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ARBEFE iy o R IRET R U TR (Girellamezing) ffERRACR Z B EHE & & -
T IRESE BT A RS U R MU R Ak 8 1 BRI B Iy R S R L P - R —
DI#)46#E5R4.1650.72 cm ~ YIAa#EEE6.51+0.53 g2 Ff 1A > FHEERPR s i feoky B BEEr o
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faky /NP S B PRI SR A R A T 1
B2 (Nayloretal., 2000) » KT s = K AR H
B AR PE AR et bz S BE A & - R 7k
HIEER S BTN A R #EY (Dong et al.,
1993; Rumsey, 1993; Burel et al., 1998; Riche and
Brown, 1999; Barrias and Oliva-Teles, 2000; Gomez-
Requeni et al., 2004) - H Fij /i i A /K Bt
HIEYIMEEE B LUK TR i % (Reigh and Ellis,
1992; Kaushik et al., 1995) » {HIR A S My E/KER
VEERDRHEF » FIREE ORI AR VIR SR N R B E
KK ESRREYIE R B2 - TR
WA JE e HE BRI 2 (Snyder and Kwon, 1987;
Floretoetal., 2000) Kk ¥i&E2Y/Eanyi#4e (Limand
Dominy, 1990; Sessa and Lim, 1992; Ezquerra et al.,
1997) » 15K R) BB Y BRI 1 R 55 [ 1
s PRI A YNGR ~ R - APl R
FAMZEYCR - e (spirdling BES&E
By fE ) 14 & B & (Becker, 2004; Soletto, 2005;
Spolaoreetal., 2006) - SR S E HIAE AT ~ B
(= IVCE = )al APy SRR A S T SRR S
L EWHEEER B ERBIYS R U CE R R
BYIMERECHERE (Belay, 1996) w7 IT-E
(Girella mezina) EfiEf2H (Order Perciformes) #¢
B Rl (Family Kyphosidae) I\ 1 f& /& (Genus
Girella) ; 2 {H FUIN-F-iR8 < oA 18 7 » Hrp
15 FE A ACERE (Froeseand Pauly, 2013) » 2
FoERAIAE 31 (AF - 2014) > R ERE - BiEH
R BB S DURE Ry 3 - 2 AEPSHEL ~ F il
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and Pauly, 2013) - 55777 IS4 Fa IR B it R it
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i ERDR Hh B o B LR S E Y MR B s
A - 3B s — 800

e RER T CERE SR KE e
IS SR ERRIR CERE & B
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CP40 ~ CP45 J CP50 » FBa etz p i 12 i
TRAF > BRERFEHY » i on SR B T - G
FRIGIF R W) aAHE R 4.16+0.72 cm ~ FiAHE &
6.51+0.53 g - FEFRE A FRP i (300 L) Hrit
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REKERRE - BRI 638 BT KR
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RAGE -
=

RS BRHEC 40 Tabled fiors » LA fky
(white fish meal) By 3= 28 BRI - oS AYad
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8.6%11) 4 FHARL o HF R AEETRHF R 2R A
IZKA R ER Y 30 - 35% > HEFEESZ)#R4E 2mm
BASFLISHITRI B R AR » 22 A SRR -
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Table 1 Composition and proximate analysis results of the experimental diets of the 1* trial

Inclusion ( g/kg )

Ingredients
CP35 CP40 CP45 CP50

Fish meal 55.11 63 70.87 78.75
Cellulose 21.59 14.4 7.23 0.05
a-Starch 13 13 13 13
Fish oil 3.8 3.1 2.4 1.7
Vitamin mix."' 1.5 1.5 1.5 1.5
Mineral mix.! 5 5 5 5
Proximate analysis (%)

Ash 13.8 15.4 16.4 17.6

Crude protein 35.8 41.2 46.6 51

Crude lipid 8.3 8.6 8.4 8.6

Caculated energy(kcal/100g diet)? 386.3 381.4 376.4 372.6

'Nice Garden Industrial Co., Ltd

*Caculated energy (kcal/100g diet) was calculated based on protein 4 kcal/g, lipid 9 kcal/g, carbohydrate 4 kcal/g;

carbohydrate = 100 - (crude protein+crude lipid+ash).

