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I RSN A

LIS F R EEREFRFNRREAN, HEEREKERRMIIE 7
Ko RIGHRDARE, BERNE K& RAMEE, A1 Bk B RS0 KRR,
ETHEFRRE. FREREHREE 6—8% GRWHIRS, HRHWH, BEaBKE, M
KA R VR E LR SR A, WG, SARBARSKRE, ZRMEARK. 2K
FRE ,REH 10 BARLETEADITCR D,
#l HERETNAERERRREFMNA

Tab. 1 Experimental condition of mineral requirement for juvenile grass carp

B )’
#HeE v (CE &

CEHE) gk (EX) EkE()

el N B *

1 22 27&:;;'0 7.9 9.5 0.1 19.6

2 42 26&3;;‘;'8 6.0 9.7 5.6  21.5

3 35 29&2;?3'0 5.8 8.5 4.4 12.6

4 60 24&5;%'5 8.6 14.8 2.7 66.5

5 6 11.8—25.5 15.2%  21.1% 75.5  198.4
20.1) [5.3%  20.6%% 76.2  184.0

MY 32X KA X T XE)

1) Batch No_; 2) Feeding days; 3) Water temp. range; 4) Test fish size
*RATENHAA

** XEZH U. S. P. XII. No. 2 E4# Halver KMBTEA

IR 08 IR 45 K SR AR » S HTIUSE Ko SRR P KIR Y W %A 5.37—8.95 47 f
Ft,45 20.21—28.63 T /F} .48 1.34—6.69 =52 /T, 1 0.005—0.023 =72 /Fo

HARS%E Halver RERERBIDEHIT(E Do B ZHIRBITRF AR
2% 2 965.0 TR/ AF(FHKD), BEEENLY 760 USAFTRETE). $=.
P ARG TR R IR 2 8375 TR/ AFCFIARD, SR EH LY 90.1

BETH LSRRI E &, SIMAZRASRARRBEN. &MY
WEie kR, TS SR TENES L(EERITHE B SN E ). INE
B2 MENHTE, RIMIE 1 AESE T RHER R iR, FAREELHEY
BEAFHINRE (R 1 8R%, SERSNASRELN, ERARRRINATE
#)o

F—HRBBHERE L4 X 20) Bt 16 R ATME, PR ER 16 HiXE:
FRS, Hh SR AR 4 K, RIS 0.1—0.4(%), B 03, 05,07, 0.9(%)o #.
BB BB BURERRARTT 2 K BEE 0.04. 0.08(% ), # 0.02, 0.08(%), 4
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®2 BFUBEANES

Tab. 2 Formulas of basic experimental diets

R A2 5 1.2 iR 3.4, 5 R

Composition Experiment series I and II |{Experiment series III, [V and V
Ea
Casien 140 35
BB
Dextrin 30 33
SRR _ -
Cellulose 17—19 17—19
15 & i ,
: 2
Peanut oil 2
| REEER 1 1
Vitamin mixture

0.0003, 0.001(%), B 0.1 0.15(%), £5'0.001, 0.005(% ), % 0.005.0.01( % ),%E 0.001,
0.003(%), H 0.0001, 0.0005(% ), % 0.5, 0.8(% ) -

BoRRE, RAERR L (4° X 2°) &3 16 ARSI, B B 2% 4 X
SEL BRI SR 2 KB, KU RETHE 1 A,

BEMRBEHERR L(27), RIFS. 8%, m& 2 K%, DUERESH. S5, 5%
WA EER. M 1 AREMENRERA AR SEERBARBERN T B iR
%o .
FEAREIR TR 3 AR TA 1 AR IRBALHRE, UREREGREYE
MRS ERERERTEN 1 HEE T,

FAMRBAERIL 3 MKEBRETY  BHNRIRBAE KT, AYEETFN

1 B ETHREEEG/RBERE AEEZMR U. 8. P. XII. No. 2 ExH#/N Ha-
Iver fHETTEEILE

SHRE T ARSI AR ST AR AR 4R BES. MBRgeEN4E
AR XERHNWEE. B RNESELE G, R TERREE
L, BA S ERE LEREEF

St AEBTEKS K ERRAEHSEASFmAENGT B, 6. 8. Mm%z
FEEAEEEMENASEE, FEMRERLS. B.2.9.2.80% 1
e EE Jarrel Ash: 9000 EE FAE RN, MAF S NEAERREEER
BEENE B, VESSA EDTA FEE, MEE. BOJHARAERNHRB T & BERE
SIEER. KAV EE ARSI AER.

