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Summary

Fish culture was started in 1980's and cultured fish species and production
amount has been increased on continuous development of aquaculture
technology, in Korea. Cultured fish was marketed in living state in our
country. Meanwhile, the price of living fish was decided to weight, not to
quality. This study was to establish indices for quality judgment of cultured
living fish and to develop fast and accurate quality judgment methods.

For quality judgment in cultured living fish, we investigated to
physicochemical indices such as moisture, lipid, collagen content and
breaking strength, and enzymatic indices such as ATP related compounds,
Adenylate energy charge (AEC) value and myofibrillar ATPase activity.
Breaking strength, moisture and lipid contents of physicochemical items
tested, reflected effectively fish muscle quality. Breaking strength in fish
muscle were correlated with moisture and lipid content. Moisture content
(Xy), lipid content (Xs) and breaking strength (Y) were optimized with
multiple regression as, Y=-2.53539+0.05544X;-0.00616Xs. To test the
equation, fishes were randomly purchased and measured moisture content,
lipid content and breaking strength. The calculated breaking strength using
the equation was similar to breaking strength measured using Rheometer.
The equation for breaking strength of muscle differed from fish species, and
reflected well muscle quality in fish. AEC value of enzymatic items tested,
reflected effectively the condition of fish’s health. AEC values, represented
a general enzymatic index against stress were higher than 0.8 in good fish’s
condition.

The calculated breaking strength from quality judgment equation by fish
species and AEC value were used to quality grading of cultured fishes.
Grade according to breaking strength in red seabream, when it came to over

1.4kg, was measured as high grade ; when it came to below 1.2kg, was

_16_



measured as low grade. Grade according to AEC, when it came over 0.8, was
measured as high grade. For the development of fast and accurate quality
judgment methods, the application of fruit hardness tester and luminometer
were investigated. The quality judgment by fruit hardness tester and
luminometer in cultured fish were similar to the results by rheometer and

HPLC.
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TS 17CE AT, A4S FRAAd= 1Y
6A17F 13] L= A7 Aol 1Y 3A A 23](9:00~12:00, 14:00~17:00)3 % A]
A

4
NA gk APAe A HFE

(3) Z7|¥e WE FTANAE T 2y
5 (Red seabream, Pagrus major), Y *(Olive flounder, Paralichthys
olivaceus), $-9(Korean Rockfish, Sebastes schlegeli), 5°](Sea bass,
Lateolabrax japonixus), <] (Mullet, Mugil cephalus)< =Z7]° w4 0.7~0.9
kg, 1.0~12 kg, 15~1.7 kg =718 & & Wlgs A9 AR 27
go] ez Fdste] dmolrm ARt

et A Fo G gal, FAATA, HAFaatel A 10/HEt FAT e
(Red seabream, Pagrus major), 9 *|(Olive flounder, Paralichthys olivaceus),
-2 (Korean Rockfish, Sebastes schlegeli), &°(Sea bass, Lateolabrax
japonixus), <o (Mullet, Mugil cephalus)S F-AF3AA Aol Aol A
T4 8k AT

=
(1) & 2 2243 F(Moisture & lipid content)
FRILFE 105C 4% FL AZW(AOAC, 1990), A D HEE Soxhlet 2%

H(AOAC, 1990) o2 =A 33 th.
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(2) A A %A (Lipid composition)

<59 A AL Bligh and Dyer (1959)2] HHeo] whgl chloroform
methanol (2:1, v/v)&H4 o2 F%3 F Juaneda and Rocquelin (1985)¢] =+
of wz} Sep—pak silica cartridge(25 mm x 10 mm id., Waters Co., USA)E

Argele] FAAA L FAAXNA R E 3 slodt}y. & Sep-park silica cartridge

of AN&EFE Yl chloroforml® TAAZS 8FA7]3 methanole & Q1A 2
S &5, B859 ol 7 BES AYEEste SulE AAST & FHFHS
2 ZF 2AHE TSR

(3) 337} % (breaking strength)®] =74

Ando et al. (1991)¢] ol wat Rheo meter (Compac—-100, Sun, Japan)
o]-g3te] Zt ol H8S Table 2-1-13 e Ao 2 =AY =,
HastA Hgste] 20x20x10 mme] A7|= GAHLE S AHE
=29 F&5 gl 459 FAE 10 mm=
ArEA Y. 39 F == A7 10 mm  cylinder

etk A4

o
i
tlo
me,
° g
e

M do

1w =

o >

ol

)

ol rl

ol

2 Lo
2
i
i)
Ao
f

Table 2-1-1. Conditions employed for breaking strength profile

measurement of fishies muscle

Instrument SUN RHEO Meter Compac-100
Sample thickness 10mm

Cylindrical plunger 10mm in diameter
Crosshead speed 1mm/sec

Load cell 10kg

Chart speed 60mm/m

(4) Zz4(Collagen content)o] A=
=242 Bergman and Loxley (1963)2] HHol ulgl =43t &ol=
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TC

ZARA A 5 Z52 0.3 g¥ captubed] #H3dtal 6 N-HCl 10 mLE Y1 574
Toll A 24X 7 71 Faietslt. 7heasl | Alss d4b= Al A st
71 98l Az Az F Dol 10 mLE A&t AE9S 03 mL
A #Hste]l 06 mLe isopropanol®} nHbeE 5 b3} (7% chloramine T :
Acetate-Citrate buffer=1 : 4)& 0.3 mL 7}8tal 58 FoF A2dA Wz &
Ehrlich *19¥(0.67% p-dimethylaminobez aldehyde, 60% perchloric acid
isopropanol=3 : 13)& 4 mL 7}3}a 58Tl A 2587F WFg A7l & 558 nmoll A
30 o]Wel hydroxyprolines A #ste] =kl AT 9755 #H3dko] st

S (Fig. 2-1-1)
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1.0

Y=100.62X+0.0087 R®=0.998
08 F

04 F

Absorbance (558nm)

0.2 F

0.0 1 1 1 1
0.000 0.001 0.002 0.003 0.004  0.005 0.006 0.007

Concentration (mg)

Fig. 2-1-1. Standard curve for the determination of hydroxylproline by

Bergman and Loxley method.
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(5) ATP &4 fi}?:}%(ATP related compounds) &3

ATP #d 3}13HE9] =42 Iwamoto et al. (1987)2] WHd] ulg} Al8E F
%3 2 o137(0.20 gm membrane filter) ¥ ©7]3 & HPLCol| FY3At}.
o] F A0 2= 0.2% triethylamine solution (Phosphoric acid, pH 7.0)S AF&3}
RaL, HaAHAEHe] FFEFS SigmartdlA FYEEle] AlEE AT A A=
Waters AH(waters 600, Island)®] 24993 chromatograph AH&&#4] system=
AFE3FA 1 columne WaterAt®] p-Bondapack Cig, 300x3 mme] SAHEH)
columneller, ZHxAL ANFFIHEF 5 w, oA F% 0.8 mL/min,

column &% 40C, 437 254 nm, peak WA AHAbH X A17F2 50 min©|

(6) AEC(Adenylate energetic charge) ¢ =4

Thebault et al. (2000)°] WHell oA, &olg F4ste] 255 AHAT o
<, perchloric acid® nucleotidesE F=3F9t. %9 nucleotidesi= ATP 3
d g Ee A S olgdte] HPLCE ®4 F, of#le] 28 o] &3}
AEC A& A4tsta .
AEC = [{ATP} + 1/2{ADP}] / {ATP} + {ADP} + {AMP}]
New AEC = [{ATP} + 1/2{ADP} + {IMP}] / {ATP} + {ADP} + {AMP} +
{IMP}]

o\t
ol

<A = Perry and Grey (1956)°] W& A5 JH=Fste] A8t o,
=20 9% nE zxo W oFo] Q= F 4Colstol A Astgct A=A
=5 25 mM KCl& g+ 39 mM g4kebs8- 2 (pH 7.1)& 59 H7bete]
Astgk & 2 AAE 2 (600gx15+) stk HAdEol thsto] s =4S 13
HHEeh & AAE FESFe wAs FET FHEke] 4uFe] 01 M KClS &
3t 39 mM BAFF & A (pH 7.1 A2 F 600xg, 15%7F A4 = HH
AAH = 2gdz24S AAGGAE 2L 225 33 WHEsle] A¢z4S 4413
AAG F sd3 dFE&q FAHSo] o5 TAHFE T dE sk
bovine serum albuming ¥+ =22 A}-8319] Biuret| o2 =439t



(8) =99 ATPase €4 &4

<99 ATPase @4 25TolA o8 74 ZHoA SA 3=,
= Mg” -ATPase &4 5 mM MgCl,, 0.1 M KCI, 20 mM Tris-maleate
buffer (pH 7.0), 2 mM ATP, 0.5 mg myofibril/ml ¥ 0.25 mM CaCl,¢] W&
Aoz =AYt Ca”-ATPase T 25 mM Tris-maleate (pH 7.0), 2
mM ATP % 0.5 mg myofibril/mlel Z}7} 5 mM CaCl; 2 0.05 M KCl<= %7}
gk ogbg-eol A SAe k. ATPE 7hske] 2&3F wheA1zl +, 15% TCA 1 ml
g 7}5}01 HE-S- AAAZHG, F88d y-F7]212k2 Fiske and Subbarow

o
(1925)¢] Wi wel =433l ATPase &4 o2 3289 v (Fig. 2-1-2).