A& /5B (choloroform/ methanal, 2 @ 1v/v)
50 ml Fy¥EIR R - DIEE % (Nissei AM-3, Tokyo
Japan) 5000 rpm #E# 5min- FF Blchner funnel
EPE o WLAANGHER (21 1 viv) 50 ml ek - i
WA SE = AR A 0.03M &k
# (MgClz) 20 ml 58 R & 1088 - BN EIR
—&  WEIRE R R IR AR B R
AR ARk B [ A B = PP EE R ZE Y
HRDELEELGHEHEE S & -

(Z) AEBDH

FARHERRE B &8 R Micro-Kjedahl (1Y
533 (AOAC » 1984) #i43HT - HUERHE T 0.29
LL90Omm i (Toyo - Japan) 7 » IAGIRE T
TR > A KoSOs: CuSO,=9: 1 Hufi{b# 3¢ »
BEESFEIIA 10 ml 18 N [iEmRE » LR E M
TMARE B 3 EdEE (Buchi 435) » 5L 210CTH
24, 30min - &% 560°C > % 2hr 2SR Ik
AR R RESAK LY » (EECAA M %Al it
SyfFsE R > DISUREEERIIER (Blchi 339)
HEHMMEE R FRIEEATHEAESE-H
By BT E (o VA TR s v o3 7l Ry« 30 ml ZXE
7k ~ 75 ml G4 k4 (NaOH, 40%) ~ 50 ml ffif%

(HaBOs, 2%0) KeifiE FIRfER (H2SO4, 0.1N)  $RETAY
A HEH (%) = [6.25X0.1X LOX Wi E &
(ml) X 14/47 8 (mg)] X 100

(=) RRERDH

1. BeE (weight gain, WG)
WG (%) = [(final weight — initial weight)/initial

weight] X 100%
2. FRRECRAR U H R, (specific growth rate,
SGR)

SGR = 100X In( final weight/initial weight)/days

3. B bR DL SPSSHfiE Hik HEET T HLIA T3 S Bk
E53HT (One-way ANOVA) » 5 S [HH
ZH (p < 0.05) » 7L Duncan’s New-multiple
Range Test FLi 2 i PR AH 22 5 < S -

4. Primgs (Broken-lineregression analysis) @ $T#i
TGRS RS ELASEER i B A &
TR RS ARG BB R s
B T ARRER Ry BB IR SR TRGE
BN IR R AR (NRC, 2011) -

B ~ DURheseky I sy B I T
Bz
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Table 2 Composition and proximate analysis results of the experimental diets of the 2" trial

Inclusion (g/kg )

Ingredients
SPO SP25 SP50 SP75 SP100

Fish meal 63 47.25 31.5 15.75 0
Spirulina powder 0 15 30 44.98 60
Cellulose 14.4 14.55 14.73 14.93 15.1
a- Starch 13 13 13 13 13
Fish oil 3.1 3.7 4.27 4.54 5.4
Vitamin mix.’ 1.5 1.5 1.5 1.5 1.5
Mineral mix.' 5 5 5 5 5
Proximate analysis (%)

Ash 15.4 13.8 12.4 11 9.3

Crude protein 41.2 41.7 411 41.8 42.5

Crude lipid 8.6 8.4 8.6 9.2 8.6

Caculated energy(kcal/100g diet)* 381.4 386.8 393.4 402 405.8

'"Nice Garden Industrial Co., Ltd

*Caculated energy (kcal/100g diet) was calculated based on protein 4 kcal/g, lipid 9 kcal/g, carbohydrate 4 kcal/g;

carbohydrate = 100 - (crude protein+crude lipid+ash).
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H SEABE I ETRIRT X > 7390 12F 91 00-9 1 30
KR 4:30-5:00  SEREFIR R IE - BEHER
FHFRAAREETHEE > IORR/KERVIRE - SBEIIR
3t 6 H > FFEIR/KIR R HR K 23 - 25°C - AR
H 1R WFPERT 1 KR -

