2
: 6 () ~80°C



2 : 373

E >

( / =1/9) 4 min, , ,
4°C 10 min (2500 r/min), , 11.1 (4]
o- , 6 l g
(SOD) (MDA) ( 3 ), 60°C , 50 mg
(prot) s 6 mol/L 110°C
, 1 mL 40C pH 10.5 , 1 min 24 h, , Sykam
1 pg 1 (U) S-433D ( , )
, 37°C ,1g ,
1 min, s
1 wmol/L 1 (U); a- -80°C ,
, 1 mg ( / =1/9) 4 min, 4°C
37°C 30 min, 10 mg 1 10 min(2500 r/min),
(U); SOD ; (CK) (prot)
MDA ; ;
( ( )
) 1.4
1.3.3 + (xxSD)
, -80°C R SPSS 17.0 ANOVA
, P<0.05
105°C ; Duncan’s
2 . 2 2
550°C
; 2.1
(
), 3 ;
T3 TE. AEXFREFLFEANME S S KIBIRARIKIEIRIE T
Tab.3 Effects of BBD, CVD and BMD diets on growth and physical indicators of grass carp
n=3;x £SD
group
item control SBB BBD CVD BMD
/g IBW 59.0+0.1 58.7+0.2 58.9+0.9 59.620.6 58.9+0.4
/g FBW 126.3+0.6" 91.0+1.8° 109.1+£1.9° 81.6+0.4¢ 84.2+1.1¢
/g F1 2.2840.03* 1.78+0.11¢ 1.95+0.04° 1.11+0.02¢ 1.43+0.04¢
/% WGR 114.241.4° 54.3+3.0° 85.245.9° 37.7+1.6° 42.8+2.1¢
FCR 2.00+0.12° 3.29+0.33¢ 2.40+0.09" 3.08+0.04° 3.51+0.25¢
/% SR 100 100 100 100 100
/% HSI 2.40+0.39° 2.25+0.40™ 1.88+0.40% 2.10+0.39" 1.81+0.38¢
/% VSI 9.43+0.87° 9.74+1.29° 8.18+1.20° 8.33+1.43" 7.55+0.67°
/(g-em™) CF 1.98+0.09 1.92+0.11 1.93+0.09 1.94+0.08 1.97+0.06
(P>0.05), (P<0.05).

Note: In the same row, values with no letter or the same superscripts mean no significant difference (P>0.05), while with different superscripts
mean significant difference (P<0.05).
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(P<0.05), (P>0.05), :
(P<0.05) (P>0.05)
: 56.9%, (P<0.05), 2.2
27.1% (P<0.05),
30.6% 21.2% 4 :
(P<0.05) ALT (P<0.05),
(P>0.05) , AST
, (P>0.05), ALT (P>0.05) AST
(P<0.05) ALP (P<0.05) , :
(P<0.05), ALP (P<0.05),
IgM (P>0.05)

R4 BE. AERFREMFRAMMERME. AFRIERI AL LIERFIE

Tab. 4 Effects of BBD, CVD and BMD diets on biochemical indicators in serum, hepatopancreas and muscle of grass carp

n=3; x £SD
group
item control SBB BBD CVD BMD

ALT/(U-L™) 5.1+1.7° 8.8+2.9% 9.5+1.7° 6.0+1.3* 4.7+0.8°
AST/(U-L™) 34.6+5.7 35.3+5.8° 36.0+£3.3° 29.7+0.9° 20.2+4.1°
ALP/(U-L") 22.1+2.9° 13.4+2.6° 14.6+2.2° 13.9+3.1° 9.7+1.5°
IgM/(mg-mL™) 0.78+0.10 0.79+0.18 0.89+0.02 0.87+0.21 0.86+0.09

SOD/(U-mg™' prot) 161.1£2.1° 92.3+7.4° 100.9+8.1° 134.9+3.9° 208.4+10.2¢

MDA/(nmol-mg™" prot) 1.63+0.19° 2.54+0.23° 2.11£0.42° 2.62+0.32° 1.27+0.15°
CK/(U-mg ' prot) 41.8+0.4° 55.7+4.6 60.5+1.0° 61.8+3.8° 40.0+8.4*

(P>0.05), (P<0.05).

Note: In the same row, values with no letter or the same superscripts mean no significant difference (P>0.05), while with different superscripts

mean significant difference (P<0.05).

