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Effects of diets dose and water quality on the transformation of common grass carp
( Ctenopharyngodon idellus C.et V) to crisped grass carp

TAN Qian-Kai', LI Hua-Shou® ™ (1. Agro-technical Extension and Service Center of Enping City , Guangdong , Enping 529400, Chinas; 2. Institute of
Tropical and Subtropical Ecology , South China Agricultural University , Guangzhou 51064, China) . Acta Ecologica Sinica ,2006,26(7) :2409 ~ 2415.
Abstract: It has been demonstrated that Common Grass Carp can be changed into betier taste Crisped Grass Carp by being fed with
broad bean Vicia faba. We conducted a two-year study to investigate the effects of feeding level and water quality on the crisping.
Results show that the degree of crisp was mainly determined by and positively correlated with the feeding level of Vicia faba, with
the optimal feeding rate of about 4.3kg/kg bw for producing high quality Crisped Grass Carp. The water quality also has some
effects on crisping of Grass Carp by influencing the fish’ s physiology and metabolization. The optimal water quality parameters
were temperature at (30 + 2)°C . DO = Smg/L.and pH at 5.8 ~ 6.2. The feeding of Vicia faba and suitable water quality
parameters lead to increased protein synthesis capacity and enhance the production of quality crisp Grass Carp.

Key words: crisp grass carp; water quality; vicia faba . ; degree of crisp
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Bk —KBFF™ 5. EELFREP D, BAKBBFEBE AR A B RR, A AT B & 3R %7 5B i
FEFN 2SR REZE—NHERKASGIRE. RAR AR FEI LR HEHR LA BREZHLN" ST
Mo”8z, & By Br i I B B PR

EEMAEN, ANMERKERREFHTANAENER KT EFEREBR EZSERANN
GREHRRABREL, EXRFENESHERZHH (A MAAAMNH A AKEURAREEFEEHE
U, ERSMETRR X EAE K REARERRG O EWGHT T IFSHRD Y, B X8R5
RMFRAZ HEELEPERHEERZE BEMEFROSPED, 08 8 & xR — A 3R 5% 59 b A
HHEEEAMIREFRESOKS BB AR RN KRS EER G HTAN A5 ERA K
B S WA TR BAE FaNALGHETTHRE™ . 240K LA RER RKIFEKEN 6l
1L 3h 25 2 1 R B me B SR IR GE

BHAZUBAREMBAARASEE— O ETR RN TR, £ R E A YA B3
REHRARFHREL Lo RHRTHE RS B S B M AT, 4 3L R 6 LR 48 0 B RN D 1E
M ER, TRAR T HEARAFELEP ARG RFEKRRE FNEARAENE R, £ ERE
BT & B R i 9 B AL AR o, FRIT IR INA R E MM N R EE AR, AR AR AR BB NIRRT
2%,
1 B¥ESHEZ%
1.1 A e

REE;T AR PFHEERAEG#T, AR BECE AB.C.D.EH s O S EYERTINERS
(£1), RE#MX pRBAETHRESE, MAFRZ 112.19.0t% 22.12, AR P HLELHSBR 23.1C, 55
REBEESBDHN 36.4CH 4.9C; LEMEMEN 2559.9mm, B A HFEFRE X 185.5 mm, /KIER [ BEHEH
LK BE , ¥ & GB/T11607-1999 ¥k 7K BAAR e o BSR4 e b B9 B 2 #0484 — B, ST 00 390 1) i 45 3R B B L B
B BHIANEER,

F1 EFRRBWERRR
Table 1 The basic condition of the experimental fish pond

WES [zl RRCE S FR KR K fk pH L gad

Experimental fish pond  Area(m®) Water depth(m) Water flowing condition Water pH Note
A 2866.8 1.43 W IK slowly current water ponds 5.96 BRENKEKLWEHF BB ETK
. FARE BRI ERE MK, B 5%

