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), AHRLIR D 2% Bk, LR iERL . 5 R4

M a 40 B, B IR A 2885 AL L B 422 mm

() TP AR AR R (A MR AT % R ULSLP-45, H[E K

FERAAE T BE b HUARA SRS, s DR

RE90~95 °C), Wi+, MRMAEH IR Wk

B SRR LR, SEER IR R 2H W L 3R 2,
#1 SRERESSERAR

Tab. 1 Ingredients and proximate composition of
experimental diets %
TR R Xof B ZH. FATE
ingredients’ control EU
M soybean meal 15.0 15.0
Hi#f  cottonseed meal 14.0 14.0
SEH rape seed meal 16.0 16.0
#%k  wheat bran 25.0 23.0
UKy wheat middlings 25.4 254
il soybean oil 1.0 1.0
SALIEEE  choline chloride (60%) 0.6 0.6
AL RTURE  vitamin premix® 0.5 0.5
T BUERL  mineral premix® 1.0 1.0
IR =245 Ca(H,POy), L5 1.5
Al Eucommia ulmoides 0.0 2.0
&t total 100.0 100.0

EFRRS proximate composition

JK4  moisture 9.7 9.6
HE I crude protein 28.7 29.1
W crude lipid 3.8 3.7
K4y ash 7.0 7.1

e a. BCO5 RO ERE R TR N B R A W], BT, KRR
FISERARIHLE (& 55 70945.3%- 50.0%. 39.1%

Notes: a. The ingredients in formula were purchased from the Tongwei
Feed company (Suzhou, China), and the protein contents are as follow:
soybean meal (45.3%), cottonseed meal (50.0%), rapeseed meal (39.1%);
b. vitatim premix (mg or IU/kg diet): VA, 6000IU; VD3, 2000IU;
VC, 200mg; VE, 50mg; VK3, 5mg:; VB;, 15mg: VB,, 15mg;
VB;, 30mg; VBs, 35mg; VBg, 6 mg: VB, 0.03 mg; biotin,
0.2 mg; folicacid, 3 mg; inositol, 200 mg;

c. mineral premix (mg/kg diet): I, 0.4 mg; Cu, 4mg; Zn, 80 mg;
Fe, 150 mg: Mn, 20 mg: Mg, 100 mg;: Co, 0.1 mg; Se, 0.1 mg

12 IRAe5RAFEE

S5 FH B £ 0 ) I R T iR (215.040.4) g,
W T L K IR . 1202 B AR —
2, RBERHAMA, B T6 PR (1.5%1.2x1.2)
o, REMAE20R, WA E T E MK (5.0x
3.0x1.2)H7 . FRUH SC U AE b VvV R 2 Y Vg 5
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F2 ZRANSERBARTFHIR, %)

Tab.2 Amino acid composition of the experimental diets

(dry matter,%)

SR of HEZH it

amino acids control EU
PREER EAA
FEM  Thr 0.72 0.75
HER  Val 0.90 0.92
HEE  Met 0.31 0.32
FEEAR e 0.54 0.56
AW Leu 1.90 1.87
KN  Phe 1.45 1.44
M/ His 1.52 1.45
HERE  Lys 121 1.26
Wall  Arg 227 228
JELREER NEAA
REZBR  Asp 2.74 2.74
258 Ser 1.58 1.56
BEE  Glu 6.19 6.32
HZ®R Gly 1.64 1.65
WEE Al 1.42 1.44
FPEEER  Cys 0.38 0.39
Mo BE  Tyr 0.76 0.75
% i Pro 1.30 1.35
HEER TAA 26.81 27.04

HEAT, RS 8

FEFRFA AN, 45 PR DR F5 B A — B #m)
i, B R R R 3%~5%28 31K (8:00, 12:30,
17:00) 8 M, FFARHE KA. 7K A0 (3 8 451
WOAETE Y%, DA S S ek B A
IR, RESREH /3K, 10K —ik, K
K24 hAS ] W 78R, W R 4ACKR T°5.0 mg/L, pH
7.3~7.8, JKiE24~30°C, @RMKEILT0.2 mg/L,

