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Table 1 Composition and nutrient levels of experimental diets ( DM basis) %
T H Xof REAA AL AR % B A G
Items Control diet Broad bean diet Dehulling broad bean diet
JE#l Ingredients
¥4 Soybean meal 8.00 2.00 2.00
KK Rapeseed meal 24.. 00 6.00 6.00
k¥ Cottonseed meal 24. 00 6.00 6.00
4x & Broad bean 80. 00
2 [z %5 & Dehulling broad bean 80.00
YK #¥ Wheat midding 29. 30 0.79 0.79
5.7l Soybean oil 2.00 2.51 2.51
S b Chaff 10.00
R — 445 Ca(H,PO,), 1.50 1.50 1.50
S {LJHH Choline chloride 0.20 0.20 0.20
IR Bl Premix 1.00 1.00 1.00
43F Total 100. 00 100. 00 100. 00
5 77 7K°F Nutrient levels
#5 [ fi Crude protein 28.75 28.28 28.36
HLJE N5 Crude lipid 4.17 4.07 4.77
K4y Ash 5.73 5.76 5.81
HLBE Gross energy/ (MJ/kg) 17.11 16.85 16.96

TR r] SR 55T 72 falRE 4L Premix provides the following per kg of diets: VA 6 000 IU, VD 2 000 IU, VE 50 mg, VK
5 mg,VB, 15 mg, VB, 15 mg, VB, 25 mg, VB, 30 mg, VB, 10 mg, VB, 0.2 mg,VB,, 3 mg,VB,, 0.03 mg,VC 100 mg, JL{iF
inositol 100 mg,Zn 80 mg,Fe 150 mg,Cu 4 mg,Mn 20 mg,1 0.4 mg,Co 0.1 mg,Se 0.1 mg,Mg 100 mg,

1.2 {A%FEHE

R P 2 %k (08.00—09: 00,17 00—
18:00) , H&AHE NIAE M 3% ~5% , F-H 4 LB
B, M KE 21 ~29 €, pH
6.7~7.7, HIFENL 6 h, 5 4E >5 mg/L,
Kid g ik g A is sk ol . TR i
gk 20 J&

1.3 MEBRRTTIE
13,1 AR PERESS br i€
IR A A G, LI 24 b il R B EE
R R B JF BRI MR B, O B R
(WGR) Fifl bt Z % (FCR) . HH LRI 3 B
LRI U5 i @ N N o D I N
ETE, ARG B (VST A AR £ (HST) o |
AR A AT
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WHEFE(%) =[ (KE -P)&E)/PE] x100;
TPk RA = MR/
HEAFER(% ) = (NNEE/fIRTE) x100;
JHARFE (% ) = (I IRNEE/ iR ) x100,

1.3.2 IR FEA Ak 8 bR il 2

FREEREALE 3 B, 5 mL JCR T 4
J2 BRI, >R ) I A 9 BT 10 mL JG R B
O, ST RIS WORE W BT 4 I VB AT 21 40
S R i A N 1 0 s R E A O
WA 200 5% B, 40 M 11 B0 K i 8 H B 40
Fis BEWRAE 20 1357 B¢, R FH Neubauer J150b i 1711
B, HAMMKT 4 CokH P& E TG,
5 000 r/minZ.0> 10 min, B 2 M3E T -80 T
R VKA PR A7 25 T o I3 75 25 4 (GLU) L H il =
B (TG) EJHE R (TC) SRR A (UN) & 5 LK
AW (GOT) (5 N 5% & il (GPT) | 7 T4 il
(LSZ) i A Ak Wy B AL T ( SOD ) i 4 ¥ 5% FH R it
A T AR S i A 7 3R SR A T
1.3.3  JILPA &b A A 0
1.3.3.1  WLREEA B I e

HEEREIL 3 B A, S % e 1y
Db IR S 2 R 8 1 B 2 DL 1
LR BTN 60 g 247, B —20 CHRAE,
T WL A 7K 43 R AR 1 5T MR 7 R 43 &
o KA E R A 105 CHER TR Sk,
FHLEE 5T 2 1 R T L OGO R, ML R 7 & =
SR 2R ECAh A e, HLK 70 3 2R A 550 T4
TP E T2 I 5 E o
1.3.3.2  WLARFETE bR I E