= BRATRHRC R

R BDHEC 40 Table 2 AR » DI #aky

R EETRHBENE IR ERE &R 411 - 425%
FERERT &5 8.4 - 9.2% 1Y 5fHEPE! - K2 HHIFRRE
&Gt 0 IkRIER EEAY 30 - 35% » #EFET 5% -
K 2 mm EAFLASHIPRRIB R BOIR - XA B
HZMERE - #E 40°C > 15hr HZREET - DI-20C kAR
7 IR ERE R BT T -

=~ ik

FHEE AH ~ HE H AT SR B RbfeR o0
A B — -

B — ~ i MR el E R

e T8 a e R 3R R fe ok R A
SRk 35% ~ 40% ~ 45% ~ 50% - fiE 6 5 %
LIEREHIE)] Table 3 ~ Table 4 Ed Fig. 1 ffi7R »
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10.78 - 11.66 cm » ¥R R FHEHLAMY 6.51 - 6.61¢
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Table 3 Growth performance results of the 1% trial for the juvenile Girella mezina fed with the experimental diets

Treatment Initial weight(g) Final weight(g) Weight gain(%) SGR(% day™) Survival rate (%)
CP35 6.51+ 0.53° 11.75+0.55° 79.90+4.96° 1.40+0.01° 100
CP40 6.61+0.56° 13.11+0.92° 97.97+7.87" 1.63+0.02° 100
CP45 6.51+0.56° 13.06+0.67° 100.20+6.71° 1.65+0.01° 100
CP50 6.48+0.58° 13.1+0.71° 101.88+5.70° 1.67+0.03" 100

Values are presented as mean + SD (n=20)

Values in the same column with different superscripts are significantly different from each other (p < 0.05)

Table 4 Whole fish proximate analysis results of the juvenile Girella mezina fed with the experimental diets in the

15 trial

Treatments
Compositions (%)
CP35 CP40 CP45 CP50
Moisture 78.40 81.20 75.00 76.00
Crude protein* 71.76 72.87 69.60 76.67
Crude lipid* 15.28 18.09 20.00 15.83
Ash* 5.09 7.45 8.40 6.25

*Expressed as percent of dry weight

BN 11.75 - 13.11 g0 B4 E SRR, 79.90 - 101.88%:
FERE R Fy 1.40 - 1.67 % © fEaTor s SRR -
1EiA B AR R ER R ok Z IR = B A IR A2 3
e SRRy Ehe 4 = o N IR e N E 5 E=$ 27
i AZEL > D) CP40 ~ CP45 ¢ CP50 5 3 iz il
R TR CP30 #H s ; B ERIT TRy
97.97+7.87% ~ 100.20+6.71% Eil 101.88+5.70% - FH
ZEA CP30 AN 79.90+4.96% ; SGR HIIZM ik
1.63+0.02% - 1.65+0.01%%f 1.67+0.03% » FE=E A
CP30 #H1 1.40+0.01% ; FRESCR A IEHEEbEE
BRSPS BTN LT EE S LT
R SRAG A B Iz SRR R R D 3 £k
HHORy BRI BB T Ry 40.23% (Fig. 2) -
NRC (2011) &5 @ falmodE BT RES Ay
FaRE ~ KGR~ BERE - R EL ~ FORHE DGR
BB VB REE AR A AT ANE] « — i U E
BYITHEAE TR 35-55% @ AiEARA
eRas (Bowen, 1987) » {H Gl il HE & &
EBR T SRR AR ERIRE - R E R TR
(Shiau and Lan, 1996) ~ j54L/kK'EZR95E (Li and
Lovell, 1992; Lovell, 1996) o %} H:fh fa i 524
H o BERIEABE (Epinephelus malabaricus) %
HBE T R E# s 44 - 50% (Shiauand Lan, 1996) ;

