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$HEf8 Zacco pachycephalus HENENEREEREZE

R

ASBLUT MBI EEER  REEOEARR 7-56% LE 7%B—EHEEEMRE
B o s RS AR EEERS 370 kel /100 g diet DAFEEHHE # Zacco
pachycephalus $f ¥ BRI E HERUREFR R E - S—ArHEE =g §5E 12 BAE
flsheE (FrgES 1.28 g) Eﬁ/z‘iﬁﬂlﬁﬂﬁfﬁmﬁ’%ﬁq:‘ﬁ%%/\i@°§ﬁ%%§%§§ﬁ*ﬂ§ﬁﬁ@ﬁi2ﬂ%
ST GRICR R AT 1 A AT T (EEEELEEE 35% DIERYEFERIE
s E (P>0.05) » TS B A MR RIRITHERERE AT - KB E LA EE
ERETERES 37£2 g/100 g diet - 554 SARENEOENER - EHEERE - TG
S B L b S R AT B 1V S B T - R S A TRE R - AERED
BEBNEEELE A BEZIENTIEN - EEAEHERESR 35% DA B 25 46 B e R
=m  MAEMEEHEEN Y ARNEEERRE SRR KyEEAERESEEMEK
e AR R L E A B IgINTEN - R ESE SR E A% 24 /NEHEREEIEE

BEEZ (P<0.01) HUMRIERAR

B HEN > BERERR B BRNRMRE

YHE # Zacco pachycephalus (Gunther) 18 44 5T 58
() - BEHMF () - BHEF > SEETIRERE
ROEERIENE - SRR E SRR - BRIEE
RAKERRSE  BHEEN RREFELUKERSS
INE R NEEE - REEEY - HEE RS
Ey TR SRS » EiFE B EKREBRIBRIK
i BN EIFENHSERE SEERITARIER
TR > FME RS E R A -

EOE SR T ERS - TRALDTREER
IR ERF RS DA AT (3 B A E R RER AR
DS EERE  TAENREEENRRERA
f& - B SRR E R R BER T EMR - A
EEESETRIEEER 30 B 55%AEA - AR E RN
WZe R % B, MRS S RIF R E A BRI EF
HEEHMAS ARSI AENEEBEFAR

Ao, BIEME, MF4 (2000) $EEEE Zacco pachycephalus %)
IR BB R R R, KERATE, 8(1&2): 47-55.

Varicorhinus barbatulus® & & ¥ B [0 f& Zacco
barbata* g1 B EERT 1 TaconCRIHERAER
MR AR B L B R EAGTE 35 21 42% ZH -
S R E R R EY R 80% DR
s He R ) 5 3 AT (RIS SRR
SAEBEIRES?  EERENAFH B AR
Ve ETRITE BRI Rt AR BRI
S i e MR R B R T R & DU ERE
LESENEEERE - aBROHRRIYE -

MEERTTA

SEES TR RAN Table 1 AR > DA 40 B EFHEAERHY
sEFAT 0 (BR{E 11.82 mg KOH/g ~ R EIRARA
98.67 mg/100 g BEEEEIE - AIMEE TR
HS3EIE » S B - R B X BRI S YRR - Skt
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ERHEZEN 7% S—8@I8E > B 7% B 56% &t
BAERREE > BMRERERFIRR 370
keal/100 g diet HYZRERETEL - B E RGBS M AL
HYEEREAETEEER (Physiological fuel) fEZ#fZe » A<k

By

TEfRR— ke CEATE RN E LS -

KACEPEANEE I HIE 4 - 4~ 9 keallg T E#ESE -
BIRROMRREITE - IRk SRHE 585 - L
RRABEER 2 mm BOMIRERRL 78 20°C ¥ EESHE 10
/NRFRIRTERY-20C VKA - 1R ERATRS LUD REHEIT
T o BFEEHT 2 mm BYTERIFEEIRAE -

Table 1. Experimental diet formulations and proximate analyses.

