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(1. EERFAFFR, BE BIT1361021; 2. E1HAEN S 22N ELRRE, 82F E1361021)

[(HWE] MR EAEA CM2 B AR LGNE TR AE KPR | RN L3R DL BT A AR RE 1 R 52
AR T 3 FAEASEIR AR, Hoh, —dURBESA 25% (FimaE) fky, idh3RA (D) 5
WL CM2 5528 OB QSR R vh i o froky , (ARDRHEORD 1) I 28 4385003 531 R 209% F115% , 43 5l 480 D2 A
D3 4, PLiXx 3 Fpial sl S AR A E R (0. 65 +0.05) g AYFLANEESTIR, #4741 70 d B4 KRR, 450 %
W . CM2 AR Ao X FLAR e IR B4 R IG R A A KPR RE JC B0 (P > 0.05) , XTIFREKS . MEA. M
BRI TE R 225 (P > 0.05) 5 D2 AR T 0T, 685 Fh 3= WL (22 B 3% F D1 At D3 4
(P <0.05) ; DI fIEAFHMARRIN, BEMRTFHAMMNL (P <0.05) , AAXTERE PIRERIRE . B
SACEE, B AE LRSS LR N MR EER (P > 0.05) , A D2 XU i i A9 A AL i
5 ) =T DI M D3IAL (P < 0.05) 5 FFREAR Ayt SR SN B0 S0k s Ak g 1) 605 T R
TR RN B EEZR (P > 0.05) , L LR, EAEMA CM2 B 5% ~10% (FRESE)
R, X FLANEXTIR AR AR STT R, I R S R A R AR HX LR R AR Y AR
PESRE  PLAALIE AR AN 8 JERE N 2L R Rk 0 B R R

(X8R EAR,; BN, FLgiEshir,; A RKikbE; Hidbht
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Effects of Fishmeal Replacement by Compound Protein( CM2) on

Growth, Apparent Digestibility and Antioxidant of Lifopenaeus vannamei
HU Shuicheng"?, LU Kangle"?, SONG Kai'"?, ZHANG Chunxiao"?, WANG Ling"’
(1. Fisheries College, Jimei University, Xiamen 361021, China;
2. Xiamen Key Laboratory for Feed Quality Testing and Safety Evaluation, Xiamen 361021, China)

Abstract: A feeding trial was conducted to investigate effects of fishmeal replacement by dietary com-
pound protein( CM2) on growth, apparent digestibility and antioxidant of whiteshrimp Litopenaeus vannamei.
Three experimental diets were formulated using CM2 to replace 0% ( control diet, D1), 5% ( D2) and 10%
(D3) fishmeal, respectively. The shrimp(initial weight, (0. 65 +£0.05) g) were fed with the experimental diets
for 70 days. The survival, growth performance and body composition of shrimp were not significantly affected by
fishmeal replacement( P > 0. 05). The feed apparent digestibility in dry matter, energy and phosphorus of
shrimp fed D2 were significantly higher than those of group D1 and D3( P <0.05). The protein digestibility
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were significantly lower in group D1 than in groups D2 and D3( P <0.05) . No significant differences of shrimp
plasma alkaline phosphatase( AKP) activity, phenoloxidase( PO) activity, total superoxide dismutase( T-SOD)
activity, total antioxidant capacity ( T-AOC) appeared among dietary treatments ( P > 0. 05). However, the
shrimp plasma peroxidase ( POD) activity in group D2 was significantly higher than that of other groups
(P <0.05). No significant differences of shrimp hepatopancreas catalase( CAT), T-SOD and malondialdehyde
(MDA) were observed among all treatments ( P >0.05). The results indicate that 5% ~ 10% fishmeal could
be replaced by CM2 with no adverse effect ongrowth, body composition, and non-specific immunity of Litope-
naeus vannamet.