SOD (P<0.05),
MDA
(P<0.05),

(P<0.05),

SOD

MDA
(P>0.05) ,
MDA (P<0.05)

2.3

(P<0.05),  o-

(P<0.05);

(P<0.05),
(P>0.05)

24
6 , )
(P<0.05),
(P<0.05);
(P<0.05),
(P>0.05); ,
29.6% 29.6% 33.3% 44.4%(P<0.05)
(P>0.05)
2.5
7 , Asp Glu Val

Ile Phe TAA DAA
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*5 &BE. ERFREMT AR ES A FEHCEBOZMN
Tab.5 Effects of BBD, CVD and BMD diets on intestinal digestive enzymes of grass carp

n=3; x£SD
group
item
control SBB BBD CVD BMD

/(U-mg'prot) protease 22.14£2.5" 14.1+2.7° 16.943.5° 16.7+0.7° 25.0+2.0°

/(U-g 'prot) lipidase 12.9+1.5° 7.1+1.3" 6.9+1.9° 5.9+0.8° 5.8+0.8°

a- /(U-g 'prot) amylase 18.9+5.6° 31.7+1.9¢ 31.3+1.3¢ 23.8+4.1° 32.4+2.0°

(P>0.05), (P<0.05).

Note: In the same row, values with no letter or the same superscripts mean no significant difference (P>0.05), while with different superscripts
mean significant difference (P<0.05).

x6 &BE. ERFREMFF AR E&NANSHIF M0
Tab. 6 Effects of BBD, CVD and BMD diets on muscle composition of grass carp

%, wet basis; n=3; x £SD
group

item control BBD BMD
moisture 76.96+0.52° 78.88+0.34° 78.00+0.27° 78.60+0.33° 78.96+0.18°
crude protein 19.94+0.25 18.78+0.37° 19.88+0.59° 19.28+0.26" 18.87+0.16°
crude lipid 2.04+0.37* 1.41+0.17" 1.58+0.17° 1.35+0.10 1.3240.20°
ash 1.47£0.17 1.44£0.07 1.39£0.12 1.40£0.15 1.43+0.12
collagen 0.27+0.09* 0.35+0.06° 0.35+0.03° 0.36+0.01° 0.39+0.06°

(P>0.05), (P<0.05).

Note: In the same row, values with no letter or the same superscripts mean no significant difference (P>0.05), while with different superscripts
mean significant difference (P<0.05).

R71 BE. ERFEREIFAMNESINASEEREMRFE

Tab. 7 Effects of BBD, CVD and BMD diets on muscle amino acid composition of grass carp

%, dry basis; n=3; X £SD
group
item control SBB BBD CVD BMD
Asp* 8.98+0.01° 8.96+0.00° 9.06+0.11° 9.29+0.20™ 9.40+0.14°
Thr* 3.83+0.04 3.79+0.07 3.71%0.14 3.87+0.17 3.74+0.02
Ser 3.61+0.03 3.61+0.08 3.54+0.14 3.69+0.20 3.53+0.00
Glu* 12.79+0.40° 13.08+0.18" 13.66+0.69™ 13.87+0.59® 14.73+0.21°
Gly* 4.33+0.20° 4.05+0.10° 4.42+0.02° 4.49+0.11° 4.4240.07°
Ala* 5.28+0.06 5.26+0.06 5.17+0.11 5.32+0.18 5.24+0.08
Val** 4.1340.12° 4.12+0.06* 4.19+0.06° 4.36+0.10 4.51x0.13°
Tle** 3.76+0.10™ 3.70+0.01° 3.73+0.01° 3.92+0.01% 3.99+0.15°
Leu** 7.40+0.01 7.35+0.07 7.31+0.18 7.58+0.26 7.45+0.12
Tyr 2.76+0.07 2.79+0.08 2.83+0.08 2.79+0.21 2.95+0.12
Phe** 3.68+0.08™ 3.64+0.02° 3.70+£0.06™ 3.82+0.06" 3.90+0.06°
His 3.68+0.04° 3.78+0.01° 3.28+0.17° 3.62+0.13% 3.53+0.15%
Lys** 8.13+0.22 8.28+0.41 8.21+0.07 7.97+0.77 8.41+0.17
Arg 4.83+0.07° 4.89+0.00™ 4.914+0.09* 5.05+0.15% 5.12+0.03°
Pro 2.15+0.15 2.28+0.08 2.11+0.18 2.18+0.14 2.15+0.03
TAA 79.29+1.34° 79.57+0.72* 79.82+0.13% 81.82+0.57% 83.08+1.23°
EAA 30.90+0.48 30.87+0.47 30.85+0.28 31.53+0.44 32.01+0.65
DAA 31.37+0.65 31.35+0.34° 32.31+0.72% 32.96+0.67° 33.78+0.50°
s * e (P>0.05), (P<0.05).