BhiE bt (E. coioides) W HETR KEKIRy 48%
(Luo et al., 2004) ; HpE/|\MiE (Pagellus bogaraveo)
IFHE HEFREKI Ry 40% (Slvaet al., 2006) ;
wifigf (Acanthopagruslatus) Ay FHE R RKERT R
40% (Zakeri et al., 2009) ; 7R (Pagrus pagrus) %
R R BT K& Ry 50% (Schuchardt et al.,
2008) ; FafthfFefs R - g RMAE - B
HEFIMER - NRESEHEAEFR KRG
PREERE ORI falE - B EREFEE R
HE & &I mrsss -

AEEBAEREUR » [ERMMHE SGR 45k
1.40+0.01%~1.63+0.02%~ 1.65+0.01%~ 1.67+0.03%"
e Bkl rh s HE & B INE B S feEE
B 50% HHA RO LEAS SRAT HA SR i
seh A HRESS - fUfs - EEE SR 35- 50%
AR A B (Lutjanus argentimaculatus)
(Catacutan et al., 2001) ; FBE S & 15- 28% fl
B & (Diplodus sargus) (Ozorio et al., 2006) ;
EHESZ&E 35 - 5% @R i i
(Heterobranchus bidorsalis x Clarias anguillaris)
(Diyaware et al., 2009) ; FEHE & & 45- 65% AR
R HEME (Mdanogrammus aeglefinus) (Kim et al.,
2001) » R R S FEE GR h E HE & Y
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Fig. 1 The body weights of the juvenile Girella mezina during the experimental period in the 1% trial. Values with

different letters indicates a significant difference (p < 0.05).
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Fig. 2 Broken-line regression of weight gain (y) over dietary protein level (x) of the juvenile Girella mezina in the 1% trial.

it BTy o ARFFERAT RS R b Feis R A
AT = 5941 > NRC(2011) $5H FHAMH LB R
FERIR - MHERAE K E B TR E Ry RE R
fEFE - Bl R S T A AR K B B o
FERME R R & DUOR R B R A AR E
T - Y E Rk EERE T - R SR A
Ky S Rt e EICE M (Francis et al.,
2001; Gatlinetal., 2007) - Kbt » T 247 5 /K E
BRE P BHE RO RAE LT > SELEAERANTIE L
BERATE FIVATERIAS IS TR R B B R R ER
FIFR ~ BB RBOR IR - KBS E BrRt o oAt
MEMERNEZEBRELEEERAA

(Oreochromis niltoticus) (Amirkolaie et al., 2005) -
@ (Cyprinus carpio) (Hossain €t al., 2001) ~ X4
PEfiE (Salmo salar) (Refstie et al., 1999) ~ i fi
(Oncorhynchus  nykiss)  (Ovrum-Hansen  and
Storebakken, 2007) -~ Bx M ¥ i (Dicentrarchus
labrax) (Leenhouwers et al., 2004) F1 JF M &z
(Clarias gariepinus) (Leenhouwerset al., 2006) Z:hff
SUSEREHE - EBAE RN SR 10% 1K - e
HREBYRIRE ERIH LR G X EIRE S ST
FERE Ry NS TERBHEA B IH LR B
T P A I A U e R VB SRR - BRI
JEMEZ BRI TR 4 - 8% Y JIVER S Iy b sy
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Fig. 3 The body weights of the juvenile Girella mezina during the experimental period in the 2™ trial. Values with

different letters indicates a significant difference (p < 0.05).

