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WE. NP5 2 AR KB A 3 ( Epinephelus lanceolatus x E. fuscoguttatus ) X1 ¥ & H R &K, &t T
BHEAKTF 5K 37% . 40% | 43% . 46% F149% 5 %5 NeSFRER kL. K MUAR 1 BE P 39 0 B AR BB A
(341.29 £5.72) g, /MM ATEAT VIR AT E A (83.93 £0.30) g, BN 15 B, FHEER 3 AF17,
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Effect of dietary protein level on growth performance, plasma

biochemical indices and flesh quality of grouper ( Epinephelus
lanceolatus x E. fuscoguttatus) at two growth stages
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Abstract: An eight-week feeding trial was conducted to obtain the protein requirement of groupers ( Epinephelus lanceolatus x E. fus-

coguttatus) at two growth stages. Five isolipidic and isoenergetic diets containing 37% , 40% , 43% , 46% and 49% crude protein
were fed to triplicate groups of 15 groupers [ average initial body weight : [ (83.93 £0.30) g, I1(341.29 +5.72) g]. The results

show that the weight gain rate (WGR) and specific growth rate (SGR) increased and then decreased with increasing dietary protein

level, and no significant difference was found among treatments at the second stage (P >0.05). The SGR reached to the maximum at
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43% protein level (P <0.05) at the first stage. With increasing protein level, the feed conversion rate (FCR), hepatosomatic index

(HSI), viscerosomatic index (VSI), serum cholesterol (GHO) and glucose (GLU) decreased significantly, while the total protein

(TP) increased and then decreased at both stages (P <0.05). The muscle ash increased at the first stage and then decreased at the

second stage (P <0.05). The flesh drip-loss rate and cooking loss rate decreased, while the pH value increased gradually, and the

muscle hardness and springiness increased and then decreased with increasing protein level (P <0.05). The results indicate that the

protein requirement of the second stage was 40. 94% , and that of the first stage was 43.44%. The flesh quality at the first stage was

better than that at the second stage.

Key words: Epinephelus lanceolatus X E. fuscoguttatus; feed protein; nutritional requirement; growth; flesh quality
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KTERES . HEHEEBREREE—KH,
2012 4 D)3k p AR P i — B ZE 1.9 x 10°
t, 2015 AE B REEME 2 x 10° t KKk F 2. 18 x 10% ¢,
Hitt, WKAREHREFRARULELEEFRY
. Mg KB A RE BB U EE

HAERTARAEHRERMR FEEPTFE
H AT —Fh ks A B A K AR, XA
RS A B AR ARDRHR T AL A b B 5% el e it
FRA B, ZLE B TEMRAREEH KRS
AFERAEABE AR RIS ERREm, A
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1 MRSk

1.1 SREER

DAy, KREWRAEE H BRI T ZahiEY)
HEUR, R A D 3 R W AR K A S ok
W ZEHBT S MEE UK D1(37%) . D2
(40% ), D3(43% ). D4 (46% ) F1 D5 (49% ) (%
1) &MiaRHER e, TR R 40 H
fifi, hntadh. SRBRARFIELGNIEE S FIRS, BE
JEIMAEREIK (2 35% ) BEFFI ST, T BURAT 5
FHL(F26, TINAERE T RY) $YE R ER S mm

RTEY, S&RHL(G-500, J7HNAERE T K%)
TR PR R, T 5 3 A 4853388 T - 20
CRIERFFH .

1.2 XWiFitREWER

SEIG 0k R R BE (¥ 1 BE A Epinephelus lan-
ceolatus X 13 S A B E. fuscoguttatus) , FEHLPEIE K
A% 225 B R/ANH A A B [ F K&
(341.29 £5.72) g] F15 MMFE(1.5mx 1.5m x
L.5m), B4 15 B, BHMRE 3 MEIT. LRE
K PR ARG B RE VK PRI AT T IR b
FERAKEM(3.5mx 5.0mx 1.5 m) FREHF, A
KA G TE G IR K, PRIGELERR. L
ek KNI ST /NG A B 225 B[ ¥R
(83.93 £0.30)g] F 15 1" M4E (1.0 mx 1.0 m x
L.2m), ®AMEE 1S B, BHEE 3 17, %
B 7E B K =R B rg 1K = I Ry
Feab g ih fHER R I

LT aRET AT SRR R 1 BT YIME, i
BWHE N A TEA R FREI . SR S A
WhE, B3 AEE, BRMERR 2 K(8:
00 F116: 00), KA ABEAILIR 1 h J5 FIT R
WEGREAZEME, R TFHkER 173, M
FIEBE 1R, AREBES.

