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 E: WMRR R ORGSR AL PSR R0, 43 ) DA 53 A e R R SRR TR
KRG F A (1 056. 1 £30.3) g FHE 11 ( Ctenopharyngodon idella) , 3558 R N 84 d, 45 R BN 5
MBS R AR L, R AR G SR F G B E RN T RA R R T MR R (P <
0.05) ; ]I, =i TP Y S K AT R, B 1325 ML O 1 W0 25 it vy , LT 4 2 3 O UL P IR D 1 5 = 6, UL
N5 R kb T BB JEAE [ 5L COLIAL #1 COLIA2 mRNA Rk it th B F 8 (P <0.05) ; K R T M
PR S A UL PR A 5 LR | JLET 2 2 LA R L PR J i 2 1 o i W 3 v TR AP A4 (P <0.05) , 45
B AR H BT HRFHIT, BARRER T A A K rERe , H AR S B LR & 5T, IF B4R MR 28
EEHCRIE T R A BT

KGR WA B B 4K PUAMET; RRED

HE XS S963.2 ERARERS: A

A ( Crenopharyngodon idella ) 323 [F BE 2L 11
YK FRAH £0.5,2019 4F 7 ik H) 533.3 7 (1
TET AR DX, A DA R 7 o7 1] 55 e A R e 1 A
JraCo R, Ak 5L i AL AR5 1 5 3 3
FURH P AR AR R SO, G v B | L U e R
SE RGN LA G AR R
UTAF KA Tl 4, DUIR  Bi AR P A
AR — @ R s A LA B SRR
Ze i O AN g (A e LA R R
SRR ERE.,

RIS RE % A SO AR A L AR HE
TR TR & B A ORI TE R BT AR 5
I—SE G E IR OT R S &, X 9 S AR
ER R REA — 2 B aRAE AR s
oS FTUIA SE e B, BB A 2 A AR
WA T AT DL T B i A K PERE, R LA
Jot o HRMR R 25 B N R AR A FHRCR W, & 2
BT R R TR, AR FRCR SO T, H
iR DUAH R AGE

i A 2019-05-29 &8 B #5: 2020-02-23
EEUH: BRARPI2EI4(31772825)
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GG A R VERE LA A 5T LA B T R
JEHE I HEH COLIAI FI COLIA2 mRNA 33k (5%
Wi, g 5 £ JLIAS it SR R 4R (R AT S R i

U Rk

1.1 Wit 58

ARSI AP B (A E B SR RL) R 2R
5.2 ( germinated broad bean, GBB) 1 & 2f #i & 4
(germinated pea,GP)3 A~AbFHZ , & &= A ]
BN T, B H LI E 1E T

REAFA G W T GAFVERR AR, AT K
HHRIL 12 b, SRS TR %R GBEOG I R T 5]
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Ko W RFRGYIUNIE EHAR

RAFH AL PR W] & O, B R 2 R
MR,
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FD AR, 2R 2o B R0RL BB BL
(HKJ-218, Jo8 i fe WIHLAR T, o 1) i kL A2
2.5 mm [PUPERURL R (RPRLER Z 70 ~75 C)

AN G T BT HRAL . S2 50 R
Y FESRAUR LA 1, BIEIRANIL R 2.

®1 IBRARKSREFER(KNTRE)

Tab.1 Ingredients and proximate composition of experimental diets ( air-dry mass) %
JAe X IR RAFEEEA REFHILA
Ingredient® Control GBB GP
M) Soybean meal 10.00
HiH Cottonseed meal 15.00
FH Rapeseed meal 15.30
KM Rice bran 19.50
WK Wheat middling 35.50
YA E PR R} Vitamin premixb 0.50
SUALHEBK Choline chloride 0.50
B YC X WIR AL Mineral premix® 0.50
TR — 445 Monocalcium phosphate 1.20
39% T FEH & B2 Microcapsuled L-Lysine 0.80
50% 3R &R Microcapsuled DL-methionine 0.20
il Soybean oil 1.00
7% &7 Broad bean 100. 00
BitZ Pea 100. 00
Jii3t Total 100. 00 100. 00 100. 00
WML S3 Proximate composition
HLE 1 Crude protein 27.08 26.93 21.23
FLEHT Crude lipid 2.60 1.72 1.51
W43y Ash 4.56 3.88 2.65
JK 43 Moisture 10.72 10.50 10.00

