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1.1 it 5 s b

ARSI R (BB EC AR, K ZFA T 4 (germinated broad bean,
GBB) MK ZFHi T 4H (germinated pea, GP) 3 MbHEI ., /= Hu ik i
PNTT, B TR B 5 I T

KRG H: BTREBHERRE, BNEKTRE 12h, REESRE. B
HI2&AF TSI HER T, e 0 > s KA AR R, B R HREE . AR,
W I SV E BRI

RGP IRFE T, BT R F G EERR,

XA A R, JRRE R R, T (40 HD MEE, BRIES. H
BOBURLEEL (HKJ-218, oS iitemiiles) , ED it 2.5mm iR
Rkl CGRIRLREE 70°C~75°C), W KT A7 T B T Ak . SEE8 TaDRk ) Al
STAVEFFHMNEE 1, ARERRA R NE 2,

R SERGRS Y fE R AR (%, WTED

Tab.1 Ingredients and proximate composition of experimental diets (%, air-dry basis)

JE Ak 2 XT R ZH R GH KEFBTH
Ingredient® Control GBB GP
Z A Soybean meal 10.00
Fi*f Cottonseed meal 15.00
3%Ffl Rapeseed meal 15.30
KB Rice bran 17.50
UKy Wheat middling 35.50
R FURAEL Vitamin premix® 0.50
FALHEEE Choline chloride 0.50
e R Wikl Mineral premix® 0.25
R — 445 Monocalcium phosphate 1.20
39% M EERIZ B Microcapsuled L-Lysine 0.80
50% M FE KR Microcapsuled DL-methionine 0.20
Z.JH Soybean oil 1.00
#7. Broad bean 100.00
Wit Pea 100.00
11 Total 100.00 100.00 100.00
WU/ Proximate composition
Fl&E A Crude protein, Cp 27.08 26.93 21.23
FAEMT Ether extract, Ee 2.60 1.72 1.51
K4y Ash 4.56 3.88 2.65
7K4) Moisture 10.72 10.50 10.00

VE: 2 TRERE S A TR (47.35%) FEAA (50.7% )~ SEHA (38.72% ) KM (15.28%)
UK (16.56%) . ® 4E24E R FR AL (mg 8 TU/Kg 174} ): Va 10000 IU. Vps 3000 IU. Ve 150 1U.



Vk3 12.17 mg. VB1 20 mg. VB2 20 mg. VB3 100 mg. Vss 22 mg. VB120.15 mg. Vc 1000 mg.
EWE 0.6 mg. MR 8 mg. WIEE 500 mg. < W) TVRE (mg/kg TAKL: Ml 1.5 mg. £ 0.6
mg. 1 3mg. B 63 mg. £ 89mg. i 11.45mg. i 0.24 mg. £ 180 mg

Notes: *The protein contents 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%). ®Vitamin
premix (mg or [U/kg diet): Va 10000 IU, Vb3 3000 IU, Ve 150 IU, Vk3 12.17 mg, Vs1 20 mg, Vr2
20 mg, V3 100 mg, Vee 22 mg, V12 0.15 mg, Vc 1000 mg, biotin 0.6 mg, folic acid 8 mg,
inositol 500 mg. “Mineral premix (mg/kg diet): I 1.5 mg, Co 0.6 mg, Cu 3 mg, Fe 63 mg, Zn 89
mg, Mn 11.45 mg, Se 0.24 mg, Mg 180 mg

R 2 KRR R BERAE (%, T

Tab.2 Amino acid composition of the experimental diets (%, dry matter)

HEM Amino acid STHEZH Control KG9 GBB KEAFEBIGH GP

BFRRAIE EAA

AR Thr 0.96 1.01 0.77
Wi Val 1.01 0.99 0.91
HAME Met 0.52 0.10 0.07
AR lle 1.17 1.22 0.98
R Leu 1.70 2.04 1.40
KINZ R Phe 1.61 1.34 1.23
HE R His 1.00 1.10 0.62
HER Lys 1.57 1.6 1.55
IR Arg 220 2.40 1.88
D FEAIER NEAA

