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AEARERAENE TEANERBS . BNEXAR AR SRARE,: S, 3%,
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X TER ARy TRk TEAE B Eﬂé#ﬁniiﬂﬁmﬁs BB RN EERRLERERNA:
HEHEEFZOLTRB R AT Ry SR, ER L REF B, Hit, %Tﬁ)@ﬁﬁ&%
N EVRAOTE, WA A TRE R NSk,
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B o %t FiX BB 5 4k 55 WO ORI A , R B B 0 £ 4 AR AR o BRLUE , S b A 50 T 65 Bt
HEIFEREWE, BTHRITEFRES. #RERARRR I, EAFETEMHAN XL
BRI G BRI A KIS o Lovell(1978)'3 28 R X BEU BRI FIRT Ogino %
(1979)7 %} 62 FAT 6 Y BRI I ZBE M T AR G 5o Nakamura 55 (1980)" FH4EAI4S
WHEAABRIETIRE, FESYHLTTEATINEREEM A, ELREHRMARL
Bl , b A E RS RET mIRE,

EFhEERAR. Tk, AR, EXNEREFRAAEEAFEANTRA AL
RIEEASY RTHA RN, SRR 60X R AR %, Lovell (1978)7,
Wilson £(1982)'F1 Ogino %(1979)" 0 JIfE THRiE, (AR, HEAEXSTXEREH
.8 RSB R %, M R E PRI X T . BTH 0.8 RER B
EPEEEEM, Bt AL BN EANER DS SRR SRR RS B8 R A
EREITWEF Ro

¥ OBE 05k

KKFE 70 X 45 X 50 EDR MK B ThE R 85 FK, KB 22—25°C F#ifTo KRHE
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fIRkE 63—118 35, 4 19—22.5 X, LRFITELMHHERNLESKERDYIH—H,
RENR—K, BRALRAREERARLR. KEBERF | BE4&, SHAR
KR 6—8 BEARFTEF AR RIE s

R WL R R BUSE R AR R ERGS. HAAEX LA
L, —HRH 37% BEH.37% ME. 7% FRE2% AR 1% FEE A HRERM
filklo X EARARIAOES . BRSBTS, DU AR BT & 65 R B R R 4T
B A ROER, BHEZRMWEATNEBZEREHD, K HERDE, MR ARLR
fARE R SRS BN 5.79% FLEREE.S.13% Mk — 545.3.10 % BB 545.2.50%
BEE5.2.57% Bl —EB. 1.91% BBE, H SN RSBESHIER. WA ESEARA
R 100% , Nt/ BoF 4 FH 2 KR 100% o 3 RlAR RIS R 58 2h A KLY SC 45 36 5%
SRIE Lo

2l AREEREARS. NSNS

Tab. 1 Contents of Ca, P, Cr in test diets containing nutritive salts

; c
B R Ca P r
. (%) (%) (%)
Diet On dry basis On dry basis On dry basis
& B 0.03 0.31 0.33
Basic
FLEEE5 0.66 0.29 0.62
Ca-lactate
(] 0.68 1.41 0.55
Ca(H,PO,),
BB 0.80 0.88 0.49
CaHPO,
S 0.80 0.77 0.58
Ca,(PO,),
B 0.58 0.32 0.57
CaCoO,
BE_EH
NaH,PO, 0.03 0.67 0.56

WRHRXAMEBOLRAR S 1% EABRBETHE 9% NEBBRLEHE K £
IMREBB RS REHOER. ABTREARS 1%E MBS 98% WEERAKN 1%
BPRAERESBEHOHAR. SFRESE . 8.2 BN ERE 2,

EFMIRFRHIMIRER 2 BAWER, HoScT, HE 105C K20 a&E
Ho

FFHFERFR, XLRAKE 3% SREWE 1 X, EEE 3 /N ARERRKRE,

REHOWE, CERERGHE 3, 415 KRitfT, ZEERERRSIERABREY)
HRESH, U ERESER, fBaEE 65c BtT,H L 105°C ¥ 20 4h, LART
REMEE 1R BREAFBTREFERTIREHOER,

ATHEBERE AP BrTEE REK ERRE, DIKE AR 68 MK BRI .
WA BEN T 5. BRI AR RER M, AL R afa RREGHREKHENES., B
&,
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B2 M-RRARBEAHEHRRBEARNSE W2 5.5 R

Tab. 2 Contents of Ca,P,Mg,Fe and Cr in test diet made of a single natural feedstuff

el Ca(9)* P (%) Mg (%) Fe(%) | Cx(%)
L35k 2.09 1.68 0.15 0.036 0.37
Anchovy fish meal
IS %) 0.28 0.59 0.21 0.075 0.41
Soybean meal
TEH 3Ry 0.21 0.59 0.29 0.084 0.32
Peanut meal
Ek A 0.02 0.23 0.09 0.022 0.38
Corn ground . )
EH 0.07 1.00 0.40 0.016 0.39
Wheat miadlings