1.3 HMmXEE&E

FFELEH, 1524 h, Gt R4 &0 R
BOFFR S E, T E R (WG) M B R 2
(FCR); HEMAEREDL LR M, 4 5 R K A
TR, TR EE (CF); fife i) i B P A0 T
JFFRE, THE AR (VST IR L (HST) . B
HHLN25 g F-20 °CR W, H TR 73 HT 5
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A A 7 R A LA (0.5 emx0.5 cmx2 cm)
PR T WP HTFHLOE ST s
A3 g HRILA, S EDHF LA R KR GEF T
Po: 2R VR RIERTESCE) N AE

AN, RIS 4. 8JER, &
D46 4 BE AL (28 (R AL BRAT 6 2 ), A TIPS RS
HEE, WNZ b7 8805 7 M WL E . R
A8, FHRATAE24h, FA-80 °CukAif
URAE, T Dt 2 1 3 DN 3R 8 RN S It 2 1 & &
B 5
1.4 MEEIR

A KM G IRIE AT 1Y HE % (weight gain,
WG, %)=100x [ A £ 4 Jit 2 ()] A4 5T 12 () ]/
14T 5 (g)

1) B} 22 %1 (feed conversion ratio, FCR)=H & &
(/R AR 51 ()0 f 1R i ik ()]

A3 % (condition factor, CF, g/cm’)=100x ffi
R BT i (g)/ R A K (em)’

JE 4% Ft (viscero-somatic index, VSL%)=100x7A
1 NI R (g)/ R AR BT (g)

JF A H (hepato-somatic index, HIS,%)=100xAK
1 JFF I (g)/ K IR 3 1 (g)

LA 5 43 oo 2 BAOAC! )5 41
B LA DR B A3 o 7K 43 R FH 105 °CHt
Tk, ML B SR LG E A (Kjeltec
2300, Foss, Sweden), HLAE i I % 5% S 05 F
2, B IF D E R 550 °CHIBETE

MUK Fo 42 #F R AR BN FRILZ 50 mg i) k)
20 mgL A AL & (THE), LL6 mol/LERR T H.45
ARABTF 110 °C/Kfi#24 h, R Sykam433D% HE MR
A 3043 AT A (18 [ 38 R W sykam /A w5 = )il 2
FE i 2 TR 4 W o

R EG 22 nE B A E SRR
IF 2 2 1 (B o A A 0 B R 0T 5 T 1 A 0
&), R R R I 2 R A A AR AR T B
EREA Y S W E R OR P EEE I 2 T
o, iR ARERNAERMEARSE, 2K
AOACT;1%:990.26", 3¢ LU 55 7 ¥ 875 3] e Jt 2R
Ho i AR LA e (Uuv7s9,
VRS R AES T EDFES60 nmik KT I E
PRI R .

RAKFE RIKFRBZERE . R HIEME
M5 o I %2 2 B Srikanchai®$ " | Barrera%§!"")
Ik, I EB .

AR A3 gL, FRE, K
7510 min, BUHERH, LR EAK S, FRER
H, ARMKMER SYPHERZ LRI EK
KA,

BRI W3 gL, ME, #HT-20°C
UKAEH24 h, ERAETR, K ERTKSY, FRER
&, BHRBKER 5P GEEZ LR TR K
KE,

B W3 gL, FRE, A5 mLEg
LR, BT E.0HLT3000 x g25.0>10 min,
WEREAK, HEKRE, HOoMKEESY
IR 2 LGRS B0 R IR R

1.5 BlA4ELR =

% W Periago® "' | JohnstonZ: ™y ik, ¥
WLAIAE T Bouin (G & i [ 7 24 b By, 43l 4
70%. 85%. 90%% 100%JC/K ZFERRFE K , B
THIERGEYN, AEM . U A6 um; kK
RM2245, fE[E), HIRAKE - je o irig s
I3 AT o AH R 2 BT 3 G2 WL L DAL 1) L 2F 4 s
Tk, BEASEE S E00M WLET 4k, I & ILEF 4E 1%
QOfEEE), THE LT 4 %5 B (2015 45%) .