Keywords: protein sources; fishmeal replacement; Litopenaeus vannamei; growth performance; antioxidant
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0 5IF

R SR A R R LB R, SRR K ™ SR IR R, T R B AW TR, i
SRR PR BAE P, SR masEEm AT . HEr, FLANERIF (Litopenaeus vanname:)
TP OB A (B2 R 25% ~30% , FLXTERDRL Ry 75 R B ik A sk ok = i 1 27. 2% . I,
WA MR ARk v 3 ol FH s o O b el B 0 RRARRAADRE ARAS | ARG K 5 58 At B AT 4722 i LA
W, Hur, MR ESCLTREME R Ak morRC S R-mEAE, LR
B RS A AE A 2 K7 S A K A i 2R R R 7, Bz a ki, Hig it 55l
IS AR, ST S A AREERE AR B - fEEREE A NI PR . R
BRI 70 S Z R PUE SR, SR = Shnd & 3R R R WsoR -0, Herp g — PEERE eS|
YA E B OIRIE T WS A K R TR SN TR AR K R
1o AR A IS RDRL S TR SRR SRR A LL BB A 25% B, FLAMUEXT RIS R R
BT R de i —iE IR S BUE KB SR M, AR AT, flaEs
AR, EHXSAR . K, SRR ok i R, PR R | R LA R R s R A
M2, JF#bsE TERH MBS . A-BAfe A H 2R S h etk n s, JBE A HEE CM2 770, R em2 B4R
TPk ok X FLARTEXT IR AE K TE AR . BURSRRR I R IE RYER T I952m, I & FLARIEXT IR
NCIE SR

1 #EFFE
11 It RAARER 5

RO B e 2, bt 3 AR IR IR, R (D1) & 25% (SRS
B (ffak, D2 Al D3 4L CM2 B SRR ks, BB 9184 20% A1 15% (it 4340
RIS R, SRR (i, SR AR RSN ) MRS 80 H MR FHES, SN 40% KA
Tk, 28 CD4 x 1TS Z I REMALF P A2 0 1.5 mm B4R, SRJF AR R 3 mm UK
TR, T 24 CRT, BAEEEE, -20 CAREM, FRECT DLSGE AR ILE 1,

1.2 RBARRFEEE

Tk FH LA R T4 A P B R R, O 4R A TR AT 17, SRR, X aF7e
KUEHL(4 mx6 mx L 1 m) P, SMIHEUE R R A IADRE, R 3 7K (8:00.13:00.18.:00)

T AR A TR LA R FR R M 250 KR Ttk AT, Sk 3 AL, Bl 4 A EE, BAEE
BEHLIL 50 BARM A . HIKE — BRI HR (0. 65 £0.05) g) . Fesi i), 4 KM 3 ¥ (8:00.,13:00,
18:00) , WECHHIFHE A UL R BRI, AR RBESE 0.5 h B EFRIDFE T, BRT 15:00 W K3k
4K, Bk FRAKIRI 1/5, R 10 H, RBIIRKIR (26 £2)C, %6 mg/LL
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I, hEE28+2, pH7.9~8.2,

F1 AMBEFUREFEB(TYR,RESH)
Tab.1 Formulation and chemical composition of the experimental diets( dry matter)

%
J5UB} Ingredients D1 D2 D3
14} Fishmeal' 25.00 20.00 15.00
M Soybean meal 30.00 30.00 30.00
WRA Shrimp head meal 5.00 5.00 5.00
4% H Compound proteins( CM2?) 0.00 5.38 10.75
THKY Wheat flour 29.50 29.13 28.75
45 Squid liver paste 1.50 1.50 1.50
R4 0l mixture? 3.50 3.50 3.50
SALIBT Choline chiorlde 0.50 0.50 0.50
W) TR A Y) Mineral premix* 3.00 3.00 3.00
e ZIRAY) Vitamin premix® 0.20 0.20 0.20
LI IR 22 TR BEFR TR VC 0.10 0.10 0.10
NBR4S Calcium propionate 0.15 0.15 0.15
TFBEFREN Calcium alginate 1.00 1.00 1.00
LA FEMEM Ethoxyquin 0.05 0.05 0.05
=44k 42 Yurium oxide 0.50 0.50 0.50
L Crude protein 40.61 40.59 39.28
FUIB Crude lipid 7.64 8.07 8.52
HLIKSY Crude ash 9.88 10.08 9.52

