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AR X E A 4K IiF R R
SR TR AR A BT R MR B M) B 5T

REE, ZmAL?, EREL 4G, £F4
(L. B R A BERA R R LSBT HEALRE, L 200000;
2 WTHAR K F SAFHE £ B, IUTT KA 030801)

BE:ALZAMINECERK DEFRRRALERFNASE RN S, EXA A (R
)R B AN 2% 4% B AR B 0.1% .0.15% H AP R4, 47 57 T 3k E (425.8 £37.6)
gHhES, R0dAR, LAEEHEEL I KN 84.3%.92.2%-.96.7%88.2%91.7% , & H
AB A4 H2.01,1.87.1.82.2.03.1.91; 5 BAM D, Findb bt R EZFR G T EAH
ER,BETEAHRAE(P<0.05), B 2% .0 15 R ARGELA Y ESR
P (P<0.10), M FEFERKRFHELERNAN LA, AR F A M 4% A +H,0.1%.
0.15% - fF et BB , W TR EFRE SODFH(P<0.01), A4 A HHmRESREE L
BEFEZH(P>0.05), XMARSW N EZH  LLBANAXS> KL ELREZR(P >
0.05),B&m0.15%HMBHRRY, TEEFRFIAZL LELR . LAR . FEAR . FXWAR.
AR MEAR . EREERREEAERLE(P <0.05); % w 4% A *H#.0.1%.0.15% #
e RBENHTRENALZFER REZOLE. TINADERGHEANOTEA, Bk
frer R T R AT R BN EELE(P <0.05), &, Fm 4% H.0.1%.0.15% 4
HRRYERET NELERITH (P <0.05), Fm 2% 4% A M #H8,0.15% - #H 8 B
WK TMHEXE(P <0.05), LRFRKA, AR FHRmAE(HRRHREH) T K
ERMEAEKBER DFERFRELAZIRNA &K,

XER A Ea Ak ERFRAR AR

HESKS:S 965.12;S 963.73 XEARIREE:A

M ( Eucommia ulmoides Oliver) J& #tp %} 4k
g , B ERER, 2R 2000 ZHEREHE,
TG ESE T A BRANEE R E AR ERE
BRI INAEN . KHILIR AL A H 25 M Y A
BERRBE B YRR W T A 4% B A o 4R R , B AL AP
RBEETFRMINER AW 24, # P ES F
SO AR Tl o B 418 2% 2B 0, R E
ZUEEME RAMMEEFREMZ I EN,

BT, A XA PR T3 R AR IRE

5 H #8 :2007-05-17

ERTFrxg-4 mayl-o gml-8 Bl &
f 4y £ 100 X BE B Y B AR R B AR P M BRI
WE T, B OW R R A B AR
FIRXULA f TR ERT T, ARARUREE
BRFFEAR—EANPTN R, B R R P
ALt Rkt bt SR B, B AR R A AR S LI
H RS P B 18 b AL DA o o B M, A A
IR T R A A 3 9 SR FE ML R F G A 3R

RHWE: EETERAEPERMB (Y1101); BTN EZEMEALH(06DI14003); EENHEZUREFFTFHNEEALEES

(04151) ; LA =R ERKE S (0321)
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1 MR5Tk

1.1 ERFT5RBRER

e LT AR R (i B4 o 43 BB 0 2 % A A et
4% FE AR 0. 1% H A R B L0 15% #t
ot By, R EE, FHAR =T, W
L B, BT I A4 RL vk B AR B , A BB
D EFHBRRIFE TP R ALHL ] R
2 4 mm FYEFOR . Bl RRHH B R B4 4
R 1o R T FAL b et Rk A ot 3R B ch W RS 4R
MEYEARGRAE R,
1.2 XRHA&