1.6 COL1A1F1COL1A2E [FE R AN

{8 F Trizoli{ I #E BUES RNA, R4 6t
T R Bt iR T B F D RS DN RINA ) I 2 R 4
F| H TaKaRaw #% 5% 3057 &5 (PrimeScript ™ RT)Hf &L
RNA % 5% 1 cDNA, U571 T-20 °CIR-AF
# . M58 18S(EU047719.1) K GenBankH &
fiCOL1A1, COL1A2%EH [P cDNA S ¥ 81 % it
6 E B PCRG|I W (F3), T2t EPCRR H
20 uL AR FR . SRSk 741 ul. SYBR® Prime-
Script™ RT-PCR Kit I (TaKaRa) 10 uL., [ Fi#5]

®3 EARAEEPCRSY
Tab.3 The primer for real-time PCR

5144 %

primer name

FF31(5'-3") i

sequence from 5' to 3’ usage

18srRNA-F  GGAATGAGCGTATCCTAAACCC gqRT-PCR
18srRNA-R  CTCCCGAGATCCAACTACAAGC qRT-PCR
COL1AI-F  ACGCACACAAACAATCTCAAGT qRT-PCR
COL1AI-R  GCATGGGGCAAGACAGTCA qRT-PCR
COL1A2-F ACTCCGATAGAGCCCAGCTT qRT-PCR
COL1A2-R  ACATTGGTGGCGCAGATCA qRT-PCR

http://www.scxuebao.cn
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Y40.5uL. ddH,0 8 uL. JZIFEF K95 °C 30s,
95°C5s, 60°C30s, 40MEH, HJ595°C 155,
65 °C%95°C, 5 sTHE0.5 SCHEAT % it i e A6 )
FAFEREE IR, AR 2ZE AR T 10%,
PL4JE B X REZH R LA | B Ik R A 41 40
(e ak B o v, SR 2 Ak T AR B AL AR 4
RIS JE I X AL . AL AR ZH COL141, COL1423&
mRNA 1A X 35 7K o
1.7 BESITS5 50
S EE R T B bR 22 o, RAISPSS
1705 H R T R Rl 2 N R 7 25001, 2

5o FH H# T Duncan R Z HE Vi, 27 HEKF
N P<0.05,

2 4R

2.1 HKMEEMFRIER

5XTRAM, Mg m e mR .
BEREC. MR LG . A L R T B 48 bR 34 TG
T35 2 7(F4)(P>0.05),

®4 HAMESSEREEMPFERNZM
Tab.4 Effects of EU on growth performance and

physical indicators of grass carp

Eizga o A RGN
indicator control EU
YIE/g IBW 214.8+0.4 215.1+0.4
KH#H/g FBW 495.1+14.9 484.1+10.5
WMER/% WG 130.3£6.9 125.2+4.9
ik R% FCR 2.03+0.06 2.09+0.07
JEAE/%  VSI 6.61+0.13 6.26+0.38
JiF#Ab/%  HSI 2.11£0.13 1.98+0.14
AEH /%  CF 1.94+0.07 1.91+0.14

2.2 ALAEMK S FAABLEZFIERR
FA8E G, WA E ALK . HEE
JF . OKLIR 0 K 43 & R B 22 7 (P>0.05),
5 Xt RELH A EE, A A 2 UL IR V2 R 2R K R AT ES O
e K F I B EREAR (P<0.05), 752Kk KR W 41 2 ]
TG b 25 5 (P>0.05)(F55) T 20 B £ 7 JUL2F 24 %5
B LA AR B TC R 2S5 (P>0.05),
23 RIEER
MR 2 224y Mk R, Tkl 5 37 5 A

http://www.scxuebao.cn

x5 SEAHMNESAARRCEE)RIFE
Tab.S Effects of EU on muscle quality of grass carp

at the 8" week (wet basis)

1% A FLA A
composition control EU

JK43/%  moisture 77.17+0.35 77.19+0.59
HH/% crude protein 19.80+0.26 19.87+0.43
JEMi/%  crude lipid 1.67£0.13 1.63+0.14
MK453/%  crude ash 1.27+0.02 1.25+0.04
RIKHE /%  cooking loss 23.31+1.52 22.50+1.13
WURRIKZE /% thawing loss 6.90+0.18° 4.81+0.24°
B RIKZE /% centrifugal loss 8.70+0.53" 6.89+0.67"
FaRsits /mm’
E}uifﬁb;igiity ) 215+14.8 216+13.9
AL 4B 2/ 57.3:2.1 57.3:1.9

muscle fiber diamerter

e A ATHAR G A RN G T REROR AT #2257 (P<0.05)