Dietary protein level (%)

Component

7 14 21 28 35 42 49 56

Diet constituent (g/100 g diet)

Brown fish meal’ 1.96  11.35 20.74 30.13 39.52 4891 5830 67.69
a -Starch 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00
Dextrin 49.83 42.83 35.83 28.83 21.83 14.83 7.83 0.83
Squid liver meal 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Wheat gluten 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Soybean oil 2.77 2.77 2.77 2.77 2.77 277 2.77 2.77
Fish oil 7.48 6.41 5.34 4.27 3.21 2.14 1.07 0.00
Vitamin mix? 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Mineral mix? 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
CMC 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
a -Cellulose 9.96 8.64 7.32 6.00 4.67 3.35 2.03 0.71
Proximate analysis (% of dry matter)

Crude protein 721 13.67 22.89 2935 36.84 43.14 49.83 57.05
Lipid 9.32 9.91 9.46 10.79 10.05 10.08 10.47 10.46
Ash ' 3.94 5.69 7.39 9.06 10.83 12,52 14,27 15.96

' Sieved Chile brown fish meal contains (as % of dry matter): crude protein, 74.55; lipid,

11.38.

? According to Moon and Gatlin (1991) "2, Vitamin mix contains (as g/kg): ascorbic acid,
50.0; dl-calcium pantothenate, 5.0; choline bitartrate, 100.0; inositol, 5.0; menadione,
2.0; niacin, 5.0; pyndoxine-HCl, 1.0; riboflavin. 3.0; thiamine mononitrate, 0.5;
dl- o -tocopheryl acetate (250 IU/g), 8.0; vitamin A acetate (20000 1U/g), 5.0; biotin, 0.05;
cholecalciferol (1 1 g=40 1U), 0.002; folic acid, 0.18; vitamin B, 0.002; cellulose,
815.13. Mineral mix contains (as g/kg): Ca(C,H,,0,)*5H,0, 348.49; Ca(H,PO,),*H,O,
136.0; FeSO,*7H,0, 5.0; MgS0,*7H,0, 132.0; K,HPO,, 240.0; NaH,PO,*H,0, 88.0;
NaCl, 45.0; AICl;*6H,0, 0.15; KI, 0.15; CuSO,*5H,0, 0.5; MnSO,*H,0, 0.7;
CoCl,*6H,0, 1.0; ZnSO,*7H,0, 3.0; Na,5e¢O,, 0.011.

B AR BT R R AR A - &

Dadget (eSS HED SR 50% Hisa & 9%)
BLNEIPE (BRI HEOSE 48% - His& &
10%) BB BREM - B EERBRER

ABRETL - FEBRIAHERAT —E R AR A S BR kA
B SHUMERAAERREDESER
SRR S AR - BABRIRLL 60x30x30 em (2 B/ AH
ET FKFERE 12 BF9E 1.28g HISIE

{ERYFER TR
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—REBERHEE S B - SHRERRERRARE
E 6% » T ERECRIAN 4% - IR BE
LRI ANEE | RS R ER
8 SRERE—R  BRBEARARKGEE - AT
AR E—EREERAN - SENTUKEGR
1.2 Imin » S EESHEKPER - HHEE - THER
% - pH ERBEES/KERSE  BRI9ESEVE
B TiRER AR K REEETE 23-28°C - BURHER
HET/GE -

RESREERE - S AylER 48 NIFRFER—
% Bip—/NSREEKEEN _RALIMS 222 8
FERRES - S ERASTIALEK 4 1210 | BB
th SR NGEIBREE N KRR R ZE KRR FE
251°C » 7 24 /NERIREUKE - DUHIEMEEER
R kP EEIEEELL Phenol-hypochlorite BEEIE L
" e KR TLEE > DRI RRIF RS
FliEEE > DISTERT#LL (Hepatosomatic index) &
EBELE (Viscerosomatic index) :