SEE AR AT (425.8+37.6) g, Rk
B, AR ST
1.3 RBEIBS5HFER

FE AR F 1K= KRR ILK =5 5
7o HIERRBHT, RARAT I —FA L
EMRERAE R, HEBA 15 Dk (2.0
mx1.5mx1.0m),3BEHE 225 BE A , S
158, BREARE 3% 2K (8:30,16:30) M8,
HREBE KR BREBAIEGHE, WFHEHNER
20054E7 A29H -9 A 28 H,4Hi60d, M3
KR 23 ~29 C,DO>5 mg-L~' \NH,-N < 0.3

HEAKER, REMAKRIER 24 h, HXHE
R(%)=(KE-¥E)/FE x 100; 7B RZH =
BREE/ARMER; RER =RKEBVaEH/ K
BkAaRK

oA 3 e A A a3 B, Bfikid
R 1., 3000 r+min~'B.0> 2 min, B & ¥ % & o
ALYy s AL B VR 7 I 8 SR R R e B AL B
V5 PR BE I <2 R P Lb Y vk 5 et % PR R 0 7 SR A Y
WEEBRE: (BB REREYBE AR
RAEWIRE) o

LB R 25 WAL R)E, B A 3
B, BEHIE —20 CHAEEW . K0 ERH
105 CHET 8 HE B &R YLK E A B
Ji 0 8 R G R R AR 5 K 3 W R A 550 TXY
Bk RIBERNE S %8 5 R Kkl
B EEMN R Hetach 1-8800 & MR B 3
AT

MAHERZE  JIAEERNESEEN
By 080 UL P Sk RFAUR G 4T 7 H 2 S %
ARG (WUR S dE e 50 1 B BT B by, 3
K BERRK, TS 3 I R ) 5
1.5 HESWELE

R B8 848 R A SPSS11.5 G 8k 1k #: 47

mg-L~1, BREFZAN, ZARBEEH#ITLSD ZH I
1.4 MEHRESHT® B, P<0.0s hEREE,
Foerkust  THRERBRIFHRRE RN
F1 ANEFAREIFEERAIRE
Tab.1l Diet composition and nutrients content %
R4 ingredient LB percentage R4 ingredient LB percentage

£ 8} fish meal 2.20 ¥4 HE K mineral mixture 0.25

4] soybean meal 20.00 Y R THIE B vitamin mixture 0.25

FHH rape seed meal 20.00 FALIEFR choline 0.50

HEFFHE cotton seed meal 8.00 5.{Hf soybean oil 0.50

W H wheat middle 24.00 #1314 fish oil 0.50

% %k wheat bram 22.00 CaH,PO, 1.80

B3t total 100.00

B 34 B nutrients content

HE H crude protein 28.6 K4 moisture 9.6

&R lysine 1.34 BB A crude lipid 3.2

EE M methionine 0.42

B A RTENSNT Y RETBRES TRITRENE N (ng-kg™ A8 : V, 6000 U-kg ™!, V2000 U kg™ !, V550, Vi 5, Vg, 15,
Vo 15, Vg 25, Vgs 30, Vis 10, Vi; 0.2, Vg 3, Vo 0,03, inositol 100, Ve 100;Zn 80, Fe 150,Cu 4,Mn 20,1 0.4,Co 0.1,Se 0.1,Mg 100
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2 4R

2.1 #fhHESEKEEHKR
MWE20 0, 53 BAML, TN 4% & fhot
MEBTHEANMER14.7%(P <0.05), BER

BTHRBMRE(P <0.05); %0 2% w M ot B
0.15% #t i SR BL ) A 2 7 & £ 0 R B
(P<0.10), 3R T 1B R %, 5 8 3E %W
(P>0.05)(% 2),

F2 HMPHXESEREEHRME
Tab.2 Effects of Du-zhong leaf on the growth performances of grass carp