&R KW

(=) WEAFERDWRHIEINETE

B 1 RN R RR R, A 13, 1 4B NPT RN A
KRG BERSHIN1117% F108.8%, 38, 4 HEKEE, WMERSFI% 62.8%
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H1 HAAHRTLEREES -HIERBER
Fig. 1 Results of mineral requirement test for juvenile grass

carp in experiment series I

MBS ZAEERNIE

_F3 F-HERBRERRTEAKREYEEITHE
Tab. 3 Effectiveness values of different level of various eiements
in experiment series I

=
S EF s w8 s | w | ow | g | TEIR
R \\ Ca r Mg Fe Cu Co I K ‘S Zn Mn %%%
1 1 1 1 1 1 1 1 1 1 1 1 4.36
2 1 2 1 1 1 2 2 2 2 2 2 L 4.24
3 1 3 2 2 2 1 1 1 2 2 2 4.69
4 1 4 2 2 2 2 2 2 1 1 1 3.64
5 2 1 1 2 2 1 2 2 1 2 2 3.72
6 2 2 1 2 2 2 1 1 2 1 1 3.79
7 2 3 2 1 1 1 2 2 2 1 1 3.94
8 2 4 2 1 1 2 1 1 1 2 2 2.85
9 3 1 2 1 2 2 1 2 2 1 2 4.24
10 3 2 2 1 2 1 2 1 1 2 1 3.95
11 3 3 1 2 1 2 1 2 1 2 1 4.95
12 3 4 1 2 1 1 2 1 2 1 2 4.59
13 4 1 2 2 1 2 2 1 2 2 1 5.08
14 4 2 2 2 1 1 1 2 1 1 2 4,77
15 4 3 1 1 2 2 2 1 1 1 2 4,33
16 4 4 1 1 2 1 1 2 2 2 1 4.87
% K, 16.9 | 17.4 | 34.9 | 32.8 | 34.8 | 34.9 | 34.5 | 33.6 ] 32.6 | 33.7 | 34.6
M K, 14.3 | 16.8 | 33.2 | 35.2 | 33.2 | 33.1 | 33.5 | 34.4 | 35.4 | 34.4 | 33.4
B K, 17.7 | 17.9
K, 19.1 | 16.0

E: & KK, SRRAECES -4 KEEEEZM
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80.1%, WEKRNE 13 BAREBIE 8 4 177.9%, RITUERIE 8,4 AN LA
BB R, WEAZHEE 7% . 6% HANEE . ME 13, 11 HiAB AN G R RIT,
BEEELHAES? AR, BAANESEREEEEEXR, F 13,11 AEKEHR,
EAHRGEERS,.E 8. 4+ HERKRE . EARKER R

ABPAN EAFAEREMRPILHIRTE, UL B IME R A BN (RO RRE S5
R, HE RS E RER), BT H ST R & AP MR FEFRE (R 3), Bk 3
TER 4 T TRBND T T4 h, M RED S BB 8 BRI R (>0.20), H
FRDLES R R 1.18 Bk, Bk 0.49, % 0.36, 4% 0.30 k2, EASH EAFMAERKEWMEX,
BE IR B VBRI ERBR R e B NEmE /N,

FIHRRER (H2) RPEAM TR E - HKRERMNT, EEREELRE.

F4 B-HARARTREES N

Tab. 4 Analyses of effectiveness of the elements in experiment series I

T &K
Ca P Mg Fe Cu Co I K S Zn Mn
Elements
| s
1 K, 4.23 | 4.35 | 4.36 4.10 4.35 4.36 4.32 4.21 4.07 4.21 4,32
2 K, 3.58 [ 4.19 | 4.15 4.40 4.15 4.14 4.19 4.30 4.43 4.30 4.18
3 R, 4.43 | 4.48
4 K, 4.76 | 3.99
N E 1.18 ) 0.49 | 0.21 | 0.30 0.20 0.22 0.13 0.09 0.36 0.09 0.14

400}
) _ I
.%300- L m 10 M y e r.,z
s UiR N i 1 I ] -
g <IN % J 1 W 4 H j M
£ . g
% w M1 IMIH [N C I t 41 11 1N |1 =
H 1 b JBIZ BRI EIZEL .y A (U A " | M #
200 1 d A v v A A q / /] 11 b-3
B ’F 4 |14 A niH 10 N / =
2 1 | Rl 11 4 RN | =
2 (1 11 ¥ FRUBUENM I/ q jlbﬁi
5 ’ T in in § Hih
i A0 M iain v b | il
= 00 nin v Inin v 14 171 11U [
- d % 4 M | N 1 % V] N d 1
- A %
4 1A i L A % » p s 4 2 f r A
/ { o / g gy
1 3 5 7 5 11 13 15
Diets No

\

B2 SHEFRREER

Fig. 2 Results of experiment series II

/1 WMExR BRRE®E
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Hoh g 13, 11 AERKRR,WMERS 10 355.4% F1339.6%,.% AR ERE, 054
2.07F11.99, RI1AFEERAEMNY 2 ATEAT, F3.1HRKER:E, WMEEH
51249 199.2% F1223.2% ,Lb55 13 HEAZE 1 65, B A USSR R, 95126 1.17 F1 1.26, )L
WAFEQRAK 1 AF&aF

RS BoRRRERFTEIN

Tab. 5 Variance analyses on the results of experiment series II

FERR ¥ 5 A 5 B CI R
Source of Degree of F
variance Sum of squares freedom Mean square Significance
Ca 7.5 3 2.5 31.25 .
0.5 3 0.17 2.13
S 2.8 1 2.8 35.0 ok
Fe 2.5 3 0.8 10.0 ok
Mg 0.4 1 0.4 5.0
BE 0.3 4 0.03
Error
l%otaﬁ] 14 15

fEy R IR BIR R F>F % 0.0l HBE, F>F R 0.05+HBEMF>FR0.25 &

F6 NERETNEMERA=HARER
Tab. 6 Results of mineral requirement test for juvenile grass
carp in experiment series III

bz S b " , 5 3 5
a8 s HE R VEEMER | guzm | omemses pARRENE,
Gain ratio Gain ratio/day . sin ra;io/da
Diet No. (%) A Feed conversion (PER) 4 (%) ¥
1 170.7 4.74 1.95 1.67 2.89
2 191.3 5.31 1.80 1.80 3.10
3 173.7 4.83 1.96 1.66 2.92
4 153.1 4.25 2.19 1.48 2.69
5 224.3 6.23 1.58 2.05 3.42
6 208.7 5.80 1.69 1.92 3.27
7 190.0 5.47 1.81 1.80 3.16
8 175.0 4.86 1.97 1.65 2.93
9 140.4 3.90 2.39 1.35 2.54