B 3466 .8 1.52 JKFRH stat t d: 5.82 ’ . ’
. ﬁk# static water poncs L& AT A& Water parameters of all
C 2666.8 1.47 WK slowly current water ponds 6.04 ponds conformed to qualifications of China water
D 2666.8 1.28 WF K slowly current water ponds 6.23 quality standard for fisheries. The ponds shape is
E 2531.5 1.64 W 7K dowly current water ponds s.86  ‘ransmeridional oblong; The B pond was equiped
with aerators
1.2 BB

1.2.1 AEMBEERMAKOKEK) W EBEKLERRUE ® 5 DO ME XK NE DO E, pH EHRXHKN E K
{AH) pH fH; EDTA 813 E EE B F Ca*" WRE (NV/Vyy x 1000 x 20.04, mg/L) s S F A HBEMET L E S &
(NV/Vy x 1000 x 2,mg/L) . [FIB FI/KEFFR BN KR EE o, FESH A ROBEEEH dvw R FE M
KRR d,(0.85p.dw,m’/s) .

1.2.2 HHGMRAENE EENEERFARII BN E RSN ARRMALLA (LEN AU EEM.
HES%), UMK (FTEEEE) A WERE BRI A KARER G ~ Tem) , F I BEEBEEER, 2#
AL S RIS HER SRS FRERMEBO RN NMN S 6, WPBHE HEARNK: 8, =P,/S (P,
AW ET I BRPL T ke, S AW HEHBEER o). KEEAENEERERAERE  FHoE <0.40
kg/cm’ ; B & E BT & 4% & :0.41 ~ 0. 81kg/cm’ ; B it e PI B2 4R J5 &% :0.81 ~ 1. S1kg/em® ; i BEfiE > 1.52kg/en’
1.2.3 BRENBAENEWRE £ EFEBERT,REANAEERITEAFARHEBE F &
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BRI B , LR B S LB RS o, KWER,

1.2.4 KAFEERFIHAFHIBMEMENERIAL RARNEEFHME, £ AB.C.D R M
7,359 AL HE4T , 55— HETE 2000 4F 4 ~ 8 A AT, 88 —HUARTE2000 5 9 AMERE 3 AWifiT. BHH
W HRELTEREEHNE, RERR M ERAR A EA S LRRIT RGN E AR,
EREATFEAEKFEF(EEHF.DOpHES) . FHKB KRE AHRBRSH T, LERFK
Sh 5728 3 B F-3oF S A B 7 AR B BB AL BN . [RIRHE SRR e M P SR B A S O, B AL AL
FREART (45, LA R IR A ] AR R B ML B A L P RES, HERREAP SRR
SRR ERT BB XA KR RN RS RIS, 3 B R [ 3% 7 Ak 8 9 7K BR 38 B3 X B Ak B B

1.3 BEHH

1.3.1 PBEVLEEENIGE , S LB BB N 3N ER, N SPSS HITER EEMKBK , R FR 3 x2° B
PLA BEIHREAT I 22 40 0T , XA [R) 4 7% B B[R] S [) 9 B 3% 35 B O IR0 A 0 3% LA X0 46 A 16 R L R ) R s
TPESEHEBR AR ERERN LSR K. FRAREEREYLA BT SRR E SR BRH X ik
BREERRNEWUEZKESE FIEAEENERETTFEMT  UREREEY,

1.3.2 SRR kg SHEAEWRN S o, WEE( S, = oX’) XK, IHELRN:

lga = »1gs, + > (lgkg)’ ~ > lgkg+ > (lgkg + 1g8,) /N + > (1gkg)* — (D lgkg)’
b = > lgd, ~ (Nlga)/ > lgkg