KA Asp 2.71 2.65 261
225 Ser 1.23 1.17 1.24
HEM Glu 5.00 520 3.63
H&® Gly 1.41 1.40 1.16
WK Ala 131 1.34 1.01
FER Cys 0.30 0.31 0.23
FEE R Tyr 0.83 0.90 0.78
2R Pro 1.23 1.20 0.84
MERER TAA 25.76 25.97 20.90

1.2 LR 5ReEE

SIS A fRIR T BT 4 L XK= R . s 2 i it s, A A
WEAFEE IR PIME 7d. SEIRIFURTHT, PRIk 135 ARSI — AR R 5
i [k & (1056.1£30.3 ) glBEHLF ¥, LB T % WK MEh
(5.0mx3.0mx1.2m) 9 MM (3.0mx1.0mx1.2m) =, 5 3 PMMAE,
FEIAE 15 B .

TRV SZI6 WA AR R T 08:00. 12:00. 16:30 &-HEAT 1 W, & HM#E=R
RN RN 1.0%~1.5%, [F]— bR )25 X R 51 K B A f i — 3. BARIY
BRESREFERAIRA Kl LREEHREETE S RE, RIERR)E



20min M FEJRETCHRIE . FREEKARFREOAS, AKIRGREF 1.0m, & 4 REETHR
172 WK, & 7 R#AT 1 IRWT5, FEAMEKAL. SEIRIAE, JKIE 25°C~30°C, ¥
#.=5.0mg/L, pH7.5~8.0, A <02mg/L, IR <0.1 mg/L. FEHLLKLE
VR SR R S AT, LFRSE 84d.

1.3 FEAREE

FEFE SIS A5 R ET 24h (F IR, St AR A RS, A A R
(MS-222, BEIFK™=H AR AR, FED M2 e, FRELE CREfE 0.1g).
FEAMFERENLE 3 B, Rl ERE . K SRS JF o AR E N IEE . AT
WEEFIEE (O alkE#E] 0.1cm 5 0.01g).

AR FE M SRR 28R 77 1 R BR ARSI, R AE A A7 T--80°C, FT-IllE
WLRIH B 2 IR R DA R B A & & . BUAIIMIZE S gL (£ 3 gk,
3 8O ATRAIIPIME, FHMFE—MERENAFE S (0.5cm*0.5ecm*2.0cm) £
171 Bouin’s [& ¥

seAh, FEMFERENL A EL 3 A (RPAFARERAL L 0 ), HRIL B2k WL AT
IE 73 %% N\ RNA free 850, SLRIE TWRA AR 4 24h 7 N -80 CUKF KR
17, HTHRES AL S RNA,

1.4 WIS HE
1.4.1 £KIetr 5B AER

Rs (%) =100 x O/ O; (1)
K ReNBTER; Or WREIFEREG O AWIE R

We(g)=Wr— Wi (2
KA Wo NIE, g W oRIMARE, g W VIR EERE, g

Rrc= Wan! (Wr— W) (3)

KA Rec AR REG Wan NEBETRITYIRR R, g0 W ARIERTTE, g
Wi RV AR R, g

Lis (%) = 100 x Wiy / Wy (4)
P Ius AEARIEE Wi NIRRT &, g W W RIBEERE, g

Iys (%) =100 x W,/ Wy (5)
e I NSRS W NI E, g0 Wy N R E, g.