*TRB A RAVEHT £, X 5 RPRATLHET, UBMROERARIEECGF %
0.01), #IER+LEE(>F & 0.05), BMESENIEABREEE(SF & 0.25)%,

EZRRRERGEROUE S HREH 8, 9 ARS. F o ANRNRMENER
AR A, HAEABRMEIE, B S HEAEEN I FRBERF 2K, MEIH
ME 29 Ko %5 AHEFEREY 2.05, LI 9 4H 1.35 B 51.9%,

MEZHRBERBETHES . R7 BRERARBREHFTENHNERARECF
7% 0.25), BiMERAREZ, b E —EER, SR MSmILNEREAEE,
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£ B=RABERFEHF

Tab. 7 Variance analyses on the results of experiment series IIT

Sourczj%f%vzgr‘iance Sum:\‘ifqu?ﬂres Degreae Eaf EEreedom M:?n sqzjare F Siéi;ni%cﬁce

Ca 1.3041 1 1.3041 14.22 *
P 0.8911 1 i 0.8911 9.72 *
S 0.1378 : 1 0.1378 1.50

CaxXP 0.0666 1 0.0666

Caxs 0.1326 1 0.1326 1.45

Pxs 0.2211 1 0.2211 2.42

L - ©:1535) @ (00917

S 2.87 7 ‘

E: BEAYFARENE CaxXP HAHEHE; * 2R F>F % 0.25, @&

- R ETR, BB BERERN EAMAE REMRANENRETE, HTHEN
TERBAIR, ENRTEZRBRALMER, | MR—ETRNFEREZNH MRS
— L RNER. BEAAREAG T, £ RERNK/NRT B8 B et 20,8
BAEHERN B, X, EERE SR ERR/NERN, ERMER R EIINEAER-.
T TR Z AN RER, RSB, BRENEAEREMER. RINEEN
BATV RS ENEREESAFER, EERSE QIR FEZHTE T

(=) EaRENETEEER

L E— RIS REE, METERSEKESVY BMERLRRT I B
3 BRGSO, B T BB AR, EPXETES R KT (a5 EN
BN EL. B, BIINEEaRKEELAE—FRB TR MHKH.
WL SR RRARN, B EITNA BAER D, A RN ERE B ETL,
FilL BARRR B 3 SORK , B BR80T & = kBRI H

2. OB HIRBER, X355, ﬁ%SAEEE%mTH%§m$mﬂ%ﬂ¥ﬁ
ZELE, XA QERR T 5%,

ﬁ-%ﬁ%%ﬂ_ g BB k= 4, n=4, ¢ =4, Se = 0.08, q§(0.05) = 5,76, T=

0.814,
GE. p =551, w= 668, =714, py= 721, XB u. -~ w fl u SBRES

1,2, 3,4 & BT BN MO EHECEY B EERREHH),
[y — o} = 1.17, 1.17 > 0.814 (T &)
I,uz — ;zal = (.46, 0.46 << 0.814
|u5 — #4] = 0.07, 0.07 < 0.814
| — ms| = 1.63,  1.63 > 0.814
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Fig. 3 Relation between different level of various element and the average
body Weight gain ratio per day in experiment series I

lm — | = 1.70,  1.70 > 0.814

WE1EBAELE 2 BV HARREE N VK, ZERE AT THEH, £/5
B2—4 KB, EERBRR.HBE/NTTH, ERMERNE4ENRS, EAlEXR
PEMA, EREES LT, 3.4 APZREEN 0.07, FRENE + SRAFCRE
& E Ko

B =683, m=1678, m=642, pm=651, MBHHENEERKPRIRIHRR
T ER/N, EZEB/NT THE 0814, R e BR/NOBIEEER, HANEREE
BE KRR S, mEHER, mBERER w5 w REZ 005, ZTBENE1
& BAREREE &E K.

Be m =677, m=1668, =600, p=710, HKE+ HBXEE5HE3IZEKE
IR EERE. | — m| =110, 1.10> 0814 (T{H), p BEEKX,ZREE+
EEBAERHE AT BR w5 wm ERK, Elffﬁ’;‘ﬁ;ﬂr KERAR—ERREAF, b
BEit—F R %

SHTRifIgE: k=2, n=8, ¢ =4, Se = 0.08, g2(0.05) = 3.93, T = 0.393,

Bi: m=1621, m=1701, |m— | =080, 0.80> 0393 (T{H), WHEEEK
FRFHREER, R EAMERMEAERSENEEMHABEARE 2 AE AR
RETHE R R KB B & K Fo

By o= 648, m=16.79, |m — m| =0.31, 0.31 < 0.393 (T{H), RKPHAWE
REEAR S BTSN GEE HEENEERR. RS, XM, BE2 58K
SERNE IR 55 K o