(9) SAAY

A3 =AFA3E SAS (Statistical Analysis System) 74 ZE213:E o] &
sto] S ik Ht 2 FFAAE ot 4 SAHXY SAH A 7IE Ao
AA L Duncan® ™% H]i(Duncan’s multiple range test)® #HAsIA o™ F2

= p<005 FEoE AAs
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O.D.

1.2

y=0.5262x+0.0324

r’=0.9988
10 F

0.8

0.6

04 F

0.2

0.0 [ [ [ [ [ [ [ [ [
060 02 04 06 08 10 12 14 16 18 20

Concentration (mg/ml)

Fig. 2-1-2. Standard curve for the determination of inorganic
phosphate by Fiske and Subbarow method.
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Fig. 2-1-3. The illustration of the circulation tank used to exercise

cultured fish.

Fig. 2-1-4. The photo of the circulation tank used to exercise fish.
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Fig. 2-1-5. Discard slot. Fig. 2-1-6. Air stone.

Fig. 2-1-7. Controller of
temperature.

Fig. 2-1-8. Heater for water.
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- 74 ol e
Fig. 2-1-10. Pump used to circulation sea water.

Fig. 2-1-11. The' pump used to exercise fish.
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Fig. 2-1-12. Aeration. Fig. 2-1-13. Refrigerator.

) . . Fig. 2-1-15. A water tank for
Fig. 2-1-14. The photo of exercise fish.
cultured.
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Fig. 2-1-16. Effect of the speed of current on breaking strength

of muscle during cultured of Red seabream.
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Fig. 2-1-17. Effect of swimming exercise on moisture content

of Red seabream during cultured.
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Lipid content (%)
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Cultured time (day)

Fig. 2-1-18. Effect of swimming exercise on lipid content
of Red seabream during cultured.
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Fig. 2-1-19. Effect of swimming exercise on collagen content

of Red seabream during cultured.
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Fig. 2-1-20. Effect of swimming exercise on breaking strength
of Red seabream during cultured.
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Table 2-1-2. Lipid class composition (g/100g meat) of cultured Red

seabream with or without swimming

0 day 5 days 10 days 15 days 20 days
No
exercise
Neutral lipids 5.37+0.65 655+1.42 5.28+053 4.69+1.06 4.81+0.21
Polar lipids 0.68+0.34 0.25+0.11 0.15+0.06 0.23+0.10 0.28+0.11
Swimming
exercise
Neutral lipids 4.82+0.68 571+0.20 3.72+2.30 3.03+0.38  2.62+0.69
Polar lipids 0.78+0.63 0.29+0.10 0.22+0.01 0.35+0.08 0.11+0.12
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Fig. 2-1-21. Effect of swimming exercise mode on moisture content
of Red seabream during cultured.
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Fig. 2-1-22. Effect of swimming exercise mode on the lipid content
of Red seabream during cultured.
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Fig. 2-1-23. Effect of swimming exercise mode on collagen content
of Red seabream during cultured.
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Table 2-1-3. Composition of the experimental diets

Proximate composition(%)

Diet
. Crude Crude
Moisture ) o Ash
protein lipid
Low
. 27.65+0.35 28.52+1.72 5.10+0.04 6.54+0.12
fat diet
High
] 23.08+0.20 31.28+1.89 11.71£0.11 6.84+0.12
fat diet
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Fig. 2-1-26. Changes of moisture content of muscle during
cultured time at each diet.
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Fig. 2-1-28. Changes of protein content of muscle during
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Table 2-1-4. Contents of moisture, lipid, collagen and breaking

strength in Red seabream by body weight

Moisture Lipid Collagen Breaking
Sample
content (%) content (%) content (mg/g) strength (kg)
0.7~09 kg
A 68.47+0.20 11.61+0.03 1.59+0.05 0.97+0.21
B 70.99+0.56 8.03+£0.17 1.17+0.05 1.11+0.22
C 73.68+0.17 5.06+0.03 3.360.09 1.40+0.31
Total 71.05£2.61 8.24+3.28 2.04+1.04 1.16£0.30
1.0~1.2 kg
A 72.61+0.24 7.30£0.11 2.00£0.09 1.61+0.20
B 66.25+0.47 12.88+0.06 1.55+0.04 1.23+0.45
C 72.10£0.20 6.55+0.14 2.52£0.05 1.65+0.20
Total 70.32+3.53 8.91+3.46 2.03+0.44 1.52£0.33
1.5~1.7 kg
A 71.09+0.13 7.84+0.17 2.11£0.03 1.10+0.16
B 72.52+0.01 6.50£0.23 2.05£0.00 1.04+0.10
C 66.45+0.07 14.18+0.13 0.92+0.07 0.96+0.20
D 73.27+0.17 5.23+0.01 1.64+0.06 1.28+0.39
E 72.38+0.09 6.55+0.09 1.90+0.12 1.43+0.15
Total 71.14+2.74 8.06+3.54 1.72+0.46 1.18£0.25

Table 2-1-5. Regression coefficients of second order polynomials presenting
relationship between weight, moisture content, lipid content, collagen content

and breaking strength

) Moisture Lipid Collagen Breaking
Weight
content content content strength
Weight 1.000
Moisture 0.260
1.000
content (0.440)
Lipid -0.269 -0.986%*
1.000
content (0.425) (p<0.001)
Collagen -0.069 0.647x -0.663* L 000
content (0.840) (0.031) (0.026) '
Breaking -0.143 0.765% -0.765% 0.730% 1000
strength (0.676) (0.006) (0.006) (0.011) '

*Correlation is significance at the 0.05 level.
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Table 2-1-6. Contents of moisture,

strength in Olive flounder by body weight

collagen and breaking

Collagen

Weight Moisture Lipid content Breaking
content (%) content (%) strength (kg)
(mg/g)

0.7~0.8 kg
0.58 75.36£0.26 1.94+0.00 1.05+0.08 1.4+0.11
0.76 73.48+0.09 3.21+£0.04 0.69+0.03 1.12£0.23
0.73 74.27£0.06 2.59+0.10 0.66+0.00 1.01£0.11
0.62 75.56+0.38 1.99+0.11 1.89+0.02 1.20+0.29
0.70 75.37%0.23 1.80+0.03 1.86+0.04 1.24£0.21
Total 74.81+£0.90 2.31+£0.59 1.23+0.61 1.23+0.16

1.0~1.2 kg
1.24 76.49+0.06 1.03+£0.07 2.03+0.04 1.47+0.20
1.26 77.32+0.06 0.81+0.01 2.54+0.04 1.55+0.30
1.32 75.80%0.22 1.66+0.73 1.70+0.05 1.41+0.15
1.20 77.36%0.13 0.82+0.07 2.30+0.18 1.51£0.22
1.20 76.22+0.29 1.00+0.03 1.62+0.08 1.21+0.24
1.24 75.45%0.14 1.04+0.09 2.58+0.01 1.56£0.23
Total 76.44+0.78 1.06£0.31 2.13£0.41 1.45+0.13

1.5~1.7 kg
1.50 75.20%0.13 2.03+0.12 1.83+0.14 1.53+0.30
1.50 74.37+0.11 2.54+0.02 1.36+0.04 1.08+0.09
1.47 75.63%0.04 0.81+0.01 2.23+0.03 1.39+0.01
1.57 75.42+0.10 0.70+0.01 3.16+0.10 1.38+0.26
Total 75.55+1.05 1.52+0.91 2.15+0.76 1.34£0.19
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Table 2-1-7. Regression coefficients of second order polynomials
representing relationship between weight, moisture content, lipid content,

collagen content and breaking strength

. Moisture Lipid Collagen Breaking
Weight
content content content strength
Weight 1.000
Moisture 0.273
1.000
content (0.324)
Lipid -0.503 -0.833x
1.000
content (0.056) (p<0.001)
Collagen 0.589x* 0.631* -0.851%* 1000
content (0.021) (0.012) (p<0.001) '
Breaking 0.342 0.711% -0.692x 0.713% 1000
strength (0.213) (0.003) (0.004) (0.003) '

*Correlation is significance at the 0.05 level.