FEE AL 3 B, AR — M 1 ~
3WEEZ AT L 10 g, B AT ARG 1y ik
DAL 2 7k 2 LR T 4E i 37 1 ILEF 2 B A%

WL R 7K 2 B9 L3 ~5 2,80 HZb Ao 2%
JETEBE K & 5 min, ¥ 25 U8 40K T 3R K 43,
FREE
WA R AKFE(% ) = [ (FE - KHE)/P)HE] x100,

WU EF4ETR 4 7 - BYHC0. 5 ¢ T AL, i 5 mL 1
AR (2 L ZE MK h i il @ AL 14.90 g, £ R I
MR H1 3. 44 g, R 4. 78 g,pH 7. 0),
6 000 r/mindfERA 213K 2 min, & T B0 W] A0 0 A
T WU LR AR R, DA R WL £F 4 i 7 77
BEHLIC S 100 %

WLEF 4t B AR VR LEF 4L ), 85 HC 1. 0 cm x

0.3 cm x0.3 cm K/NLEF 24, AR 98 F 2
¥R b BT 20% MERRE I T 24 h SR )E A B
55 o = 3 )| R T E T e - G
BRI LER 2 B AR, BEALIC 5% 100 4558
1.3.3.3  WLRZ IR & 50 e

FE SR AT AL B2 % RS I 25 iy 1, RIS R
B WARRIFRA WL RJE 1 g, it 10 mL 6 mol/L
(IERER , LA 105 CHERS 24 h BB 52 A 25 mL %5
ER e, B uE, B mL B8R A K T R 2R
T, 0. 02 mol/L 1y £ BR 425 T )5 M 3R & Uk T
10 mLZS fffi e 25 ¥ A5 WO U8 BRI . R
FHl Hetach L —8800 2 JL1% H 3h 4341 {AE W B Al
K2z A i B 2 88 o A I o0 I A% A B R
T,
1.4 HiERE

RIS HE R ] SPSS 13. 0 8k A7 S &= O
20T AL B, 2 25 S i 2 (P < 0.05) B, ISR
Duncan [KiEHT 2 E L. e RAEHMHE +
Prif 2% (mean = SD) 7R

2 #ERGaMW
2.1 BERBEAMRNEREZEEAMRNESEEK
4 BE B9 22 M

H% 2 a1, S5 X BRZHAH [L , 7 LA A2 Je e
o2 )3 R RRN DR R B T i AR A (P >
0.05) ; 7 17 20 Fl 25 e 7 o2 2 2 £ 79 JUE A4 8 5 RN i
TRFE B4 B0t BRA W & PRI (P <0.05) ,[HAx G20
MEKEETHZAZFARE(P>0.05),
2.2 BRBEERABNMEEREARNNEANLR
SEAENIERNZN

23 AT, SXT A, & F AL K &
T2 AR ) IV T A0 R A RS DA I3
o EVIHE AR R A S R W R (P <
0.05) , T ML 3 H il =18 & 5t 7 & 2 22 8] W) O 2 &
225 (P>0.05) ; $ M A G RDREFN 25 Je e S )AL Xof
A1) I3 V8 TR TS 1 TG B R (P >0..05) ]
R T IS A B A TS % (P <0.05) ;
PR A S RL A 2 B A LR} X A AR Y 1l
A R A TS P 5 TR (P <0.05) , [A] i), 5
25 e A G R A LT A D A RO
ZIE (P <0.05),
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Table 2  Effects of feeding broad bean and dehulling broad bean diets on growth performance of grass carp (n=3)

tH ZH %] Groups

Items Xt B8 Control 7= Broad bean Z [ #% 5. Dehulling broad bean

Y IBW/g 848.01 £10.58 879.30 £22.12 864.70 £33.61

K FBW/g 1775.03 £35.36 1 850.10 £42.43 1913.30 £25.17

iﬁ% WGR/ % 110.63 £3.73 110.76 £2.64 115.48 +2.18

Tkl Z % FCR 2.45 +0.45 2.12 +0.21 2.25+0.23

EARTs %0 VSI/ % 9.69 +0.34" 8.37 +0.37" 8.52+0.17°

TR+ % HSL % 1.75+0.17° 1.32 +£0.03" 1.40 £0.03"
FATEAR B AR NS R R 2ZFBE(P<0.05) . FFER,

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

x3 BEREFSARNERE S0 A E S N KA EE L IERE

E; ur]

Table 3 Effects of feeding broad bean and dehulling broad bean diets on blood

physiological-biochemical indices of grass carp (n=3)

it H 2[5! Groups

Items Xif B& Control % Broad bean # [z %% . Dehulling broad bean

Z1 201 RBC/10"°L " 2.89 +0. 38" 4.08 +0.32° 3.35+0.10°

E 40t WBC/10°L ™! 7.75 +0. 35" 8.93 +0.22" 9.13 £0.06"