* LLFEHHE On dry basis

ERTR R SR TR T A RO S I b, DL AR R A4 36, 55 T4 RS
KR SR, LK TR 55 TR P, U IS L I S S B, B
BB BRI A B,

KR B , S A R — SN, RS R TR O .
AR, T B SR, BRI A RS RIS W R,

5 BRIk LR 3 B 43 oL R AR i B R0,

N (B AR FRIS | (D EETERTE

FRE(R) — 100 — {100 x (e x g

PR sk Bl 2 R B A RGE B
FAEEHE X=—-3 =

R AR 5 = \/ > (= By

R 7 20 %70 R A S 0UE BRI
. % AETTEAMBRAEE(%)

(=) EaNYAENLS. SeH A%

SRFARNEE X EIFL S BT RS BRI R A Rk 3,

3PN EEMEFRK P, EANARSVBMNARES, FHEN 81.3%, %5HE
K 89.1% , AR X 68.7% . HIRABHR _EIS, FHERL 0%, HSEE78.3%, &
REH 559%, ERBREALRESRNTEHNBREE, SRR EEREER
40%, BEERE 0%, MREEMN 25.1%. NHERSHOSHHARELRER, FHENR
26.4% ,mEE MR 38.3%, BRGNS, EASSEAEFMH.

B FRBIHAFIR RN, g 8RS BEIE SR SR FHER A R R0TR A
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%3 EENERHASRAREANS. RARR -

Tab. 3 Apparent availabilities of Ca and P in basic diet and in nutritive salt diets

RBEH Ca(%) - p(%)

Test diet 1

4%

2
w
o
—
(8]
W

*®O . :
Basic 0.0 72.6 12.1 89.5 [ 57.3

B S
Ca-lactate 81.3 7.5 89.1 68.7

W g c
Ca(H,PO0)), 69.7 9.4 78.3 55.9 90.3 8.5 95.1 73.4

Cati PO, 39:9 9.4 49.1 25.1 60.3 86 69.1- 44.4

ﬁ%%% 0.0 2.84 - 19.9 0.0

E%M 6.4 7.3 38.3 19.7

W — E e : -
NzH,PO, . 90.3 5.4 . 95.9‘ 80.6

* | P#E Mean: 2 fHEE Standard deviation; 3 BE{ Max. 48IEE Min.

A RIRA 45 3L, (B HRE A MO R A K Bt RIFRES o X A5 Nakamura % (1980)
P 880 822 O 5 2R B EET s 2 AT

Hﬂ?%ﬁﬂjﬁﬂﬁ%{ﬁé&"(% D,mEEARREFHEE, Uﬁﬁ%ﬁ&’ﬂﬂﬁ’]’%K‘*E’ﬂﬁ
FrEh T ROAE L

& 3RH, Eﬂﬁ%@“¢ B X W ER S A BEER SR P RO KR A R
&, FAEBE 0% ML, Wl SRR EHAARE 95.9%, RILHEBE 0% L
o BMEE-SSEEHMAARE 5% ML, mMREN 73.4%, HEX HBRIAFHOHMA
HANK, FHEE 60% Ll E, RS 69.1% , RIKE 44.4%, X THERES, 7RARE

AE, RE 1 BAMESEEBAARY 199%, '8 6 BYARER A, X, B2FPHE
%28%, LRSS EREASRERL, KERESWERSE, HREARK, K2,
ANRE B BRI WL 1R o

HAAR W 0.31% , FUH H% 72.6% , (At % EFH MR AR WAE R E—E
B0, T BT AR B ORI SR ALAR, TR R o B REMEBIES K, RE KLY, Rk
Hi7E , XIAEE HRAT . Flin, MBS IR R, &8k 0.77 2 (BRFEMAR ), 7T
6 RaRENE S, HRARSLE,

KBS HERHIEEREHGE 4, EXRABKREREAER, KPH#EEHR
1%, B th/he & EBAMR[ERT #ER _SEAEHENEAHAZN, HEH
BIAK, HILER, ERLR KT, RIEMAH AR RS B, DI MK R
58, 5 T R R A BE B A KA.