VLA . 1—foky, METHLEE A 65.30% . HMUIEI 8. 56% . HLK/> 14.10% (JREAE) ; 2—EA4HEH CM2, HYKH
¥, oEkky . TR, Aoy BROEERR . EIREAR . ERER . AR . TR H A E R A — o iR
A, SN 65.30% . MG 8.66% . HLIKr 6.30% (JREDE); 3—RAM, m (i) :m (Zl) :

m (KEBEIE) =1:1:1.5; 4—BT i YEBIRE& A FeCH,0, 6.86 g, ZnSO, - TH,0 9.28 g, MnSO, - 4H,0 6.29 g,
CuS0, - 5H,0 10.20 g, 0.99% KIO, 1.70 g, 1% Na,Se0,0.50 g, 10% C,,H,,N,0,S,Co5 g, MgS0, - 7H,0 614.49 g, KCl
191.62 g, NaCl 76.69 g, C¢H,,CaOq « 5H,0 77.83 g; 5—H TIa4eA R BURALSA VA 1000 000 IU, VD 40 000 1U, VE
20¢, VK,12¢g, VB, 12¢g, VB, 10g, VB, 12 g, VB,0.02 g, MHAR30 ¢, ZFaE524 ¢, MAE2 ¢, AMF 0.2 ¢, IEE40 ¢,

Notes: 1 —Fishmeal, crude protein 65.30% , crude lipid 8.56% , crude ash 14. 10% (mass ratio) ; 2 — Compound protein CM2 was mixed
by poultry by product meal, blood meal, soybean meal, wheat gluten meal, coated lysine, coated methionine, coated threonine, taurine, tribu-
tyrin and glycine et al, which contain 65.30% crude protein, 8.66% crude lipid, 6.30% crude ash (mass ratio) ; 3 — Oil mixture, m (fish oil)
:m (soybean oil) :m (soybean lecithin) =1:1:1.5; 4 — Each kilogram of mineral premix contained FeC4Hs0, 6.86 g, ZnSO, + 7H,09.28 g,
MnSO, - 4H,06.29 g, CuSO, - 5H,0 10.20 g, 0.99% KIO, 1.70 g, 1% Na,Se0; 0.50 g, 10% C,,HyN,0,5,Co 5 g, MgS0, + 7H,0
614.49 g, KC1191.62 g, NaCl 76.69 g, C¢H,,CaO, + 5H,0 77.83 g; 5 — Each kilogram of vitamin premix contained VA 1 000 000 IU, VD
40 000 IU, VE20 g, VK;12 g, VB, 12 g, VB, 10 g, VB, 12 g, VB, 0.02 g, nicotinic acid 30 g, calcium pantothenate 24 g, folic acid 2 g,
biotin 0.2 g, inositol 40 g.