LREEB=MERLERNE. B ARG AN RAFRAETEERS, BiFs
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WEER: k=2, n=14, ¢ =3, ¢2(0.05) = 6.08, T = 0.986,

FB: =478, m =559, |m— m| =081, 0.81 < 0.986 (T {&), ZAENTHES
BAPFHRAFERCERAK, m EEKIEHE 2 58KEEEEE AP,

B o= 5.52, m=4.85, |u — m| = 0.67, 0.67 < 0.986 (T &), ZAHNFHL
BACPRAFERERS, wERKNHBOE 1 &EKECEREAE,

Bi: =532, m=>5.06, |m— m| =026, 026 <0.986 (TH), BRHERSE
KRG R E RN, 8 1 & BAEHSEE A E,

DLESTiR AL =Rk, 5. 35 11 BT ENEESEAFELKRT, HE&E
EREANTEREE K EAARKETREMERT Wik, F—FSDWEETER
FZAKPFHERIAFRER. BE 3 MRBERGE 6) (EERTEARARACEA LW ARKEE
WRP(E8) BAUSE 2 5EAEEHE 1 SEKPASHARBMESK,UEE
2HEEFERE 1 &2/FHE, UEKBE 1 2 KFEEHE 2 5B AKFAEKNE
B Ro Lifr Lk 3MRMASUBE 2 ﬁ%ﬂ@z\@%%i HEKPAMBmEES . #A

%8 SH.EHRBAFMTRREKTES N IANMRLR

Tab. 8 Comparison of the effect of different level combinations for
calcium and phosphorus, calcium and sulphur, and phosphorus and
sulphur, respectively, in the feeding experiment

51 w2 w1 B2
B 1 (P 47445.31_5 g3 | 6:23+5.80_¢ 49
2 2
B2 (P2) $.83+4.25_, 54 5-472;”6:5.17
Bl (SD) 4.74+4.83=4-79 6'23+5'47=5.85 4.74+6.23=5-49 4.83+5.47=5-15
2 2 2 2
B2 (52) w=4.78 m%ﬂ:s_% w=5'56 w—;Lss

BHRMAFA—ELFBHE—F45 o & 7 7 E5T KB, BBRELHE RN 8ok, Bk,
WAURIEREE 2 S Bk, UUBRBMILEE- AT, THLER#E 1 KFEHE 2. 1
ACFRIAE, HERMHGHIRE 1 AT 2 ACPRIBREMELEE 1 ACHH 1 AFRHEE
FIR R EREK 0.07, RIREANTLTEXWMNZES FLL BB | &8 ACPBR DL, Xk
B AR R A A R ER N, R HEMLE, RERE SHHS ELENER
SEE—Ho

4. FEALRR AT 60 RIEER Gk 9) XH A, B WAL R A &
KREUAHE R, AA 3 MuNEAMDEL BHNEM 1| M RER, KEIHF.
A 3RATHISFIIEE 454.3%, LB AH 3T PRIBERRE 17%, BERMELL B
HiF193%, ZHRBRIET HEI=HRARKSNEAMAREELTIEEE, BT
AETEEEAPARNRILESTNEER)T, ERT EAFRERRERBNTHHIT
EREE,

5. FEAIARIAT 60 RER (R 10) HH, RERE 1112 ATk, K&
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5 ATR A BN 3 BT SERERNRIK 162.7%, LEEZIEFRHINBR
I BEITTEAE 147%, BHREFEERE, XIERLTMERRFEH AHRATIE
ALJ7LhEEZ M U S. P. XIL No. 2 EFRMEAEIGM Halver REBTREETHAR
AERBE,

#9 oA RPERBETNEREFENER |
Tab. 9 Results of the discrimination test for the formula of optimum

, mineral mixture in experiment series IV

BEX SEFTbEY | FHEMESR | ZETHEY ZETHTY
Ehac] Wt. gain |Mean of three] Wt. Gain |Mean of three EAFHE Mean of three
Diet No. ratio parallel tanks| ratiojday |parallel tanks (PER) parallel tanks
(%) (%) (%) (%) (%)
1A 446.8 7.45 1.91
2A 444.8 454.3 7.41 7.58 1.99 1.92
3A 472.3 7.87 1.85
4B 384.2 , 6.40 1.54
5B 391.1 388.2 6.52 6.47 1.66 1.61
6B 389.4 6.49 1.64

v

#10 SEHFARPENREE A SERGATNHREARNRNLILR

Tab. 10 Comparison between the results of feeding with mineral
A obtained from the experiment series V and the results of feeding
with U. S. P. XII. No. 2 plus Halver’s trace element

w o s W &= & 3T’ EAREX 3ihEsy?
Diet No. (%) M E (%) (PER) BEORRE
161.4 0.96
BATEMEA 2 173.0 162.7 0.98 0.95
3 153.7 0.92
XEHHA 4 142.6 - 0.88
XIl. No. 2 5 159.6 141.8 0.93 0.88
e eE 6 L 123.2 0.83