Note: * delicious amino acids. **means essential amino acids for human. In the same row, values with no letter or the same superscripts mean

no significant difference (P>0.05), while with different small letter superscripts mean significant difference (P<0.05).
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(P<0.05) : a-
TAA DAA ,
His (P<0.05) Gly a- ,
(P<0.05), Thr Ser Ala , , 5% 60%
Leu Tyr Lys Pro EAA
(P>0.05) ,
3
3.1 ’ ’
[15-18] ’
( 36%~37% [13, 221
6.68 g/kg"™  7.13 g/kg!" 5.24 g/kg!'? [23] 0%
10 g/kg , 20
, : (860 g)
[9] cc >3 [7-8]

b

. Vilarino  "*! 10.1 g/kg

, 20%
, 13.0%, 7.1%24,
[20]
[12]
, [25] [26] a- [27] ,
[17, 21]
[27]
, 75% 3.2
[28]
60% ALT AST ALP ,
, , ALT ,

[17] [23]
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AST , Teschke!*”! AST ADP
, 60% , 40% , , BT,
AST ATP
ALP ALP
[30]
ALP ,
( 37.9 mg/kg, 33
13.3 mg/kgP");
80 mg/kg
[38]
[32], Azaza
0-36% 4 [24, 39-40]
0.52% 1.97% [15-17, 211
ALP
, 4- Azaza ! Gaber!? s
(4-hydroxynonenal) 36%~37% ,
[33-34] [35]
[36]
, MDA ) « 93 ,
SOD ,
, Mager (7 > >
B' s 5
G6PD , )
(GSH) [39, 41-42]
MDA [43-44]
3 [45]
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[15-16, 18, 21, 41]
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MDA SOD , I 461,
. [27] [47] ’
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Effects of broad bean, common vetch seed and bitter melon seed diets
on the growth, flesh composition, tissue indices and digestive enzymes
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Abstract: Five diets, including complete formula diet (control), soaked broad bean (SBB, fed as crumbled pieces
after immersionin water), broad bean, common vetch seed and bitter melon seed diets (BBD, CVD, BMD), which
included 75% broad bean, 60% common vetch seed and 60% bitter melon seed in formula diet, respectively, were
fed to juvenile grass carps with an initial body weight of (59.0+0.6) g. After 8 weeks of feeding, the control fish
had the highest weight gain (WG) and lowest feed conversation ratio (FCR) among all groups (P<0.05). Compared
with the SBB group, the WG was 56.9% in the BBD group, and —30.6% and —21.2% in the CVD and BMD groups
(P<0.05), respectively. Muscle collagen contents of the SBB, BBD, CVD and BMD groups were significantly
higher, while muscle lipid contents were significantly lower than those of the control (P<0.05). The BMD group
had higher total amino acids and delicious amino acids contents in muscle than those of the control and SBB
groups (P<0.05). The hepatopancreatic superoxide dismutase (SOD) activities of fish fed the BBD, CVD and SBB
diets were significantly lower (P<0.05), and hepatopancreatic malonaldehyde (MDA) content and muscle creatine
kinase (CK) activity were higher than those of fish fed the control diet (P<0.05). However, fish fed the BBD diet
had lower hepatopancreatic MDA than fish fed the SBB diet. Fish fed the BBD, CVD, BMD and SBB diets had a
lower lipidase activities and a higher amylase activities in their intestines compared with the control fish (P<0.05).
The fish fed the BBD, CVD and SBB diets also showed lower protease activities than the control (P<0.05). In
conclusion, soaked broad bean and high levels of dietary broad bean, common vetch seeds and bitter melon seed
saltered the muscle composition of grass carp, and significantly decreased their growth performance. For growth
and muscle composition, a broad bean diet has more advantages in the culture of crisped grass carp than common
vetch seed, bitter melon seed and soaked broad bean diets.

Key words: grass carp; broad bean; common vetch seed; bitter melon seed; growth performance; biochemical in-
dices; muscle composition; digestive enzyme
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