FROEIEIA 8 J, SEI I R) g K g B WA A B
BERBL, HeFEXKR. BEFAMIETE,
FERE Al K I 28.0 ~35.0 °C, pH 7.5 ~8.2, #hpEF
32~34, BRAE(DO)K6.9~7.3 mg-L™", &HE
(NH; -N) Ja# <0.1 mg-L™",

1.3 HmRESLE

FREE 8 A5, YU 24 h, BUFE. a4
Bith, AT &M AR RNA 2= A R A )
FRIE(1 2 10 000) , FRERG M ALK SR, 1T
B, ATHE. FEEREMERREOTE. N
BAMFEPHEYLE 3 Bal AR E. KK, AF
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®1 ZBREABER(FE)
Tab.1 Formulation and nutrient composition of basal diet (dry matter) %
FEHKF protein level
37% 40% 43% 46% 49%

4145 fish meal 48 48 48 48 48
KE 45 E H soy protein concentrate 0.3 5.5 10. 8 16 21.5
A4 peanut meal 5 5 5 5 5
& ¥3 wheat flour 20.5 16.7 13.5 9.5 5.4
WP B% £ beer yeast powder 2 2 2 2 2
EKIEH com starch 9.5 8 5.8 4.5 3
17 fish oil 5 5 5 5 5
KEIIBERE soy lecithin 1 1 1 1 1
Y R R vitamin premix 2 2 2 2 2
WY EHIRER? mineral premix 2 2 2 2 2
S ALJEBR choline chloride 0.5 0.5 0.5 0.5 0.5
A PN K squid viscera powder 3 3 3 3 3
A 4:ZE cellulose 1.1 1.2 1.3 1.4 1.5
AW Ethoxyquin 0.1 0.1 0.1 0.1 0.1
JELAT total 100 100 100 100 100
BFERSYy/ % proximate composition

K43 moisture 7.21 6.46 6.31 7.23 7.38

FEH crude protein 37.00 39.99 43.11 46.07 49.23

FAEH crude fat 9.99 9.96 9.9%4 9.90 9. 87

E\‘E‘E‘/M.l'kg_l total energy 17. 04 17. 04 17.03 17.03 17.03

. © SRR IET mmkHR4t: VB, 21. 25 mg, VB, 38.25 mg, VB, 17 mg, VB, 0. 085 mg, VK, 8.5 mg, [JLE%680 mg, 7% 51 mg, M
R 170 mg, M8 1.02 mg, YK 27.2 mg, VD;4.25 mg, V102 mg, V. 1.7 g, FALAERR3. 4 g, ZEFEMEM 127. 5 mg, H/PNEHR 2. 15

g @ Y BRBURA L AT Se iR AL

: NaF 3.4 mg, KI 1.36 mg, CoCl,6H,0 (1% ) 85 mg, CuSO,-5H,0 17 mg, FeSO,-H,0 136 mg,

ZnS0, -H, 0 85 mg, MnSO,-H,0 102 mg, MgSO,7H,0 1.14 g, Ca(H,PO,),*H,05.1 g, NaCl 170 mg, ik 1.66 g
Note: (D Vitamin premix provides the following per kg of diet: VB;21.25 mg, VB, 38.25 mg, VBg 17 mg, VB;, 0.085 mg, VK, 8.5mg, inositol
680 mg, pantothenic acid 51 mg, nicotinic acid 170 mg, folic acid 1. 02 mg, biotin 27.2 mg, VD;4.25 mg, V3102 mg, V;1.7 g, cho-
line chloride 3.4 g, ethoxyquin 127. 5 mg, manna-croup 2. 15 g; (2 mineral premix provides the following per kg of diet: NaF 3.4 mg, KI
1.36 mg, CoCl,*6H,0 (1% ) 85 mg, CuSO,-5H,0 17 mg, FeSO,+H,0 136 mg, ZnSO,-H,0 85 mg, MnSO,-H,0 102 mg, MgSO,*
7H,0 1.14 g, Ca(H,P0,),-H,05.1 g, NaCl 170 mg, zelote power 1. 66 g

