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1.1 HRaREREREATE RERMBARRPDHRAEEB.ER:TMTAETFHTIR . B
LS AR Al N R EFREA 2w R KME, RSB 78 x40 »x 50(cm) B K
BN WEHESREAER, A NER 3% 2 KR . BRETFI0BK=02Z
— AR FAME. FHKEL 24C, BEFE 100% DF 4 AEEILLTH, B KEMAK
FHICEAARSEAEHGERY I EPHECOMEAIKERE HIENMEMHER
R KARMER 105 CHRTEE S, KPR 5S0Ch B,
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BEATWE 1l ARRENBFFERES. EREMRIGA. BN ERRFAN. E@F o6
FREFEFBANASERIBANTOMNBE R NEMESE. HE o8 LM son)
IEAWE R EER 14 S ERE IR TT (R ST

%1 AREFABRENEARES

Tab.1 Formulation of e penmental dets with different pratein level
HAMKE Proein level 10 % 20%: % 409 0%

BT Ingredicuts

¥ Fish menl! 145 28.9 13.4 578 71.3

T Fish oil 0.38 1.79 119 1.60 0

SHERBEH v [ll'PI:I'lIA-:I 1 1 [\ 1 1

Tl EE TR B Min preoox” 5 5 5 5 5

W Dexuin s 15 15 15 15

¥ A7 Binder k! 3 3 3 3

SHEFE Fiber 551 423 9.4 16.6 3.7
SHr Analyas

HE B Crude protem 10.06 0 15 a0 02 a0, 49 50.33

HIEES Crude hipid 7 96 7.95 7.95 7.96 7.97

i AEHEA SRR 69.2% BV YEE 11 02g
DBERTEME T hahec BBV EAHHEHS S SETR Y V. TH

1.2.1 FE@XY FAHEEETEHEHFTERLE. AWESKERMEM pH7.2 Hanks # %
F3FER, ARETINA 0% MWHE AT B oL, X 2ol BB MLEEFHEN TR
W Y T L 40001/ min 3.0 20min  BRAG H AE R EER Hanks 362 W B HARHER
Hanks BREZE 1 x 107/ml. R2HHREMKTAASHEEEER SAMKRRAERES,
BCHEBHEEIEHREDE T 0min.0.25% ¥, B & & .3 H . Gimesa-Wrights ¥ 8, 8E 8 3
HEFEmER, T - THERSM 2 THE AR EWHBRR AN E SR ATE
B LEWT 200 M

1.2.2 HE4WEERGODE)FHME FHBE 4.5l S0mmol/L pHE . 3 K BERR 2K vh
WP A I8 0 3 10uL B 50mmol/L E#E = By 10L, BB 57, 7F 325nm BT H MR 200
M oA H—W 3T AR SOD BiE M.

s 0-07 = Ay /min 5 B9 T 1 3
WL = 5 Grsom < 100% x RIEEAR T Sarmmn

1.2.3 BEBBFHAAUE HEMMKXETEERTHEFREAN,E ISTTIRSG K 48h,
Jl PBS BEMRPAI UG MBEE Ay, = 0.3, JIASIE AT BB M 3ml. TAE A, A SOuL 5 31
MERRER A, B . REHREF I7CKBHER 0mn L ILREGEMAE. HRE
= (A, - AMA,

1.3 £ % 8K X B8 7§ B ( Essential amino acid index, EAADTE K R RBW I HIEHE IR
ERSRIEaE—FHARS MR HHEARSTRANE I . EaTRXEEH
BEB AT, RESFEE EAA AR,k 3. AXKARBFEREFR®, RSN
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BR3HA. 25T 6 AR 14 AR . A S BIRAFRE, 3 WE SRR I #FT5MIZR . SoD
MRS EREEENE L RER S . A ERL,