TE . fRDRHEURHE B 50 SR80 BRI (47.35% ) AR (50.7% ) (SRA(38.72% ) KA (15.28% ) (0K (16.56% ) 5 b. 44 R BUR KL
(mg 5 1U/kg fa#}) .V, 10 000 TU V3 3000 IU V150 [U V5 12.17 mg V20 mg Vi, 20 mg Vi, 100 mg Ve 22 mg Vi, 0.15 mg V.
1 000 mg AEYFE 0.6 mg MR 8 mg JLEE 500 mg; c. § ) i HIR A (mg/kg Falkl) il 1.5 mg % 0.6 mg 4 3 mg 4k 63 mg B 89 mg 4

11.45 mg fil§ 0.24 mg %% 180 mg,

Notes: a. The protein mass fraction of ingredients are as follows: soybean meal (47.35% ), cottonseed meal (50.7% ), rapeseed meal (38.
72% ) , rice bran (15.28% ), wheat middling (16.56% ) ; b. Vitamin premix (mg or IU/kg diet) : V, 10 000 IU, V; 3 000 1U, V{ 150 IU,
Vis312.17 mg, Vi, 20 mg, Vi, 20 mg, Viz 100 mg, Ve 22 mg, Vi, 0.15 mg, V1000 mg, biotin 0.6 mg, folic acid 8 mg, inositol 500 mg;
c. Mineral premix (mg/kg diet) : 11.5 mg, Co 0.6 mg, Cu3 mg, Fe 63 mg, Zn 89 mg, Mn 11.45 mg, Se 0.24 mg, Mg 180 mg.

1.2 XBRABS5RFER

SE A E BT Ll XOR T )RR
Lt A 2 S I A L P S R
IR WML T do SERRITARHET, PRk 135 ALK — |
PR A B £ [ AT (1056, 1 £30.3) ¢ ] B
PP 73 BT, 228 T 3 AK P FRFE B (5. 0 m x
3.0 mx1.2m) 9 PRFH(3.0 mx1.0 mx1.2
m) H, BEFRGE I 3 S RIA AR 1S A

FEFH LI )4 K T 08:00,12:00 #116:30
AR LW, B B RO R R R
1.0% ~1.5% , [a)— 4k BH2H f) 4 9 A6 43 1) 7K - ik
APl — 2, BRI BRSO R
IRl SEBRE O0 A EATOE 2 R AR, PRAIE SR
Ji 20 min PIFEFRICHR I FREEK AR E0E L,
IKTRGRAF 1.0 m, B 4 K 1/2 WK, & 7 Ktk
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A5 1 RS, FER IR, SE HATR], K 25 ~
30 °C, %% =5.0 mg/L,pH 7.5 ~8.0, % & <0.2
mg/L, WAHEAEE <0.1 mg/L, FRFHSLETE i
TER I SR S T, JERRSE 84 d,
1.3 #H&R&E

TR SIS EE AUHT 24 h 45 AR, S A
A R RN, ) T BRI ) (MS-222, I 7K 7
i A R R o) 2 R R BT O
£0.1g), BAMFEMILI3 A, 7500k
J e ARG 5 37 RV E 540 R s oA U O A AR
Fri A g B (A AR 2 0.1 em 5 0. 01
g)o

L A R B AT 2% TR 7 1 B R R R UL
P, BT 80 C kAR PR, FH T & JUL PR 8 F1
B BBV SR R E A, B T
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T3 e, 293 o/ 8) kAT 2K 1IN E , 5
MR — RN AL (0.5 em x0.5 em x2.0
cm) JRIFTE Bouin” s [&5E K H .