Ier (%) = 100 x Wy ! Wy (6)
e Ier NIGREEE: Wy AR R, g W AR fATE, g

Cr(g/cm®) = 100 x Wy/ Ly (7)
L Cr AR W R aR &, g Lo AKRIHEEEKE, cm.
1.4.2 HRBS

2% AOAC J7ikEBI e Rk 55 LAK sy SHEAMK S &&: Koy
FREIE 105°CH EMTZ2EENE; HEOSERHIIRERE, [FHE3E
REZEIL (Kjeltec 2300, FOSS, Hidlt) ll%E; K& &4 550°CH By miR
¢ 6h M5,

FHLAR & oK F & - BRI PRV 52 o FRENZIRE fh Sg TR E =M+, i
60mL FA-FHERAGW[V (E4i): vV (HEE) =2: 1], 60°C/K¥% 1h, HAAKIE



St vk, BOER TS B E =M, 70°CKE, EEAMAYE RS, A
25mL Z. W%, 15g To/KBREREN, MNZEHR 10min. £ N H 2 E.0% A1, LA 3000 r/min
B0 Smine HUEIGHIEEZ 10mL, 2K EROEEE, T 105 CHRAE 1he FHE DT
SEITEWT:

Ee (%) =100 X (Wn2— Wn1) X 2.5/ W (8)
K E NH R &2 5 W AFER R, g5 W AFKE IS G DT 0 &,
g W AFFEME, g 2.5 NRIQSmL LB EL 10mL #H47F)5) .

1.4.3 |ERA

TR R IE IR KA 4 &5 /R H 3043 HT1X (S-433D, Sykam, f&[E)
TE . FESACHETT N BRBFE AT R EEE, R 70mg T, A
10ml 6 mol/L 18, fEZHM T EZ 110°C/KAE 24h. A5, HL 0.5mL /KA
HEF-, hn smL AE SR RRFRE, 40 0.22um JERST ST NSRS, _EALRIN. T
T EAR (FWREK, Met) MINE, F5HEHIRE 55CKFE 15min, KigE™
YDENENAE AT 53T

144 BREEASE

ZM AOAC J7ik 3, SEIERfh S FMER (Hyp) &8, SREEAS
BA] R b R ol AR A K 8 1581 LA R SR TR 5 B g, R
TR AR, HZAGHE (A030-2, FMREMAEN TREARAR, HED WM.

1.45 LA RKS

PRI FR I E T iE: B 3g WIREERE, 2D gEBiibmet, BTk
7% Smin, #ERRTFES. BUHAE, HBOKAE BT REK S, RE;
SRR E Tk B 3g WUAEERE, N SmL 0%, B0 8 R
SRR KLE, 4 3000 r/min 250 10min. B G BRBFRIE KL, FRE,
PR R E T8 B 3g WLREERE, 70 2E N E 4%, 20°CHHAT 24h.
BB, =M% 15Smin, BB T-REKS, RE.
ey T VLA R . B0 FTA R RK %

Ly (%) =100 x (W51 — Ws2) | Wy (9
e Ls WILAZERKE: Wy NNVAZERTE, g0 Wo AMILRZERERE, g.
Lo (%) = 100 % (Wo— We2) | Wy (10)

e Lo WULATES O RAK R W ANLINE D ETE, g5 We NULNE GG FUE,
go

L(%) =100 x (Wy— Wp) | Wy (1D
KA L IR R R KER s Wy IR RRTR &, g5 W NIV G E,
go

1.4.6 JLAIH R

HIENLA LAY, B 1 e 52 AL S AN IR FE G . - —H
HIBEW S AR HAT B MK FE W, BE TR B U R YD (Tum;
RM2245, Leica, 8, FHIEJt )53, et ARE -4, AR
B RS E S MB: (Eclipse 80i, Nikon, HZA) WEIHHM, V15 E&MREN
ERFE XA 6 5k (RAABAFEASH n=36), 45&AH A WLEF A5 L



ST4f ()85 P R ELAZ
1.4.7 JLAFK (TPA)

AR 73X (Universal TA, E#gEERAGERRIEAIRA R, hED) BT
BRI, LB OARAERE . MR R FAE R AR I £
LTFHE—ABENA 3 e (K. 5. SN 1.5em E4), SCEIHETRM (4b
B 9 R, i 25mmx25mm ARk, SRR D) Sef, WA 1 mm/s,
ARt AN IEAS, A5 30%, Hf[A] 2s.