1.4 @WHERATE FMHHEEEFZ5HE . Duncan HIERERE I8 S5485%H EAAT 5
B I F EE X 3 A CASIO fx—3600PV B BT E . BAM KL SRS HFEXEAEE
HAAEEMETE . [ARFERHE T SU(P<0.05),

¥ 2 TR EAal RYMRS
Tub 2 Formulstien of esperimental diets with different EA AT

#H % Groups L 2 3 4
#H B Fish meal 434 28.9 14.5 —
KEHMNER Sovbean tissue protem — 19.5 3E.9 58.4
# ¥l Fish oil 0 .60 3.18 a1
L REEE Vi Premis ] ( 1 1
XALEE P E¥E Min premx 5 5 3 5
W Detrin 0 20 0 0
Hi& M Binder 3 3 3 3
R Fiber 27.6 21.0 14.4 7.8

23 EREEWALSRIERSER EAA
Tab.3 Essenbal amino acid composition and EAATL of the experimental diets

- =2l 1048 % 2 3 HAFHAERN
Fish muscle Fish meal ) Soybean tiseue protein)
B Ly 6.21 5.84 4.72 3.6l 2.49
# 3 W His 1.90 142 1.29 1.17 1.04
WEE Arg 4 69 4.34 3.E6 3.37 2.89
FEHE Len 5.25 .27 4.49 372 2.94
BEER Ile 2.46 2.96 2.59 2. 1.85
EER Me 1.57 2.05 1.5% 1.12 0.66
EHNER Phe 2.93 278 2.56 2.34 2.12
HHER Th 197 29l 2.50 2.00 1.51
WAW Val .05 3 5] 3.00 2.50 1.9
= 3L.63 31.16 6.6 22,08 17.49
EAA 100 98.12 83,00 69.62 54,56

E-ANANERTELIRIBEAATAE. AFEANEALHNALRIBEEHRIASY 23 2 %S
ERITRGIHTRTE CERERN

2 ER5itie

21 EARENRHMERREEA MBI F( Protein efficiency rate, PER) i M

HEATL Z6 BEf HOERKEEEARKENERTIES. SEAKKEM
10%3F M 30% 0  FHERMMAEREERBE RYUBAFRAKTH— S WI0D 50%8,
HAERKBAFEFRM, MEHFE 14 B HFERRU 400 EHB8H SELEESR
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HSeRMm#E. MBORUERT. 6 NARSERFZETHR S &K T 30%6f, PER B
HOEQES 8 30%61 . PER {(OIKFEEE.T 4 MARSERSHEARAR. SEEKEK
FRF 30% 084 . PER MEEH MK PR EMERE . S EHES &8 LMt PER ik
REfK. BERX -SRI EREARESEAEAE. AiTETA  AREARSBENE
H P RE R E A e 4 B 9 808.2,522.3 427.0.379.3.350.7. HEEFEMNF 6 H . F @
EHERERRRE L SEATERAMER A FHEAENTYEMR.PER EE. FH
AR DEERNEBEEENT AT E S EA TSR K 8, PER #
MRS, MBREAHABRENE B FREAFNE, LR TR AERENT
PEEHFEFRI A ERHENEE 8 588 4880 10%—30% ), AT K T 88 & F
FZEH PERY . 193 E 14 A8, 10% 4 il 50% 20 PER £ 6 FIAT B E &K . 20% H# 30%
#HPER REET 10%H 0% A 50%H . HIFHTEER 0% 4 il T AEEHET
B SR AW, AR ERENER R R A ATHI & A T F PER 287
BHETRE. sSOAWFIREA FTEAR KT LR . B F RO ol @8 7SI EMETEE
HAE R . PER W i F MR .