1.3 HmXESWE
13,1 BEACREE

RIAEHRE, A5 24 h, XPEEANGL A0 ERFR S BT 8 I 0 st iR R, T B IS % (survival
rates, SR) . HEH R (weight gain rate, WGR) ., $F@E A K K (special growth rate, SGR) FliaKl R %k
(feed conversion ratio, FCR) ., #R)5, AETHEHLEE 15 EXTEF, 1 mL B — M JCTE 1 55 28 DA Sk g
L, A RXTIRBU0ZY 0.3 mL, 43 EXTIFMET 14 1.5 mL 8048, 764 COKAIICE 24 h
JG, T4 CF 3000 r/min .0 10 min, H BT -80 CUkA P& ; FHhse iy 15 REFFBER IR
e, SEZIA 10 mL BAFE B TWA T RAT . ERFIA 9 A BEERK, 2I3K, 2500 r/min
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B0 10 min, HCERVEEAET - 80°C & ] BHIFENLEEIE 10 REFE T - 20 °C vk o JH TR 43
Mro BEAGLRENLIE 5 RBEF, RIS E L ZIA 2 mL ARSI E TRA T RAE, T EBE R
PENTE (RAB, MIF, LITA, TNF F1 ATF4) )ik, W URFEME T8I A5 5 RIT IR I,
TP RS R BRI, S51F 30 min J5 AT 2EMEM T, ] 200 B FiZE /N0 EBREEK, 1L
BEIEIAET - 20 CUKFE, JHTRUHEATME

HRA TR K /K 3 & R TR 105 °CHLAR rhopt A S #-ATI0E ; MR RS R H 3hE
AL (Rapid N exceed, FEE) W ; MBI & 8RR CIMFLEINE ; KR H 550 CHIBEME ;
AEI R AU (Parr 1281, SE[E) MSE, ABHRZEMEREE (P) M52 (Y) SEINE TN
IR AB A% (JUPITER - B, ZiEERUIHAMAL, R IO AL B IR AR, MR R E
7, FHHBEE S T 2B (ICP - OES, Prodigy7, LEEMAE LABS, USA) @@ P A1 Y
R
1.3.2 I3 B AE A 16 Fn T E

L5 B EBERR B (alkaline phosphatase, AKP) . GBS LY LS (total superoxide dismutase, T-
SOD) . KMYi%AfkEETS) (total antioxidant capacity, T-AOC) . %A LYIEE (peroxidase, POD) FIE% fk
fiff (phenoloxidase, PO), VLM JTIRARAIGIEBERRNG , A LA (catalase, CAT) . ENEBAYIELL
fiff . N % (malondialdehyde, MDA) FI4MEH KIS E ALYl ( glutathione peroxidase, GSH-PX), 4
TR T A st AR ) AR S B 030 S, AH AR 34 2 BRG] & BT R U B 3 4T
1.3.3 RNAREU, [HSRAIE R PCR

1) FLANEXTIR I & RNA (F2H. BUSO ~ 100 mg BT A ZUF1T 5 RNA PORER, R )5 L B
BRI L KRG I FL e 2, FHAZ R 2 11 43 BT A2 ( NanoDrop 2000, Wilmington, DE, USA) il i RNA
FRIHCEE .

2) cDNA 55— ZKEBER A R . Thermo 336%; 5% 57 £ Revert Aid First Strand Cdna Synthesis
Kit (#K1621, #K1622) #1T cDNA 25— 48500 G BURASIN , B B F i B 5 04T

3) SEmTOLERE PCR #TE R, R SYBR® Green I #5706, i SYBR® Green Master
Mix (AceQ® qPCR, FEatifiMfEHEAEYRIE A R/ATR) i, 7F Thermal Cycler (ABIA StepOne PlusTM)
128 BHEAT s R R PR E P i 2 A2 AT, ARE FLARTE XTI L ST S (7N S
BAYRHEA BRA R AT TE RNA BB Y ), B4k B - aciin fEANSEEN, BA RS 3
2,
1.3.4 HdageitS5otr

JEIER (SR) | WHEAR (WGR) | FFEEKA (SGR) . WERE (FCR) ., #EFR (feeding rate,
FR) . TYIBRMIHAR | B R LR R WIH R R AT .