#i%5 % GLU/(mmol/L) 7.61 £0.25° 8.13 +£0.05" 9.76 £0.19"

Hh =M TG/ (mmol/L) 0.77 £0.13 0.85+0.16 0.83+0.11

%4 JiH [ 5 TC/( mmol/L) 5.39 0. 33" 6.61 £0.25" 6.89 £0.76"

JRZ % UN/(mmol/L) 0.89 £0.05" 1.32+0.15" 1.31 +0.25"

ViH s LSZ/(U/mL) 33.29 £0.27 34.85£1.55 34.23 +0.24

HB4A ALY fk s SOD/(U/L) 102.21 £0.40° 88.47 +5.60° 93.65 +4.35"

AR GOT/(U/L) 822.28 +15. 42" 1095.80 £73.27° 1222.50 £18.01°

A NSRS GPT/(U/L) 308. 02 +20. 62° 301.44 +11.21° 354.97 £26. 51"

2.3 ERBESAMNMEEREEAMNEENA DB AL S AR | B IR A R LT A

A J5L B 22 1 SRS e RS (P <0.05) , Hp S iR &
R4 AL S RAML, EOAME KR EoRlieE T 10.90% F19. 13% |, & bR 2 FL R &

L F A LA R IKR K i B PRI (P < BB T 13.64% M 12.80% , 0075 & IR &

0.05), HA R EGHFAMPLARKFLEEFEMR "R T 7.55% M 7.97%

TREH(P<0.05) ; I A M E R 4 H M
JULPARELE s 25 24 00 R ZH 25 T (P <0..05)
L2 B e 4 A0 1 UL AL AR D7 5 ik B 2 e T
I (P <0.05) ; &2 wta i LA HLER B 5 AR
Koy SR EFARE (P>0.05) G HME K
i LA A ILUET e (ILSUET ZE i 4 7 ) A
JULET 4 AR B0 B4 2 e (P < 0. 05) , T i
AN e e G Z [ 22 5 A 3% (P >0..05)

2.4 HIRBEEANTMEREEARNEANRA
SERSENZIT

HIZE 5 I, S0 IRAHAH bE , Z S 4L R0 25 B

w

Wit
3.1 KIRBEEAMMEREEAMNES £
14 BE B 52 1)

A 25 R R, R A B Rk B A
Tl X B £ 1) 1 R 3R RE 2R B8 T B S
B AR I 2 A Y R A o AR B K
@w%%%x—ﬁoﬁﬁﬁﬁlrﬁﬁiﬁﬁl

PRy B — AR LU, 7 5 EORT  SROFF R R B
FA SR B — 2 E ) A A R A Y = PR

IV, g SR R R R R R
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AR PR A BRI ROR AP RIRIAR s R A S K A R, AT R T 3
FEOR S AR X B B R IR R S — i, RS SRYR AT AR s SRR B R
EPMIUE RN TS AR EH ARG,  FASEYRAUS ] g R AR R ACR 15
FEAREE P, A 50 o e SRR P R e S BORRIRRZ —

F R 1 AT 70 ORI S A g P

=4 HEEEAMMEEEZAMMEANAMRHNEZN
Table 4  Effects of feeding broad bean and dehulling broad bean diets on muscle quality of grass carp (n=3)

i H 21 5] Groups

Items %} B& Control 72 &/ Broad bean 4 ¢ %% 5. Dehulling broad bean
7K 43 Moisture/ % 79.71 £0.42° 78.56 +0.32" 78.80 +0.12°
¥ 9 i Crude protein/% 16.24 +0.12 16.83 +0.29 16.58 0. 36

¥Ag W Crude lipid/ % 0.50 0. 06" 0.85 +0. 10" 1.36 +0.24°

K4 Ash/% 1.11 £0.04 1.25£0.16 1.19 £0.07

42k % Water loss rate/% 24.01 £1.26° 21.06 £0.43" 19.46 0. 66
WLE LT 4K B Myofibril length/pm 232.63 +2. 66" 260.13 +3.30° 262.24 +3.77°
WLET 4 B 4% Muscular fiber diameter/ wm 197.67 £3.77° 234,57 +3.22° 235.81 +4.55"