2 BR5SH
2.1 AEBBIREE AT EE BHFAB SRR AE =2 TR R R

ANEEBFRE R AR RBEEE RRMRFERE,SHSEASRENLFRE T EERNER, &
RAFEENRFABN ARSI ER REARE ANREH~ERANER. EFESMTFELR
REEMEN ISR ERE, SMHNE—MRFEHU~8 A SE_MFHOA ~ BE3 AR) ZEKENRK
M EEKENNHNZERYEZRBEKFE(p<0.01);A.BF CHE—HBIFEMFE —BFE N 150 B/666.7 m°
MHEEZRAEE B5 DHMBFEHEEN 160 B/666.7 m* JE K 1.5kg/ R Z R BB EKF(p <0.05);
B _HKERGER, FRRANBFEENBFAE AR R EE KRR —ENEN., BENTHE
BB BT RABER BFEENR 150 ~ 170 B/666.7 m” , FIFHAEHR 1.50 ~ 2.00 kg/ B, AT B R B4 4 6,
BREERERIGE-HRA0.6)U L. BE-MFHMFMAE —BIULRY, TAFEEKEHLLE —HE
K, RBWERRACR2), MIFRFER RS, WH TEAKE, Bex A KEZHE TR, AR R B0 AHN RS,
AR FEFBR AT B E SR KKK TR KERY AR, BRETSFRE. R, KHFEMR
AR K, ML E B, FREA P BANER, BAEERIRN, AR FHREL=ER, RZ, BFEMR
B, MERKBEET TR, A HRAEHABERG~4kg/B), AHBRBEBRS.
2.2 SMARZRSETF BEBRESKAEXRR

HMEI~-RSHRARBRERTH, AEKAET, EANGREREMORERYAR, £ FEAR, S L4 H
AN ER1%(F>F0.0)KKFE,ZRBEE. B 1 TUBH, BAXGTHERF X — BB ER
N4~ A, T I2 AGERFE3 AGE —BREFRFAEGEAEUMKBRORE, FHBERBRE N
0.02% ., FEF¥I/KIRTE 28.4C ~30.6C, A FHREEN 5.8% ~T%/KF, XKML FHEEF F , HF
BIFRFE R A 80 ~ 90d, AKX BMA ™= R AU EE—-ENBRER BN EAMBRERE RMER, K
0~ 6.672kg/kgbw FIX BN 2B I BT 6, =0.038 X" K R ;3E LA - K 1k 3R 58 B F %4 B 1A s 9% 7
TR RIFRRHER, BUEENREBRESEEFEANER, BEFHEAKAYT HRKE, KLFHF
BRTHRAGREAR BRHIE G HREAR pHEA®HE,DO A, COD TR, M E#H KRS EEFEHK
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FEESEFR(BEBAR)BEHBNE N\TERAEAZ MR, Bl KREE DO EEHT EE pH
1255 W A 5 PR T P TR AR — 5 M B P00 , 7K DR AR XY 18K, UK 423 B AR KR 5 L ARAE
DO B , AR T /K i FY R (NH, \H,S, COD %) B R, ISR HAE T - M HNRHEES
R, B A LRI A KIIT IR E , EDRR AR R K3 R, AT A T MG b BE A 388 i, ok oK 48 S8 B 4L B9 5
R

22 HRW (2000~ 2001 FFEE) T AMBERBEEREROIE « tRAEE)"
Table 2 The relation of fish stocking and its parameters of growth in different crisped Grass Carp experimental ponds(Mean + Standard deviation)

ane e THHR A B WK% ETEL

Experimental stocking density Initial body Final body BHER Specific Feed conversion
fish pond (B item /666.7 m*)  weight(IBW) (kg)  weight (FBW) (kg) (RW - IW) (kg) growth rate rate

A 150 1.75 3.92+0.14 2.17+0.16 1.00+£0.44* 6.00+0.12°
200 1.75 3.56+0.28 1.81£0.28 0.590.30° 6.64+0.38"

B 150 1.75 3.87+0.33 2.12+0.19 1.13+£0.42¢ 6.02+0.18°
220 1.75 3.14+0.52 1.39+£0.48 0.56+0.43¢ 6.97+0.41"

c 150 1.50 3.71+0.86 2.21+0.34 0.94+£0.42° 6.79+0.48"
180 1.50 2.51+£0.19 1.01+0.16 0.42+£0.22° 6.40+0.52"