#Ha A 2% 8 4% R 0.1%MRBMY 0.15%MHERY

groups control 2% LP 4% LP 0.1% LE 0.15% LE
FE (g)initial weight 426.5+24.0 422.7+25.1 428.7+19.4 498.3+18.1 492.7+27.4
RE(g) final weight 786.7+45.1 812.6+ 66.2 843.4+41.8 805.9+39.9 810.8+57.8
WEHR (%) growth rate 84.3+4.5 92.2+5.6% 96.7+3.7° 88.2+5.1° 91.7+5.8%
R FE %K FCR 2.01+0.10° 1.870.11% 1.82+0.07" 2.03+0.11° 1.91£0.06®
FRIE (% ) survival rate 100 100 100 100

B RPN EEAR LIRFRERRZREE(P<0.05),LP.LE 45 A BRI BBRYNES , U TEER
Notes: Means with different superscripts in the same row differ significantly( P < 0.05) ,LP, LE are abbreviations of leaf powder and leaf extract,

the same as follows

2.2 HfPMHESEMDF SOD. & H .6 IERR
EEEAMEE X E IR R 1R b B
ERW R 3),mHE P Em 4% #,0.1%.
0.15% 4t fh it B ¥y, ¥ 7] B Z 4R & SOD & #
(P<0.05), 2%t it 325 SOD 15 #: it
(P <0.10) ; & ZH %5 A BE AU B IR BS 15 1 T 8.
£ZR%(P>0.05),
2.3 X EENAELAREIE
MU ERA (KR4, R4AEALE
MRAKG K EEBRALBREZR(P>0.05); %
mo.15% iR BB ERETNREES &
B(P<0.05), 4%t HEMILIAEES &
BREE(P<0.1), ZHEHBEREIK T LR HEE

&8 (P<0.05),

FERERE R ITE, RN 4% AP td 7T 8%

EMAER ZEZR FNER EAAEAR . AER.
HMEREE, NKEER(EBERITLER.AE
B.HER AR SERLERVTEERE
B(P<0.05), HASMSEERIESHRA
HHUELTBEEEZR(P>0.05),
24 HMNEENNEALEEENERERS
ByEm ARSI, B 2% 4% Fk Mot 4
50.1%.0.15% M2 MY B EFERINAEE
®B(P<0.05), EAFBE LEMULEA LK E
(e VLR L 47 77 ) 8 0L P 32 8 I O
BEHEE ,BRIPIRAKEGRS)

F3 HMHXELSMF SOD. & . BIEHREER HRMm
Tab.3 Effects of Du-zhong leaf on serum SOD,LSZ, AKP activities of grass carp

H3 A 2% B 4% B 0.1% M3 H4 0.15% bH R I
groups control 2% LP 4% LP 0.1% LE 0.15% LE
SOD(U-mL"") 73.17 £ 4.78° 85.75 + 8.30° 106.15+8.41° 131.82+6.13° 126.49 + 14.08%
. -1
P B B (pg - mL™") 25.44 +2.80 25.23+4.21 27.99+5.17 24.46+2.66 27.71+6.69
lysozyme
BB IR B 10.80 +2.23 8.20+1.02 8.09x1.11 9.68+2.22 9.32+2.10

(£ /100 mL) Akp
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F4 HMHNESJAEARAEFAIMNEERARBTW (BREEAN, A THWREM)
Tab.4 Effect of Du-Zhong leaf on muscle nutrients and amino acids of grass carp