RS RREEAMNEZEEEAMNESIASERSENZN(HEREM)
Table 5 Effects of feeding broad bean and dehulling broad bean diets on muscle

amino acid contents of grass carp (n =3, fresh weight basis) %

RAEMR ZH %] Groups

Amino acids Xt B8 Control Z* 5 Broad bean # [z %% 5. Dehulling broad bean
KA IR Asp™© 1.95 +0.00° 2.16 £0.01° 2.15 £0.02°
FaE R Thr® 0.90 +0. 00* 0.98 +0. 00" 0.97 +0.01°
225 1% Ser 0.86 0. 00" 0.95+0.01° 0.95 0. 02"
A Glu® 2.98 0. 02" 3.20 0. 02" 3.22 £0.03°
fifi% & Pro 1.10 £0.01° 1.37 £0.01° 1.23 £0.01°
H&m Gly” 0.99 £0.01° 1.33 £0.03° 1.19 £0.02"
WA Ala® 1.19 +£0.01° 1.39 +£0.04° 1.37 £0.08°
B4 & Cys 0.06 0. 00 0.05 =0.00 0.05 +0.00
HE R Val® 0.90 £0.01° 0.95+0.01° 0.96 0. 02"
HEE MR Met® 0.71 £0.01° 0.76 £0.01° 0.76 £0.01°
BRI e 0.72 0. 00" 0.76 £0.01° 0.76 £0.01°
AR Leu” 1.64 +0.01° 1.76 +0.01° 1.78 £0.03°
T4 R Tyr 0.96 0. 01 0.98 0. 04 0.98 +0. 04
KN R Phe” 0.77 £0.01° 0.83 £0.01° 0.82 £0.00"
WisA MR Lys* 1.82 +0.02° 1.93 +0.01° 1.95+0.01°
A% His 0.59 +0.01° 0.70 0. 00° 0.63 £0.02°
W E R Arg 1.13+0.01° 1.27+0.01° 1.24 +0.01°
fif R LR DAA 7.11 £0. 03" 8.08 £0.06" 8.02 +0.10"
WES IR EAA 9.41 +0. 03" 10.12 +0.01° 10.16 0. 02°
MEILR TAA 19.27 +0. 05" 21.37+0.11° 21.03 0. 06"

* RS ILR ; R EERSIEIR . is essential amino acid; 2 is flavor amino acid.
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Effects of Feeding Broad Bean and Dehulling Broad Bean Diets on
Growth Performance, Muscle Quality and Blood Physiological-
Biochemical Indices of Grass Carp ( Ctenopharyngodon idellus )

MAO Pan HU Yi® HUAN Zhili HUANG Yun YU Jianbo XIAO Tiaoyi”
( College of Animal Science and Technology, Hunan Agricultural University, Changsha 410128, China)

Abstract: This experiment was conducted to investigate the effects of feeding broad bean ( BB) and dehulling
broad bean (DBB) diets on growth performance, muscle quality and blood physiological-biochemical indices
of grass carp ( Ctenopharyngodon idellus). A total of 300 grass carp with the initial body weight of (860 +
40) g were randomly divided into 3 groups, which were control, BB and DBB groups, respectively. There
were 3 replicates in each group and each group had 50 fish. A commercial feed formula was used as the control
diet, and the BB and DBB diets were formulated with 80% BB and 80% DBB which stead of soybean meal,
cottonseed meal and rapeseed meal on the control diet basis, respectively. The experiment lasted for 20 weeks.
The results showed as follows: compared with the control group, the weight gain rate and feed conversation ra-
tio in BB and DBB groups were not significantly changed ( P >0.05) , but the viscerosomtic index and hepato-
somatic index were significantly reduced (P <0.05). Feeding BB and DBB diets significantly increased the
number of red blood cells and white blood cells, the contents of serum glucose, total cholesterol and urea nitro-
gen and the activity of serum glutamic-oxal( o) acetic transaminase ( P <0.05) , but significantly reduced the
activity of serum superoxide dismutase (P <0.05). Compared with the control group, the muscle moisture
content and water loss rate in BB and DBB groups were significantly decreased ( P <0.05) , but the crude lipid
content was significantly increased (P <0.05) , the myofibril length and muscular fiber diameter were signifi-
cantly raised (P <0.05), and the contents of delicious amino acids and essential amino acids were significant-
ly increased (P <0.05). The results indicate that feeding BB and DBB diets have no negative effects on the
growth performance, but all can change the muscle quality of grass carp, and there is no necessary association
between the change of muscle quality and broad bean skin. [ Chinese Journal of Animal Nutrition, 2014, 26
(3):803-811 ]

Key words: broad bean; dehulling broad bean; grass carp; growth performance; muscle quality ; blood physi-

ological-biochemical indices
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