Table 2-1-8. Regression coefficients of second order polynomials
representing relationship between weight, moisture content, lipid content,

collagen content and breaking strength in various fish

Weight
Korean Cultured sea Imported sea
. Mullet

rockfish bass bass
Moisture -0.238 -0.266 0.088 -0.042
content (0.374) (0.320) (0.756) (0.883)

Lipid 0.395 0.031 0.429 0.109
content (0.129) (0.908) (0.110) (0.700)

Collagen 0.611% -0.224 -0.045 0.442
content (0.012) (0.404) (0.873) (0.099)
Breaking -0.405 -0.231 -0.214 -0.182
strength (0.120) (0.389) (0.444) (0.517)
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Table 2-1-9. Regression

coefficients

second

polynomials

representing relationship between moisture content, lipid content, collagen

content and breaking strength on the Sea bass

Moisture Lipid Collagen Breaking
content content content strength
Moisture
1.000
content
Lipid -0.650=
1.000
content (p<0.001)
Collagen 0.302= -0.308%*
1.000
content (0.033) (0.030)
Breaking 0.545% -0.455% 0.560% 1000
strength (p<0.001) (0.001) (p<0.001) '

*Correlation is significance at the 0.05 level.
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Table 2-1-10. Regression coefficients of second order polynomials
representing relationship between moisture content, lipid content, collagen

content and breaking strength on the Sea bass which is imported

Moisture Lipid Collagen Breaking
content content content strength
Moisture
1.000
content
Lipid -0.916%
1.000
content (p<0.001)
Collagen 0.557* -0.493%*
1.000
content (0.011) (0.027)
Breaking 0.813% -0.719= 0.643 1000
strength (p<0.001) (p<0.001) (0.002) '

*Correlation is significance at the 0.05 level.
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Table 2-1-11. Regression coefficients of second

order polynomials

representing relationship between moisture content, lipid content, collagen

content and breaking strength on the Mullet

Moisture Lipid Collagen Breaking
content content content strength
Moisture
1.000
content
Lipid -0.863%*
1.000
content (p<0.001)
Collagen 0.065 0.010
1.000
content (0.653) (0.944)
Breaking 0.509%* -0.574x* 0.629%* 1000
strength (p<0.001) (p<0.001) (p<0.001) '
*Correlation is significance at the 0.05 level.
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Table 2-1-12. Regression coefficients of second order polynomials
representing relationship between moisture content, lipid content, collagen

content and breaking strength on the Korean rockfish.

Moisture Lipid Collagen Breaking
content content content strength
Moisture
1.000
content
Lipid -0.786%
1.000
content (p<0.001)
Collagen 0.540% -0.520%*
1.000
content (p<0.001) (p<0.001)
Breaking 0.366x -0.631* 0.462* 1000
strength (0.009) (p<0.001) (0.001) '

*Correlation is significance at the 0.05 level.
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Table 2-1-13. Regression coefficients of second order polynomials
representing relationship between moisture content, lipid content, collagen

content and breaking strength on Red seabream which is imported.

Moisture Lipid Collagen Breaking
content content content strength
Moisture
1.000
content
Lipid -0.832x
1.000
content (p<0.001)
Collagen 0.743* -0.758+*
1.000
content (p<0.001) (p<0.001)
Breaking 0.678+ -0.676% 0.616% 1000
strength (0.001) (0.001) (0.004) '

*Correlation is significance at the 0.05 level.
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Table 2-1-14. Regression coefficients of second order polynomials
representing relationship between moisture content, lipid content, collagen

content and breaking strength on the wild Red seabream

Moisture Lipid Collagen Breaking
content content content strength
Moisture
1.000
content
Lipid -0.784x*
1.000
content (p<0.001)
Collagen 0.523* -0.689%*
1.000
content (0.018) (0.001)
Breaking 0.824 =0.773* 0.210 1000
strength (p<0.001) (p<0.001) (0.375) '

*Correlation is significance at the 0.05 level.
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Table 2-1-15% & AFs7-9 HlEE Ab5T79 ATP #d sig&
AECel diste] AH Bkt &5 AFST9 HF AbSTolA ATP & 3§
2o H3lE B &% 0929 ATP d%& 8.79+0.50 umol/gol A%+ 15
o+ 6.35£2.48 umol/g® &&7|1te] wel ATP 3 oo HAasE H
A 209 Aol = ATP g#Fo] 7.76+0.45 ymol/g o2 YERT L3 &% 0Ux
ADP ¥#<& 0.87+0.15 pmol/go] A A 7F 20 AFol = 1.43+0.35 pmol/g2 ATPE]
AETE oFte] FUME Hola QTth Wk, H]RE ARSTOlA 0¥ Ae] ATP
FeFe 7.07£1.58 pmol/gol A AT 154 Aol = 6.75£091 pmol/g, 20 Z}poll A =

2
s,
N g

o

—|—l_4
o B

i

g

7.70£1.48 pmol/go® et AEC FAE HuHow L% AT A
0.88+0.04, %5 AbFT-ol Al 0.89+0.020 = }E}RL New AEC ]+ AEC
T e} vl =a A UERRTh 2 ATFelA] A e FEska o R Ey],
kb FElR &F AbSTOlA WHEA R AEC A= 0.88+0.042 = LrERRE
I Ul ARS Tl A= 0.89+0.020.2 YERGT AT 5 ARSTol A 15Y

Aol e 1vbe 7t A Al wre et dFo] yEtwow ojumje] AEC FA|=
0.74= YRy

ATP #d gteh=9 32 AbS713 Eetel A W
M T AR ATP @Fe ofztel s HolXnh #oF zpo]lE HolA
B ATt ol ATPY w25 3 dAsH FAst=s &

SstsEo] Q7] o] @Azt ol oste] AHl¥El ATP+ creatine
phosphate”} creatine kinase®l] 2]3}e] ADPS} wh3-3to] ATP7F AAEH+= A=
¢} adenylate kinaseZhi= &4 2slo] 28-Ae] ADPZHFE 1##°] ATP7}
A= 9 AE2Z AJAE 7] wFolth Franklin et al. (1996)+= HolE =&
TR 3E T e A F =AY 3 E tiste] Ay 2 A3 &
25 ATP gaFo] 75%7 st AInE 60~120% Foll= o] gFoz 3|Hsn
ADPS} AMPe| st 2 ®H3r) ¢l Ao =2 H skt

(4) ATPase activity

ofFe TRUMAL off FAI Aol FLF JFL WAL ofF
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&3t FEe] 29 Fd oA Ca¥ol EAF W Mg®-ATPase @749 W

&% A&7 Mg”-ATPase 242 035 pmol Pi/min -
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s34 UEbgTh % AFS T £57)3to] FUleeE ATPase @40l &7t
ste] &% 209l 042 pmol Pi/min - mg® &% YeUIdoy, vl A
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Table 2-1-15. Changes in ATP related compounds and AEC value in Red

seabream muscle during no exercise and exercise

(unit : pmole/g)

ATP ADP AMP IMP AEC New AEC
. 657 0.99 0.47 0.05 0.88 0.88
N day 581 0.90 0.45 0.14 0.87 0.88
8.84 0.79 0.40 0.11 0.92 0.92
© - 8.12 0.88 0.60 0.07 0.89 0.89
5.80 0.85 0.46 0.11 0.88 0.88
e day 753 0.97 0.44 0.54 0.90 0.90
< 9.11 1.08 0.63 0.09 0.89 0.89
e 6.05 0.80 053 0.13 0.87 0.88
. day 6.05 0.98 0.47 1.19 0.87 0.89
¢ 1= 735 0.84 0.35 0.80 091 0.92
i day 5.70 0.79 0.50 0.13 0.87 0.87
. 7.18 0.89 0.43 0.52 0.90 0.90
o 756 0.92 0.56 0.00 0.89 0.89
6.30 0.88 057 0.13 0.87 0.87
day 9.24 093 0.49 0.14 091 091
0 8.63 1.05 0.64 0.10 0.89 0.89
8.39 0.80 0.45 0.01 091 0.91
day 9.36 0.77 0.54 0.05 091 0.91
E - 8.50 115 0.57 0.11 0.89 0.89
X gay 8.10 0.90 0.39 0.01 091 0.91
. 8.25 1.12 057 0.08 0.89 0.89
o 8.09 0.99 0.52 0.09 0.89 0.90
781 0.62 0.33 0.00 0.93 0.93
¢ day gy 1.06 0.63 0.07 0.83 0.88
! 5 7.86 1.21 0.63 0.09 0.87 0.87
s 771 1.09 0.49 0.01 0.89 0.89
e dav 3.49 1.14 0.87 0.07 0.74 0.74
2 7.24 1.75 0.31 0.13 0.87 0.87
8.10 1.06 0.66 0.02 0.88 0.88
day 79 1.48 0.67 0.05 0.86 0.86

- 101 -



Activity (umole Pi/min-mq)

0.8

® Mgz+(+Ca2+)-ATPase activity of exercised red seabream

0.7F - O M92+(+Ca2+)-ATPase activity of no-exercised red seabream
- MgZ+(—Ca2+)—ATPase activity of exercised red seabream
06 F ——~V—- MgZ+(—Ca2+)—ATPase activity of no-exercised red seabream
= Ca2+—ATPase activity of exercised red seabream
. - - T a +—ATPase activity of no-exercised red seabream
0.5 0= ca?