EAVEE - TEE TRy RS I LlERY 73 10
0% L] LU AT A I S Y PR 2 S I B3R
RRIIRIER] 5 $BAfE R R IE LR & TR E ] RE
TE A R R B AR BB & 0 BHK TS
B IRITEIRMATEEL (Leenhouwers et al., 2006) -
Rl 2225 DL SO - BERAE B CP35 fHiz Ak}
Bc 5 P 7 B o AR K 43 T R 0 A A 3R
21.59% - {HZRTE 22 BT Feal R A va MRS
HHEE LR R - AR R EEER
BC 7 s N AR 32 R NS IR R =% - R R
KRB RS e s 2 -

TERSAHER TS5y A B ERS SR2  A E B
s T HRER BN EE AE & =Rk 6 ik
WA H'E & &A1 69.60 - 76.67% Z[H - HLAE
H'E & EfEE e E O E & ' nmA L
2 AR E IR R A AHE RS fE B
S (Paralichthys olivaceus) EE HE &= 35 -
65% MR (Kim et al., 2002) ; A& & BB
(Cromileptes altivelis) & 48 40 - 60% 11 &%}
(3F, 2006; Williams et al., 2004) ; fREHER UG ET
FE'E 0-56% Ak} (Shiauand Lan, 1996) ; £
Bfgfadt (E bruneus) HE'E 40 - 60% &}
(F&, 2009) ; Lfhtsesafa N E & &S

e ER R B E S E NN - ATSERTS
fi AR EE bt Feis RABHERT -

AFEEH AR (G. punctata) AEFTETE T
ANEEEE &R R B gl R 8T T T
(3=, 2014) > ARWFFERTTRE RELEZ T T U R B
/o RhE TR N LERERE S 8L
40% PI{SEIREE RIFCRERCR © HATTERS
SEEPRNC TR AR - AW R IR w1t
ISR T B Bt B o & S H Rk
O 5 B AR IENE A R E S R R
FERAEE 6 Bk DUE HE & 2R 40% ZHTAA R
R R R Ry e RE AR A BRSO, -
AW FERE R e LT A TEREE R E S R
A0% Ry e » T R] DARE RS SR AR A S w1 I - fi e
BRRITTEZ EREE Y

BB ~ DU ey I Copy B sty I
TR

EBT TSR Bk s R e ek B AR
BHER EE B2 U5y 0% 25%-50%:
75%~ 100% - {7 e Fkiy e ks o P - BE AR AR
Saalkh ML & w35 Ry 40% /e A4 - Bl 6 8%
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Table 5 Growth performance results of the 2" trial for the juvenile Girella mezina fed with the experimental diets

Treatment Initial weight(g) Final weight(g) Weight gain(%) SGR(% day™) Survival rate (%)
SPO 6.61+0.56 13.15+0.92° 98.70+6.26° 1.63+0.01° 100
SP25 6.48+0.58° 12.93+0.71° 99.68+2.41° 1.65+0.02° 100
SP50 6.53+0.58" 12.93+0.67° 97.52+1.29° 1.62+0.03° 100
SP75 6.53+0.56° 11.75+0.55" 79.36+6.36" 1.39+0.02° 100
SP100 6.56+0.52° 11.740.54° 78.35+5.75P 1.38+0.01° 100

Values are presented as mean = SD (n=25)

Values in the same column with different superscripts are significantly different from each other (p < 0.05)

Table 6 Whole fish proximate analysis results of the juvenile Girella mezina fed with the experimental diets in the

2" trial
Treatments
Compositions (%)

SPO SP25 SP50 SP75 SP100
Moisture 81.20 77.80 81.60 84.90 80.00
Crude protein* 72.87 77.03 7717 74.83 72.50
Crude lipid* 18.09 13.06 11.96 15.23 19.50
Ash* 7.45 9.46 6.52 6.62 6.5