1. Gain ratio
2, Mean gain ratio of three parallel tanks
3. Mean PER of three parallel tanks

GZEER, BEAMRAFRRREGTEABERAERFTBENHFIESTIERES Gk
11), BRI EAFMEARNFTRENEELTIREMEN 9.7% GBEN ARG ARBEESET
ELAMTEITE), MBS IRRESEKENLRLAITE, S 100 REA MY T
BEBMTENHBEEAR IR, REFEEITEBIS. .M. 2 EFXHNER
M2y, Ca:P:S:Fe:Mg = 18:12:9:2:1
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#11 BEHPRERATIEERS

Tab. 11 Optimum formula of inorganic salt mixture for juvenile grass carp

#o% B 2 A K
Salts )
BRI 12.287
I B4 47.424
b e~ | 4.203
W OB 16.383
o A 1.078
R B 3.826
B Om & , 4.419
W OB® OB 0.474
W OB & 0.033
WO 0.022
s 1k & 0.043
BOE 4 0.002
g 1t ®m 3.233
s b @ 6.575

B2 FaLHpINEAXORER

Tab. 12 Daily requirements of mineral in juvenile grass carp

N 352/100 .
Elements mg/100g Body wt./day
Ca 32.63—36.69
P 22.05—24.79
S 15.49—17.41
Fe . 4,10—4.60
Mg - 1.79—2.01
Co 0.045—0.051
Cu 0.023—0.025
Mn 0.045—0.051
I 0.005—0.006
Zn 0.44—0.50
K 25.0—28.33
Na 7.68—8.7
ct _ 20.87—23.46

() RB&afEiisy

FHAARERFNEAR, KRS S RENE 1.01-1.45% , KFHARTIKS &
EEFHE 0.92—1.43% , RHERT OB, KBHRSERBIER (K 13—15) FHFE
—#BN, B—BZHRRAFTE R AR S BET RRAT, F=HW ST REE M,
AMER, RAREAM/I T SHERAFNEARE SRR £F - . Z®hikkdh, Wil
RoAMEREEIRR MMM, BERREA, F—EFRHRBEN
Ry RULEAR BRI T R EHLE RN, BA & B2 4 BN E,

HEaMEISSE, FAMRRARARNEEEEY 0.15%, BEaHhAA3HP

- e
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®13 g —HNBRESERS*
Tab. 13 Body composition of juvenile grass carp in
experiment series I and I
) oW iR L8 EHEE XF A
e S i - — - -
V& B s B
1 80.27 0.25 1.13 15.73 | 18.70 19.90 6.26 7.17 0.775
2 79.81 0.57 1.25 17.28 | 18.50 21.09 6.28 6.73 0.890
3 80.61 0.46 1.15 16.68 | 19.74 21.02 6.59 7.85 0.781
4 80.53 0.33 1.12 16.89 | 17.35 20.11 6.49 6.55 0.847
5 79.87 0.43 1.23 16.73 | 18.86 21.06 6.00 6.65 0.712
e 6 79.72 0.36 1.25 17.43 | 19.69 20.40 6.22 6.17 0.867
7 79.78 0.32 1.16 15.33 | 19.16 19.81 6.36 6.98 0.840
- 8 81.48 0.29 1.11 15.52 | 18.58 20.92 6.09 6.85 0.707
#t 9 80.81 0.34 1.10 16.13 | 19.08 19.66 6.16 5.98 0.860
® 10 81.34 0.20 1.08 15.31 | 19.55 20.83 6.13 7.39 0.829
11 79.99 0.42 1.25 16.75 | 18.69 19.95 6.16 6.73 0.811
% 12 81.01 0.29 1.17 15.53 | 19.07 20.69 6.08 6.65 0.796
13 80.53 0.39 1.24 16.38 | 20.29 20.53 6.39 6.3§ 0.824
14 80.65 0.13 1.36 16.03 | 18.52 19.81 6.49 6.54 0.770
15 81.06 0.25 1.21 15.52 | 19.30 20.63 6.81 6.98 0.794
16 81.23 0.31 1.21 15.88 | 17.63 19.65 6.82 6.94 0.879
RLEHEIT | 81.89 0.16 1.45 14.91 | 17.86 18.40 8.17 8.24 0.804
1 80.45 2.00 1.04 16.34 | 19.99 21.50 7.56 7.95 0.85
| 2 31.10 1.80 0.93 16.24 | 17.68 20.68 7.04 8.30 0,81
3 80.10 1.96 0.99 17.15 | 18.31 21.54 7.47 8.33 0.83
4 80.09 2.04 0.92 16.64 | 18.38 20.38 7.27 7.89 0.87
5 81.10 1.63 0.95 15.76 | 17.45 21.31 7761 8.13 0.84
gy 6 80.25 1.61 1,03 16.72 | 18.16 20.63 8.13 9.76 0.87
7 79.99 2.00 1.00 16.71 | 19.55 20.84 7.75 8.82 0.85
— 8 80.21 2.04 1.02 16.54 | 19.07 20.00 7.53 8.11 0.84
# 9 79.60 1.75 1.10 17.41 | 17.19 19.80 6.74 8.43 0.88
R 10 80.49 1.49 1.05 16.65 | 17.89 19.48 7.14 8.62 0.86
. 11 80.46 1.33 1.07 16.66 | 19.73 20.73 8.01 8.46 0.88
% 12 80.08 1.50 1.04 17.22 | 19.40 20.38 7.54 8.17 0.85
13 79.65 1.32 1.10 17.52 | 17.92 21.53 7.14 8.63 0.85
14 80.52 1.23 1.06 16.88 | 19.47 20.82 8.09 8.24 0.88
15 81.12 1.32 1.03 16.19 | 19.22 20.76 7.69 8.40 0.83
16 79.97 1.69 1.08 16.92 | 18.25 20.41 7.58 8.64 0.83
RER® | 80.98 | 0.66 | 1.20 15.97 | 19.19 | 21.76 | 8.13 | 8.48 1.04