AREEAEW TR, ZJEH 2.5 mL 35 SR E# K
ORI, REMMBA 1.5 mL WELEH, EiRE

B1h, REARFEL (3500 remin~", 10 min, 4
C), BWRTE LESET 0.5 mL ME.LEH,
- 80 CYKAE AR A7 LA I i Y A AL 8 A% . BUIMLJG B
AREafRENE. FFIEREERY R, ATES
RV HTIE (e %, FFR R L), R
W PNIEEES . FFM B L RIE E - 80 C 117,
Z R @R S U B ERS . RESEE
TR AL FH FHLR B RS A, RERL A T
A4e & T - 80 CIUkF IR

1 E Z (weight grain rate, WGR,% ) = 100 x

[ RAEFE(g) - PIABE (g) 179 &E(g)

158 A K & (special growth rate, SGR,% ) =
100 x [In KK (g) - In FIA T (g) I/ R
(d)

1A 22 % (feed conversion ratio,
Tkt SRR (g) /3G ik BT &t (g)

MR F5 %k ( viscerosomatic index,
x WAERTHE (g) /B (g)

A5 %% ( hepatosomatic index,
x R () /A i (g)

AEY# B ( condition factor,
B (g)/[ K (em)]®

FCR) = M}

VSI, % ) =100

HSI, %) =100

CF,% ) =100 x A& i
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Bit) s LG >R AR IRah 2 B0 ( LUA ik ok
5T, Soxtec Avanti 2050, Foss Tecator AB, Fi
+); KArR A 550 C Ly pesk 8 h il
(FO610C, Yamato Scientific Co. , Ltd. , HA) .
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MIEAACFR PR ZFE S A YA U O I o il
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B HWm=EE, RH B AR R A 4 8 sh A ey
Pril e (ROCHE-P800, #R/AH], Hit).
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1L.6.1 WkikFE  B—ERERHET RN
W, 4 COKFRFH24 h, 48 h JFHRER,

KPR ZR =100 x [ W AFRT & (g) - WG
Bt (g) ]/ AR (g)
1.6.2 ZEEMKE  B—EREIHET IR
W, Wk S min, BWHFET K, REEXR
JER R

AREPIRE =100 x [ ZER R (g) -ZBEF
Btk (g) /728 E BB (g)
1.6.3 pH  JERT pH =4, pH =7 Ml pH =12
PHER AL o

B—EmRa A LHERUILA, 4 ChaeE 24
h, 48 h J5, HNLRFREFMAERL 19 53, R
sz pH™
1.6.4 Jubille  SSEREMUIAESHEY
4rHr (LFRA-100, 3E[EH) A TPA (texture profile
analysis) BTN M . MRS HCh: BEREA
6 mm KEAEFHES, WIREEH 0.5 mm-s™', ¥
AR 60% , 43I LA B B8R S e 28R
B JFOIR B L3R ) | R EE (BYEAEM B I8 o
1.7 HiFsHELE

SIS K FH Excel 2013 F1 SPSS 20. 0 5444y
Pr, DAEHEAKERE R #HATH R R I 24017 (One-
Way ANOVA) , JfHUERAH BRI B EN . F& 400
FFAEREXS, J17 Duncan’s ZH LA, HFHE
EMoESRERE [ BIRESE 5% (P <0.05)
KIVFE o 3 DNEEEIE M EY LU P HE £ b
HE2 (X £SD) " IR

2 4if

2.1 Ft&EKMEBERRMm

KA A BE D1 ~ D3 4H K5 2R H /KB,
W MERMRE A KRR, D3 ~ D5 43
. E R E AR KR AR K5 nE E
Mk, HRITREER(P>0.05)(3K2)., HERE
BEFE H 7K -3 i 8 35 Pk, D5 418 &K F DI 4,
HHMHAZER A RE (P >0.05), 2 4 IR
7 100%

PR ) S5 ARl X /INRUAS A B £ AR KRB Y
MR 2, LA AP AMERNEEEAE KR
WIS AR, D3 1 D4 HBER FHMA(P <
0.05) . TR REPBEE B H KR IAEITER, D4
DS 4HBEMT HAth#H, DI HEEETHAM4 H
(P<0.05), BRIEZREH 100% .