Note: Means in the same row with different superscripts are significantly
different (P<0.05)

Vi) X6 e LA L B R R O ) e DR K - 2
H B E W (P<0.05), 3 1938 TAE I B ik
R I B i 4 1 7K AT S 2 R e (P<0.05), {HX
JUL PR I S 2 1 /K B AT 3 R IR (P>0.05)(#.6)

KA eH BTt AE 4% . 8JE LN I IR R S
0 T B4 (P<0.05), i K k. R i 5
B A AR AR 5 0 B AL AT B 22 5 (P>0.05),
{EAE 8] i 0k R 2H 2 T 1 (P<0.05) 3 7E3& ]

xo HMMEGMNA. KK AR
REEESENTMWCEE, gky
Tab. 6 Effect of diet style and cultured time on muscle,

skin and liver collagen content of grass carp

(wet basis, g/kg)

i 1] A5 il F ik iRgili3
time groups muscle skin liver
4J8 weeks  XHE(P1)  2.3620.06°  27.94£0.96" 1.62£0.07°

FAFED)  2.67£0.09°  28.22+1.17°  1.67£0.07°
8 weeks  WHE(P2)  2.30+0.08"  35.42+1.60° 1.64+0.11°
FAF(E2)  2.56£0.07°  38.85+2.19° 1.83+0.10°

NIRRT ENHT Two-Way ANOVA

Tkl diets <0.001 0.013 0.002
BFIE]  time 0.007 <0.001 0.011
ZHAERM  interaction 0.763 0.030 0.045

e B SBHEEA NG FREROR I E R L Z 5(P<0.05)
Notes: Means in the same column with different superscripts are
significantly different (P<0.05)
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FEBBL, BE A IF A WA AE K, X R A E L
AL P B B 1 AR R AR AR, T
JHR 5 5 2 1 i 3 A I (P<0.05), At AR A A L
PRI D A 1 3 T R R SR AR AR, I B R R
Jie IR AR S R IN(P<0.05),

24 AAEEBEEMRK

FRFE QA J5 , b 2H B A LR Y T A
. AELTERR . RERREFENEAR. H
AR, 278K, HEAR. NARSTERERST
X HRZH (P<0.05), T 451 28 IR & i 1 & 1L T X BR 2
(P<0.05)(#£7).

2.5 COL1Al. COL1A2EFEZFRIE

2 R L L R 8l coL1Al
COL1A23E I mRNA R Ik & 748 | 8 i 45 i 3
TR (P<0.05), MAFAECOL1AT,
COL1A2KE R 33k s AR AR ) 1 AR T X RAAH , 75
8 )& 53 1 TR BEZH (P<0.05); % R 41 Fh kL {20 2
LA R AR 4L 21 COL141, COL1423%
DR 7 8 JE i i) 2 58 1 1 0 3 i T4 TE i Y Rk i
(P<0.05)(:£8).

XUH 2 T7 22 57 M 25 S R WY, TRDRL R 7 5
)X B LA . B RBRCOL1A41 . COL1A2KEH 33k
A B F YR (P<0.05), Pi# 838 B AR XL
W. EkCOL1AIFEHFTFAECOL141, COL1
A2FEH iR A W3 R (P>0.05)

3 ¥hig
31 #MhESEKENE

AR, A s R S YA K
PERE. TEXSBIRTIEH, B IN2.5%Ft fhal $2 & H 4%
HA3.15%, FE AT HR.21%" FEET R
B, WINLS% Al A 4w TR H I, RRR T
BHE L H S5y o fEK 3, e
T INO0.15% AL 4 B a] o3 il $8 v B AR a2 BE
g BERMUORHE R (27.09% .
8.57%112.9%); FRIN6%H A iHy HE v T . Cyp-
rinus carpio)¥ H R 21%; FE 4R R 43 B N
4% . 2%k i BE 2 2 B AR Y LG X AR
(Litopenaeus vannamei) £ F=PERE™ . A WFIT #
WY, el o s A o R L XS AR K MR T R
Mgt 210 ARSI 2% A AR 35 T A )
AR SR A 2 38 B 0 L B 2, (R £