SR(% ) = (N, -N,) x100/N,, WGR(% ) = (W, -W,) x100/W,,

SGR(%/d) =(In W, -1In W,) x100/¢, FCR= W/(W_-W,),

FR(%/d) =W, x100/((W,/2+W,/2)/t), THYFRFRWHELZE(% ) =100 -100 x (4,/4,),

EFRE MR ALZ (% ) =100 - 100 x (A, xB,)/(A, xB,) ,
Hor, NN 50 I E FBET AR RS, W 1 W A R R AT (g) AR IR (final
body weight, FBW, g), ¢ NilE KL (d), W AERARWEERLER (T, g), W, MW, 205 R4
REVAEEFHIG G A, EEERH Y BB, A, WFEEEhIRRH Y BB, B, A
BHPIEFPE TR R M AER AR TR, B, WEEEPIERNE SRR KRR A T 4

RIS ELE K SPSS17. 0 #AF AT /0 A 38, 45 23R 55 1 25 5 2R ] one—way ANOVA J7 22 437 1
Duncan [ ZE i, iR504E B EYE £ frifEiR 2 (mean * SE) TR , P<0.05 B RRESBE,
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22 %

2 RABWEHR
2.1 EAEA N2 BREMTAMEIRE KR

M2 2 AL, 25 A B [E] FLAN S0 MR T I 15 T 90% , AU E R | FRE AR KR B R

TR RBICBEEESR (P >0.05) ,
x®2

E8E8H CM2 EREMIT FLYNERT R E K 1ERE

e

Tab.2 Effects of fishmeal replacement by CM2 on growth performance of L. vannamei

B Kk E FBW

BERWCR e RKFE SCR R IR LS ER BTG R
Group /g /% /(% -d™") /(% +d™) FCR SR/ %
D1 9.80 0. 18 1408.42 +27.55 3.88 £0.03 3.42 £0.02 1.11 20. 04 90.50 £2.22
D2 9.80 +0.28 1407.57 £43.72  3.87 +0.04 3.44 +0.08 1.08 +0.03 90.00 +2.16
D3 10.16+0.14 1462.78 £21.54  3.93 +0.02 3.43 +0.05 1.08 +0.02 90.50 +2.50
P 0.42 0.42 0.42 0.69 0.79 0.87
2.2 EHEH M2 BEREMITFLGESTERME R 5 5930

BAEE CM2 B ARk % FLANEE X R A B A s mm 026 3, AR 3 Hhml i, £ Ab 382 Rk 4y MR
H (grude protein, CP) . #JgHi (ether extract, EE) FHLK/HIFEDEICEEZES (P > 0.05),

*3 E&8EB CM2 BREMI N GIEIT IR 5 B R0
Tab. 3 Effects of fishmeal replacement by CM2 on body composition of L. vannamei

H 5 (7K Moisture ) w(H#HEH CP) o (CHLIRNT EE) o (HLFKS) Grude ash)
Group /% /% /% /%
D1 75.64 +0.29 19.95 +0.10 1.51 £0.09 3.22 +0.10
D2 75.90 £0. 36 19.87 +0.24 1.66 £0. 06 3.17£0.12
D3 76.03 +0.15 19.48 +0. 19 1.73 £0. 11 3.22+0.13
P1E 0.62 0.21 0.28 0.95

2.3 E8EH M2 BREMIT FLAERTHR R E 4L Z 20

BAEA CM2 Bk LA TR LR 52 a0 26 4 FioR, Horp D2 %R TR (dry
matter, DM) . Bt (gross energy, GE) LLIRIZFMTH L REB W2 T DI M1 D3 4 (P < 0.05) ,
D2 M EARIERS D3 AR ARE, HEEEST DI (P <0.05) ; D3 AXTIRE T4

FIH R B FELT D14 (P <0.05) ,
T DL (P <0.05) ,

x4 E6EB N BREHILGIET IR EN T
Tab.4 Effects of fishmeal replacement by CM2 on digestibility of L. vannamei