Z TR BRI R KA AR T RN
40.94% , NI ABEOEHT R R 43.4% , WE
LI AMARIG R, ARAMEAT RERFK(E L,
K2),

KIS AR AN, BEEAKTEY
Hehn, D1 ~D3 20 e B BE & 2R 1 /KT B3 o
fi%, D1 HEBZE & FHMA (P <0.05), MEEH
TR B3 I A AR L R A L S 2 R AR, D1 41 B3
mT D5SH(P<0.05)(%3),

NEIRE A B, AR EL RN L B B K
SR N S E BRI, D2, D3, D4 1 D5 48] 8
%2 (P>0.05), WEZEM/KTF DI H1(P<0.05),
JIES 5 B B 2 K 34 IS W RAIK, D1 ~ D4 %5
AEZE(P>0.05), HEEETF D5 4 (P <0.05)
(F3),

2.2 MALAEEFRBRS M

KA ABEANRK S FE S FREN & &
AZEEHKFHENE (P >0.05), &HK5FHHE
H & B R HACE eI R E RS, F4E TR
EEFR(P>0.05), RAKSEREHABFEEKP
<0.05)(%4),

A [R) ST Ak Yot/ INALAS A BRE £ L PR 4578 3R L
IR . FABIAKSMHEA SRR
MR, FREHIREE B ACERG I TR, (HRAE
BEKFE(P>0.05) , KABEE HAKEHEINA B
B, DSHBEET DI 4(P<0.05), HAbh#Ha T
BEEF(P>0.05)(F4),
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x2 EAKFMH2AMERKHEAMEEKEERANZIN
Tab.2 Effect of different protein levels on growth performance of groupers at two growth stages
#5847 index DI D2 D3 D4 D5
KHHE A BE 4 second stage grouper
WA R (W, g) 338.18 +6.57 340.71 £13.58  334.50+12.58  349.68 +5.02 343.40 £8.90
HWE(WG,g) 273.28 +17.25  281.32+28.38  291.61+15.22  271.79+10.39  263.24 +16.51
WER(WGR,% ) 80.73 +3.57 82.70 +9.33 84.77 £5.20 82.02 +10.01 76.73 £6. 12
FeE K (SGR, % ) 0.99 +0. 03 1.00 +0. 09 1.02 £0.05 0.96 +0. 03 0.95 +0. 06
TR Z % (FCR) 1.52 +0.08" 1.36 +0. 08" 1.32 £0.04* 1.30 £0.07" 1.24 +0.03"
FRIE 2R (survival , % ) 100 100 100 100 100
INIME T REA first stage grouper
WIEHERE (W, g) 83.77 £0.38 83.87 +0. 50 84.43 +0. 60 83.97 +0. 57 83.63 +0.29
HER(WCR,% ) 185.39 +13.76*  193.20 +9.71"  208.86 +10.23"  208.00 +7.04"  184.63 +9.37"
BEAEKE(SGR, %) 1.07 £0. 12* 1.17 £0. 04* 1.29 +0. 08" 1.26 £0. 06" 1.09 +0. 10*
TR 2B (FCR) 1.66 +0. 18" 1.55 0. 14* 1.43 £0.02* 1.40 +0.02* 1.30 +0. 03"
FRIE 2 (survival , % ) 100 100 100 100 100

T FHE cifEE, n=3, FFIRRIFZHFREREE (P<0.05), JFREL,

Note: Values are X + SD of three replications. The values in the same row with different superscripts are significantly different (P <0.05). The same

case in the following tables.

1.04, ¥=—0.000 9x°+0.073 7x-0.504 3

y=-0.005 3x°+0.460 5x~8.740 8

2_ 1.40r 2_
R=0.7320 1.02 R=0.9302
1.02+ ® 1.29
® 1.30F
o E 100t 0.99 g
= % = 1.20f
T2 098 T
{i};jn #H 2110
#= 0,96 5
=g £ .
= 0.94 £ 1 43.44
0.92F 0.901
0.90 : : * * * : 0.80 * 5 . . . +
35 37 39 41 43 45 47 49 51 35 37 39 41 43 45 47 49 51
K% EHKF%
protein level protein level
BT A 54T R 8 KX RS £ B B2 ZWIEE A FE KRN
REE A KRR 1 P R E A KR R
Fig. 1 Quadratic regression analysis of special growth rate for Fig.2  Quadratic regression analysis of special growth rate for