04F

0.2 F

O'O L L L L

Cultured time (day)
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seabream during cultured.
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23)/d FA EHoA el ATP &3 0¥4xkd 898+0.34 umole/g, 10
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Table 2-1-16. Changes in ATP related compounds and AEC value in Red
seabream muscle during the cultured by twice exercised and
once exercised per a day

(unit : pmole/g)

ATP ADP AMP IMP AEC New AEC
0 9.36 0.97 0.54 0.05 091 091
8.88 1.07 0.57 0.19 0.90 0.90
day g7 0.93 0.58 0.17 0.90 0.90
- 8.25 1.12 0.57 0.08 0.89 0.89
8.88 1.07 0.57 0.19 0.90 0.90
day g7 0.93 0.58 0.17 0.90 0.90
Twice 8.14 1.06 0.63 0.07 0.88 0.88
xercis qay 8.70 0.93 0.58 0.17 0.90 0.90
e 7.15 1.01 0.50 2.08 0.88 091
5 3.49 1.14 0.87 0.07 0.74 0.74
7.15 1.01 0.50 2.08 0.88 091
day  gog 1.00 0.62 0.26 0.89 0.90
2 794 1.09 0.39 0.13 0.90 0.90
7.02 1.22 0.55 0.18 0.87 0.87
day  gag 1.07 0.57 0.19 0.90 0.90
0 9.36 0.97 0.54 0.05 091 091
8.98 1.00 0.62 0.26 0.89 0.90
day g9 1.22 0.55 0.18 0.89 0.89
- 8.55 0.90 0.53 0.13 0.90 0.90
8.70 0.93 0.58 0.17 0.90 0.90
day  g15 1.01 0.50 2.08 0.90 091
Once 3.30 0.88 0.41 0.12 0.82 0.82
exercis gay 3.35 1.08 0.48 0.16 0.79 0.80
e 7.15 1.01 0.50 0.28 0.88 0.89
s 8.30 0.88 0.48 0.13 0.90 091
8.48 1.07 0.57 0.19 0.89 0.89
day g7 0.93 0.58 0.17 0.90 0.90
20 794 1.28 0.39 0.13 0.89 0.89
8.08 1.07 0.57 0.19 0.89 0.89
day g7 0.93 0.58 0.17 0.90 0.90
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(4) oA =7 WE T4 - 554 W
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mole/g, 1.5~1.7 kgol A& 7.80+1.36 pmole/gC 2 YEsETE wkHo] ADP 3k
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A7]e mE ATP #dsistEe W= A gldlen, HaA AEC A&
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Table 2-1-17. Contents of ATP related compounds and AEC during

cultured time each diet in Red seabream

(unit : u
mole/g)
ATP ADP AMP AEC
Low fat
diet
0 9.13£0.21 0.86+0.04 0.40+0.05 0.92+0.00
15 5.98+0.09 0.63+0.02 0.23+0.07 0.92+0.01
30 7.71+1.41 0.74+0.01 0.32+0.03 0.92+0.02
45 6.07£0.32 0.62£0.04 034£0.07 0.91+£0.01
60 6.28+0.04 0.77+0.14 0.33+0.04 0.90+0.00
75 5.56+0.46 0.83+0.10 0.47+0.02 0.87+0.01
90 7.35£0.52 0.80+0.07 0.48+0.09 0.90+0.01
High fat
diet
0 5.33+1.20 0.88+0.22 0.40+0.01 0.87£0.03
15 5.92+1.00 0.68+0.08 0.31£0.06 0.90+0.01
30 6.43+1.45 0.71£0.10 0.39+0.01 0.90£0.02
45 5.78+0.77 0.58+0.06 0.37+0.03 0.90+0.02
60 4.37+0.97 0.82+0.17 0.43+0.00 0.85+0.04
75 4.14+0.68 0.75+0.07 0.44+0.11 0.85+0.01
90 3.72+2.20 0.80+0.00 0.54+0.08 0.80+0.08
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Table 2-1-18. Changes in ATP related compounds and AEC value in Red
seabream muscle by body weight

(unit : pmole/g)

ATP  ADP AMP IMP  AEC oV
AEC
0.7~0.9 kg
828 113 053 0.01 0.89 0.89
895 1.18 0.48 1.30 0.89 0.90
870 093 058 0.17 0.90 0.90
1.0~1.2 ke
9.42 097 0.65 0.01 0.90 0.90
771 1.14 0.48 1.88 0.89 091
9.02 1.22 0.55 0.18 0.89 0.89
15~1.7 ke
812 0.49 0.32 0.00 0.94 0.94
6.31 0.79 0.28 0.75 091 0.92
893 1.00 0.62 0.26 0.89 0.90
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Table 2-1-19. Contents of ATP related compounds and AEC in Olive
flounder by body weight

(unit : pmole/g)

Sample ATP ADP AMP AEC
0.7~0.9 kg 752 0.87 0.56 0.89
6.24 0.90 0.33 0.90

Total 6.88£0.91 0.89£0.02 0.45+0.16 0.90+0.01
1.0~1.2 kg 8.37 0.98 0.65 0.89
7.05 1.20 0.58 0.87

Total 7.71£0.93 1.09+0.16 0.62£0.05 0.88+0.01
15~1.7 kg 9.41 1.14 0.84 0.88
9.68 1.05 0.69 0.89

Total 9.5510.19 1.10+0.06 0.77£0.11 0.89£0.01
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(5) AFd W &4 - 35ty W
7h) &9
Table 2-1-202 ¥°1¢ ATP #&d3t8E % AECE ekl Zlojn. it
o2 ATP %<& 596+1.60 pmole/g, ADP %<& 0.95+0.15 pmole/g, AMP

S 0.17+0.05 pmole/g o2 UENH AECE 091£0.01% ole] AT+
¥ 5o,

(W) 44 59
Table 2-1-21% &°]¢ ATP #€3tgE 31 AECE Wl Zojn. Ht
Hog ATP %2 475048 pmole/g, ADP %2 0.76+0.13 pmole/g, AMP
&2 0.25+0.05 pmole/g o2 YEFSTH a4l Fojrth ATP 2 ADP 32
A YEbg o ddiow AMP e =4 dEREth AECE 0.89+0.02%

JEA R FUA Folurks vl e W Fold AgrE Fastarh

T

- 110 -



Table 2-1-20. Contents of ATP related compounds and AEC in
cultured Sea bass

(unit : pmole/g)

ATP ADP AMP AEC

A 6.96 1.04 0.22 0.91
B 6.16 0.72 0.22 0.92
C 741 0.98 0.25 0.91
D 8.89 1.00 0.18 0.93
E 9.48 1.24 0.25 0.92
F 5.90 0.93 0.22 0.90
G 4.19 0.80 0.14 0.90
H 5.41 1.17 0.15 0.89
I 6.85 1.14 0.22 0.90

J 6.64 1.15 0.19 0.90

K 4.60 0.87 0.08 0.91
L 7.64 1.01 0.19 0.92
M 4.35 0.75 0.13 0.90
N 4.26 0.87 0.13 0.89
O 5.23 0.82 0.13 0.91
P 5.71 0.88 0.12 0.92
Q 467 1.03 0.12 0.89
R 4.39 0.82 0.18 0.89
S 4.48 0.84 0.14 0.90

Total 5.96+1.60 0.95+0.15 0.17£0.05 0.91+0.01
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Table 2-1-21. Contents of ATP related compounds and AEC in
imported Sea bass

(unit : pmole/g)