RERTHALRYS DI 22 m AW, BRI LA 25

20 53 o( TH T DM) o(HEHR CP) o(fight GE) (B P)
Group /% /% /% /%
D1 92.32 £0.47" 98.90 0. 09° 95.52 £0.30° 77.88 +1.29°
D2 94.37 £0.11° 99.16 +0.02" 96.56 +0.07" 86.92 +0.45°
D3 91.03 £0.31° 99.32 £0.03" 95.07 £0.36° 82.85 +0.26"
PA{H 0.00 0.00 0.01 0.00

2.4 EHEH CM2 B EMXT LRSS R M iE T LR

&8 LA R IS H B A 1 25 5 UL 36 5. A& 2H XFER 3% 9 T-SOD . T-AOC . AKP L & PO TGl
FXER (P >0.05) , FEEAHER/KCERRE N, SHFIMEE POD BEIG 16T R, D2 i, B
T DLAHMD3H (P <0.05) , 1fi D3 25 D1 A xR AY POD G 11 C I EER (P > 0.05) .
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x5 E6FH N EREMITNMWEIIRLFRENHNZIE
Tab.5 Effects of fishmeal replacement by CM2 on plasma antioxidant abilities of L. vannamei

ik AKP T-SOD T-AOC POD PO
Group /(mU - mL™") /(U -mL™") /(U -mL™") /(U -mL™") /(ng + mL™")
DI 4.34 £0.27 50.09 +1.87 6.29 £0.20 36.20 £0. 63" 78.6 +1.25
D2 3.96 +0.31 51.48 £1.45 6.04 £0.31 38.79 £0.84" 77.0 +4.66
D3 3.78 +0.07 48.83 +2.17 6.69 +0.06 36.15 £0.34° 81.3 +2.08
P1ii 0.29 0.62 0.15 0.03 0.60

YN RSB AR T REATR, AURAR =R R,

Note: Each column has different shoulder letters and represents a significont different.
2.5 E&8EH CM2 HREHIS I 9ESTERTEE R T E4 R0

AL LN I X R I TR IR TS AL 45 2R L2 6., 2% 40 MR T IR (19 AKP . CAT, T-SOD, MDA FiI
GSH-PX¥JTLRE 2S5 (P > 0.05)

xo6 E/AER M BREMILHEIRIFEEREA I
Tab. 6 Effects of fishmeal replacement by CM2 on hepatopancreas antioxidant abilities of L. vannamei

21 51| AKP CAT T-SOD MDA GSH-PX
Group /(U-g™) /(U-mg™") /(U-mg™") /(nmol + mg™") /(U -mg™")
D1 196.59 £5.09 74.75 £3.61 21.81 +1.17 2.53 +0.05 48.15+1.97
D2 193.74 £0.91 81.73 £0.97 23.04 £1.23 2.55+0.09 49.39 +0.62
D3 184.55 +5.24 72.65 +3.26 23.11 +1.30 2.52 +0.07 48.68 +5.02
PiH 0.17 0.12 0.71 0.96 0.96

2.6 E/REH CM2 BEREMITLHEX 7B X TR FHEREENZN
A E M CM2 Btk MLz iR i E 1.60

POHEINTHIX R R AL 1, 1=

AT, AR CM2 BRI A AL LA 2 inl I ] " B

R Y RAB, MIF, LITA. TNF Al ATRA 3 = £ ou S

PRI ik REE S (P > 0.05)., Z goo T
bt ‘_f 0.40 = ATF4

= 020
A \A
3 -l‘TJ- e 0 DI D2 D3

AW LE R LW, HA4EN O H1L 415 Group

5% ~10% (FREAE By, stilgpgat  B1 EAEACM2 HREBHI MR FGERERT
Y e A3 5 3% 2 82

R KRR, R kR )

. Fig.1 Effects of fishmeal replacement by CM2 on expression
BB TR FT, XUHESGEHA CM2 6 of intestinal inflammatory cytokines of L. vannamei