1.4.8 BIRFEHERRE

{81 H RNAiso Plus iX7f] (TaKaRa, HZAD, Zrnl$2BUILAIL R )
RNA. £ DNase 42, F PrimeScript RT i{5f] (TaKaRa, HA&) ¥ 545 B cDNA
HgE . SRS PIE 517, DR 18S rTRNA NN SEA (K 3) #HT
WK E R . G &k H SYBR Green Premix Ex Taq (TaKaRa, HA), Pt ERE
134§ CFX96 Touch real-time PCR (Bio-rad, 3£[E ). qRT-PCR [ N4k R Sy 14
FEFP LR 4. BG4 95°C 15s, J& 60~95 C 4 5s FHIE 0.5°C, HHT AR Hh 2k
K, BEAMEARE R 3 IR DA ZH Bt 2H 2 R IR B RCHE, F CT %k (284CH)
HEHEAL R 1 AR 3R COLIAL A1 COLIA2 mRNA [T RIE &

R3IFIERESIM
Tab.3 Primers for qRT-PCR

319 Fr

Primer Sequence (5'-3")

18S-F GGAATGAGCGTATCCTAAACCC

18S-R CTCCCGAGATCCAACTACAAGC
COLIAI-F ACGCACACAAACAATCTCAAGT
COLIAI-R GCATGGGGCAAGACAGTCA
COLIA2-F ACTCCGATAGAGCCCAGCTT
COL1A42-R ACATTGGTGGCGCAGATCA

7 4 qRT-PCR MR R S 27 % €
Tab.4 qRT-PCR reaction solution and program setting

qRT-PCR % W27

RT-PCR [ ¥k % LS
q S V7 A 2% H gRT-PCR reaction program

gRT-PCR reaction solution Sample addition /uL

IR Step P Cycle
SYBR Premix Ex Taq 10 95°C, 1min 1
ddH20 8 95°C, 10s
cDNA 1 60°C, 5s 40
Forward primer 0.5 72°C, 15s
Reverse primer 0.5 72°C, 5min 1

1.5 BIESHT



SIS K SPSS 22.0 G it 3447 B K 3K 7 2 43 Mt Cone-way ANOVA),
SRS YME (mean) + FriEZE (SD) HIERFE ~. BZEKF PN 005, #
ZREFE (P<0.05), M A Duncan’s {£i#1T% &E LK L .

2 4R

2.1 KRR

FEFAIAN], SHEM LI TRE . SARAMEt, RFERG. RAFHGHE
B B TR PR EUR F BHK, TR RBEZE S (P<0.05). I, KERE
HE i E s TR B EH, MR RBAELEERTRFEHEH (P<
0.05). SAbHHE A EARE BAEHERFEEZEZR (P>0.05). WEKS,

K5 ORFM G KGN AR 20
Tab.5 Effects of germinated broad bean and germinated pea on growth performance of grass carp

f8¥5 Indicator Y& Control KIFESH GBB KHEHiZAH GP

Y455 & Initial body weight/g 1056.7+£11.6 1046.7+15.3 1046.67+£5.8
KA 5 & Final body weight /g 1221.947.32 1173.1£6.8° 1153.2+9.2¢
4 & Weight gain/g 165.249.32 126.5+8.8° 106.5+11.2°
rRkl £ %k Feed conversion ratio 4.98+0.22° 6.81+0.36 7.82+0.65°
BE 2 Survival rate/% 100.00 100.00 100.00

T 4464 Hepatosomatic index/% 1.29+0.042 1.124+0.11° 1.10+0.01°
AR T84 Viseerosomatic index/% 4.76+0.49 4.91+0.51 4.85+0.17

Ji7 /i Lt Intraperitoneal fat ratio/% 1.37+0.11° 0.65+0.07° 1.3740.14%
JE3# FE Condition Facto/(g/cm?® )r 1.66+0.05 1.52+0.10 1.55+0.14

e FATEEE BARNG TR, OB REER (P<0.05)
Notes: In the same row, values with different letters mean significant difference (P<0.05)

2.2 NIAHER

2 6 iR, HVEASFETARL 84d of 55 2H it LA H A 2> CRLFE /K2y« FHER
H. KoM & &% EREZH (P>0.05).