Sample ATP ADP AMP AEC
A 5.02 0.88 0.24 0.89
B 5.50 0.81 0.32 0.89
C 471 0.99 0.25 0.90
D 4.52 0.60 0.33 0.88
E 4.06 0.99 0.24 0.89
F 4.94 0.92 0.23 0.89
G 5.30 0.69 0.25 0.90
H 5.23 0.89 0.23 0.89

I 4.18 0.89 0.28 0.86
J 5.04 0.65 0.24 0.90
K 4.29 0.78 0.28 0.88
L 3.94 0.88 0.28 0.86
M 4.86 0.65 0.17 0.91
N 4.86 0.86 0.18 0.90

Total 4.75%0.48 0.76+0.13 0.25+0.05 0.89£0.02
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Table 2-1-22. Contents of ATP related compounds and AEC in
cultured Mullet
(unit : pmole/g)

Sample ATP ADP AMP AEC
A 5.63 0.96 0.06 0.92
B 6.28 0.85 0.06 0.93
C 6.67 0.90 0.09 0.93
D 6.65 1.02 0.13 0.92
E 6.80 112 0.11 0.92
F 7.14 0.95 0.13 0.93
G 6.71 0.98 0.10 0.92
H 6.84 0.89 0.11 0.93
I 6.44 0.99 0.08 0.92
J 7.18 1.03 0.04 0.93
K 6.53 1.03 0.13 0.92
L 7.20 0.94 0.09 0.93
M 6.59 1.14 0.09 0.92
N 6.93 0.78 0.20 0.93
O 6.81 0.81 0.05 0.94
P 7.02 0.82 0.08 0.94

Total 6.71+0.39 0.95+0.11 0.10+0.04 0.9310.01
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Table 2-1-23. Contents of ATP related compounds and AEC in
cultured Korean rockfish

(unit : pmole/g)

Sample ATP ADP AMP AEC
A 6.58 0.96 0.06 0.93
B 7.83 0.91 0.04 0.94
C 5.74 0.97 0.04 0.92
D 7.23 0.97 0.03 0.94
E 7.84 0.94 0.03 0.94
F 5.98 0.88 0.05 0.93
G 7.84 0.95 0.03 0.94
H 6.49 0.77 0.07 0.94
I 6.00 0.93 0.07 0.92
J 3.67 1.01 0.08 0.88
K 5.02 0.86 0.06 0.92
L 6.56 1.05 0.08 0.92
M 412 1.08 0.05 0.89
N 5.76 0.94 0.04 0.92
O 1.16 0.80 0.05 0.78
p 5.64 0.84 0.05 0.93

Total 5.84+1.75 0.93+£0.08 0.05+0.02 0.92+0.04

- 1156 -



(7h) A4 2R FHL FE

Table 2-1-24% A4 &9 ATP ##33E 2 AECE el Ao

o H@@#How ATP &#S 834+0.70 pmole/g, ADP 3o 083+0.08 n
mole/g, AMP %2 0.49+0.03 pmole/go. & eSS =] 24 53 )
WS w, ATP #AggHE] e vzt AECE 091+0.012 H+ 4
o= Uit FE Hlzstdlon oo AYREE ottt Table 2-232
Sk FEe] ATP #93tgE 2 AECE ek Zoju #Hyrxg o=z ATP &
2o 530+1.20 pmole/g, ADP 3$F#2S  0.65+0.11 pmole/g, AMP 3r&&
0.32+0.05 umole/go = e Sl 24 2 A s vuds o,
FUA FES ATP o] WA vetwar oo A4k KAWAE Al9st

- 116 -



Table 2-1-24. Contents of ATP related compounds and AEC in wilded
Red seabream

(unit : pmole/g)

Sample ATP ADP AMP AEC

A 8.87 0.82 0.46 0.91

B 7.54 0.75 0.48 0.90

C 8.61 0.92 0.52 0.90
Total 8.34+0.70 0.83+0.08 0.49+0.03 0.91+0.01

Table 2-1-25. Contents of ATP related compounds and AEC in
imported Red seabream

(unit : pmole/g)

Sample ATP ADP AMP AEC
A 6.08 0.73 0.34 0.90
B 6.73 0.73 0.34 0.91
C 4.99 0.76 0.41 0.87
D 4.05 0.47 0.20 0.91
E 4.28 0.73 0.33 0.87
F 4.57 0.58 0.28 0.89
G 6.57 0.65 0.32 0.91
H 6.07 0.55 0.34 0.91
I 5.37 0.56 0.34 0.90
J 5.87 0.69 0.31 0.90
K 3.32 0.80 0.36 0.83
L 5.73 0.68 0.30 0.91
M 5.31 0.49 0.27 0.91

Total 5.30+1.02 0.65+0.11 0.32+0.05 0.90+0.02

- 117 -



1. A&

o

L

boukel ol =] 3}

Is1
R

18l A A=

1
R

Aol A

)

o1 g3tel SN F2 A

= Alesit. 2

il

£l
file)
ojo
e
i
22

L

Him

il

2 A} ahol

=
L=

o A

—_
o

A Al A

<

A

;OL

7]
7he} 577

A =3k,

o]

3=

=
H\

bl o1

)

3

3

a

X

)

)

shech.

=, 82 a1&F3}

=2 A,

Gt

=0

H

As 4
7} A A

2.

| (Olive

%
flounder, Paralichthys olivaceus), -3 (Korean rockfish, Sebastes schlegeli),

15|

5 (Red seabream, Pagrus major),

A

of Ab-g-=

Ao

o %

=
I} E AHmE SAS (Statistical Analysis System)

59 (Sea bass, Lateolabrax japonixus), “° (Mullet, Mugil cephalus)

s

=K

. ooz sy

S

% A

Al
]

o

U, d59

mﬂ

A
ﬂ

—_
o

Z](Olive flounder, Paralichthys olivaceus),

]
H

(Red seabream, Pagrus major),

%2 (Korean Rockfish,

50](Sea Dbass, Lateolabrax
‘(')4

13~16 vt & *

schlegeli),

Sebastes

—_
file)

2 79

X}
=,

A=NEek
[SIE=1

japonixus), %1 (Mullet, Mugil cephalus)

0
o

- 118 -



3. 49t 4 1

U
Hn

o)
or
MJ

ol

alo

ol
o
jans

e
o

A
=

= O
F 5=

13
=

<!
il
e

o
Ton
X

o
Ton
il
-

22|

vzel

K
CE

AR grom,
ow, 3y

3E

ole o 2t}

e
-

Al

49 A
JERy)

o o} % w7} oy

sttt

S

o

I

Obh #AZ= #A4g2
#) A& Z(lipid content)
2} 4l g% (collagen content)

FHAGE Table 2-2-19

D FESH(moisture content)

] | 31 A}
Xy

I
ATE A7 SHHFE AL

AEC A 24

X1
X3 :
&=

TR
iz

-0.9383, 0.3139,

77

FHAT=

A

Aom dehgom,

R

-

714

=
=

|

0.5998% Y EFSEHHp<0.05).

A

v

TH

o
XV

Ao

]ﬂ,

o Zu#AZE 01557=

AaAA7E QA JEFETHP>0.05). Prasad Thakur et al.

g

}

-0.5648 % YEFHTHP<0.05).

(2002)

HH

Ton

ol

TH

vy

]

o}

B

o Al A E

- 119 -



o Wt

o
;OU
o

1

T
)

o
o

FA7] Wl & R

S

Aol AHg

e
=

=

—_
110

alo

il

el

il

Y=-2.53539+0.05544X;-0.00161X

ki3

7}l o

=
()

(W) &

BAg = =z Fol, B3

3ol

ol ® 1092 2 adA

=
=

=
K3

el

=
W s

s

y

499 =4

H (scailing test)ell

=E

)

Table 2-2-2

=
=

AR o A, A e g

o
=

R

=
=

7H A

=, WAHew gaimgiol A vewt. 2=y AAd

—

)

At

[e))]
AR

Tl

WA A A Bl27E AEFS B

A% gro]

1w =
H7l+= BE

s

of o
822 Fig. 2-2-1

AN
AR

5] 9|

=0
o -

-
e

o
T

1.2~14 kg

d
Ao =

1
X

701- =

)

37 7hs

ﬂy\_ﬂ

w
B

1

[
=

=
=R

Al =H 1

te sFom Ags

J|

%, 1.2 kgo]