H3 pog:Eeil 2% B 4% B 0.1%MHERY 0.15%HRRY
ups control 2% LP 4% 1P 0.1% LE 0.15% LE
group:
K4 (%) moisture 77.92+0.52 78.00+ 0.46 78.25+0.39 78.19+0.75 79.24+ 2.57
#ZEH (%DM) crude protein 75.55+1.02* 75.67 +1.47 77.52 £1.23% 76.74+1.31% 78.85+ 1.36"
HB M (%DM) crude fat 4.39+0.31° 3.83+0.28% 3.71+0.23* 4.20+0.16* 3.76+0.30"
K45 (%DM) ash 4.67%0.55 4.2720.16 4.57+0.25 4.7420.28 4.57+0.24
MR SRR AR (g 100g™! DM) amino acid
RITEER Asp 8.15+0.59 7.99+0.08 8.78+0.17 7.92:x0.39 8.18:x0.68
BEBR G 12.89 + 0.59* 13.09 +0.08* 14.36 £ 0.31° 12.97 £ 0.54* 13.09 + 0.69*
HE®R Gly 3.59+0.25 3.61+0.01 3.89+0.24 3.7420.24 3.63+0.11
HEMRK Ala 4.41%0.21* 4.33+0.07 4.71%0.13" 4.32+0.13* 4.43+0.13*
FEMR Thr 3.47+0.27 3.44+0.05 3.72+0.09 3.3920.17 3.4120.19
#2 EBR Ser 3.28+0.24° 3.21+0.03 3.540.07 3.19+0.13* 3.19+0.18"
BEEBR Cys 0.65=0.08 0.67+0.04 0.6420.04 0.66 = 0.09 0.75+0.14
HER Val 4.14%0.29 4.10+0.04 4.4120.09 4.06+0.21 4.0820.14
B & B8 Met 2.46+0.21 2.45+0.05 2.64+0.05 2.4120.15 2.25+0.46
BEERK I 3.43+0.23 3.38+0.05 3.6420.09 3.35+0.19 3.40+0.22
FEER Leu 6.85+0.54 6.75+0.07 7.33+0.15 6.70+0.41 6.76+0.39
BEER Tyr 2.69+0.23 2.66=0.05 2.88+0.06 2.6420.15 2.62+0.22
FRE R Phe 3.39+0.24° 3.31%0.06 3.67+0.09" 3.31+0.19* 3.34+0.19°
BE M Lys 7.11+0.43% 7.040.06% 7.60+0.11° 6.87+0.32° 7.09 +0.46%
R His 2.39+0.11* 2.29+0.08 2.57+0.06 2.29+0.03* 2.36+0.14*
WEMR Arg 5.06%0.42 5.05+ 0.04 5.46%0.16 5.010.31 5.00%0.24
JEEBR Pro 2.67+0.15 2.68+0.03 2.89+0.14° 2.75+0.21% 2.68+0.02°
EREER FAA 29.04 = 1.29* 29.02 +0.55" 31.74+0.81" 28.95+ 1.16* 29.33+ 1.48°
LEEER EAA 38.29 +1.82" 37.81+0.23" 41.07+0.73" 37.37+1.90° 37.69+2.11°
BEER TAA 77.04%3.77° 76.06 + 0.46" 82.76 + 1.60" 75.58 + 3.81° 76.06 + 3.23°

ELARARS N o MEFKFIHE, BRERN 3 MEFHTHE

Notes: Values are means of nine replications for proximate composition of muscle, and three replications for amino acid content

x5 HAHNEANAAAFERTERERSENVNE
Tab.5 Effect of Du-Zhong leaf on muscle physical parameters and hydroxyproline of grass carp

#Ha bogit:| 2% 8 4% 0.1% MR B 0.15% bR B

groups control 2% LP 4% LP 0.1% LE 0.15% LE
ﬁﬁ%’;@m 18.17 £ 0.45" 15.60 +1.19° 15.97+1.24° 17.40£1.21"® 14.70 = 1.06°
g’iﬁfﬁf&gﬁh"s‘“) 227.4x19.8° 266.3 = 18.6% 287.1x23.0° 299.5+23.1° 374.6 +30.8°
E}uiffgfdgaﬁzﬁ 266.4+ 10.5° 235.4+7.2" 206.5+12.9° 245.0+ 7.6 205.5+9.3°
ﬁ%ﬁfﬁu‘ﬁf'g_l) 0.94+0.11° 1.14+0.10% 1.40+0.10° 1.18+0.10° 1.72£0.15°
BRE E (mg-g™") 8.56 +1.03° 10.35+0.92% 12.68 + 0.90° 10.73+0.87° 13.67 +1.35°

collagen content
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3 itig
3.1 #MpxFEaRERGEN

