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Table 1 Nutritional composition of formula feed and broad bean in terms of wet mass percentage %
R iy K EY K45y HLAR Wi HLK 53 =l
Nutritional composition Carbohydrate Moisture Crude fat Crude ash Crude protein
B4 kL Formula feed 41.12+0.64 A 9.63+0.082 A 5.24+0.27 A 11.3640.013 A 32.65+0.19 a
#% & Broad bean 51.1540.35 B 13.56+£0.21 B 1.854+0.26 B 4.6940.024 B 28.7540.26 b

DRV NG FREARREZ R BFE (P<0.05) . KEFHAMELREREE (P<0.01) , FH .

Values in the same column

with different small letter superscripts mean significant difference (P<Z0. 05) ,values with different capital letter superscripts mean

significant difference (P<C0.01) ,the same as below.

®2 EESHAAMNLERER
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Table 2 The essential amino acid composition of formula
feed and broad bean in terms of percentage %
W EETR P45 R f=) ok
Essential amino Formula Broad Need of
acids feed bean channel catfish
KA Arg 5.97 7.13 4.3
R E R e 3.46 3.13 2.6
AW Lys 5.76 5.63 5.1
RN B2 Phe 4,29 3.97 5.0
BE M Trp 0.67 0.66 0.5
HERR His 2.54 2.09 1.5
SRR Leu 6.83 6.26 3.5
HETR Met 0. 80 0.42 2.3
MR Thr 3.83 2.96 2.0
AR Val 4. 50 3.65 3.0
M4 Total amino acid 38. 65 35. 90 29. 8
1.3 HERKMEREMNE

R a5 3% 100 d 5. YUk 24 o 7EEA WA
BEALHC 5 B PR, vH I dE R R R A
i3 NN R /N E AN 1N AN 5 I = T = RN Y
.

WER= CRIEE—PIHE) /#)5 & <100% ;

PR 2 R = R OR B — ¥

B AR = CRF R — W0 R & /[ 1
HHEIX100%;

FIF A bk = SR 55 ik /5 B Bk < 100 % 5

S LG = PO S 5 /R At X 100 % 5

I 396 1 = 25 P4 U JR At/ A K

R = BT R A/ R4 < 100% .

1.4 MAASNE

W5 A A T8 R G BE A5 SU R M, 52 % )5 B A A
5 S 21T 0 5 — 1 SR b i 22 DL 1A B L
100 g, £, —80 CHmMAAM.

DIEARE NS . K& E, 105 CHET
I K s LR I L B e LG R R s RIS i

S N R T/ VS I G S P S
(550 °C) 5 BBEIAE , 5 R - AR I 15

)RR H B € . 2 IR A % AR GB/
T5009. 124—2003 {fi F] H 57 1L-8800 4 H 3l 24 5 iR
PRI E €8 S0 R 7 TR /K fift Ao B v Bl e IR, L)
FETTIES BB Tk,

DRI E . S5 W RN 1 Ik
W FE S IR I H R AL B ASOR 3 R T A
15 LEIEBRITMAE

MAE FAO/WHO 1973 4 #1301 45 58 R 2 LR
VAR R RIS 2 2 R SR AT A, R AR R AT
41 (amino acid scores, AAS) | 4 2% 3 43 (chemical
scores, CS) Fl 75 & R #8 X (essential amino acid
index, EAAD 43 jil4% LA T 24 5K 1%

TP AA Fr it/ (mg/g)
WHO/FAO #3800 AA kit /(mg/2)

_HIFEE AA AR/ (mg/g)
BEEH AA 5/ (mg/g)

K, mg/g FRR B 5 A = 5L R 1 22 5 G
nNHEMAEZRE;: viAEEANA LR,
mg/gss AW HEE A BN EA IR mg/g.

1.6 ALABAE N E

A BE A RS R E LB 2 R R AL L 1)
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X i | 2% R A LA T T A-XT 21 2 J5i 4 43 )
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1.00 mm/s; 46728 T8 38,30 %0 5 2 YR 5 (i) o B i)
5.00 s; fil &AL, A5,

1.7 HESH

I EHE DA B E £ A i R R i e a5 R

SAS 8. 1 BpF AT W 2& 1 « K5

AAS=

CS

EAAI=

K100 X =+ X

X100



%6 SRR A . ] IR Ay TN R 5 SRR A A A BE UL A BT B9 5 ) 773

2 #RESH

21 FAREEXNHAXEME KRNI
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104. 85 %% 1 ) W& C 75 4 ek 7y B0E 0 S8 Ml 44k 5T £ #H
248. 36 g hn | 936. 25 g, W E KK 276, 97 % , &
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Table 3 Effects of feeding broad bean on growth

of channel catfish

x4 HARBENHAXNEM

AR S B R (R ERELL)