- 120 -



Table 2-2-1. Regression coefficients of second order polynomials

representing relationship between breaking strength and moisture content,

lipid content, collagen content in cultured Red seabream

Moisture Lipid Collagen Breaking
content content content strength
Moisture 1.0000
content
Lipid -0.9383x* 1.0000
content (p<0.001)
Collagen 0.3139x -0.3265% 1.0000
content (0.0043) (0.0029)
Breaking 0.5998: -0.5648+ 0.1557 1.0000
strength (p<0.001) (p<0.001) (0.1652)

* Correlation is

significance at the 0.05 level.
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Table. 2-2-2. Relationship between sensory evaluation and breaking

strength in cultured Red seabream

Over-all Breaking
Texture Color
acceptance strength (kg)

2.2%0.8 4.0£1.0 2.4%0.5 1.07+0.10

2.4+0.5 4.0+1.2 2.0£0.7 1.09+0.09

A 2.620.5 3.8+0.8 2.8+0.4 1.15+0.17
1.8+0.8 3.0+1.2 1.8+0.8 1.10+£0.15

2.210.8 3.8+1.3 2.4%0.9 1.14+0.18

3.410.5 3.6+0.5 4.0+0.7 1.31+0.21

3.6£0.5 42+0.8 3.8+0.4 1.32+0.11

B 3.6£0.5 3.8+0.8 3.6+0.5 1.24+0.19
3.6£0.9 4.0+0.7 3.4+0.5 1.38+0.22

3.4+0.5 3.8+0.8 3.8£0.4 1.27£0.18

4.6+0.5 4.6+0.5 4.6+0.5 1.50+0.12

4.6+0.5 4.0£1.0 4.4%0.9 1.42+0.14

C 4.2+0.8 4.2+0.8 4.2+0.8 1.41+0.22
4.4+0.9 4.0+0.7 4.4+05 1.43+0.18

4.8+0.4 4.4+0.5 4.4+0.5 1.45+0.22
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A B

Texture Texture
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acceptance acceptance

C

Texture
5

Over-all
acceptance

Fig. 2-2-1. Sensory evaluation of cultured Red seabream by degree of
breaking strength.
A, below of breaking strength 1.2 kg
B, breaking strength 1.2~1.4 kg
C, Above of breaking strength 1.4 kg.
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Table 2-2-3. The content of proximate composition and breaking

strength and

prediction value of breaking strength in cultured Red

seabream
) ) o Measured Calculated
Sampl Weight Moisture Lipid ) .
e (kg) content (%) content (%) breaking breaking
strength (kg) strength (kg)
A 1.46 73.42+0.22  4.19+0.00 1.46+0.29 1.43
B 1.12 71.22+0.13  7.03+0.27 1.45+0.34 1.30
C 1.12 71.41£0.01  6.91+0.06 1.30+0.31 1.31
D 0.68 70.24£0.24  8.56+0.07 1.35+0.11 1.25
E 0.80 71.41£0.42  7.03+0.27 1.31+0.19 1.31
F 0.80 73.55%0.12  4.79+0.35 1.45+0.21 1.43
G 0.81 71.23£0.29  7.12+0.10 1.38+0.22 1.30
H 0.68 72.63£0.25  5.88+0.12 1.21+0.06 1.38
I 0.52 73.47+0.28  5.09+0.05 1.46+0.17 1.43
J 0.60 73.63+0.26  4.19+0.02 1.47+0.16 1.44
K 0.60 73.34+0.07  5.21+0.14 1.44+0.31 1.42
L 0.53 74.53+0.02  4.88+0.01 1.48+0.31 1.49
M 0.55 74.53+0.22  4.50+0.03 1.44+0.17 1.49

Table 2-2-4. Changes of adenylate energy charge(AEC) level in

cultured Red seabream

(unit : pmole/g)

A B C D E F G H I J K L M

ATP

ADP

AMP

AEC

8.76 8.71 8.62 4.08 5.96 8.72 8.58 3.41 3.32 7.46 6.74 8.82 8.89

097 1.18 1.03 1.01 1.08 0.92 091 1.11 1.16 1.06 1.23 0.81 0.80

0.60 0.53 0.55 0.51 0.47 0.45 0.57 0.49 0.53 0.52 0.58 0.45 0.35

0.89 0.89 0.90 0.82 0.87 0.91 0.90 0.79 0.78 0.88 0.86 0.92 0.93
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Fig. 2-2-2. Plot measured and calculated breaking strength

in Red seabream.
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Table 2-2-5. Regression coefficients of second order polynomials
representing relationship between moisture content, lipid content, collagen

content and breaking strength in wild Red seabream

Moisture Lipid Collagen Breaking
content content content sterngth
Moisture
1.000
content
Lipid -0.496
1.000
content (0.026)
Collagen 0.443* -0.542*
1.000
content (0.050) (0.014)
Breaking 0.826% -0.765% 0.626% 1000
strength (p<0.001) (p<0.001) (0.003) '

*Correlation is significance at the 0.05 level.

Table. 2-2-6. Relationship between sensory evaluation and breaking

strength in wild Red seabream to grade

Texture Color Over-all Breaking
acceptance strength (kg)

3.4+0.5 4.1+0.7 4.1+0.6 1.66+0.14

3.6£0.5 4.1+0.6 4.0+0.5 1.81£0.20

3.8+0.4 4.1+0.6 45+0.5 1.70£0.14

A 3.6+0.5 4.1+0.6 4.2+0.6 1.73+0.17
3.7+0.5 4.1+0.6 4.1+0.6 1.81+0.15

3.7+0.5 3.7£0.5 3.9+0.6 1.67+0.13

- 131 -



Texture

Over-all
acceptance

Fig. 2-2-4. Sensory evaluation of wild Red seabream.

Table 2-2-7. Contents of moisture, lipid, collagen and breaking

strength in wild Red seabream
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Weight Moisture Lipid Collagen Breaking Calculated

Sample (ke) content content content strength breaking

(%) (%) (mg/g) (kg) stength (kg)
A 162  7512+£0.17 237+0.08 6.52+0.16 1.63£0.32 1.61
B 172 7691+£0.07 1.94+0.04 6.33+0.01 1.76+0.34 1.76
C 250  76.35+0.09 2.70+0.35 8.77+0.14 1.73+0.28 1.72
D 1.95  76.00£0.03 2.35+0.05 7.42+0.05 1.65+0.30 1.69
E 2.00 7523+0.05 2.15%0.02 7.12+0.03 1.58+0.25 1.64
F 212 75.20+0.10 2.50£0.02 7.00£0.02 1.65+0.25 1.76
G 2.02  7590+0.05 2.00£0.05 7.21£0.03 1.70+0.30 1.72
H 1.95  76.10£0.07 1.72+0.08 7.53+0.01 1.80+0.15 1.69
I 1.65  7550+0.11 2.23+0.08 6.53+0.03 1.65+0.20 1.64
J 175 76.52+£0.08 1.35+0.06 8.21+0.02 1.86+0.28 1.61
K 2.05 76.05+0.09 1.35%0.02 8.04+£0.03 1.95+0.35 1.70
L 1.78  77.23£0.05 1.25+0.05 7.85+0.01 1.82+0.21 1.75
M 195  75.23#0.11 1.05+0.06 8.05+0.03 1.85+0.30 1.75
O 1.85  75.10+£0.12 2.05+0.04 7.12+0.01 1.63+035 1.64
P 1.65  75.70+£0.03 2.23+0.05 7.00+0.01 1.65%0.23 1.82
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Fig. 2-2-5. Plot measured and calculated breaking strength

in wild Red seabream.
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Table 2-2-8. Regression coefficients of second order polynomials
representing relationship between moisture content, lipid content, collagen

content and breaking strength in imported Red seabream

Moisture Lipid Collagen Breaking
content content content sterngth
Moisture
1.000
content
Lipid -0.892x
1.000
content (p<0.001)
Collagen 0.743* -0.758+% 1000
content (p<0.001) (p<0.001) '
Breaking 0.678* -0.676% 0.616%* 1000
strength (0.001) (0.001) (0.004) '

*Correlation is significance at the 0.05 level.