WAL, B AR BERL 5 B 3 J8 £ ( B A3 b B2
9 ) OB R VLA BR324 A RNA free
BOE, L E THRATR R, £24 h A
-80 CUKFEIAPRAE, ] TS 4 ZUE RNA,

£2 TBRAHEEBREAL(FTHR)

Tab.2 Amino acid composition of

the experimental diets ( dry matter) %
IR YA kRABEA RAHGH
Amino acid Control GBB GP
Whits LR EAA
SRR Thr 0.96 1.01 0.77
iR Val 1.01 0.99 0.91
AR Met 0.52 0.10 0.07
SR Nle 1.17 1.22 0.98
Z51% Leu 1.70 2.04 1.40
HKNER Phe 1.61 1.34 1.23
HER His 1.00 1.10 0.62
1512 Lys 1.57 1.6 1.55
ki8R Arg 2.20 2.40 1.88
e E LR NEAA
KA R Asp 2.71 2.65 2.61
2R Ser 1.23 1.17 1.24
BB Glu 5.00 5.20 3.63
HEm Gly 1.41 1.40 1.16
A Ala 1.31 1.34 1.01
LI4E Cys 0.30 0.31 0.23
1% 24 B8 Tyr 0.83 0.90 0.78
i &R Pro 1.23 1.20 0.84
MG LR TAA 25.76 25.97 20.90

1.4 $BIRMETE
L4 1 AERAERSIEARERR
FERAR ARG TR A bR AL 5 BT 6 38 I MR
TR R B AR TR B AR E s s e R E
WL, AR AT
Ry =0./0, x100 (1)
XA Ry WIEE R, % 50 AR REG O M
It AL
W.=W,-W, (2)
A W AR, g5 W, 0 AR SR i,
RN UASE ) GREERENDN =
Rec =Wy,/ (W, = W) (3)
2 Ree N DRE R 5 W, 0 388 T 4 S o
e W A ARWI AR, g5 W, JB 006 a0k i
g
Iy =W, /W, x100 (4)

Ly ANEIREEL, % s W, I IE B BT 2, g5 W,
HARBH AR g
Iys =W. /W, x 100 (5)
A L W IHARTE R, % s W IR, g5 W, Oy
R AIRT R, g0
Loy =W,/ W, x 100 (6)
KL AR L, % s W NI IR B, g5 Wy HoR
UGN N s
C, =W,/L, x100 (7)
A Cp BB W, AR AR B, g5 L hy
IR em,
1.4.2  BHAS
S AOAC " I (A 5 5 e JILIA 14 K 5
FLEE VAR 73 & 1 K o0 & i it 105 °C R et
T AEE N E ; H A AR LR /A,
A gl E FAL (Kjeltee 2300, FOSS, Fij i) il
T 3 IKAT AR 550 C H 3R =il k4 6 h ilfs .
FELRR DT 5 R S0 - TP s S e o o
W25 g BT L ZE = Ao, in 60 mL & 45-
HERE AW VOEAD ) VIHIEE) =2:1],60 CK
w1 h, A s S 8, BOE o T — R =
FAI, 70 CoARME, 2 =AM YR RS A
25 mL ik, 15 g ToKBREREN, N ZEHR ¥ 10 min,
BABZEE.LE Y, L)L 3 000 r/min L[> 5 min,
U R R mEZ 10 mL, 78 & KR OBk, BT 105
CHEFH 1 b, HHARN & RITHE AT
E =100 x (W, -W,) x2.5/W, (8)
K E, R BT 5080, % s W, IR R i,
g3 W NFR R S AR D BB, g3 W, A PR R
i, g;2.5 WAE(25 mL Z kL 10 mL 47
THE) o
1.4.3  ZERRA
TRk S R (K i) AL P 1 3 R A 3
ST (S433D, Sykam , fE ) I . A ALy
2 BB S A R T B AR, AR 70 mg
TH5, inA 10 mL 6 mol/L HCL, 7 2 i o .
25110 C/KfFE24 h, BHE,H0. 5 mL KMt
T, 00 S L A SRR RO R, 28 0. 22 pum B IR
YEIEA SRR, BRI AR (F AR,
Met) i 5 F 4 F R #E 55 °C R 7K fig 15 min, 7K
ST A AN A AT AT A3 A A
144 BRFENASE
Z B AOAC™™ S ) 58 B i i B2 I & 1R
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PN