Table 4 Effects of feeding broad bean on flesh composition of

channel catfish in terms of wet mass percentage %
JULIA B3 K HLEN MR KK B8
Flesh . Crude Crude Crude Total
. Moisture R
composition protein fat ash sugar
i £ R 2H 78.174 18.13+ 1.83% 1.23% 0.64%

Formula feed group 0.06 A 0.

i T 82.08+ 15.

Broad bean group  0.16 B 0.

13A 0.05A 0.50a 0.07 A

23+ 1.06+ 1.204& 0.43%
12B 0.04B 0.27a 0.03B

R AR AR TiC & 1R e} 4 wEH
Growth index Formula feed group Broad bean group
B /e . 248.36+4.37 a 250.67+5.51 a
Initial body weight
KBk /g

936.25+8.30 A 513.5045.13 B
Final body weight 7 oo ’

HE & /g Feed intake 1451.45+20.52 A 1135.434+14.19 B
W AR/ % Growth rate 276.97+5.23 A 104.854+4.22 B
THRL R 3R

2.11 +£0.24 A 4,32 +£0.38 B
Feed coefficients ration
YA
BRE/S% 145.16410.37 A 80.51+4.11 B
Protein efficiency ration
JH A&
0.787+0.09 a 0.63 +0.12 a
Viscous weight/Body weight ' a
A JIE L
7.65+0.32 A 4,33 £0.33 B
Liver weight/Body weight
S g
HP{WJf 23.83+0.94 A 14.7240.32 B
Condition factor K
B %/ % Survival rate 100. 00 100. 00

x5 KRWEEEY

Bt X E fm AN 7
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Table 5 Effects of feeding broad bean on amino acids in

flesh of channel catfish in terms of wet mass percentage

D 5] = ¥ 4 B T 4 i T 55 The feed intake of broad bean

group was converted to dry material.

R 3 TN R PR B T A L2 TR R B
4,32, ZBC A DR AL R R B 2 A B A TR
HE AR E N 145.16% . W & TR G4 758
ARG A T T L A T 4B S SRR Al % RS B R P A L
IR TR (P<<0.0D), M AFA L EEUE Bt T
FE#EH (P=>0.05) ; MAMIIE S L& , & & 55
SRl R AN T B A
22 HAREBEXNHEAXEMALRSES KN

D WLIA A B4 . e A ek 4L RN A 5 41 BE S
JRE A LA H B K 43 AR B D LR G RSB Y
EAERILF 4, R 4 e, ZFHERMK S TR
EER(P>0. DA, HEA W R e, & T 415
SRS L PR REL 2R 1 REL R D R EORE b  E R
R (P<C0. 01) , K 3 & il i 3 48 R (P<<0. 01D,

mg/g
IR Tic & 17 e} 4 k|
Amino acids Formula feed group Broad bean group

KA Asp? 20. 6 16.9
4% Thrb 8.9 7.8
22 W2 Ser 8.3 6.8
HEM Glur 32.5 26.5
H&E®] Gly 9.6 7.4
WA Alar 11.6 9.6
Bt R Cys 4.1 4.3
R Val® 9.7 8.1
FEHBR Met® 5.4 4.4
RILE R e 8.6 7.0
SR Leu! 16. 7 13.7
it &M Tyr 8.4 7.3
K& 2 Phe 9.2 8.2
WA Lys 19.8 16.1
MM His 6.6 3.6
AR Arg 11.9 9.6
i & iR Pro 5.7 4.5
0% B2 Trp® 1.9 1.7
A 80. 2 67.0
B 74.3 60. 4
TAA 199.5 163.5
A/TAA/% 402.0 409. 8
B/TAA/ % 372. 4 369. 4

DA MK T E IR The free essential amino acid; B fif Bf
R IR The abbreviation of free delicious amino acid; TAA:

HAE KR A Total amino acid.