® 6 RAIGHRAFHENEAYIAHBRIIEE (%, EBHE)
Tab.6 Effects of germinated broad bean and germinated pea on flesh proximate composition of

grass carp (%, wet weight)

f845 Indicator X2 Control  KFETH GBB  KHFBIZA GP
7K 43 Moisture 78.91£1.09 79.03+0.71 77.71£0.59
M A Crude protein 18.71+0.96 18.58+0.58 19.90+0.62
K45y Ash 1.40+0.14 1.45+0.13 1.40+0.09
FfHAGHT Ether extract 1.00+0.09 0.97+0.12 0.94+0.06

e FATEE EAF NS R, RAREER (P<0.05)

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



2.3 MIARKA

SR ALY, $8ME R A SRR W IS S A LA 2% . B O A A
KB BERIL (P<0.05); KRABEMEABSHAERKRE FLEREFEER (P
>0.05), WLFE 7.

R T ORH I GG RAFBG AL 2K T 50

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

ofgrass carp %

845 Indicator XTHEZH Control  KEF#&ETA GBB  KHFHTA GP
7893/K % Steaming loss 19.05+0.74% 14.22+0.11° 14.27+0.59b
B IK#E Centrifuge loss, 24.73+0.87% 21.82+0.74° 22.61+0.77°
PR KH Thawing loss, 7.05+0.24* 6.26+0.58" 6.42+0.38°

E: FATEEE AAR NS TR, Ko ER (P<0.05)
Notes: In the same row, values with different letters mean significant difference (P<0.05)

2.4 WA (TPA)

H2 8 RI R, K 2EAT 5 A K 28 B 5 40 B A L 1A P A i 5 g 4 85 2 6ot R 2L I
ZiE (P<0.05), MAEFEGDHXHIFEEESTRFEB Z4H (P<0.05),
BT B LA R M. dER M EMRE R EER (P>0.05).

* 8 RHFHBGERHFHIGIE AN TPA HI50H
Tab.8 Effects of germinated broad bean and germinated pea on flesh TPA of grass carp

fe#5 Indicator STHEYL Control  KZFF&EG4 GBB  KIFHiG4 GP
fififF Hardness/gf 836.75+74.51°¢ 1350.75+112.632 1184.25491.39°
NI % Chewiness/gf 256.24+20.87° 399.92+24.59* 362.21+33.42°
Zi%ME Cohesiveness 0.61+0.04 0.56+0.03 0.58+0.03
# % Elasticity 0.53+0.06 0.53+0.04 0.54+0.04
04 14 Resilience 0.61+0.04 0.57+0.04 0.63+0.04

Ee FATEIE AR NS R, RoRAREZER (P<0.05)
Notes: In the same row, values with different letters mean significant difference (P<0.05)

25 NAEEBEEER

WE 1 K9 fos, MARGFERDAKGFBIE, [F15 50 A4 % 5800
AR ZRE, EATER/D (P<0.05). Hi, RIFEETHE AT 4EZE S
FTRAFEBEH (P<0.05).



(a) (b)

(©
BB EAL AR (2), KREETRE (b)) KRFHE (¢) 84 RIEEMILTYEHLIL5 M
Fig.1 Muscular microstructure of grass carp fed Control(a), GBB(b) or GP(c) diet after 84 days

RO KRG I E G R BG4 5 A ELAR 5

Tab.9 Effects of germinated broad bean and germinated pea on muscle fiber density & diameter of

grass carp
H ) JULEF 24t % i W4t B AR
Group Muscle fiber density/ (AR/mm?) Muscle fiber diameter/um
XFHEZH Control 249.5948.34° 71.454.19%
RHFE#®TH GBB 282.3348.26° 67.1740.99°
REFBITH GP 267.5144.93 69.0040.64

e FPEE BA RN FRE, FROoRA R 2 7 (P<0.05)
Notes: In the same column, values with different letters mean significant difference (P<0.05)