HAl, ARt aREREMARED L
Faevl Zall BEagnall, AEBF R
N 4.6% FL i etdy T BRI E Rl 102.5% 85
N 119.0.124.0% ") 580 5% R AT 4 R
BFMEEER AR 0.38, BEFR 9.2%8; M
Mo.15% 4 fh iR By, 7T 4 Al B e fa A
4 fa Ol B R B 29.7% .8.57% » ARBIFM
A% BB TEAMER 4.7% (P <
0.05) AR TR E(P <0.05) , 31N 2% # 4
M .0.15% R MR B A 1R B I E R,
5L RE-B. AR, EANMERE
84.3% ~96.7% Z ], A 5 Bl A KX B % BT
BERM300% U EHMER XFEERAEY
MAERRERASEARENR, BE— B
R RARE, A AEKREKR, KRS
FIMER300% A EWER, AELBEAMEFRK
HTRBHTHEANARBEREPESIEET
X—m. EZRET,VEENR 37 g WEALZ 60
d ARG, ME R 315.0% ), MERRE T,
BTtk R, EHRERN 425.8 g, BIE R M
BEFRBEEM T B LIIE B 300% DL L & 5K,
MEBARBFHRBEEANRBRKE RN 1.82 ~
2.03, 5AFRRBEALA -, RAARRKE F A%
MK E AL T EE RS,

WAL, 424 5 8 W22 B 4% £ b o B 3
0.15% i iH-32 BUH) 41 B A 30 TR, B ARRE
KA R TE B K% S R P g R U R,
AL, 38 BB B A AL A R SRR fh et R B B
AF—ERBERR. A TEARRELAZEAE
IR AR A AR, SRR,
FOR B, BN ph e B R B A
HATRASHEERMERMEREE,

3.2 HihxEEIhEERRE

PR R, AL P T 4R & 3h M LAk S T B
DAL f i 5 B g R B M B /N B, TT IR S
FE4 T S R AR R A B 4 B S i T O]
SRIE40 MR ConA(TIEE E A) K3 7E 2 I i
BEWARFEIhaEDY, FEmak, D a% it
MBI TRRRE, RS T HAREwRmE
KSAREREENEFEERI B0 o0.1%,
0.15%HMIHERYTIREFFAMBFRES Y

8, B K 0% GPT f1 AKP E#P, AKiRB+,
TR InL A SRR A R B BT E A R R
FiRE SOD W, M ENRIERE R RZET e,
e &H SREE RS, BRI R R IR B
RAEARERRLEGY EWARSE, BEHE 0K
B WEE . BRABE, BEREREESMHIY
B, B AP PR S B D RE R SR, DR £ R R A 3t
FIfEFR SR,
3.3 HhtALA RS FALA &R A R0

AT, 7 AL A Xt SR 58 28 L R4 5 T B
Brog A, (L0 T aglel w75 55 E b R
2.5% et , B IR EOREEER
i 1187 0B 75 8 #A AR KL P R I 4% 6% i I
EMTIREARSE, BETEHSEM, &
WA H, B0 0.15% £k 4 it 32 U BR 4% # 4
HREEERKTIREBESE, TERRBEE L
EBEIAEARSE, SEEMRIRE %, MW
S5#EBUSIHmaRR, KER S AR KM R
AR RN ARE X, EIREER
ARF T, B REEI TN RN 2% ~ 6% H
okt HEILA T REER LFEERER
ERBRERAAFBRERE; AKEE S,
A% FEAPRH I T MR EE R EEREE XD
FEEBRLE ,WE TIHREAERME,