AN IINGEE- 31 4
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A 2 B s SCRR UL PR v e A v ) SR R R AT 2
BEM, TR AN R OER. 5 E N HGE" iR
KA — 3, BB iR R A T2 B SR i
WA iy 18 A & B iR B R 43 i o 19, 95% AN
16. 35 % , 7% 541 BE o5, SR M B 8 AIK F e A R AL,
AW LT AR AN & E/T 838 40% &
A B BT A e A R AR A 2 B R i
JULPRL P i S R X A S5 4 R LR B 1)
MR, BABENEFRNE, B XEMILAT 8
Tl 5 2 LR 1 & B R o AR A i E SR MM E A &
BEDHFR I A0 PR R G Y B 55 R R D T A i IR A
FEPR & .

5 AT LLE Y, B A fRE 2R A 4L EE X
JR2 S JIL PR 01 T R D A R ik R P 2 5 4L A
SR A% 2 B SR UIL PR ) o T B R R A A S
2 & R A R R

i 2% 6 R, TE A A Rk 2 R R T BE S S
(4 R P 2 SE R 4 AN A TR . DL AAS Ry b eI, i
A R 2E R A A BRE A SR Y R 3 R o )

JEE R (Trp) 8 & B (Val) . 7 & 5 R 45 5
(EAAD Z I 8 A S R ME N HiErZ —.
Zor BT A R AL RN A AL BE A SR LA Y
EAAT 3510 95.97 F197. 40, B & & T — &5
A% (60, 73) VB (62, 71) (I (68, 96)1°),
T2 ZH B e SR UL IR R O e 2 R 2 1 L 461
LIRS P S RA N A < Bl n (R o - = 1N

D WLRRE Wi FR A . H 3R 7 AT, A 5L 4 RTRC
A R 2 BE S5 SR ) i T R A B EL K 5 AR AN R
JI5 R (SFA) FI 9 Fb A 1 1R 5 R (UF A L BE 5 L2
i1 JIL PR B T 1 A L RLR D R 241 o5 K 2 8. AN R
J W7 R S N AR 675 19 R I TR e 0 2 B o S 2 il 1Y
AN FNRE 5 R & BN 68. 81 % . ik T I & 1) B £H B
SO (72,32 %) o 3 15 W fi] W o 57 ) 36 e SR8 il
JIE 7 78 5 (B T I A 1R RHA

Wi R (C18 = 02) A FRER (C18 : 03) & A&
W MR TR . HAE B W R AT, E A 1Dk 2H 3 i X
MWL B C18 = 02 Fl C18 = 03 g Il IR # i i T
e LA U ] A AN R B R A2 68 1Y) ST TR N I PR TR
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Table 6 Amino acid scores, chemical scores and essential amino acid index of channel catfish flesh
5] w‘/\ -l\/ 2= 4\
& F‘}E‘;’é(ﬁ q:ﬁ’f'}u */T Thr Val Met+Cys e Leu Phe+Tyr Lys Trp
Protein source Evaluation index
55 HOWA A Bl ( )
FAO/WHO REM A /(me/g 250 310 220 250 140 380 340 63
Amino acid content
bE FIEMR 5/ ( )
SEEH RREME R/ (me/g 292 411 386 331 534 565 141 106
Egg proteins Amino acid content
= oy A I:-A/( )
%‘ék%ﬁaagg me/g 306.82 334.40 327.51 296.48 575.73 606.75 682.60 65.50
Amino acid content
PN
AL & B AL AAS 1.23 1.08 1. 49 1.19 1.31 1. 60 2.01 1. 04
Formula feed group
CS 1.05 0.81 0. 85 0. 90 1.08 1.07 1.55 0.62
EAAI 95.97
FHR TR/ ( )
%%ﬁgﬁ;/ me/g 319.03 331.31 355.85 286.31 560.36 633.98 658.52 69.53
Amino acid content
X/
A AAS 1. 28 1.07 1.62 1.15 1.27 1. 67 1.94 1. 10
Broad bean group
CS 1.09 0. 81 0.92 0. 86 1.05 1.12 1. 49 0. 66
EAAI 97. 40

1D AAS: Z IR T4 Amino acid scores; CS:fb2:7F4 Chemical scores; EAAIL: 75 % 2 R 5 %L Essential amino acid index.