B AR Ry, AR ITHE S EE CM2 AZFERR G, JFEHBRMTEAR ., #MaEAR
DL oA R S AR A B IR S 4 v 1 DR TR S B RR ()P, AR B B R S AR 65.30% , SR
HomEin, HIE S8 CM2 B LNE X IR 38 2tk , FESF RSN &0 T, HoAapk
IR WA S A B I 7 AR K Y284k, REAE W I XT R 2 1 BUE FR 7 oK

—fim s, HHAEY S E AR EmZ G, 555 RS AR R, s, 78
BABERELT, L ORGEASRNS50% (Fmad) @k, 5 dmi BAM L, o6
(Oncorhynchus mykiss) SFERBE FHE, Xk, EHHEA CM2 &4 HEARMAEMREHAER, #h
THERI R SR E R IR, PIASEE T4 AU R R B R A R REICR I A 2 BB K
s, Ry, A LTI R —E SRS E N CN2 J5 AR MR B 578, X IRIIE
T IR R Y R

BN, MRRRE SRR RIS S B0 E PR EZRE, AR RN, KEEEmE R
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MBIz e, AR ERKEREEEM, RS, 6 8AESREFRY mE 5%
07, B R AT T, TR ORI 0 LT AL R R AL, TRE DU SR T
RGN BB RIE S G 2, TS e SR B R, AR g A5 R R BT M2 AR 5%
(%) ok W ER AT Y, EE . R MBI RIS, X T ReA LT W5 1 R A
B, CM2 s A TR, A EIERR T4, A IR A R R AR ACR 2 R R
BRUK A AR I % SR b S 6 R T L AT 4R R iR T B B T R FH SR AL,
TRRHMBERE WS B S Y M 1B IE S 454, Kl 18 Y IE AL D Rg, Sl impik BRI v 3 B0
JIE SAE , FAE T XTERE A2 Luhres 57 % AL AR A XK BRI R KB, T
FREARESS A BT IG5 I SRE W A& AR o AT S i) CM2 S A B T R B, DTN i 1 ) fdt o ke 3] £
PR, EHASHHTE X X7 18 B 90T P 2 PR A% Rk 1 B 98 45 R SRR T eI

PO, AKP JEVFH X IR ARAR SR 0 ) 9 FE 2846 bR, T-AOC, T-SOD, CAT, MDA FI1 POD J2& S i
XTHFHLAST A e I M E AR bR, AEARIRES T, &4 LA XTER IS T-SOD A K TN MDA | CAT,
T-SOD 1 GSH-PX S84 Ar 0 1 3 22 5, R W CM2 AR A0H IR 0 it FLAA 5 SR LI 32 1) A Ak B 7
M LHXTER LG PO, AKP, T-AOC FFBRAR AKP 8 brti R 52 106 b B2 M, I HLA&- 20 X R A e i
I 90% LA L, FIPKIGXT AR @R R 47, HE G EE CM2 B AR 5 AN 23568 FLAN I X R )
o SA R AR, X 5 MR 2 X 7 B ( Carassius auratus) , X5 4200 3 B Jg B2 E
i ( Oreochromisniloticus x O. aureus) )5 P2 %408 ( Rana( Lithobates) catesbeiana) HIBFIE4E
AR, AATRRIEFE & SRR GO B4 R 2 2 BRI sh bl dfkse ) . AR E &
I CM2 S — KRR, SR LA X HR I 8 AU AR i BT A AL TR An AR 2 B A K B 2
AT BB T T RN A A B LA 4R S AL BT AL RE I PR, T, SKRIERAEY 2B 0. 1% T IR 4N
] 1R S DN 98 e AU 1) A B AL B O R ST SRS T 5 TR LTS e R RN 1e/kg TR H
TR T Sk 4R A0 R AR A I AR T 5 AR A S 0 X A B /NER AR X I 5T R
AR AR A R G 2 AT, AR A SRS, S IRPTRALRE ST, DA R fa A
BT, fEmpUARmBtiae ). Kk, AREEGEE CM2 TEE R TR, £ —cfE L
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