* RHAKSER. KRS MEEAEUD BRI FLBENHENLTELER
Moisture, lipid, ash and crude protein content(% on wet basis), calcium 2nd phosphorus content
(% on dry basis)

1. experiment

7. lipid
series 1I

8. ash

2. diet No.
9. crude protein

3. dorsal muscle

10. calcium

4, vertebrae
11. phosphorus 12. series

I

S. head bones 6. moisture content

13, before test 14.
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Tab. 14 Body composition of juvenile grass carp in experiment series III and IV

MAKGARENARDIAEE X8 HEE LA Bé%g) BB KB HEB

RS () | 5% | (%) | B(%) | | (%) &%)
1 82.18 2.57 1.20 ) 14.79 21.11 18.17 1.06 9.87 8.25 0.34 0.25
2 82.96 1.59 1.23 14.20 21.71 18.35 1.10 10.01 8.70 0.35 0.27
3 82.30 1.84 1.34 14.64 19.80 19.03 1.08 10.00 9.03 0.33 0.28
4 81.21 1.64 1.31 14,67 20.35 19.10 1.11 10.05 8.90 0.34 0.28
5 81.59 1.29 1.43 15.09 20.82 18.04 1.10 10.08 8.52 0.34 0.25
6 81.61 1.09 1.38 15,51 20.68 19.21 1.07 !0.07 8.89 0.34 0.26
7 82.45 1.21 1.41 14.95 19,50 18.23 1.06 9.75 8.21 0.31 0.25
8 82.15 1.33 1.42 14.70 19,68 18.01 1.05 9.60 8.24 0.32 0.24
9 81.06 1.69 1.30 15.63 19.96 18.20 1.00 9.71 8.32 0.32 0.24

HIEFT 1.98 0.18 1,01 15.31 18.91 17.55 —_ 9.07 8,12 0.28 0.23
A* 79.61 0.88 0.98 18.07 21.26 18.01 0.95 10.23 9,11 0.32 0.23

79.91 0.68 1.06 17.82 20.84 19.01 0.99 10.03 8.86 0.31 0.25

79.55 0.88 1.03 18.23 21.56 19.10 1.00 9.65 9.12 0.36 0.26

A

A

B 79.01 0.79 1.04 17.90 21.20 18.53 0.98 10.58 9.32 0.35 0.24
B 79.28 0.63 1.05 17.67 20.88 19.00 1.06 10.07 9.42 0.33 0.24
B

79.62 0.69 1.05 18.12 21.07 18.92 1.06 10.35 9.53 0.36 0.25

* A.-BARIXRATENGE A B HRAMTEREA.
%15 HRHilkEs MRS

Tab. 15 Body composition of juveniie grass carp in experiment series V

PR RE o, 1\7/}(. o HEL_ _dHJ‘J‘ RA hﬁ c 5.?(!} E 8.
oisture ipi s rude protien
Sample of dorsal muscle (%) (%) (%) . (%)
A* 78.34 2.10 1.14 18.24
A 78.11 2.21 1.16 18.45
A 78.76 1.98 1.11 17.00
ES 78.36 2.28 1.14 18,11
=% 78.09 1.20 1.10 18.49
ES 79.18 1.72 1.07 17.70
= 81.26 0.28 1.16 17.07

A —REHRRLRS TR AR R AN,
E—RXEZAHA U. s. P. XIL. No. 2 B RHBEKMECRIARFFEEH.

H—HAERARNELS .
#4 0.14% , £EHREFHE 3 MPHHE 0.14%, KR ASFENHE—F(E 16),
EARMENIRS R, B LLE 0.80—1.04% , BT H—HiRRHE DEAK A R
ZIKEBEREEN. FAMLAR, BENEAFMEIHSRLEEN 099%, AR
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#16 FARABLEREARAHARTHETRSR

Tab. 16 Mineral contents in the body of juvenile grass carp at the
) end of experiment series V

TERER(B)THE

Content of - ' ,
ontent o i # # % o i # = & &
element
(% on dry Ca P Mg Fe K Na Cu Zn Mn Co
weight)
HHEE
HEEAR 21.5 11.5 0.27 0.0002 0.037 0.20 0.0016 | 0.0030 — 0.0004
A BT 20.1 10.8 0.23 0.0014 0.036 0.25 0.0015 | 0.0020 — 0.0004
EEAR © 18,0 10.1 0.24 0.0019 0.081 0.29 0.0016 | 0.0048 _ 0.0004
HILA
(A AR 0.15 0.99 0.13 0.026 1.85 0.18 0.0009 | 0.0025 |0.00010 | O
AR 0.14 1.01 0.13 0.0013 1.56 0.22 0 0.0029 [0.00007 | 0.00004
EHAR 0.14 1.00 0.13 0.0010 1.50 0.26 0 0.0029 [0.00007 | 0.00007

i RAZFITMEHREKS BREHERBERES BEHTHIEIE
ABE—A HRSENBIEARTFESR
EHA—XRGARAENENNBE TR AT ARELH

LEEN 1.01% , EEBGHEHIEH 1.00%, +45—5(F 16),

WA, HSLBSAREY 18.40—21.76% 5 LB HESE 17.55—21.50% 1%
Bo RBEAMBELEESBILEHERE, RREALFESREBENEAHE—
B, BB ESRRAS— CHIRR DB BRI, K23 5SS R0 26— (%13
—16) BEAEMRRBEH AL SERGAERAAEAFRSTES R IIFEY 201%
F118.0%, BAMENEEANFRTSENESBEN, HLEEIERhADEHY
%o - _