D 160 1.21 2.25+0.33 1.04+£0.24 0.78£0.14° 6.31+0.38"
250 1.25 2.04+1.45 0.79+1.08 0.41 +0.34° 7.17+0.94*

ORFREHXNINBENTHE, FSIREFEEFEEARARAENERBE (p <0.05) Values (mean FS.E. of three replications) in the same
column not sharing a common superscript letter are significantly different (p < 0.05); @ % 4 € # Specific growth rate = 100% (InFBW - InIBW)/(t; - t,);
® %t &M Feed conversion rate = Fish wet weight gain x 100/feed intake (dry matter) ; @38 11 38 64 585 — W FEFART (6] ¢, - ¢, 2 80d, 88 — 4t 120d The
first test pond cultivate time (¢, — ¢, ) is 80 days, and the second is 120 days

23 EERARMMIFAEAESENRNEERABERSE LKL (2000, 90 + HHHEE)"
Table 3 Effects of different diets dose of Vicia faba on crisped strength level of Grass Carp in E ponds in 2001(Mean + Standard deviation)

R & et A KhEaER RIFAMRITE RABE Clped BAFEAR HEEKX BaRLRE
Time of Crisped Grass Diets dose of Vicia strength T[] Total Specific Quality of crisped
measure ment  Carp weight (kg) faba (kg. kg bw™') level (kg/em®) time (d) growth rate Grass Carp
2001-04-24 2.91+0.19 3.02% 0.311+0.099 50 1.31£0.10° 2KMEHE half crisped
2001-05-15 3.61+0.08 3.962 0.422 + 0.059 70 1.25+0.14* A# & quality crisped
2001-07-05 3.71:£0.30 5.263 0.611+0.022 120 0.75+0.09° f£/% M high quality crisped
2001-09-06 3.71+0.49 6.672 1.424+0.022 180 0.49:0.08° LM, HFET crisped too much and dead
2001-09-26 3.72:0.24 8.340 1.640 +0.067 200 0.45+0.02¢ ﬁﬂf;ﬁf:fﬁﬁ*%iﬁt crisped oo much and
mos| e

* QI M3 E, IS E K 2001-03-05, HFEMHE R 1.51kg/ B Feeding experiment was conducted in E fish pond; The initial mean weight of fishes
(IW) is 3.01kg*item ™" on Mar. 5,2001;@ WE AN 3 N EH # T H({H Number of fish retrieved/sampling = 3; @ ¥ 4 1 % Specific growth rate =
100% (InFBW - InIBW)/(t, - ¢,); ER EHREHABERRBER . RFAEA 3N BEENTYE. AFEETEAFEERARAENEREE(p

< 0.05) Values (mean FS.E. of three replications) in the same column not sharing a common superscript letter are significantly different (p < 0.05)

2.3 EANKACIBRARBAFERENER

AR EAEATFE LY, RHUBEREREEAN, FEE T -ENNE, SR TIE—-FIKHAE
BB, METHRFSERETHESE, HATHE—RN RN, REALFREEFEBRETHRN B
Y. RARANBEAETERTREZEREE, MAREHEFRARENEEHNERBRAEREMLE hik 4,
RSNBRBRERTH, ST ENFTTRNEBNTHREEKE(p<0.01). HETAB TR ERBRER
3.031kg/kgbw, M AT ML R 0.311 kg/em’ , B S HEN L M I8 ; MR A B AT 3.962 ~ 5.263 kg/kgbw At , BELTR
W EM N 0.422 ~0.611kg/em’ , F B AW ER R R RKT, BHRMWE AT 6.672 ~ 8.340 kg/kgbw BT, i
LR EIETE 1.524 ~ 1.640 kg/er Z ], R B AK T, REAMNA BRI, LAREREENKEWA
HERS, EREEAEERLE, EREARABBARRBE RALEKEBSRIZE HEFEKEHREEN
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Fig.1 The relation between water temperature and feeded dose of crisping Grass Carp in difference month