Table. 2-2-9. Relationship between sensory evaluation and breaking

strength in imported Red seabream to grade
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Over-all Breaking

Textuge Color acceptance B strength (kg)
2.2+0.8 2.8+0.8 2.6%0.5 1.05£0.10
3.4+x0.5 3.4£0.5 3.2x0.4 1.17£0.20

A 2.4+0.5 3.2+0.4 2.6%0.5 1.03+0.12
2.4£0.9 3.0+0.7 2.4+0.5 1.05£0.20
3.0+1.0 3.4+05 2.8+10.8 1.10+0.19
3.2%0.8 3.4%0.5 3.4%£0.5 1.22+0.20
3.6£0.5 3.0£0.7 3.2x0.4 1.34£0.15

B 3.6£0.5 3.2+0.8 3.4£0.5 1.37+0.17
34+1.1 3.4+£0.9 3.4+09 1.36£0.21
3.2x0.4 3.6£0.5 3.6x0.5 1.30£0.25
4.4+0.9 3.6+0.9 4.2+0.4 1.51+0.20
4.0£0.7 3.4£0.5 3.4+0.5 1.50£0.12

C 4.0£0.7 3.6£0.9 4.0£0.0 1.41£0.18
4.2+0.8 3.4%0.5 4.0+1.0 1.45+0.16
4.6+05 3.4£0.5 4.2+0.4 1.42+0.11

Texture Texture
5

\
Over-all over-all .~ >\
acceptance acceptance
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over-all “*—_________ NS
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Fig. 2-2-7. Sensory evaluation of imported Red seabream by degree of
breaking strength.
A, below of breaking strength 1.2 kg
B, breaking strength 1.2~1.4 kg
C, Above of breaking strength 1.4 kg.
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Table 2-2-10. The content of proximate composition and breaking

strength and prediction value of breaking strength in
imported Red seabream
. .. . Calculated
. Moisture Lipid Collagen Breaking .
Weight breaking
Sample content content content strength
(kg) strength
(%) (%) (mg/g) (kg)
(kg)
A 0.88  73.99+0.10 3.35%0.11 3.18+0.12 1.69+0.01 1.40
B 0.84 72.65+0.40 4.53%0.13 2.94+0.44 1.45+0.29 1.30
C 0.84  73.14+0.09 4.41+0.11 2.60£0.21 1.46+0.10 1.31
D 0.88 7351+0.13 4.11+0.10 3.50+0.01 1.39+£0.30 1.38
E 084 75.22+0.12 2.06%0.10 3.74%0.05 1.32+0.11 1.52
F 094 71.83+0.14 5.79+0.32 2.40+0.08 1.09+0.13 1.20
G 1.18  72.69£0.37 3.46+0.05 3.07£0.08 1.45+0.44 1.34
H 0.88  72.79+0.10 5.01+0.16 2.78+0.10 1.19+£0.13 1.28
I 1.02  71.94+0.13 5.96+0.14 2.62+0.05 1.11+0.17 1.21
J 0.88  75.23+0.13 1.84+0.06 4.05%0.10 1.27+0.12 1.54
K 1.10  71.74+0.33 5.83+0.33 3.38+0.20 1.17+0.20 1.25
L 1.00  73.45%+0.39 4.48+0.35 3.23+0.11 1.40+0.45 1.35
M 094 74.00+0.12 4.13£0.28 2.93£0.11 1.40+0.31 1.44
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Calculated breaking strength (kg)

25

2.0

15

1.0

0.5/

0'0{
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0.
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0.5 1.0 1.5 2.0 2.5
Measured breaking strength (kg)

Fig. 2-2-8. Plot measured and calculated breaking strength

in Red seabream which is imported.
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Table 2-2-11. Regression coefficients of second order polynomials
relationship between moisture content, lipid content, collagen content and
breaking strength in cultured Sea bass

Moisture Lipid Collagen Breaking
content content content strength
Moisture
1.000
content
Lipid -0.650
1.000
content (p<0.001)
Collagen 0.302x -0.308x
1.000
content (0.033) (0.030)
Breaking 0.545% -0.455% 0.560% 1000
strength (p<0.001) (0.001) (p<0.001) '

*Correlation is significance at the 0.05 level.

Table. 2-2-12. Between sensory evaluation and breaking strength in
cultured Sea bass

Over-all Breaking
Texture Color
acceptance strength (kg)

2.8£0.8 3.4+05 3.4+0.5 1.40+0.17

3.4+0.5 3.6+0.5 3.4+0.5 1.47+0.14

A 3.0+0.7 3.6+0.5 3.0£0.7 1.35+0.23
3.2+0.8 3.4+0.5 3.2£0.4 1.45+0.20

3.240.8 3.4+05 3.2+0.4 1.42+0.15

3.6£0.5 3.6+0.5 3.6£0.5 1.72+0.17

3.810.8 3.2+0.8 3.6£0.5 1.80+0.13

B 3.6+0.5 3.6+0.5 3.4+0.5 1.71+0.14
3.6+0.5 4.0+0.0 3.6+0.5 1.79£0.15

3.6£0.5 3.6£0.5 3.4£0.5 1.67£0.22

4.2+0.4 3.6+0.5 3.6£0.5 1.96+0.23

4.0£0.0 3.6+0.5 3.4+0.5 1.92+0.23

C 4.0£0.0 3.6+0.5 4.0+0.0 1.95+0.21
4.4+0.5 3.6£0.5 3.6£0.5 2.13+0.15

4.2+0.4 3.6£0.5 3.8104 2.03+0.23
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Fig. 2-2-10. Sensory evaluation of cultured Sea bass by degree of
breaking strength.
A, below of breaking strength 1.5 kg
B, breaking strength 1.5~1.9 kg
C, Above of breaking strength 1.9 kg.
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Table 2-2-13. The content of proximate composition and breaking

strength and prediction value of breaking strength in
cultured Sea bass
. Calculated
) . o Collagen Breaking ]
Weight Moisture Lipid breaking
Sample content strength
(kg) content (%) content (%) strength
(mg/g) (kg)
(kg)
A 0.58 70.75%0.18 5.71+0.07  259+0.00 1.97+0.13 1.87
B 0.55 72.71£0.29 478+0.21  255%0.10 2.18%0.20 1.94
C 0.50 73.65%0.20 4.09+0.28  3.40+0.11 2.11£0.17 2.05
D 0.30 74.93+0.14 2.36 +0.09 4.64+0.28 2.35+0.22 2.22
E 0.68 73.86+0.06 5.70+0.17 4.63£0.06 2.19+0.11 2.15
F 0.91 71.15+0.07 5.76£0.33  3.28+0.13 2.17+0.27 1.94
G 0.92 74.77£0.08 4.00+0.04  4.02£0.00 2.24%0.16 2.15
H 0.72 71.91+0.08 547+0.20  3.47+0.09 2.19+0.28 1.99
I 0.90 70.33£0.02 568+0.05  4.33+0.11 2.00£0.13 2.00
] 0.92 77.45%0.11 458+0.14  2.16+x0.05 2.19+0.14 2.08
K 0.79 78.45%0.06 3.73+0.04  3.29+0.16 2.27£0.07 2.22
L 0.70 74.51+0.35 4.16+0.05  3.71+0.04 2.32+0.13 2.11
M 0.86 74.41+0.13 5.52+0.09  5.70+£0.02 2.17£0.06 2.26
N 0.80 75.37£0.13 4.27+0.03  4.17£0.02 2.11£0.07 2.18
O 0.87 74.14+0.11 4.15+0.07 2.42+0.04 2.13+0.24 1.99
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2-2-11. Plot measured and calculated breaking
strength in Sea bass.
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Table

2-2-14.

Regression

coefficients

of

second

order polynomials

representing relationship between moisture content, lipid content, collagen

content and breaking strength in imported Sea bass

Moisture Lipid Collagen Breaking
content content content strength
Moisture
1.000
content
Lipid -0.916%
1.000
content (p<0.001)
Collagen 0.557* -0.493*
1.000
content (0.011) (0.027)
Breaking 0.813 -0.719% 0.643 1000
strength (p<0.001) (p<0.001) (0.002) '

*Correlation is significance at the 0.05 level.