30 &

(Hyp) & i, SR8 11 & ] R (iR & it
PP R 50 8 193], AL BRI & &
PRI A, SR FH A /K i 725 , 22370 5 ( A030-2, Fig 51t
EREY) TREA PR A AR
1.4.5 WAFRKI
RT3 g LA EERE , 20 A5 43 22 B 1k
PAB, BTl K e F7% 5 min, ERITTI . BUHRR
A, HOK AR R TR K 43 PR
BRI 3 g LA BEAE, LA S mL
B, BLODA G U AR AR, £ 3 000 1/
min 5.0 10 min, B 5 R0 K 5, FR
Ho
RRFIKF LY 3 g WA BERE , 73 5 A%
H4%, -20 CHRAE 24 h, BUBMLA, &R AF R 15
min , F252 0% TR AIK 5, R
P00 00 LA A 2R LR 0 R TR AR K
R,
L.=(W,-W,)/W, x100 (9)
KL, WA ZE R AK R, % s W, g LA ZE il i
g WoNILNZE G i, g0
L =(W,-W,)/W, x100 (10)
L, LA BRI R, % 5 W A LA B O
R fE, g5 Wo AL BSO G B, g0
Li=(W, =W,)/W, x100 (11)
KL HALRR TRRIKER %o s Wy R HILAIE VR
Fiit, g Wy AL G BT, g0
1.4.6 HWLN4HZ
8 [ 5 B L PR R it LA T e B ) 2 B
- W ARIR AW W R TR B K B,
A TR R U) (B, 7 pm; RM2245
Leica, f8[E) , I 7E Y4 4 J5 ¢ 7, G 48500 3% I 95 R
FE-PEL . FR%EH AR R G B35 ( Eclipse
80i, Nikon, H ) MEIFHHAMR, U1 - Ba M TR
A XA 6 3k (BRI FEARRH n=36),
55RO BT R LT A 4 B R AR
1.4.7 LA K
it FHSEAS 43 BT A3 ( Universal TA, [ ifg J# BR A
aRHRA R W) AT LA By (TPA) 4347, &
FURE LSRR S R | S A e AR
o BUREAMILL T 7Rl — A B LA 3 He (KT8 .
RN 1.5 em Z2A47) , Sr RIEAT ARG ( BEAL FHZH 9
) . HEH 25 mm x 25 mm A4Sk, 2 fillJ&
NS5 of, K EE 1 mm/s, HARBA B A IE

http: //www. shhydxxb. com

A2 30% L INFE] 2 s
1.4.8  JRJEEHHE NI

{#i F§ RNAiso Plus 7 ( TaKaRa, H 4% ) $& HL
HILIAL S e FIEF HIE F9) 2 RNA . 2% DNase A0 B,
PrimeScript RT {77 ( TaKaRa, H 7<) 2 5 5% & %,
cDNA Hif , B G s, DL
1 18S rRNA Sy NS B [H (3% 3) #4790 E 1o
R FN A% SYBR Green Premix Ex Tag(TaKaRa,
HA) , 9 68 &AL A CFX96 Touch real-time
PCR(Bio-rad, ¢ [) . qRT-PCR A 5 K ™4
BFWK 4, R4t 95 C 15 s, f5 60 ~95
C 55 s THR 0.5 C, JEATIE AR T ZASIN , 54
AREI 3 W LIS IR ZH Fo 2 200 3k B O KL
EL T CT 35 (2735 T8 R T B S 1 3
COLIAI 1 COLIA2 mRNA [AHR Fik

®3 WHREESY
Tab.3 Primers for qRT-PCR

5% Primer FF%1 Sequence (5'-3")
18S-F GGAATGAGCGTATCCTAAACCC
18S-R CTCCCGAGATCCAACTACAAGC

COLIAI-F ACGCACACAAACAATCTCAAGT

COLIAI-R GCATGGGGCAAGACAGTCA

COLIA2-F ACTCCGATAGAGCCCAGCTT
COLIA2-R ACATTGGTGGCGCAGATCA

x4 RT-PCR RNEBERIEFIZE
Tab.4 RT-PCR reaction system and program setting

piiE=20 qRT-PCR [ W72 J3
qRT-PCR JZJi 1 5 Sample qRT-PCR reaction program
qRT-PCR reaction s
. addition/
solution ul. I Step iR Cycle
SYBR Premix Ex Taq 10.0 95 °C,1 min 1
ddH,0 8.0  95%C.10s
cDNA 1.0 60 C,5s 40
WEmM5%Y  Forward primer 0.5 72 C,15 s
M54 Reverse primer 0.5 72 °C ,5 min 1