1.31 FFEE 0.45, HABXTAEKR(WE, - Wio/t, - t,) 0 0.00005, FEE L KBRS, HR Rit& (kg/kgbw) XF
NEEKENEWMHARRENARBREITEFEZM5T FERLE, SLERIHEE 1% (F=412.5> F,y)
WEFREEKF, FEERITEXD 6.672kg/kebw B, E RSB ER AL/ B EB =1, BoEAMKN
W, BB B FE T T R B 5P 8.340kg/kgbw Bt , M BE B8R 2 BE B T ML R IR , B 2 K314
“Bh B FET, B AL B B A BB T 1.640kg/em’, BLAT R AN MEALFE TS K . BE, B WAL &P Axl B K
P A LB MR IEL T EAGKBEREEEARMESEWHR BT,

Fa KR BRERSMEAELRYME FRES)

Table 4 The relation among water temperature, feeding dose of Vicia faba and crisped strength level of Grass Carp(Mean + Standard deviation)
KB BB & Diets BHEE

KR R B E]) & A A . . FEFH AT A R B Ak B 1)
Experimental  Initial crisping  Retrieved mmw":::um dose f:f):m Cmpide;';e"g'h Total breeding Quality of crisped  Total time for
fish pond  breeding time  crisped time (pfc) ekghw) (kgrom=?) time (d) Grass carp  crisped breeding(d)
2000-10-08 2000-12-10 23.421.4 2.67 0.210.01 62 X NC
A 2000-10-08 2001-03-01 19.4+4.3 3.47 0.26+0.05 140 ¥ {5 SC 180
2000-10-08 2001-04-05 25.4+3.8 6.34 0.41+0.01 180 A& EC
B 2000-06-10  2000-08-04 34.5:4.0 4.27 0.42:0.03 54 A5 EC 54
2001-05-26 2001-08-20 30.8+5.4 4.67 0.54+0.01 84 £ 5 & HQ 84
C 2000-09-11 2000-11-20 26.3+2.5 3.83 0.31£0.04 70 .5 sC 140
2000-09-11 2001-03-01 18.8+2.3 4.66 0.4220.02 140 A5 EC
D 2001-04-12 2001-07-15 27.9+0.9 5.16 0.50+0.03 90 & HQ 90
2001-07-02 2001-10-02 30.1+4.0 4.90 0.49+0.01 64 £ B & HQ 64

DB 5B 4 HH Initial body weight(IW) :1.75kg item ™ , B{5: % E stocking density experiment: 150 item /666.7 m” ; @B 3§ Sy #3 1k 7K 4 37 7 ; AC & ¥
4i%4% ,DO 2 5mg/L, The pond B did not have flowing water but equipped with aerobics machinery and keep water dissolved oxygen(DO) more than Smg/L; Fk
B B K SR, 51K B K Bk R34k 3 B8 F 5 ¥ The other pond have flowing clean water from aqueduct penstock , the parameter of water environm-
ental factors were as follows: pH 5.8 ~ 6.2, 7K I B B stream speed 0.31m/s; ¥ #% % Dissolved oxygen DO: = Smg/L; 3k B Salinity: 0. 25; Ca®* ¥ &
concentration of Ca* :58.42mg/L; @HQ.EC .SC I NC 4} Bl& = B PO &% AL 70 & AR & . 848 & 2k L& MR B 4L 8t HQ, EC, SC, NC represented the
Quality of crisped Grass Carp as high quality crisped Grass Carp, eligible crisped Grass Carp, semi-crisped Grass Carp, not crisped Grass Carp