LR, A E RS MR AR R E SRS BET S, BREX, MAR
B, R, k. ABRE. MR _ESNBR _ENETRTHEAEF AR MEAR S5 Mt



2 RERE: HENERLEHRIHEHEROTIA R 149

B4 XBRHEKRPE.BYRTE

Tab. 4 Variations in Ca and P contents in the rearing water before and ofter the test

KR WEEEE
LW At the begining ‘ After feces collection
Ca P Ca P
Test diet - @ - .
BOET rex® | IO | ges | TEM O e | JHE | mex
gBasiE‘lﬂ 60.4 0.45 0.06 0.012 60.5 0.52 0.06 0.014
Ca(H,PO,), 58.5 0.35 0.06 0.012 56.2 0.60 0.06 0.013
Ca-Lactate 47.6 0.46 0.012 0.001 48.1 0.48 0.01 » 0.002
NaH,PO, 46.4 0.‘!’3 0.01 0.001 45.8 0.49 0.013 0.002

@ Mean; (@ Standard deviation

B5 EEMIKRERE. WA ANAHHE

Tab. 5 Apparent availabilities of Ca,P,Mg and Fe in natural feeds for grass carp

Ca(%) P(%) Mg(%) Fe(%)
c| i
Diet : 1 2 1 2 1 2 1 2%
3 4 3 4 3| 4 3 4
B4 3.38 — 33.2 8.6 69.3 5.5 0.0
Anchovy fish
meal 14.0 0.0 4.8 22.3 78.5 62.1
_ 0.0 66.7 7.7 80.0 3.5 0.0
Sk
Soybean meal 80.8 56,9 87.0 76.4
0.0 69.8 8.1 83.3 4.6 0.0
TEAE BREY
Peaput meal 81.8 60.8 89.9 77.2
0.0 70.6 9.2 $8.2 3.9 0.0
EX¥
Corn ground 81.2 56.0 91.9 79.8
5 0.0 53.7 7.5 68.0 9.4 0.0
Wheat -
middlings 66.6 44.7 79.3 52.4

* D ¥ Mean; @ friEFE Standard de\{iation; ® BEHE Mix;, @ 5{&k{g Min.

o RHERMER _SE, Eax S . MAAXES, HRES, EANERAARK, 8
REMARE, B LA BIENAR S B4 . ZTHRE, AERTER, &
FELEEANER. BT EERD EHRSIRES, Rt UrEATEA,

(Z) e BEANPE. . 8. Ko Ax

B 5 MEARADRNG. . RRAELRUNEERILE S, &5 %K
#JLER BRI R B2 A B RN, S5 S AR X 3.38% (1E 8 BEANMKETER
W, NEFHRD A WESEFREN 13.0%F 14.0% , Kk 6 BHAF), AR, &
FERBFIRHEN 33.2% , R\ FIFEN 44.8% ,&MKHE 22% UL, BRBAERAS,E
RAEnSMER,HE1.68%0k 2), FUEEYN. RABRTFARAAR P, ¥
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BIFIEFIK 69.3% , K 78.5% , BIRMEhE 62% LIE, ATMEAREIBAVN
%, NEWNESRBAEHNET,

BEaAERBPEHRNSEk, RENE 8 %@i@ﬁso (A, 2fH ﬁaﬁx&ﬂﬁ%umﬂﬁ
BIBERNEE, SRS FI R D 3L 66.7% F180% DIk, RESED B 80.8% F187.0% , &A%
BHAES6% R 76% Ll Lo

Ha b AgRBEEERNENS, RENE s BAHRE, &, EARKEXCERA
TEAE B BERNEE , PRI > 51X 69.8% F183.3% , EmED 540 82% F190% , &
RIEA 60.8%F177.2%, S5EFELE, L EBROBAEEA S AR AFTRKF A, K&
B BESERAXRMEEN,

HARBRERAEABISMG, WE 8 BREHHF, B, Fa a3 F
TR BRI, E R R4 94 70.6% F 88.2% , B S {a ik 81.2% F191.9% , BAR(E %
56%FN79.8%, LLEIELEBKAT R, B A TR A T ha g, A, TARSH
%%H:?/i\,*mﬁm?ﬁi(ko

- EFNSRE, EAEABAETRIAE, %%EH’JBE HREDEEEAA, FHRAE
K 53.7% B E{E 66.6% , RARE 44.7% » FEE, BA LG MR, EHFIHE
H 68.0% , RE{ER 79.3% ,RKME 52.4% . BREANFZEHAUB., BREMHBTNEE
BROERMEK AR EHNH ESES (R 2),rLILEiRots ., SFERABELILER
FERE Ko

L EFTR, BT REMS R/ N B IR ARG AR EE 2 AN, N T A F E YRR
H—EARERH, T8, AEaEEfEmAL, Ea— AT H, i, ¥4
JLF- BARENAR SRS A, N, VRAANTEA AR TSk, ET#H, 54
BB AR E K BRI T B AR, e AR E AR, BT/ERE S
Fg, Wi, LR eI EBE AL A S E SR K. EALIRX HE YRR )
iR RVEE B RE B BRI . B, BEANTRRERH RN, LI%E
BB E T R G R E .