1.5 RS

SEH R R SPSS 22. 0 GEit A F i T B A
2722001 (one-way ANOVA) | 45 2R LISF-2(H +
PrifiZE (Mean +SD) (IR R . BEKF P i
F0.05, 52ZREE (P <0.05), M fDuncan’s
BT 2 H AR

2 4k

21 At
TR, 45 AL R TET= R o 5 0
HILL, %25 6 5 4 B AL 60 PR A
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/AR

T A A I A JBRE ) 11) EL R 87

TR A 35 % B 3% B AR, 1R R RO 2 T
(P <0.05) LAk, % 25 e 52 41 e f0f R Jo
K\ TRAHEA, M e R L8O g He 2 5%
TRAFFEH(P <0.05) o 2540 BILH G fh ik (A4
RORNEH B & 257 (P >0.05) o WEKS,
2.2 BAAM

H1Z% 6 R, BERAN ] RDRL 84 d X 4% 21 7E £

JULPA LR A (AL 45 7K 2 LA K0 ML I
7 ) 5 B A R (P >0..05) .
2.3 MARKAN

L5 0F HEZH AR L, BER A 20 e 52 0 K 2 B S 2
il LA B9 28 B0 A VR AR K 3R B 2 PR AIR
(P <0.05), k27 L MUR 279 G A AE R KR |
2R (P>0.05) , )T,

RS RFBEERFHEMNEEERKEENFIT

Tab.5 Effects of germinated broad bean and germinated pea on growth performance of grass carp

FEF5 Indicator

X B2l Control

KRBT A GBB

RABEH GP

WILR i Initial body weight/g
AW & Final body weight /g

1 056.70 +11.60
1221.90 £7.30"

1 046.70 +15.30
1173.10 +6.80"

1 046.67 +5.80
1 153.20 £9.20°¢

AR K Weight gain/g 165.20 +9. 30" 126.50 +8. 80" 106.50 +11.20°
Tkl Z %% Feed conversion ratio 4.98 +0.22° 6.81 +0.36" 7.82 +0.65°
Ji 1% 2 Survival rate/ % 100. 00 100. 00 100. 00
iR Hepatosomatic index/% 1.29 £0.04% 1.12+0.11" 1.10 £0.01"
&35 %k Viseerosomatic index/% 4.76 £0.49 4.91 +£0.51 4.85+0.17
Mg L Intraperitoneal fat ratio/ % 1.37 +0.11* 0.65 +0.07" 1.37 £0.14*
AN Condition Factor/ (g/cm®) 1.66 +£0.05 1.52 +0.10 1.55+0.14
R B B AR NG 78, Fm A B 2257 (P <0.05)
Notes: In the same row, values with different letters mean significant difference (P <0.05) .
®6 RFBRESEAFHEIMNESNAARNZIE(ERE)
Tab.6 Effects of germinated broad bean and germinated pea
on flesh proximate composition of grass carp ( wet mass) %
FEF5 Indicator X B8 2l Control KA 4 GBB KRAEGIGY GP
JK 43 Moisture 78.91 £1.09 79.03 £0.71 77.71 £0.59
FEHE Crude protein 18.71 £0.96 18.58 £0.58 19.90 £0.62
K43 Ash 1.40 £0.14 1.45+0.13 1.40 £0.09
HAEHT Crude fat 1.00 £0.09 0.97 £0.12 0.94 £0.06

V< FATHCR BUR NS 0, J5 A B35 2 5 (P <0.05)

Notes: In the same row, values with different letters mean significant difference (P <0.05).