EAMBRBYE, TR RSN SRANN, BRELENS T RS, RENESY
BB MARENE 8.12—115%, RREART F— “HRABPSHWRARARERLE
DN, HE S M SRR EA R, BEMRD, BUNESRERSEN115%,
RAHh AEK 10.8%, EEBIEFHH9 10.1% W RIEEBBER.

PR AR A S REESE%023—027%, =0 . ERRRNWEALER
HER (E=HABHRB L% 0.28% BN,

S BRNGEBEERSETE R B A AR B, 2R FAL IR IR S ST AR U (F16)
E, Rk, R SRR A A,

REHAHENESRSE, BAOIRBESN, EASHNBELBE A EEL, 2
AHARBEABALAEATIELRSGE 3 BB 18.20%, EELIER DM N
18.10% , MEEIRI 17.07%, LLIBAH AARE.

EEGIMER LA EAMEYMIEEO SRS 6.77 3/100 BF 41, B AR ARN
6.2277/100 ZEFH 41, MR EIHT 2 4.86 31/100 T4 i, BRI AR &1, R, 5%
LREVRFANENEANIBEASBENE (Hb 483—7.97%) bk, WETRETE,
R IS BN & R, L EMETREN &, BT ER (£ 17),
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Tab. 17 Blood composition in juvenile grass carp in experiment series V

B & iR =| m 7 %5 i & & i 7% %

Sample Hbg/100ml Camg/100ml MgmEq/1 Pmg/100ml
A 6.330 10.20 3.754 9.608
A 5.292 10.60 3.567 11.217
A 7.028 10.70 3.105 10.261
E3 6.403 10.67 3.859 11.696
ES) 6.514 10.88 4.105 , 12.087
B 7.397 10.20 3.912 11.174
B 4.858 9.40 3.017 8.608

E: BERR 15,

LRI, 6 A AR R R R & T L RES T kA SR E AR, R kA
LR ERERFNARMT5—8, HEHRBSNE ST J7 68 % 2 2 Mk i
A RNFBE, T ZEARE R

NEE 5w’

%?J;W??E,ﬁi?@ﬂiﬁ%?%ﬁ“?ﬁﬂﬁ,?ﬁﬁﬁﬁggﬂ?@ﬁﬁﬁﬁiﬁ@%iﬁﬁﬁiﬁ, B
KiB%, EEHIEABRZE, TIBANBETARFLEREEA IR, MHE K
AR BORYRART Y. ARTRENLIRTECEHRERENIT 12 AL L,
ARBIFRT 13 F, Hbxd 85 8 2 RN RB B Bl RS RUIHES 2
W B EEN EA MR EWLER, RIESBNEREARE., EANEEER
KR EAERERA,XES HARBHELY, i S GLRCREY, g Eads Ry
EHAER R AKX S B AR@BAER, AR T 6 FIiL 8,

FAMRIRBRET, AE4.0—200 TNHEARKBERERNN EIETENTE
WRR: EH TR 0.725%, &T HARE (Anguilla Japonica) F4E 0.27 %2, 4 g
#8 (Chrysophrys major) E45 0.34 %™, T8 (Salmo gairdneri irideus) Y 0.25% ™,
MER (Cyprinus carpio) 0.028% 7% FuPE A X B (Icralurus punciatus) 0.05% "% {955
BEBEZEZMIT, HAFEHRLEE. EANEIBITHREN0.49%, 5T H X6
TN 0.29%M, MERFTH I 0.6—0.7%", LLEHTER B 0.68%%, METE 0.7—
0.8%", @l (Tilapia nilosica) 32 0.9%™, D RHMAXBHEBEREER 0.45%1Y,
5 0.42% "R E, HAFERHL IR EAMBREATIRERN 0.04%, 5 HAE 0.04 55
FF, KT8 0.025—0.07 %™, FnEE 0.04—0.05%", WREAXEBHESEERTEE
B 0.04%, iEEH0.012%™, NEAFTEETHENSTEE, HAMEBETEARSE
0.09%, HT HABFELE 0.017%, LFHATBE 0.015%%, HAMBERTAEEHE Sppm
4% 10ppm, S5#EFH 3ppm B 12— 13ppm REAHARF", SULETFER 0.7—3ppm F
& 12—13ppm B AR—%, LLMAXBHEZEKFERE 1.5ppm HE", HAMETIAHA
B 49—98ppm, H T HLEFE B 15—30ppm™, B F 7 5—30ppm™, & TR X BEEF &
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(REFEE) 20ppm™, 5 Ketola Ir{EAL 845 F 60ppm Y H A M {AKFZEINA150ppm
MBS AL, M B EAFJHMRT O, EAMETARSH L.20po, LR EEA D
FAFE0.6—1.1ppm BE M, FAMBH Y TIREEY 0.34% , I FORBE BRTHLE,
B PR B Z R .