Jee Rl B2 ML PE o 30 3 A () gk B SR A B T
TR 2 B A SRR B B R P LA L 28 A A B

2.3 fAIRE S X B SR AL P 5 A R i Y R 0
M 1 ~4 o] LU Y, 2 S 20 R R L | (el 52

R S JUL ) RS 52 R EL MR A AR AR R DR IR A SRR TR S AR AL 2 A 4 B SR AL
T I A oA R SRR A L A ) SR R R PRV A (] T A B i T 2 A S KT AR A
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Table 7 Fatty acid contents in flesh of channel
catfish in terms of wet mass mg/kg
. (IR ip S w2
T 0 o 2 .
. Formula Broad bean
Fatty acids
feed group group
HRER Cl4 2 00
n%ﬁ? . 15.7 9.7
Myristic acid
FEHE R C16 ¢ 00
ﬁ?ﬁ]ﬁ& . 645.7 715.6
Palmitic acid
A — IR C16 : 01
ﬁ:,ﬂ]. Xﬁﬁ& . 52.0 34. 4
Palmitoleic acid
TR C17 2 00
. 7.0 6.1
Seventeen carbon acid
M AERZ C18 & 00
AT 238. 1 265.0
Stearic acid
MR C18 : 01
1140.7 966. 4
Oleic acid
R C18 : 02
Ez.mma.l . 582.8 516.5
Linoleic acid
N2 % C18 : 03
.Jﬁ(m . . 51.6 28.4
Linolenic acid
iz C20 : 00
ek ceo 5.3 3.9
Arachidic acid
A — M C20 : 01
?EJ: m@( . 40. 3 32.9
Eicosanoic acid
TR C20 : 02
T‘EEE }%M . 64.9 65. 4
Eicosadienoic acid
KR C20 & 04
ﬁaq:ﬂuﬁﬁ& ¢ . 126.7 175. 4
Arachidonic acid
- k FL R C20 ¢ 05
<+ﬁk£kﬁﬁﬁ . . 28.0 31.6
Eicosapentaenoic acid
oS KR C22 + 06
PN C2 295.4 355.2
Docosahexaenoic acid
SFA 911. 80 1 000. 25
UFA 2 382.40 2 206. 20
TFA 3 294. 20 3 206. 45
SFA [L#il/ % SFA composed 27.68 31.19
UFA i/ % UFA composed 72.32 68. 81

D SFA M MR BT ER Saturated fatty acids; UFA : AN FAE Uj iR
Unsaturated fatty acid; TFA: iR & & Total fatty acid.

a7 /4] Broad bean group
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Fig. 1

formula feed and broad bean

Hardness of channel catfish flesh fed with

# /g Springiness

e 2 2 o -
O - NS
- T . 3

g
=)

a7t 5.4l Broad bean group
afit & FkR4L Formula feed group

& Boiled

1
7% Steamed

Bl Fresh

B2 ZEAMEASERED S XEMAN AR
Fig.2 Springiness of channel catfish flesh fed with
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o
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Fig.3
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250
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NHLIEME/g Chewiness
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Fig. 4

3 i

0.2

7=

formula feed and broad bean

B4 1/ 4] Broad bean group

a4 ik 4l Formula feed group

+. Boiled

AMESGRAMNAR S XEMAL R E S HLER
Resilience of channel catfish flesh fed with
formula feed and broad bean

@t 5/ 41 Broad bean group
afit 5 1L Formula feed group

2R N EE & R AL 4B BE . X2 M AN P MEL OGS Lb &2
Chewiness of channel catfish flesh fed with

formula feed and broad bean

i#

31 ABEEXNHEAXNEMAEKEENTM

AR 56 1 5% 2 0 L DA AE SR R BE A5 SR il (1
— PRI, AR K T A T 4 G A R R A
FEAG . R R B & SR I RAOCR B F R X 5 &
OB SRR OB S R A IR

MARLRHEE 1 5 R 28 BN B B R B, Page 45170
SRR R 114~500 g Y BE S SR AW, 1k 25 %
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HHEFOKFRURE I 2 R AR R E ., MR 1A
T ) R 14 A LR 4 DR B 2R B R RE
T 2 BRE S SR A A BT o ELBRE A SR A — b
PRI TR B £ 2, A A O PR — TR R
RESR (LA WV 2 F L A BE 5 BRE A SR AR B 3t 7 Ak
M

MR 2 5 TR 2 A 5 R R R R R
FO A AN V- A7 n] R 2 e T 2H B i SO A K R R
A4 SRR R [ T W R W B A SR M Y A6
HEMANBAR AR AR HEAR . 7 LA
MR HEEMR ANER . AR GRS AR .
e AR O B — DR IR, T TR AT R R R L
PiE A ARDRHMIS AT BB i 20 B 0 )R AR KA R 22
—o JIAb L BCE R A S R R RO B
JEBE SR A K T R R AR =
Cai S5\ g ] A5 A 40 2 1 )Rk 14 B4 0 S 2 fl
R Y AR A AS R v A SR O B R
JR M B — P R R TR A B A SR R AN RE T
B AT ORI ) A A B s B AR BRCRART L AR
FHEAANREE R pLIA E H . il b i
SR A ™ R 2 R ) 2 B SR M A Y R
il P T