RT EFRESRFHEXNEGNARKAHZM

Tab.7 Effects of germinated broad bean and germinated pea on flesh water holding capacity of grass carp %

F8#47 Indicator X B ZH Control KAH#EEGY GBB KAEGIGY GP

Z8I 7K Steaming loss 19.05 +0. 74" 14.22 +0.11° 14.27 +0.59"
B3 /K% Centrifuge loss 24.73 £0.87° 21.82 £0.74" 22.61 £0.77°
Y UR2e 7K % Thawing loss 7.05 +0. 24" 6.26 +0.58" 6.42 +0.38"

I R BAR A AR RNG i, FoR A B 255 (P <0.05) ¢

Notes: In the same row, values with different letters mean significant difference (P <0.05).

2.4 AR
H13% 8 RIRN, e 2 e 52 M 2 B o 4 s A )L
DA AR RSE 32 5 MEL P 3% A0 IR A I 35 i g (P <

0.05) , 1M 4 25 f KL ALK W45 5 .35 w8 T & 2F
B L (P <0.05) , 2540 H2H Fi fh JULIA RORG SRAE
SN S PR WE 225 (P >0.05)

http: //www. shhydxxb. com
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®8 RFBEERFHEXNEANARMHFIG
Tab.8 Effects of germinated broad bean and germinated pea on flesh TPA of grass carp

f8#5 Indicator YT E&ZH Control k&G4 GBB RAEHIEA GP
T & Hardness/ gf 836.75 +74.51° 1350.75 £112.63° 1184.25 £91.39"
MH M4 Chewiness/ gf 256.24 +20.87° 399.92 +24.59° 362.21 £33.42°
FE I PE Cohesiveness 0.61 £0.04 0.56 +0.03 0.58 +0.03
FH: Elasticity 0.53 £0.06 0.53 £0.04 0.54 £0.04
[8] 52 1% Resilience 0.61 £0.04 0.57 £0.04 0.63 +£0.04

T R B R ARG 7 i, FoR A B 255 (P <0.05) ¢

Notes: In the same row, values with different letters mean significant difference (P <0.05).

2.5 MALEESHE BREWN(P <0.05), Hirh, & FHRTH M
P 1R 9 R BR R F RO MEFI MRS TR FWALL(P <0.05),
A LT 4 0 ekt R AR,

(a) IBAL AWK Fed control diet (b) R*¥%&EX GBB diet

(c) RZBiIE GP diet

1 RREERSGAN, ZFRERAFHE 84 d REATHEHALN
Fig.1 Muscular microstructure of grass carp fed Control, GBB or GP diet for 84 days

2.6 BEREZERQSE 2.7 COLIAI 1 COLIA2 mRNA 13t %52
5t BREAAH L, 2 2 A N 2 Wi 5 4 B A H R 11 ] 20, 4500 R 28 A SRk 2R i S

JULPA R R I D 1 e (P < 0.05) fH F R 1 R AL A Bk T R A A
THEZIAEA I, SR AL RFITE  COLIAL R COLIA2 mRNA FJAR X ik & (P <
MR A & BB R B E 2R (P> 0.05), HR 25 fix G221 MR DA A 2605 1 I 2%
0.05), M3 10 T RZFBIEA (P <0.05) , 25 2 5 48 T e
MHREDN B BB B B 2257 (P >0.05) ¢

http: //www. shhydxxb. com
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*9 EFBESEAFHEX
BaAHEEEMERKNZM
Tab.9 Effects of germinated broad bean
and germinated pea on muscle fiber
density & diameter of grass carp
WLEF 4% WLEF 2 A%
Muscle fiber Muscle fiber
density/ ( #3/mm? )

4151

G .
roup diameter/ pm

%tHRZH Control 249.59 +8.34°¢ 71.45 £1.19°
KEEG Y GBB 282.33 £8.26" 67.17 £0.99°
KAFHiG4 GP 267.51 +4.93" 69.00 +0. 64"

1 RSB AR NG F 8, R #2557 (P <0.05)
Notes: In the same column, values with different letters mean
significant difference (P <0.05) .

F10 LFRESRFBEXNEEALAR
BEEESENZIE(ERE)
Tab. 10 Effects of germinated broad bean and
germinated pea on collagen content in tissues

of grass carp( wet mass) g/kg

LA Muscle  FZJH Skin JFHE Liver
2.65+0.10" 33.90£1.26 0.76 £0.07
3.40 +0.14* 34.92 +1.42 0.74 +0.05
3.26 +£0.09* 33.26 £1.57 0.76 +0.06

H 5] Group
X HEZH Control
KA GBB
KB EUL GP
SV B A H AR NS T, R & 2R (P <0.05)
Notes;: In the same column, values with different letters mean
significant difference (P <0.05).