second stage groupers fed with different protein levels

2.3 ¥miEE KRR

TR A B £ 11035 2 1 LR KR R
FI/KSF 9 38 I e T 5 )5 K, D3 i E R/ T DI
(P <0.05), i 4K 2 H 7K H 38 hn iz o fE
ik, D5 HEBEMT D1 H(P<0.05), SHAAT
BEERF(P>0.05), JHREEREE E HKEHE 05
FH JE AR, D3 B E R F D4. D5 4 (P <
0.05) . FRPRLE /K SEXT KA A B I T 25 73 5

first stage groupers fed with different protein levels

KB SEHRAMMH W= LEEZ WP >
0.05)(%£5),

Bl R ARSI, /INBILAS f B 1 775 2R
F5E FFHE A, D2, D3 4B E R T DS 4 (P <
0.05)(&5). FAMBEHEHMEK, D4, D5 4B
E(LF D1, D2 4{(P <0.05) , IMUHEFIAH E B B 2 1%
fK(P <0.05) . I %5 4% PR % 220 Il AN 4% B 5 o g 2 ¥
Fm, (HAR TR EZEF(P>0.05),
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F3 EBEKEN2ANERKMBEARERSFIERNRIE
Tab.3 Effect of different protein levels on morphological indices of groupers at two growth stages

F4% index D1 D2 D3 D4 D5

KM A BE A second stage grouper

AR % B (CF) 2.85 £0.25" 2.51 0.30" 2.51 £0. 13 2.70 £0.13* 2.64 +0.17*

JFAR L (ST, % ) 2.27 £1.26" 2.18 0. 88" 1.88 +0. 80* 1.76 0. 36* 1.39 +0.29*

BEAA LG (VSI, % ) 8.48 +1.74 8.46 +1.10" 8.08 +1.45% 8.10+1.31* 7.04 +£0.94*
NI A BT first stage grouper

JIE BE (CF) 2.33 +0.38" 2.12 £0.58" 2.07 0. 60 1.93 +0.33" 1.41 +0.52*

JF4A b (HSTL % ) 1.98 +0. 66" 1.74 £0.35% 1.51 +0.28* 1.51+0.22* 1.75 £0.37*

JIEAA L ( VST, % ) 13.24 +1. 18" 12.07 +1.01* 11.56 0. 88* 11.47 +0.90* 11.76 +1.23"

F4 EBAKFXM2NMEKHRERENABEFTRS S (FRE)

Tab.4 Effect of different protein levels on muscle composition of groupers at two growth stages ( dry matter) %
H Kar Fix il HES
group moisture ash crude lipid crude protein
KIS A BEAE second stage grouper
D1 77.05 +0. 66 5.71 £0.08* 6.46 1. 11 89.67 +1.17
D2 77.49 +0.38 5.93 +0.09" 6.47 £1.14 90.81 +1.45
D3 77.38 +0. 14 5.81+0.15® 6.42 +0.7 90.95 0. 81
D4 76. 66 +0.97 5.62 +0. 08" 7.30 +0. 17 89.44 +1.38
D5 76.28 +0.70 5.72 £0.24® 5.92 +0.39 89.12 +0.47
INHIAS A BE L first stage grouper
D1 77.51 0. 49 5.63 +£0.07* 6.52 +£0.32 91.45 +1.04
D2 77.19 £0. 15 5.74 +0.10* 6.50 +£0.48 91.64 +0. 84
D3 76.99 0. 36 5.74 £0. 12* 6.41 +0.10 91.32 +0. 67
D4 77.12 +0.18 5.72 £0.06® 6.10+1.14 91.02 +0. 63
D5 77.15 +£0.27 5.83 +0.06" 6.09 +0.97 90.90 +1. 67