FTAEEL(%) = (FFBRE) (AR E)x100

PR LR (%) = (WRE)-(FREE)x100

EBLUKGRESEABAREST S TLURGIYE
DT LB AT - RSB Ky - HEREEIK
SRk AOAC Z AT BEERI LR 9 FE
(2:1, viv) BEIRZ " - L RETE (Percent weight
gain) ~ EPEIAER (Feed efficiency) ~ DARFMEAREE
FTRIE O EFI RN EHERE (Protein efficiency

Table 2.

ratio) BAEEBEETE®E (Productive protein value) Y
FEAAT ¢
R (%)= (ARG E)-(FEEFIE)x100
BEISEER (%) = (A B B ) (B INEPRIE)X 100
EOENR=(EBeE) - EOERNE)
EHEEER%) =(ABERENER-ERER
EYE)x100
SHESEIE DB BB (One-way ANOVA) K ET
ERSSEARREZER > Bl SAS BEERE
(Version 6.11) B » ZREE/KEEE a=0.05"

RS

R/ GEN S B REE R0 Table 2 An - AHEH
S v R R AR R SRR AR R 1 E & BRI N
e EINELESED 35% ENEEKE
REMEEE =R (P>0.05) » {BFE 42% %2 BHERE
KR BRI RIS TRRAUAEES - IRt S
SRIE BN REER 35-42% ZIH - MHEEA
KR ER DT EsasEE=t (Broken-line model) Hy%&
2EITE (Two-slope broken line)"V#fiatRiSHH =
HWEEEHETRES 37+2 /100 gdiet (Fig. 1) 5
M ZHAENEOERE PIR) BEOHEEER
(PPV) HEZFEETRIEAE & BN Rk
Hb o FEEEEL (HSI) ERREREELL (VSN M RERTRIE
HE S ERIEImEA (Table 2) -

Growth performance, feed utilization and morphological measurements of fingerling Zacco

pachycephalus fed diets containing graded protein levels for 8 weeks'.

Dietary protein level (%)

Pooled s.e.
7 14 21 28 35 42 49 56
W, (g)? 2.27¢ 3.344 3.74 4,14 479 4.85° 4.65% 443" 0.17
PWG? 77.21°  160.60¢ 193.73% 224.51% 274.11° 278.37° 264.54" 245.09" 12.72
FE (%) 23.45¢ 38949 4421 50.74* 58.34° 59.34*  53.68" 49.93"  2.17
PER? 3.25° 2.85° 1.93¢ 1.73¢¢  1.58% 1.38¢ 1.08f 0.88 0.07
PPV (%) 48.85*  43.88"  30.60° 28.38° 26.70¢  23.33¢  18.17°  15.01° 1.58
HSI? 2.69° 221 2,140 2,09 2.02° 1.97¢¢4  1.86%™  1.70° 0.06
VSI2 10.47° 9.11° 8.49" 8.43  7.79% 7.63¢ 7.26°  6.99 0.25

TValues within the same row with different superscripts are significantly different (P<0.05).
2The abbreviations are as the follows: W;: final body weight (g); PWG: percent weight gain; FE: feed efficiency; PER:
protein efficiency ratio; PPV: productive protein value; HSI: hepatosomatic index; VS| : viscerosomatic index.



50 52506 0 BIEE SRR 4

AR ITER (Table 3) SR > AEBEE
BHE KO EBEECEHEZIFNENESE
TE BECEERANELESE G
@ EFERREE R E SR 35% Ll ERy&AEA]
HEEZR (P>0.05) - MERETEE 0 E RS £l
NEEZRSSECEE Ko BENHEEE R

Table 3.

2B BENENESEZIGMTmENm - 3
N BRRSEERETZEREENEAESEMN
RIMERENMENTE - ANELDE S R E#M
R 24 /NFHERESFEBAOBRA Fig. 2 R
AR EOESBESREEEE (P<0.01) A%
B -

Carcass proximate composition (% on wet basis) of fingerling Zacco pachycephalus fed

diets containing graded protein levels for 8 weeks'.