BEaBAABAGR - THEEIRENHHLRE, TREZZRRE FRBEFHRO AR TN
3ANHE, AERAGEALR ERONER” CRARNE M REHER". ®3NRABEREALR LY B
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EHNEEKBEEEAHBARY, “EMNER" M EANBR"—RFEMNRAYN, RRERASFERARKENE
ENR,ENBRWFSE BAERRBEERRE KEBE A RBUK, S TUAEBRER YRR B 6 B
ROGRMEA BRI BRARN B, ST AR TR, BEKERE . RS R T M 5B LR
TS, “BENBMEEARAFENEABRHER HEERAREAZEEAKXTR REHMMEKY
JLPEIE ABIBEREERTH RANEHELARENNEEES RAEA W RHTHAE., ALK
BRRAB SN BLUE ERRNAREGERT RS HE BT R R RERE %3
AR . AT RERSNBREM T4SZHERRELTEHN KAGKRS B M ST WKl
BT B AR LA L B R T SR, SR R, HRIE KBRS , X o2 B 1k B 18 BURE AR, 3X [F] B
BB LA T MR BEERW AL BET 2R HEREAE, WZED 400d LA L, RiFH A BT L REE
BT ESEARN 0K, XA AKH R E —EBE L RATHN; “BAFERE" WREF-ERFERE
BRHXBBEAZS, RERNG T SEROFL T REE MR, R BARERE W ERERAHN
BERBI5%/MEN0RPEL. 5 EXRABRNWRESHEE,  REBOBENEE, FRAKEAZTRT, XA
Z FOUEBFRHEFE, Fo XA R IEREIL B X 05 , AR E T HEALAL N 448 , e A0 B T B BRI 4 T 2k 2 e T e 9 2 I
%5 SR EET 5 ML B % R (2000 ~ 2001 4F) (HME + FRAER)
Table 5 Effects of water environmental factors on the crisped strength level of Crisped Grass Carp (2000 ~ 2001)(Mean + Standard deviation)

X KR I8 HRE ST 5 e 4k WERILR ] SIS R
i water Water Dissolved e . Crisped Retrieved day for 115t /8 Time for
fish pH flowing temperature oxygen Ca n Sahmt):l strength measure crisped  quality Crisped
pond (n*1t) (C) (DO) (mg-L™") (mge L") Conmol - L.~) level(kgscm™?)  strength(d) (d)

A 5.89 0.0230+0.0012 22.67+1.54 5.64+0.07 58.76+0.34 0.214+0.016 0.213+0.017 62 180 +9.32"

B 6.72 0.0000 34.46+4.38 6.12+0.04 142.36+0.41 0.286+0.029 0.426+0.023 54 54+ 8.94°

C 5.92 0.0223+0.0024 30.8+2.50 5.001+0.07 58.64+0.31 0.231+0.021 0.541+0.014 84 84 +11.47*

D 6.03 0.0202+0.0018 22.5+4.00 5.98+0.08 72.46+0.28 0.242:0.038 0.203+0.018 64 183 + 10, 78"

@A.CHEEF B ME(12.1.2 A7) it AXIREERT there were some time the Grass Carp in dormancy during December, January and February;
Q@ WAL & ¥ 45 HE The crisped strength level for quality Crisped Grass Carp:0.41 ~ 0.81 kg/em®* ; @B AW ER 1S AL A K (AWK CaORE X
1PPM) 4 # water disinfection in pond B were performed with 1PPM calium oxide each 15 days; @ & #5455 0 B SE V3594, BEfLBE N 0 FEMLHI R MY 3 &
i 7 £{E water environmental factors is mean amount of information during the experiment. Number of fish retrieved for measure crisped strength (sampling) is
LEXLHAEVRENRRERL - FFREN M EENTHE ASEBEFREFEEARENEZREE (p <0.05) Values (mean FS.E. of

three replications) in the same column not sharing a common superscript letter are significantly different ( p < 0.05)
3 4

MAGHRAEEFZEHBRCANBEENRE, MK FENRT KGR HFEMHE 1.50 ~ 2.00
kg/ B IR EE 150 ~ 170 F/666.7 w”, , /KIRZE 18CLA L BB A 3.962 ~ 5.263 kg/kgbw B, ] 32 B 45 %t
REBAR 6, AL REIRE 6, 7 0.4220.611kg/em’ WAHBESKERE ., FFHKFERET R & 6 140 RE
EREIER, ENEIUEEANRERANER (BE)FAE BB ESNAEEIMEREANAZE
HERS5MBRRSEREX LK, RIFHRKIFSEER (B EH DO.Ca’ 1 pH fH, B K COD %)Xt 1 5 3% 5
AR
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