2.4 AP AR BTRY R

D5 41 (P <0.05), 4524 F145 96 /NiHULPY pH 91

B B HACE RGN, KRS A BE LA K
Mg RE FERFEM, DS B EFM|MT DI H (P <
0.05), SHMMATEEXEF(P>0.05), JLAE
BIERBWEAR, D1 M1 D2 HBEE T HAMSA
(P<0.05), %5 24 Ff1%5 48 /NeT LA pH B E T 5
(P<0.05) HE 48 /NETHY pH 5 F255 24 /AT, L
RITERE . M SE A R R REAR, D2 F1 D3 4 B35
F D1 4(P<0.05), WAZE TR EMEZR (P>
0.05)(%£6),

B R AT, /INRILRS F B £ UL P R 7K 5
RRGHKET R, DI HEEHT D3, D4 4 (P
<0.05), ZZZEBREZWEMK, DI HEERT

THE, 24 MR ERZER AR E (P >0.05),
5596 /Nt D4, D5 41 BT D1 (P <0.05),
FABAREANPBERE ., SR EEm, HE7RA
B3 (P>0.05)(%6).

3 Wil

HEHRAARS TYRFRE 65% ~75%,
TEAEMENAERNEFREBEM, EWEIIAH
SR ER . AAEH MR K FEZ R
ELE AL AR FIFE IR At RE R 55, e et
KHRAFABERENEESEY . BEAFRR T
P RERTRRLREER, ©0 LHRETRH
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Tab.5 Effect of different protein levels on plasma biochemical indices of groupers at two growth stages
$85% index DI D2 D3 D4 D5
KHHE A B4 second stage grouper
p(B&EH) /gL' ALB 5.35+0.21° 6.60 +0. 85® 7.65 +0.78" 6.30 £0. 71 6.73 £0.21*
p(BEH) /gL' TP 36.40 £2.61* 36.4+3.81%  40.67+1.35"®  35.50+1.61*  36.97 £2.35%

AREEM/U-LT ALT 531. 00 +467.93

490. 67 £236. 86 492.33 £107.48

391. 67 £160.46  306. 00 +206. 18

BB /UL AST 24.67 £6.51 28.00 = 4. 00 31.00 4. 00 26.33 +2.51 23.33 +0.58
c(H M=) /mmol-L™' TG 1.50 £0.29 1.67+0.17 1.50 +0. 14 1.54 +0.34 1.64 +0.38
¢( Ifi#%) /mmol -1 GLU 5.26 £0.25" 4,18 +0. 84* 3.24 £0. 30 3.13 0. 61° 2.81 1.21°
c(PRE®EL) /mmol-L™" CHO  2.21+0.14®™  2.26 +0.34" 2.52 £0.05° 2.00 £0. 15* 1.88 +0. 07"
NI A BT £ first stage grouper

p(BEH)/gL™" TP 35.40 +2.33* 37.33+1.77"  36.83+1.37°  34.80+3.21%  31.73 +1.64°
p(HEH) /g L7"  ALB 5.73 +1.00" 5.83 +0. 40" 5.60 +0.26™ 4.77 0. 42° 4.60 +0. 46"
BERESH§/U-L™" AST 16.33 +4.16 16.33 +4.93 18.00 1. 00 18.00 +7. 55 20. 00 +7. 00
BEEEE/U-L™ALT 445.33 £145.41  568.67 +146.55 767.77 £193.11 819.33 +218. 08 809 +229. 58
c(HM=MEE) /mmol-L" TG 1.67 £0.17 1.34 +0.06 1.56 £0. 17 1.73 +0.057 1.53 £0.0.31
c(IfiL#%) /mmol -L. "' GLU 3.49 +0.40* 3.32+0.37" 3.27 +0. 06" 3.29 0. 04* 4.66 +0.24"
c(REEE) /mmol-L~'CHO 2.72 £0.49" 2.33 £0.36% 2.17 £0.24* 1.92 +0.26* 1.99 +0.28*

®6 ERKFX2AMEKMERAHENARRHIRNE

Tab. 6 Effect of different protein levels on flesh quality of groupers at two growth stages