Dietary protein level (%)

Pooled s.e.
7 14 21 28 35 42 49 56
Moisture 67.52¢  67.98 68.20¢ 68.89" 68.91" 69.55%  69.49% 70.09 0.33
Crude protein  14.64¢  15.00% 15.33« 1577 16.20" 16.26® 16.17* 16.34° 0.16
Lipid 14.01*  13.64" 13.00¢ 12.21°  11.78¢ 11.36% 10.82¢ 10.46' 0.24
Ash 3.10 3.17 3.07 3.09 3.12 3.25 3.32 3.34 0.09

' Values within the same row with different superscripts are significantly different (P<0.05).

360

300

240

180

Percent wieght gain

120

60

1 - 1 ! 1

0 7 14 21

Fig. 1.

28 35 42 49 56 63

Dietary protein (%)

Broken line analysis of percent weight gain in Zacco pachycephalus fed diets

containing various protein levels. Values are arithmetic means with vertical bars as £SD.
Line 1: Y=291.05-6.54(R-X ) and Line 2: Y=291.05-2.38(X-R), where R=3722(SE), X5
stands for X values less than R and X, stands for X values greater than R.
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b

JHE A 4 T R R AR R R R B L E
2 BN INTEhN - (BFE 35%H SRERR R KA
SRR AT TR SEREANEOE S B2
—FRRAENREGE THRNESIEERER
fErSE Th R IR 20 « ARGAEE T - TELLAR
R B EIETAAHEERE 370 kcal/100 g diet F
F i B R DU R R R S S RIS H el
FRE L ET R B 37+2 g/100 g diet (Fig. 1) » ft—
ANENEERBRELTCHAEAENEOERR

BE  — A8 35 % 42% ZM ERAEARL
) SR R S A AR ALY 29-34.8% ~ B

[£6H 32.0 g/100 g diet R AR #Y9 32.71 % CR
k) ME > HEEYANARERERTRERS -
4t TSRS AR EHETE REDHS
% fn Cyprinus carpio %) f ) 38%"%" - E
Ctenopharyngodon idell f87EH] 41 B 43%% ~ (&
Hypophthalmichthys molitrix $fa#] 37 Z| 42%123
K-GEEE Aristichthys nobilis FaFERY 30.1%%Y ~ R KEF

% Labeo rohita §1fa 1] 38% %%~ F & Mylopharyndodon
piceus BTER 41% %O LUK & 5 TS Barbodes altusHE
A 41.7%%

FEASET - AER PER B PPV REETRIERE
& BHETITRHE (Table 2)» iEfEAEH EEF A
BERIENES B R IR SEN S AEITHER
e 0 W R EEERRREHNES
ELARAEESHEOE T AESERAEY ™
SORREY HHEARERES T i AR A TR 24 /NIFRUREETE
HEEREANELESEETMEN Fig. 2 B& > 78
Bifa 88 DU %6 (A STTRIRG L PER 2 PPV {ERHEMMA R
HMEEENTS  ERAENARELERREARE
HETRRIENFF B SREESIE, - R IEERE
MEREIEIE B BEIFIRER (Protein sparing effect) 2
FEr—-RENEEREY  RBFARNTERESE
s > HTHEEOEHEENS ERAERES
Rychly® 25 3 B 4701 28 (G BRIE Ik L &7
BHOR  ITRRHEE R e TREF S thisd -
SEHB KA A y S E AT R i P R R R AR R
HYEE TR B EmE HE R -

800
700
600 X
R?=0.91
500
400
300

200 r

Accumulated ammonia excretion
(mg/kg wet weight)

100 |

Y =11.76X + 7.66

0 7 14 21

Fig- 2.