®4 RAEETHEANSRRERESAHFEMEIA
Tak.4  Effects of protein nutntion on body weight gein rate and protein efficiency rate

£ 5l BEMAF Proen content EAAT

groups 10 20% 30% 40% 505 98,12 83.99 69 62 54,56
IBW 14.53 14.69 14.57 14 22 1483 14.71 14 .68 14 .50 14.59
FBW 6 5 1%.1 21 .4% 24 87 25.23 14.98 11 52 40.51 39.64 33,05

14 & 21.79 30.52 41,95 26.57 23.4% 22 % 39.49 36.21 31 05
TF 6/ 20.26 042 20.30 20 03 20,57 20.47 20.41 20.73 20.31

14 & 52.07 50.75 53,96 50 01 51.00 52.61 51.32 4781 45,36
WCR 6 H 24,56 a5 2a° 0,720 77.43° 79 18* 69.80%  59.94* 55374 52,934

14 /A 49 93 107.74% 1RL" 184.85*  166.24* 169.43* 145.58% 127.89° 111 6s5P
PER 6 A 1.75* 1.6ab 1. 76t 1.37° 1.14° 1.67% 1.43% 1.328 1.27%

14 & 1.39" 1,56 1 63t 1.30° 0.97¢ 1.58% 1.40® 1.29¢ 1.20°

¥: 1) IBW: ¥ E Iunsl body weight(g) ; FBW: FIE Final body weight(g); TF: {5 # Totel feeding(g); WGR: ¥ £
3 Weight gaio rate; PER: HH A ¥ Protein efficiency rate
2) BT LE#HRAETE2RFEE . LR TREZTEREE.TH

X-HREARSGHEREERISNER N RS TR AR EQRAKFED
AR, S EREET RSN, BEKFHRESBEM NGRS E ", AP IBHE&
PEEEAED BEESLTE, MEEA AN R EMNFREEE SR, KPHETHE
EREAANESEE RIS ERAR, 5050 550 I B . 5% 5B
FERESHME ANLBBRHIBTN BREAEARRNEARK L, 2 AEH
SEHDER., AT URAFREBENNHLIZSSEHETERBHNEARRET

B
Mz a4 B EH, M ERBNES TN FAAI TREKKBER, X —SR58EH
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RTICH RXBECT AR R — 8, W FEAAM N R HFRMEHRGUE - E
B, REE EAAL L. BAEEE OB EREL B & &HRE .

s FERWRERANEXSMGER

Tab.53 Effects of poiein nointion on body composition

RS AT ¥ B & Afier expenment
Before B AT Proiemn level EAAT
exproment  J{(}% 209 0% e[ 50%  98.12 R3.99 69.62 54.56
HERB Crude proten 14 0 14.1 138 14.3 14.1 14.2 14,4 14.3* 1398 1407
HIER Crude lipial 3.5 4,4 412 3.g" 3 o 4.2 3.6° 4.p* 4.4 4.
K41 Ash 31 3.0 a1 2.9 3.0 2.9 3.1 3.1 3.0 2.9
.4+ Moisture 8.4 77.8 78 3 78.1 77.9 77.3 7.5 77.3 78.1 78.3

2.2 EARERMEES. SODHRAHEAERERMEGRM

H#E6 o] I, 6 MG FHEHES0D 8% E# 10% 48 .20%4H 0% A KKAR.IHF
EEARSEH# L RBEE 0% 50%6 23 F #F:55% 14 B G SOD B 1Ll 209 4 &
B .40% H B EMETF 20% H . 10% 2 1 50% 4H X B EM T 40%H . FEFE BAAL F M SOD &
Rk THE. RFEHEMOAREMEEHES T 6 ML 20% HE®,30%HKZ.10%
H40%H ONHERAEEF FFPEMTAWA. 14 BT 20044 FREFHES.I30%
] A0% MR 10 HT 0% H B EMK . TR LR E EAAT TBEMMEIK.