$5 4% index D1 D2 D3 D4 D5
KIKE A BEF second stage grouper
KIS 2/% drip loss rate 7.57£0.01°  7.53+0.01*  7.47+0.01®  7.45+0.02* 7.43 +0.01*
FEMEKHR/ % cooking lose rate  28.99 +4.10"  28.82 +£3.32"  24.49 +2.40°  23.80 +3.52° 22.11 £1.51°
pH 24 h 6.39+0.01*  6.36+0.03*  6.43+0.01" 6.53+0.01" 6.53 +0.05"
pH 48 h 6.49 £0.05*  6.54+0.08"  6.57+0.04"  6.68 +0.02° 6. 66 0. 06"
T8 /g hardness 1.39£0.27°  1.63+0.07°  1.62+0.11>  1.53 +0.25* 1.47 £0.11*
B/ mm springiness 68. 64 +13.22* 100.00 £15.87" 98.78 +28.03" 73.10 +27.7* 70. 88 +21. 43"
NI A BE £ first stage grouper
KIS 2/% drip loss rate 7.45£0.03*  7.23 £0.02* 7.19 £0.03*  7.17 +0.02° 7.23 £0.02*
FRAEMRZ/ % cooking lose rate  22.64 £6.20"  19.74 +3. 54 19.36 +3.64® 18.87 +3.16® 16.96 +5. 55*
pH 24 h 6.67 £0.09 6.74 £0. 02 6.76 0. 08 6.80 0. 12 6. 80 +0. 00
pH 96 h 6.67 £0.07*  6.75+0.11* 6.80 £0.08"  6.85+0.09" 6.88 £0. 04"
T8 /g hardness 1.48 +0.28 1.63 +0.07 1.69 +0.07 1.81 +0.26 1.94 +0.53
B/ mm springiness 66.67+13.30 96.56+13.32  103.90 +22.96 105.94 +73.97 104. 69 +27. 69

wRoraER . AR EH T RRSEARRATE, &
M ERARK; SRR, SROEEHATREHM

fE, FAHEHCERIG, XA w5 FAE MG
FRIH G, BRoERW, 10.7 g #74F A B (L.



o4 Bk R %

B13E

coioides) IR I EE R K 48% ), 20 ¢ A BF 0 (E.
malabaricus) T IR K 48.03% '), RSB PAH
BE e, REE AR KRR IRRE H KT S =
SRR, X B S = & BRI T P A R
FARIE W 0 T B A0 PR B A e E A R
HARKEIERT LB, KA ABEAMKE HK R
BEHKFHAEKTREER, DFFEERKRENK
PEHEPR, SR EIE S RS A B s 2R
HFERE N 40.94% , /NAK A BE S 43.44%
BRI RM, 25% ~45% FEHK X REE
KRR, MERMENANSITREEER®,
LKA A B0 8 R R TRl A B
(HFhH 2751 g) BT R 45.28% ), X A]
BB SRR AR, UURGTRERR . L5
MR R TR B A K, I~ A A A (E
akaara) (¥ FiE N 126. 36 ¢) N THECEfRRHYIE B
KT R 48.37% ~49.24% " | BF/INRMA
BEfa TR, X RE-5 iR LR ARG K
FERA Ko IRLBARBHR KR 10% (F 1),
B TR A AR AR KT, EAEAERKKYIELR
T, BT RAIE 52 e W KT R X B E R SR i
rE—ELE N, #EHAK(E. awoara) i ¥l H g
WHREEE ZME AR a4 K, BAMEREE
By mgiEse, WmESEARAMEE, ERHY
FEFER . R, 7w s & H & S
FREGFIRY o 7EI% 5256 TR 2R BRE % & KO
PR 18 0 3 W (. X 5 6 ( Carassius auratus gibe-
lio) ") %4 |2 i ( Hemibagrus wyckioides )™ . # 77
LIHERK ( Takifugu rubripes) '™ FIBRFT 45 AL,
FaRRBRIGE BIATREMEL R, HELHERN
Bt #E) ) 8T ( Paralichthys olivaceus ) X} %}
I AR R EH K P B o e e
R, AR A B AR A
BEFE H AKE 3 N i KR . JE 2 B 3k £ ( Oreochro-
mis nilovicus ) {RVEHE H 7K E X JE T BE . E A EL A
KL TG B 35 %, 107 28 JE & 3E fa (0. niloticus X
0. aureus ) FBIFFE A AETH BE . A LG I IE A LY Bl 25
F K S 386 in i AR s 8 F 85 ( Clarias batrachus)
A JFF AR LRI AR B B 2 KT P S T RIS, A
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BRI AR R, R LR A He Tt
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SEIEINSE T I REAR, /N ALAS A B UL PR K 4
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ERW . BEH TR . LRAMEERRE
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