BN TS BENERYN 1.5:1, XRLERBEHFRRERR™EN, RE+
BEBLY 2:1 5 1:1 IRRHE, HAFR R hAE, HARBIORES, Btk 1:1%, 4k
BRZEOR 1200, RPNATNEETOR 101, MEEEK 2:1—1:1% BRAEMLHATRER
MELE R RIS B4 1:2—2:1 B RN,

BN B A A REEAERNEN, XERRBERN—AFIAR, EEER
Trsto EAFM A DS B0, RSN ET L AIERTHIEFERY: CarP:s:
Fe:Mg == 18:12:9:2:1,

HT AR ENERGEAMRRREEROENRTER, MARFRERERE
KHRKERS, Iﬂﬁb“{&ﬁ%l‘—]fﬁﬁif_ﬁﬁﬁ%o MATS T LR A R T B3R N
AEENREARE, RREARMN N AN TR Z RO EaE, S REE TR,
SIS A R DRSS, AREMRSALER, EEFOE%T
Lo

M TENEREENRE, FLEEERBERE, ANRBERERN—EMXIER,
BRI RE HIZER, AR NREB A RENEESG ARSI Fo ARRERE
EREFARKE FEFLEMINSFAKRS, U RINLES . MEHHES IR E
FRo _

ARBRAERRHERHRE, AT TIFLIER, KETREAR 1113 F
EHHRTRNFTER, EWRTXECERNERXR, RIAEENHERLEIELS S ES
9.7% > M B BHFHRER T XETRNEAER,, RPEZRIHEMARS , THEE R
BE%E,

RN B RIT E 2, Bk T ARG E R, M AR TR ARG R A &, HEEH
ENH SR, DIREMKRETHERRORE Fo 1 5 R T Bl X3E FUH i fa 2 (R Fn
Ao Wik, AEMENE, RAREERKMBEMARESREE, B4R 2L
HHNAATE. FREMAMMXECHANTIHRTE. XAS5 James £F(1982)71y
MA—E o ARBIGHEEZM U. S. P. XII. No. 2 EFHEEH INE/REBKMETT
REETEAMERFTENHIESLHE, & — N FiE.

FRYE RIS 25 SR IR T A RHR I HIWE 52, BUS T 91 B MR IR E BB AR RE P T
PR EAEEFERWIPPEES R HEFNZ—RERREHREIEREFIAE, M
AR TN BRI A ST R, TR TELTRER R L SE L BEET R G EERR
AFFF o
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STUDIES ON THE MINERAL REQUIREMENT IN JUVENILE
GRASS CARP (CTENOPHARYNGODON
IDELLUS C. & V.)

Huang Yaoiong and Liu Yongjian

(Ichthyology Laboratory Zhongskan University, Guanzhou)

Abstract

The L16(4°%2%), 1.16(4*x2%) and L8(2") tables of the orthogonal design method were
applied to the mineral requirements of juvenile grass carp in three series of feeding experiments.
In order to obtain the mineral mixture formula with optimum culture effect, the differentiation
tests using three parallel cement tanks as a experiment group were conducted in series 4 and
series 5 of the rearing experiments. Average body weight of 10.1 g, 5.6 g, 4.4 g, 12.7 g and 758 ¢
were employed in the experiment series 1—S5.The test diets consisted of casein, dextrin, peanut
oil, cellulose powder, vitamin mixture and mineral mix designed in the proper proportion. The
feeding tests were conducted in the 3X2X1m of cement tanks with slightly running water under
condition of the water temperature 27.5—31.0 °C, 26.0—30.8°C, 29.0—34.0°C, 24.1—31.5°C and
11.8—25.5°C in the sequence of the various series of tests. The results showed that adequate
amount of mineral mixture was 9.7% of a dry diet for juvenile grass carp. The mineral ele-
ments requires in a diet for juvenile grass carp producing the maximal growth were found to
be 32.6—36.7 mg calcium, 22.1—24.8 mg phosphorus, 15.5—17.4 mg sulphur, 4.1—4.6 mg iron,
1.8—2.0 mg magnesium, 0.04—0.05 mg cobalt, 0.02—0.03 mg copper, 0.04—0.05 mg manganese,
0.005—0.006 mg iodine, 0.44—0.50 mg zinc, 25.0—28.3 mg potassium, 7.7—38.7 mg sodium and
20.9—23.5 mg chlorine per 100 g body weight per day. Dietary calcium, phosphorus, sulphur,
iron, magnesium, cobalt and copper affected greatly the growth of grass carp fingerlings. The
adequate ratio between main dietary elements was found to be approximately Ca/P/S/Fe/Mg=
18/12/9/2/1. The feeding experiments demonstrated the proper amount and ratio of minerals
in a diet can remarkably promote growth of juvenile grass carp and dietary mineral deficiency
can result in the development of anorexia, poor growth, low PER and a high mortality.

The biochemical composition of dorsal muscles, vertebrae and blood from both the grass
carp fingerlings fed on mainly grass and fed on test diet containing adequate minerals were
shown to be conformity each other.

Key words  Grass carp, mineral requirement, body composition.