1 EFBEEXFHENEEAL COLIAI T COLIA2 EERIENFNT
Tab.11 Effects of germinated broad bean and germinated pea on COLIAI

and COLIA2 gene expression in tissues of grass carp

LA Muscle Bz Skin JFIE Liver
245 Group
COLIAI COLIA2 COLIAI COLIA2 COLIAI COLIA2
X B2l Control 0.99 +0.05° 0.98 +0.05° 1.01 £0.05" 0.99 +0.08" 1.01 £0.07 1.03 +0.07
K27 G40 GBB 1.92 +0. 16® 1.67 £0.10° 1.17 £0.09* 1.86 £0.16* 1.05+0.10 0.99 +0.09
KEBIG A GP 1.66 £0.12" 1.48 +0.08" 1.13 £0.05° 1.65 0. 08" 0.98 +0.09 1.00 £0.08

I : RSB A AR RNG iy, R A B2 R (P <0.05)

Notes: In the same column, values with different letters mean significant difference (P <0.05).

3 ihe

3.1 RFBRESEAFHTINES £ KRN

ARSI JRAE S 2 A% N T I SRR Y
W WUR M 25 A8, (B I S 25 8 o 2 0 A
PERERE T IR 4 i AR, X 5 AT LA R
—5, HEH FEE R A TN AR R
27190 RIS R ARAR, KL S SR,
T 07 75 i He AR, TG vk L AR G SR
SR —Jr i, fr E P A AT R L 040 i
A 2 AP RE I R ST R e AT
BT A A P 9 AR T A 35 T R SR R
WAL RIS A TR R e Ah, & B S T
B R RE R R

5% 5k, B AR X S SR
T, TR T 3 S R LE R 0 5 b, R 2
B0 LR 1 R A0 40O 21, 23% , I T i i Ay
Bom1.51% (£ 1), FAMRSRIKRT L FRD
(F£2) , X EORE, K FB G EFRMER MK
FEG, I, KT A A KRB &
HRGAM. ZEE B TREETNRE
B 0] B PR P CRS , H  RR Y 4  f
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Comparative study on effects of germinated broad bean and germinated pea
on growth and flesh quality of grass carp, Ctenopharyngodon idella

JIANG Weibo'**, LI Xiaoqin'**, JI Dong'*?, LENG Xiangjun'*"

(1. National Demonstration Centre for Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai
201306, China; 2. Cenire for Research on Environmental Ecology and Fish Nuirition, Ministry of Agriculture and Rural Affairs,
Shanghai Ocean University , Shanghat 201306, China; 3. Shanghai Collaborative Innovation Centre for Aquatic Animal Genetics
and Breeding, Shanghai Ocean University, Shanghai 201306, China)

Abstract; To investigate the effects of germinated broad bean and germinated pea on growth performance and
flesh quality of grass carp, Ctenopharyngodon idella, formula diet ( Control ), germinated broad bean
(GBB), and germinated pea ( GP) were fed to grass carp with an initial body mass of (1 056.1 +30.3) ¢
for 84 days. The results showed that feeding grass carp with GBB or GP significantly reduced mass gain and
increased feed conversion ratio (P <0.05). Besides, the flesh of fish fed GBB or GP had lower water loss,
higher hardness, chewiness, muscle fiber density and collagen content, and the relative expression of
Collagen [ genes (COLIAI, COLIA2) mRNA in muscle and skin was also up-regulated by dietary GBB or
GP (P <0.05), when compared with the formula diet group. Between the two tried groups, the mass gain,
muscle hardness, chewiness, muscle fiber density, and collagen content of the GBB group were significantly
higher than those of the GP group (P <0.05). In conclusion, feeding grass carp with germinated broad bean
or germinated pea improved the flesh quality, but decreased the growth, and feeding germinated broad bean
showed better growth and flesh quality than feeding germinated pea.

Key words: grass carp; broad bean; pea; growth; flesh quality; collagen
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