26 BREEASE

SRR LL, R 2R TR S R e LA T R R
BN (P<0.05), %2 [T 02525 5y & S0 ta 70 J SR BP IO 1 s 6 2 1
BFSERIMEELER (P>005), ILE 10,

F10 KRG HRFH G EEHIEEA S BRI (gke, BHE)
Tab.10 Effects of germinated broad bean and germinated pea on collagen content in tissues of

grass carp (g/’kg, wet weight)



3| Group JLA Muscle Fe ik Skin FFRE Liver

Y& 2 Control 2.6510.10° 33.90+.26 0.7640.07
K754 GBB 3.4040.14° 34.92+41.42 0.7440.05
KB G H GP 3.2640.09° 33.2641.57 0.7640.06

T RS BAARF NG 7R, R 3 2 57 (P<0.05)

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

2.7 COLI1AI 1 COL142 mRNA X REE

M 11 750, RBRFEEGAR DG EFHRE 7 S ol ARk [ A
ISR (3L COLIALI F1 COLIA2 mRNA HIMHXRIZE (P<0.05), HRZFEE
GHMERKMANREERES T AKEB G H (P<0.05). K205 AT P
ERAEFEERAREESR (P>0.05).

R 1 REBEGRFBIGAEFEAHI COLIAL FI COLIA2 FEFIFAL IR
Tab.11 Effects of germinated broad bean and germinated pea on COLIA1 and COLIA2 gene

expression in tissues of grass carp

2H ) LAl Muscle JZ e Skin HERE Liver

Group COL1A1 COL1A2 COL1A1 COL1A2 COL1A1 COL1A2

XFHE4L Control 0.9940.05° 0.9840.05° 1.01#0.05° 0.9920.08° 1.01+0.07 1.0320.07
KAFEREH GBB  1.9240.16° 1.6720.10° 1.1740.09° 1.8640.16° 1.0530.10 0.9940.09
RHEBEH GP 1.6630.12° 1.4840.08° 1.1340.05° 1.6520.08% 0.9820.09 1.00+0.08
e RSV BANFRNG 78, RO B3 2 57(P<0.05)

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

3 i

3.1 REBEGRFBENEALE KK

ARSI, R R O 2 G @ B A TR R A ZE AN K, (E R R 2
A A A K PERE RO FEZH B B AK, IX S AT AN pRaE 12—, R R
FLRREGNAER FHRED, RARMEERIK, mKbeam&ER, m
NEW; & B LRRDT, ke Ea i ERER: H—m, BEHSH BT,
R I 200 A v 4 25 R A 1 B 1) 55 S5 b R IR 181, BTG T F A N 9
A B R PELO 1020 S 7 SR 5 A T AL R U A AU B . kA, T EIRIE S
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Comparative study on effects of germinated broad bean and
germinated pea on growth and flesh quality of grass carp,

Ctenopharyngodon idellus

JIANG Weibo!->3, LI Xiaoqin'??, JI Dong'??, LENG Xiangjun'-?3

(1. National Demonstration Centre for Experimental Fisheries Science Education,
Shanghai Ocean University, Shanghai 201306, China, 2. Centre for Research on
Environmental Ecology and Fish Nutrition, Ministry of Agriculture and Rural Affairs,
Shanghai Ocean University, Shanghai 201306, China, 3. Shanghai Collaborative
Innovation 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 idellus,
formula diet (Control), germinated broad bean (GBB), and germinated pea (GP) were
fed to grass carp with an initial body weight of (1056.1£30.3) g for 84 days. The
results showed that feeding grass carp with GBB or GP significantly reduced weight
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 (COLIA1, COLIA?2)
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 germinated seeds, the
weight 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