M TR RRIR BT R T R A R A L
BRI EAWPUE SR T NG S T AR
A 1 A o ) R A A e A O BE 8 AxaE 1 iR
LT B L IX B850 7 N 7 R AR T 1 18 %) 8 37 1) o
P8 TR AT LA R AL A 8 R0 P 5 DA T o A R i S ) i
LA A, B, DA S B PR Y B S
BRI A A R R
32 HARFEXBAXEMALAMK S HIRMm

U8 & B, B A SR M UL P e ) 3 a0 B K
SRR FEZR(P>0. DA REZHMMER KR
IO AR 5 A A R AR T K R B T e X
51 I SRR AR A B P R R N R — B X
A RES BE AT SRR B A SC R . FE LR DT
7 ] % SL2H B SR A i U A TG A
TRHA T BE h T i T R Bt B i T S RE T A
P SCRR M 1 8 IR 5K A W B Y AR — R R Y
i 17 K S AE 5 06 ~ 6 0 il AL B i SR Y AR L T
7 IR A A 1L 85 %0 I Ah , A T AL B A LR
S PAY ) 2 R TR s ek D a0 A TR 5 NI T R
o FAN LI 7 PR 5 PR T C A AR AL BB B
MU R e e A S LA A B IR (AR, R

&l ] MR A 2 I AN R T v R S SO AL PR 7 SR AN
(B o AHJE A% N A BE A S il A 0 3 R 4 B o T
Be At 2 15 BH AR IR A 5 S B A SR A 1 LN 2R
P J5 0 5 B 35 TR 2 G b 151 B b 5 B
33 MAMEETIH A XEMA RN

T M AR LS, BE e SCRE Ml UL PR R R B L [
A2 1 RN L MR 2 KT TE 5 DRk 40 b A 2 B
LS AL ) S R L O S A 8 AR R B ] M
7 1 20 ] DLW I A AR B R UL PR ) R R
{2 B i S i UL PR) 28 3k 2 2 LA i R ML G- T
AT, X5 R EE HE 09 ME A B 45 5 A
S5 A BE S DR oA B SRR A I L o 4 RS B0

ZE LA BE S SR A R R RS LA Y R
e P i A B A A R L R B R R L
i e B CE BE A SR M P B ROR . B TR
AR B — B R R S BE AR G M T B A SR
B8 S R AR T BE S SR A A L LA R
P E A FTREAG. UL, T LAFE i & R o o —
JE AR B AT — R ROk S IR )
Jo 45 A T N R R L R AR AR T AR
R 23, 330 B B T DA B RE o5, S il 1 1 A K
A e 36 BRE SR A A I

Z % X W
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Effect of feeding broad bean on growth and flesh quality of channel catfish

ZHU Yao-giang LI Dao-you ZHAOQO Si-ming XIONG Shan-bai

College of Food Science and Technology » Huazhong Agricultural University/
National R & D Branch Center for Conventional Freshwater Fish Processing sWuhan 430070,China

Abstract A study was conducted to investigate the effect of feeding broad bean on growth perform-
ance and flesh quality of channel catfish (Ictalurus punctatus). Channel catfish with average body
weight of 250 g were fed with formula feed and broad bean for 100 days,respectively. The feeding experi-
ment showed that the growth rate of channel catfish fed with formula feed and broad bean were
104. 85% and 276. 97 % ,feed coefficient were 4. 32 and 2. 11, protein efficiency ratio were 145. 16 % and
80. 52 % scondition factor were 14. 72 and 23. 83. For flesh ingredient,compared with channel catfish fed
with formulate feed,crude ash was not significantly different (P>>0. 1), Channel catfish fed with broad
bean had lower crude protein,crude fat,and total sugar (P<C0. 01),but higher moisture (P<Z0.01). The
essential amino acids, flavor amino acids and unsaturated fatty acid contents decreased with feeding broad
bean. The hardness and chewiness of channel catfish fed with {resh or steam cooked broad bean were also
increased (P<C0. 01) compared with formula feed group. Results showed the channel catfish fed with
broad bean could have crisp quality, but the growth performance and nutritional value of flesh was re-
duced.

Key words broad bean; channel catfish; growth; flesh quality; nutritive value
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