*Expressed as percent of dry weight

HEFAG RN Table 5 ~ Table 6 J¢ Fig. 3 AR © 2%
fH S 2 8 R B4R Ry 4.19 - 4.67 cm B i |
10.61 - 12.53 cm » A SRS E FHBAIAYY 6.48 -
6.61 g BefiE] 11.74 - 13.15 g » WER) 78.35 -
99.68% » FiikIRR Fy 1.38 - 1.65% © it it
BLER 0 LI SPO ~ SP25 F SP50 3 3 M2 ERK
RETEHBIT SRR 5 SPO ~ SP25 Jz SP50
& 3 fHMEE R HI R 98.70+6.26% ~ 99.68+2.41%
Bil 97.52+1.29% » HAZE Y SP75 K SP100 2
79.3616.366% ~ 78.35+5.75% ; SPO ~ SP25 Jz SP50
= 3R AR Iy 1.63£0.01%- 1.65+0.02%
B 1.62+0.03% - EHZE =Y SP75 K SP100 2
1.39+0.02%¢Ei 1.38+0.01% ; SPO ~ SP25 k; SP50 £
3 HH I B R B TR R SRR = R L RAH 1« A
It Fe B HoAth SRR Bkt vh DU Y 1 2 VB U A
¥y PHBA T2 A AL RS SR ¢ e (Morone
saxatilisX M. chrysops) SaJfsHEC 5 LUK SRy ELA Fa
¥yl 75% (Gallagher, 1994) ; £ 5E#H (Sparus
aurata) @ B I I OK 58 WA 50% fa Ry
(GOmez-Requeni €t al., 2004) ; Tort et al. (2004) LA
B I R AR Foky # BB BE I - VR E TR

27% ; Zhouetal. (2011) DAREEZGRYEUA QAR TERR
AR (Acanthopagrus schlegelii) HY G & HJ 48 i
20% ; &F (2005) frFy#fiE (Rachycentroncanadum)
S R R A R DA IR R A ok B 40% 5
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Effects of Dietary Protein Levels and Replacement of Fish Meal with
Spirulina Powder on the Growth Performance of Girella (Girella mezina)

Y ou-Syu Huang®’, Wen-Liang Liao? and Y uan-Shing Ho'

!Eastern Marine Biology Research Center, Fisheries Research Ingtitute
2Ingtitute of Fisheries Science, National Taiwan University

ABSTRACT

This study was divided into two parts. In the 1% trial, we adjusted the levels of protein included in the diets
fed to Girella (Girella mezina), then we collected body length and body weight data to determine the level of
protein with the best growth performance. In the 2 trial, which was based on the results of the 1 trial, we used
Spirulina powder to replace the fishmeal used in the diets, and then collected body |ength and body weight data to
determine the optimal dosage of spirulina powder.

In the 1% trial, G. mezina juveniles with a mean initial length of 4.16£0.72cm and mean initial weight of
6.51+0.53g were fed one of four diets with different dietary protein levels of 35, 40, 45 and 50% for 6 weeks, and
it was found that the growth performances of the CP40, CP45 and CP50 groups were significantly better than that
of the CP30 group. The weight gains of the groups were 79.90+4.96%, 97.97+7.87%, 100.20+6.71% and
101.88+5.70%, respectively, and the specific growth rates were 1.40+0.01%, 1.63+0.02%, 1.65+0.01% and
1.67+0.03%, respectively. Considering the costs of the diets and the growth performance results, this study
suggests that the best dietary protein level is 40%.

In the 2 trial, juveniles with a mean initial length of 4.18+0.79cm and mean initial weight of 6.61+0.56 g
were fed on the experimental diets for 6 weeks, and it was found that the growth performances of the SPO, SP25
and SP50 groups were significantly better than those of the other groups. The weight gains were 98.70+6.26%,
99.68+2.41%, 97.52+1.29%, 79.36+6.36% and 78.35+5.75%, respectively, and the specific growth rates were
1.63+0.01%, 1.65+0.02%, 1.62+0.02%, 1.39+0.02% and 1.38+0.01%, respectively. According to the results of the
statistical analysis, the optimal dosage of spirulina powder is 50%.

Key words: Girella mezina, growth performance, spirulina powder
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