HRTX T £ 28 L & 5 I 4 i 0 58 & 4R
FLEARRARWHANAEERTE—E
BELRBUIASE. RKEEEHILRRK
J7, 500 PR €8, L RCE AN 0RO bk R 5 T 4 7 (A1
TERE LR LF 4 B ) AT 78 — B B B L B flL
R MERGRE; WG4 BRI S 0840 HE %,
Win2.5% et iEiRes, ke T EEBIR
B SR 3K BE A 38 BE LTS R 4% 6% S it R AR
PR T A RIS AR, AKRIAR
WL AP S T A NUR S 4R AT 7, BRI R
K LA SEAR 40 , 2% B AL P X LY & IR B
EEM. HMBEIRSRMERTRS FER
WIAAM RGBT AR, MBEESR T .
WLPY W B B R A, %L T 47 W5 A7 S5 4 R B AR
R EEHEFEREESHERD, FEHK
MMM ARERE RN . REEASEM
UL DR & 4 Tt 47 7 7 R, SR K RN BRAE TR
FRAENMAEERREEASE, REIL
fEAENTNRRZEBEZR, BHit,#
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BRRL R R i SR R T B M ALA R R R
R RIRE B & & I8 BB R 47 4 R A 4E 40 M
B g £, 68 AL sk BRI L Py B AR R T A B
PSRBT R B T AL 4 ik B 4R B
BARMILAZHER T ERMR . oM Xt
F UMR106 /& #: 40 e 3 3 1), 4 B 37 & &7
HAEREEM. BRI ERBR, ERESR
EREFPIDER R AT B I E AL B, HA MR
43 A1 BESR IR T AP B0 B8 7 BB A0 Bk i 3 K
TR FER R B R A B R B 4 M B e
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Effect of Du-zhong ( Eucommia ulmoides Oliver) leaf on growth,
serum non-specific immune index and meat quality of grass carp

LENG Xiang-jun', MENG Xiao-lin"'?, LI Jia-le', LI Xiao-qin', HUA Xue-ming'
(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education ,
Shanghai Fisheries University , Shanghai 200090, China ;

2. College of Animal Science and Technolegy , Shanxi Agricultural University , Taigu 030801, China )

Abstract: To investigate the effect of adding Du-zhong FEucommia ulmoides Oliver leaf in diets on growing
performance, non-specific immune function and meat quality of grass carp, fish with body weight of (425.8 +
37.6) g were fed with basal diet without ( control group) or with adding 2% , 4% leaf powder, 0.1%, 0.15%
leaf extract. After 60 days feeding, the growth rate and FCR of the five groups were 84.3% , 92.2% , 96.7% ,
88.2% , 91.7% ,and 2.01, 1.87, 1.82, 2.03, 1.91 respectively. The growth rate and FCR were significantly
improved by adding 4% leaf powder compared with control group (P <0.05), and growth rate tended to be
improved by adding 2% leaf powder or 0.15% leaf extract (P <0.10). Serum SOD activities were significantly
increased by adding 4% leaf powder, 0.1% ,0.15% leaf extract (P<0.01), but lysozyme and AKP activities
were not affected by all the tested groups( P >0.05) . In the respect of muscle chemical composition and quality,
there were no differences in muscle moisture and ash contents, but muscle protein, Glu, Ser, Ala, Phe, His,
Pro, flavor and total amino acids were obviously increased ( P < 0.05) by 0.15% leaf extract , and
hydroxyproline, collagen content of muscle were increased by adding 4% leaf powder or 0.1% , 0.15% leaf
extract. When determining muscle physical parameters, muscle fibre diameter were decreased by leaf powders or
leaf extracts addition( P < 0.05) , myofiberbreak-resisting force were increased only by 4% leaf powder , 0.1%
or 0.15% leaf extract additon, and water loss rate was also decreased by 2% ,4% leaf powder, or 0.15% leaf
extract addition. Results have showed that growth performance, non-specific immunity ability and meat quality of
grass carp could be improved by adding Du-zhong leaf powder or leaf extract in diets.
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