R 7 SR (R B fa | PO S BB 4E AR Y 20
(FHR, %)
Tab.7 Effects of EU on muscle amino acids composition of
grass carp at the 8" week (DM basis, %)

SR Xof 4 RGN
amino acids control EU

DBREER EAA

%R Thr 3.23+0.09 3.02£0.22
iR Val 2.56+0.12" 2.03+0.24°
HAR Met 2.15+0.20 2.29+0.08
FEER e 2.06+0.16 1.77+0.22
FHEM Leu 6.19+0.12 6.15+0.18
FKNEAM Phe 3.34:0.08" 3.56+0.06"
HER His 5.46+0.50° 6.97+0.91°
#ER  Lys 7.36+0.06 7.32+0.29
N 4.87+0.09 4.82+0.22
BAREER TEAA 37.23+0.31° 37.92:0.40°
ENBEER NEAA

*REAR  Asp 9.86+0.34 10.26+0.28
227K Ser 3.85+0.05° 4.03+0.07°
*HEK Glu 13.16+0.19 13.44+0.31
*HEE Gly 3.95+0.11° 4.25+0.17°
R Ala 5.40£0.0.12° 5.78+0.08"
PR  Cys 0.61+0.01 0.56+0.08
Fxs 2 Tyr 2.44+0.02 2.35+0.06
%™  Pro 1.79+0.41 1.94+0.25
BIEVWREAER TNEAA 41.07+0.73° 42.61+0.22°
HIREER DAA 32.37+0.44° 33.73+0.41°
BEER TAA 78.30+£0.71° 80.53+0.59"

e FATHEA A P BEROR 22 7 235 (P<0.05). *ERE AR
Notes: The different letters in the same row indicate significant
difference(P<0.05).*means DAA

A KM RETC 2 R e, HL R AT R R K
5 B W RNV BB B O R R A K
STy — SR 4 e K B, AR
O3 RN U o AR SE I R W) B A T F 215 g BT
fh, FRIALEHRRT, (RITEC K600 g, J& LMY
Be, AR RN A A i R4

[V N =7 2 1 o o A =
PR, XFIG 5B RAESED B m ZE P iR E
e, U B GRDRE AR S E A S R R —E

http://www.scxuebao.cn


http://www.scxuebao.cn

792 KopE o R 245

#8 EaAlA. KA+ COL1A151 COL1A2 mRNAE ST F &K £
Tab.8 The mRNA relative expression level of COL1A1 and COL1A2 mRNA in muscle, skin and liver of grass carp

Wl 5 WLA muscle Rz skin JFEAE liver
time groups COL1A1 COL1A2 COL1A1 COL1A2 COLI1A1 COL1A2
X i 1.000.12° 1.00:£0.08° 1.00:£0.04° 1.000.06° 1.00+0.08° 1.00£0.09°
45 weeks
FEA 1.26£0.06° 1.58+0.08¢ 1.4420.06° 1.200.08 0.46+0.03" 0.3440.03"
pagict 1.70£0.11¢ 1.40+0.11° 1.7440.03¢ 2.060.16° 1.53+0.08¢ 0.6620.05¢
85 weeks
FEA 2.07+0.08° 2.03+0.16° 1.8940.10° 2.29+0.18¢ 2.27+0.16° 0.79+0.07°
MHEARFESHT Two-Way ANOVA
L diets <0.001 0.001 <0.001 0.001 0.259 <0.001
A time <0.001 0.021 <0.001 <0.001 <0.001 0.200
L HAEH  interaction 0.030 0.367 <0.001 0.813 <0.001 <0.001

e RSB R AN R ANG T RN 8 E5R(P<0.05)

Notes: Data in the same column with different superscripts are significantly different (2<0.05)

RN hTARLE M H RS 5k 5
PO RAE NIER - AU AT O LB ER RN Edlis i @S
A2, FORAME R, AP e fmal fE s
REELZ A ER, M ARA R ER, XA
TS RtE—2 0.