28 35 42 49 56 63

Dietary protein (%)

Correlation between dietary protein and 24 h postprandial accumulated

ammonia excretion of Zacco pachycephalus. Values are arithmetic means with

vertical bars as 5D, n=48; P<0.01.
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TERRRITZRE L M E A HSI FEETR B LSS 810
SghmuE> (Table 2) » B RERETRIRSAEE 61
HrhEOE S BIE MRS BRSNS - 5
HSI EL RN & B 2 IEARARURE (R7ESR 68 Bydianus
bydianus"® - EE&t# Dicentrachus labrax®V ~ BEET
f Sciaenops ocellatus® - B Mugil capito™ B4
RAGHE Morone chrysopsxM. saxatilis®®RE 5B
B - —RHEWE 2 P B AT AT YAkt &)
WA T BE T B TR T IR 2 * 3429 « 5341 » VSI 81
HSI FHHHER RIS - B VSI BETR & HES BRI
MmiEA> (Table 2) » Henderson and Tocher® 384! » f&
BRI RS RER FER SIS -
TESRBERIEAER T - RV BT SR AR e RS
RERLERESRE L ESBAEINTTRYD - ERA
SHRLVEELARSERSNIEELREE (T ESH
RIS G LR R e R ek s -

HERBRUEOE SRR E AR AEEHE
EOSRMANEOEENIGINMIEN (Table
3 EEGEEOAY - E=awERsn’ . FE
@(18) . ﬁﬁﬁﬁ(m) N E]%\(ZG) . %%ﬁé‘é(“)&%ﬁﬁ{%ﬂﬁﬁ(%)
FRETGHRTG - AR HE A
BRIFESTRIE QB /g IMmEY - 7T faEh
FEEEEL S RHARNED T BHREY 17 1Y
e ARBASHNEEOEN e ER SIS
TBEREP » JESLIER L Arzelet et al.®® FrS 2
REERENEENENEMESHEENFESH
UIREREN T RENIEELEE  MUEErsE
BEB N FREARNRT THRUEE RS aER
WK & B B8 AS A5 T 3L » Papaparakeva-
Papoutsoglou and Alexis® 7R &5H - IS4 &
CREARRK LSS BRIQIMMIEN - MEEE
SRR T BB - B4 EAR
BB R EE AR BRI AT IR 5 B FEGE I A B HO1E S e
mne HERARNIKSSBAITZERERNE
T EHEUAMBTEHRENECaENELE
FOREF I LB FER 8193 .

ARBBERENHE A HERNELENE
HERER 3722 % MEMAENEAERR - &
HEEEE - FFett - NIRELL - ARHE g EEls
BEERLIKER 24 NTHEEIE ESEE T
HEOESENEE - ANAENEHEOENE:
ERFHNLRERE  Hb@EaHTRLiER
(Digestible energy) BYZ5 K HACF A & EEHA]

HIETY BT B S M e
SR LA R 4 Y 6B B £ R R I

(Protein-energy ratio) -

B At

FHRFEZACRRHITESRERZES (90 BRl-1.1.2-Kk
-A1(01)) BTEIE T B - SBRHRIRA S AR 18 -
DR ERBRERR A EREEBEEER  E SRy
e
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Dietary Protein Requirement of Fingerling Zacco pachycephalus

Abstract

A feeding trial was conducted to investigate the optimum dietary protein level for maximum growth of
fingerling Zacco pachycephalus (Giinther). Brown fish meal was the primary protein source in the study. Eight
experimental diets containing 7 to 56% protein with 370 kcal/100 g diet were fed to three replicate of 12 fishes
(mean weight: 1.28g) for 8 weeks. Both percent weight gain and feed efficiency increased with increasing dietary
protein levels up to 35%, but there were no significant differences (P>0.05) for protein levels from 35 to 56%.
Protein efficiency ratio, productive protein value, hepatosomatic index and viscerosomatic index were inversely
correlated with dietary protein level. Protein content of fish carcass increased with dietary protein levels up to
35%, while no significant difference was found in protein level higher than that. Carcass lipid content generally
decreased with increasing dietary protein levels. Carcass moisture value exhibited a negative relationship to lipid
content. The amount of 24 h postprandial accumulated ammonia excretion in Zacco pachycephalus was
linearly related to dietary protein level. Application of broken-line regression analysis to the percent weight gain

provided an estimate of 37£2% dietary protein for maximum growth in Zacco pachycephalus.
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