®oe FEREREARBEHNERA

Tab.&  Effects of prolein nuirition on wmmunological aclivity

¢ 41 B H KT Proen level EAAL

Groups 0% 20% EN LA 404% 50% OB .12 831.99 69.62 54.56
B WS 6B D294 0.247 D20 0.247 0.2%  0.248 0.2%  0.241  0.233
Aclivity of lysoryme 14 B 0.226 0.233 0.235 0.236 0.239 0.238 0.224 0.231 0.234
SOD BiE 6 1531 148.5° 149 4 13,9 1100 155.5%  152.8%% 141 4B 127.¢°
Activity of 50D B 12603 1S7.1%  §53.7% 142.5% 0 121090 15900 14864 146.4% 119,37
FRE(%) o 5.6 6.1 &.33% 5,748 5.56" 6.58 6.63 6.12 6.24
Phagocytic index 14 & 5Bt 6.98" i e . 4ab 5.82° 6.90" 6.388 6.35° 6.18%

BEMEHERARE. — MUCHEEETERE PR TR KRR
MW ERMEZR NG, ESHFBREF T EREEEFRRRY . THAErE"
WHEAFEENPEH T NFTAEMATMFRNFNABHEARIEFER WX
BAENARSE S LEEES FANBARFRHTRET KBFETENFEENE
Wl 2ERTEHEBEHSHERARE . —HTHEAABEEARMEORER
B AR IR LAETEBYXKBTERRERFRMERNENE.

NESTREdEARSEA AR S BMMERKENFARMET EMIRET
ETRHEEABEREMYH IR IEHANEENEHEXA AN ERLUBENEADR
ETHEALHRAESRE. Rt S SRR I TRESFERAR? GR7AR,
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SOD BfE M SERSEEREX . HHBRAHMERRESEESRHEXHARE HHEER
BEX EMEARTRRSPHBETUNESESEFEETHENE . IR AERTH -+
iF. TRUEEL LB NNANEANRSEN FAAIBAXERE EOASBE B LS
HNRERWEENER,

ZrRER EARK YA EAAI T REFBMEE IEENERN, EERKEE 8%
A  FEEMEEARE EANKELE—HREE 40% L Lot . BRAESFEE M
HUERE HEENHNEARUREE TR EARK FRAER NS EREEKIE,
hiEaER LA THE. EHTEEMNEORKFERG F. AL 20 FEHR(LEHEBHRR
MK M HRETRETIEE.
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THE EFFECTS OF PROTEIN NUTRITION ON GROWTH AND
IMMUNOLOICAL ACTIVITY OF ALLOGYNOGENETIC
SILVER CRUCIAN CARP

CAI Chun-fang. WU Kang, PAN Xin-fa, WANG Yong-ling and SONG Xue-hong
{ Fustenes College . Sozhow Uneversunr . Sushow, 215151)

Abstract: Diets containing different level of crude protein and essential amino acids index (EAAI)
were fed respectively 1o allogynogenetic silver crucian carp. Each diet was fed 1o three aquaria and
there were 10% group .20% group.30% group .40% group and SO% group in accordance with the
protein content of diets fed the fish. The analysis and determination were carried out respectively in
six weeks later and fourteen weeks later. Results indicated that the weight gain rate increased with
the protein level elevating in six weeks later, While the 40% group is the highest in fourteen weeks
later. There were no significant difference among 30% group.40% group and 50% group, but
10% group and 20% group decreased markedly. Protein efficiency rate (PER) of 10% group and
50% group in fourteen weeks later depressed significanily than that in six weeks later, and that of
30% group is the highest in fourteen weeks later. Both weight gain rate and PER depressed with the
EAAT decreasing. There were no significant difference in immunological activities between 20%
group and 30% group, with the 20% group is the highest. Immunclogical activities depressed with
the EAAI decreasing too. All those indicate that fish in greal weight gain rate were not often with the
strongest immunological activities. Further more, there were marked relation between immunological
activity and body lipid content. (P < 0.053)

Key words: Protein nutrition; Immunclogical activily; Weight gan rate; Protein efficiency rate;
Allogynogenetio Silver crucian carp
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