9) >

ie4, 2 P AL R M R R E 7% 1 S B Maynard F(1969)" Ry EAERTE R
FlEIRE KT, AL R R A k. MIUE S REGTEIE ArvE 2 R/NF T, Hhak
7o HE, AFAMKNAAERRIMAFREA, N —RKRa SBEAAERE R
BT, T HEA,20 REGAAKENE, ) 30 XK KA,

AR B ST W2 R AT B S KRR R A R A S B B, ﬂéﬁmtﬁﬂ
ﬂ%ﬁﬁﬁ%‘@éﬁmﬁﬁﬁ’ﬂi’“%,A&ﬁ%ﬁ&ﬂ(i‘% BT BRI AR ER R, SR
R, ERATE KBS MERTAARAKR, FIRM, XTRERGERMEEERE KT
BHIEE (5 BUZ) 3 /NEFRD 0.1— 1 /0NE), BT REIK RIS, Bk, kR,
B& MKPIRIES BT 2. MRINE, ERREEERERN, KFEEREDG 22
/T RN, BHIRE, LRRIES 55 BRI AR UE A K.
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Tab. 6 Apparent availabilities of phosphorus in phosphates
for different species of fish

[N HAEXRED 140 @ B &A@
Phosphate P(%) P(%) P(%) P(%)
Ca(H,PO,), 94 94 94 90.3
NaH,PO, 90 94 98 90.3
CaHPO, 65 46 71 60.3
Ca,(PO,), — 13 64 2.8

. @ Channel catfish™®); @ Common carp?®’; @ Rainbow troutt® @ Grass carp

SO RS £ X B R SR RO R S 5 H A 8 IR R B RLLS: (R 6), B
BT A Siur s, T A XSGR THER - EMEAESN), LETARER
HOSE (R FF HEER 45 ).

BRI 81.3% ARSI, TN 58% &Y, HaMBRBRENSHAES
26.4% , 56805 27% JLPARE, (8RB AR R AMBENE, Tk 56810 37% SR
=L |

B £ KR AR O RO R B 4 33.2% , ELMBA B Ay R A BRI 18% . 24% 7
B (A — 2 Z RN AR BRI IS4 0.004); bk BaE 29.3 % 8 3 (BEARKT
HT94 66 %« 74% 7, & T AKDMaf (Oncorhynchus kera) RIJEBILMUR B BT A
H(71% F165% )0, KT BE /S SRSHR 68 M B EH S MR BEFI A 3 (9 31 %
40% \39% )™,

BN TEE EXRRERBRBFI R 66.7%. 70.6% F153.7%, 3 3& TR
EUURBETY 54% \25% <28 %™, 5L 29 % (T HH).

FRMTEN, RAMEREEAAL, HREMLHERSRESNHFEEEL
AR Ead e f b iy &t p A 2B s R M R BB, TR kAR
A 48 2 NI LB 4 e ) P S e 1A (o 9 D B

FARIE B Bk R, Rk, REEEL B IR Sakamoto Z5(1979) 4% T4 ¥
g 3 B SRR, BREREEAFERNE, ETHEHETENAE
R, 5T E— S5,

g £ X W&
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AVAILABILITIES OF Ca AND P IN NUTRITIVE SALTS AND
OF Ca, P, Mg, Fe IN FEEDS FOR GRASS CARP
CTENOPHARYNGODON IDELLUS

Huang Yaotong and Liu Yongjian
(The Ichthyology Laboratory, Zhongshan University, Guangzhou)

Abstract

Availabilities of calcium and phosphorus in nutritive salts for grass carp, as determined
by the chromic oxide indicator method, were as follows: (1) availabilities of calcium: 81.3%
in calcium lactate, 26.4% in calcium carbonate, 69.7% in monobasic calcium phosphate, 39.9%
in dibasic calcium phosphate, and O in tribasic calcium phosphate; (2) availabilities of phos-
phorus: 90.3% in monobasic sodium phosphate, 90.3% in monobasic calcium phosphate, 60.3%
in dibasic calcium phosphate, and 2.8% in tribasic calcium phosphate. The results of the ex-
periment indicated that the availabilities of Ca and P were directly proportionate to the solu-
bility of nutritive salts.
" Availabilities of calcium, phosphorus, magnesium, and iron contained in anchovy fish meal,
dehulled soybean meal, peanut meal, ground corn and wheat middlings were also studied.
Results showed that magnesium and phosphorus in the natural feeds could be utilized effectively
by grass carp, but iron and calcium could scarcely be absorbed. Thus, in order to satisfy
the mineral needs for the growth of grass carp, calcium and iron should be added to the diet.

Key words Grass carp, Dietary, Availability