32 HANEEREEBRSE2 X COL1AL,
COL1A2E F mRNARY 1

Ji2 JE 4B 1A M R UL P 45 i 4 2 0 B B AR
B, EA R 208 b R M R e A
MRHIE, RmALA SR EERN R, KRE
F & o SRR IR e L i RS, S L
PR AL 11 A B 2 (LR LA 8 e i AL
PR B, AR A R LR IO C RS T i R R
ERAMUOT R U 2 BET R G G RS PR
JREE UKo /N S P BIE 5 bt & A
Rt B JE I B AR HEVE . AR SE T, A
EHM T 8B AILP Bz IR v s
K, SRR 55 AT A 0 3 B SR R 1
SRS G, X5 A FRE— AR

i1 285 WL R RN B R v R B 1 Y T A 2
I AR A, O RS & WA el F1— A
o285, /B COLIANMICOL1A2F 4ifi% . T AU
JERR 10 £0 28 L A 2T 4 1 T B AT R Bk 1 B AR
F ., AT AE LS ER 20 Jlasd i v 398 5 AL PAD 174 s 0,
ol o2 25 1 1] 45 JIL A L 2000k 1 AZ O VR Y
A A BT A SR R T AR K U
AT . ML COL1ANR ek ; IR T+
iR b B e A A B . IR RR B A R R Y
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REAEE A B R LT i ifico T . COM LA 1=
SPA | D2 s O SR s e N g L
T RE H S T 2% kA 0 2 B LIRS L Bz R R
HCOL141 ., COL1A2BAHXT Feih i o AL e o i
JR R P EE R SR TR, I 12 R A 456 A i T A 2
. EE RGO L FRER MR, X
J5 A FRiE— 25T

(EAFFE RS, b i 2 2 f0 T JE 40 21 7E 47
i COL141. COL1A2FEH FihKF-BEAK, TTREAL
Xt BFIECOL1A1 . COL1A23E PR e i 391 P A5 I 1]
Mg, ESJH BN B FE & T COL141 .,
COL1A2FIEIKF, BRI 1 FIBLGI A5 3 —
I/ S

3.3 HMPESAA®RFEE

LR A A O A S A A
AR, WSS 2RISR D
TE L P AR 4%t A Ry 2 25 1 4R e VR R
UL PR P IR R | 0 T R AR R N TR
Ty ARSI AT S R R A R R R e R
SRR SunfF " ELRRLHERIN400~800 mg/kg
ERIFTR . 2%t i, WEE SN T R A L B AT
SR AN B S TR KT 5 kR S ok i e g
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Effects of dietary Fucommia ulmoides on growth, flesh quality, and collagen
gene expression of grass carp (Ctenopharyngodon idella)

XU Xiaoying "**, LI Xiaoqin "**,  SUN Wentong ', JIANG Weibo', PAN Wengian ',
WANG Junpeng ', TU Zhihan', LENG Xiangjun ">

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

Abstract: The present study was conducted to investigate the effects of dietary Eucommia ulmoides (EU) on
growth performance, flesh quality, collagen genes COL1A41 and COL1A42 expression of grass carp (Ctenopharyn-
godon idella). A total of 120 grass carp with an initial body weight of (215.0+0.4) g were randomly allocated into
2 groups with 3 replicates per group and 20 fish per replicate. The fish were fed formula diet without (control) or
with the supplementation of 2% Eucommia ulmoides (EU) for 8 weeks. The supplementation of 2% EU did not
significantly affect the growth performance of grass carp when compared with the control (P>0.05), but increased
the collagen content in muscle, skin and liver (P<0.05). Total essential amino acids (TEAA), total non-essential
amino acids (TNEAA) and total amino acids (TAA) in muscle of grass carp fed EU diet were significantly higher
than those of control group. Fish fed EU showed significantly lower flesh thawing loss and centrifugal loss (higher
water holding capacity) (P<0.05), but muscle fiber density and muscle fiber diameter showed no difference
between the two groups (P>0.05). Moreover, dietary EU significantly promoted the relative expression level of
COL141 and COL142 mRNA in muscle, skin at the 4" week, the 8" week, and the expression in liver at the 8"
week (P<0.05). In conclusion, dietary EU could improve the flesh quality of large-size grass carp.

Key words: Ctenopharyngodon idella; Eucommia ulmoides; growth; collagen; flesh quality; COL141; COL1A42;
gene expression
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