Table 2-2-15. The content of proximate composition and breaking

strength  and prediction value of  Dbreaking strength in
imported Sea bass
. o . Calculated
. Moisture Lipid Collagen Breaking .
Weight breaking
Sample content content content strength
(kg) strength
(%) (%) (mg/g) (kg) (ke)
A 1.30 74.15+0.05 492+0.12  3.52+0.06 1.85+0.26 1.76
B 1.22 69.11+0.18 7.16+0.13  1.21+£0.16 1.73+0.18 1.42
C 1.80 76.87+0.23 3.13+0.09 317022 1.95+0.22 1.85
D 1.10 74.74+0.16 3.97+0.14  3.10+£0.03 1.71+0.08 1.76
E 1.42 77.30+0.07 2.72£0.01  4.08+0.20 1.94+0.18 1.92
F 1.10 74.79+0.33 4.68+0.08 2.79+0.01 1.65+0.22 1.75
G 2.15 77.60+0.14 1.89+0.09  3.63+0.04 1.98+0.14 1.90
H 1.34 77.27+0.13 2.50£0.20  3.22+0.01 1.77+0.07 1.87
I 1.58 75.79+0.19 4.37+0.03  2.28+0.03 1.87+0.14 1.76
J 1.60 72.80+0.08 741+0.29  1.29+0.13 1.79+£0.14 1.60
K 2.14 70.74+0.25 8.69+0.03  3.36+x0.23 1.56+0.13 1.63
L 1.95 72.03£0.17 6.03£0.26  4.79+0.38 1.68+0.22 1.75
M 1.58 75.91+0.02 1.73+0.20  2.41£0.16 1.80+0.27 1.76
N 2.10 76.71+0.31 2.17£0.10  556+0.11 1.74+0.13 1.97
O 2.30 72.22+0.14  6.70£0.31  3.23¥0.26 1.51+0.15 1.67
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Fig. 2-2-13. Sensory evaluation of imported Sea bass by degree of
breaking strength.
A, below of breaking strength 1.5 kg
B, breaking strength 1.5~1.9 kg
C, Above of breaking strength 1.9 kg.
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Table. 2-2-16. Relationship between sensory evaluation and breaking

strength in imported Sea bass

Over-all Breaking
Texture Color
acceptance strength (kg)

2.810.4 2.8+0.4 3.4+05 1.37+0.14

2.810.4 3.2+0.4 3.2+0.4 1.41+0.23

A 3.2£0.4 3.0+0.7 3.4+0.5 1.42+0.22
2.8+0.8 3.2+0.4 3.2+04 1.36+0.15

3.0£0.7 3.2+0.4 3.4%£0.5 1.46+0.20

3.4£0.5 3.4+0.5 3.6£0.5 1.52+0.14

3.4+0.5 3.4+0.5 3.4+0.5 1.75+0.15

B 3.8+0.4 3.0£0.0 3.4+0.5 1.80+0.11
3.61£0.9 3.4%0.5 3.6+£0.5 1.68+0.16

3.6£0.5 3.6+£0.5 3.4%£0.5 1.70+0.21

4.4+0.5 3.2+0.4 3.2+04 1.92+0.11

3.8£0.8 3.4+0.5 3.4%0.5 1.90£0.11

C 4.4+05 3.2+0.4 3.4+0.5 1.97£0.16
4.2+0.8 3.6£0.5 3.8+0.4 1.91+0.20

4.4+0.5 3.2+0.4 3.6+£0.5 2.00+0.18
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Fig. 2-2-14. Plot measured and calculated breaking strength

in imported Sea bass.
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Fig. 2-2-15. Grading for imported Sea bass by adenylate energy
charge (AEC) and breaking strength.
- - Quality standard by AEC and breaking strength.
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Table 2-2-17. Regression coefficients of second order polynomials
representing relationship between moisture content, lipid content, collagen

content and breaking strength in Mullet

Moisture Lipid Collagen Breaking
content content content strength
Moisture
1.000
content
Lipid -0.863%*
1.000
content (p<0.001)
Collagen 0.065 0.010
1.000
content (0.653) (0.944)
Breaking 0.509: -0.574x* 0.629= 1,000
strength (p<0.001) (p<0.001) (p<0.001) '

*Correlation is significance at the 0.05 level.

Table. 2-2-18. Relationship between sensory evaluation and breaking

strength in Mullet to grade
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Over-all B Breaking

Textube Color
acceptance strength (kg)
2.4+09 2.4+05 2.2+0.4 1.39+0.10
2.0£0.7 2.810.4 2.8%1.1 1.37+0.09
A 2.4%0.5 2605 2.6%0.5 1.45+0.15
2.6+0.5 2.4+0.5 2.6+£0.5 1.36+£0.12
2.6%0.5 2.4%0.5 2.6%0.5 1.41+0.21
3.2+0.4 2.4+0.5 3.2+0.4 1.61+0.21
3.4+0.5 2.6%0.5 3.0£0.0 1.52+0.14
B 3.4+0.5 2.6+0.5 3.4+0.5 1.67+0.19
2.8+0.4 2605 2.8+0.4 1.65+0.15
2.810.4 2.4%0.5 2.6%0.5 1.57+0.20
3.8+0.8 2605 3.4%+0.5 1.92+0.23
3.8+0.8 2.6+£0.5 3.0+£0.0 1.87+£0.28
C 3.4+0.5 2.810.4 3.0£0.0 1.82+0.20
3.8+1.3 2.6+0.5 3.2+0.4 1.80+0.12
3.6£0.5 2.6%0.5 3.0£0.7 1.78+0.25
Texture Texture

Over-all Over-all
acceptance acceptance
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Texture

Over-all
acceptance

Fig. 2-2-16. Sensory evaluation of Mullet by degree of breaking
strength. ¢
A, below of breaking strength 1.5 kg
B, breaking strength 1.5~1.7 kg

C, Above of breaking strength 1.7 kg.
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Table 2-2-19. The content of proximate composition and breaking

strength and prediction value of breaking strength in Mullet

. . Calculated
) Moisture o Collagen Breaking ]
Weight Lipid breaking
Sample content content strength
(kg) content (%) strength
(%) (mg/g) (kg) (ke)

058  71.10+0.21  6.88+0.05 5.41+0.04 2.04+0.18 1.84
074  71.49+0.24  8.44%0.21 4.32£0.06 1.73+0.27 1.66
064  71.82+045  6.02£0.11 5.32£0.01 1.94+0.26 1.86
064  7269+0.61  6.39+0.10 3.99+0.20 1.68+0.13 1.66
0.68  7391+0.13  563+0.40 5.40+0.14 1.85+0.08 1.86
0.74  71.68+0.04  7.72+0.09 597+0.04 1.83+0.32 1.85
0.85  73.30+0.30  533+0.34  5.11+0.07 1.79+0.18 1.85
0.68  7510+0.18  7.32+0.14 4.24£0.02 2.08+0.17 1.66
0.74 72594033  5.68+0.05 594+0.15 2.02+0.12 1.93
0.68  73.85+0.23  6.73+£0.29  3.90+0.12 2.01+0.14 1.67
091  7388+0.12  3.28+0.09  4.46+0.00 2.03+0.30 1.88
090  69.30+0.25  873+0.01  4.95+0.03 1.87+0.28 1.73
1.20  70.76+0.32  6.70£0.16  3.30+0.01 1.77+0.24 1.64
1.00  70.86+0.27  9.70+0.47  517+0.04 1.92£0.28 1.69
090  7299+0.35  6.72+0.28  5.43+0.03 1.93+0.16 1.83
094  7417£016  4.54+0.02 5.21+0.19 1.86%0.10 1.89

O ZECNf R —=~~IT Q0" Ooggdowm o
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Fig. 2-2-17. Plot measured and calculated breaking strength in Mullet.
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Adenylate energy charge
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Fig. 2-2-18. Grading for Mullet by adenylate energy charge

(AEC) and breaking strength.
- - Quality standard by AEC and breaking strength.
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Table 2-2-20. Regression coefficients of second order polynomials
representing relationship between moisture content, lipid content, collagen

content and breaking strength in cultured Korean rockfish

Moisture Lipid Collagen Breaking
content content content sterngth
Moisture
1.000
content
Lipid —0.786%
1.000
content (p<0.001)
Collagen 0.540% -0.520%
1.000
content (p<0.001) (p<0.001)
Breaking 0.366% -0.631 0.462: 1 000
strength (p<0.001) (p<0.001) (0.001) '

*Correlation is significance at the 0.05 level.

Table. 2-2-21. Between sensory evaluation and breaking strength in

cultured Korean rockfish

Over-all Breaking
Texture Color
acceptance strength (kg)

2.4+0.5 3.0+0.0 3.2+0.4 1.05+0.11

3.0£0.7 3.6x0.5 3.2+0.4 1.19+£0.18

A 2.6£0.5 2.8+0.8 3.0+0.7 1.11+0.20
2.4+0.5 3.0+0.7 3.2+0.4 1.08+0.13

2.6+0.5 3.0£0.7 3.0+0.7 1.10+0.22

3.2+0.4 3.2+0.4 3.4+0.5 1.26+0.17

3.4+0.9 3.6+0.5 3.4+0.5 1.24+0.28

B 3.8+0.8 3.2+0.4 3.810.4 1.36+0.16
3.6+0.5 3.2+0.4 3.4+0.9 1.33+0.18

3.210.8 3.0£0.0 3.210.4 1.26£0.25

4.2+0.8 3.4+0.5 3.6+0.5 1.68+0.24

4.0+0.7 3.6+0.5 3.810.8 1.54+0.10

C 4.0£0.7 3.210.8 3.6+£0.5 1.41+0.18
4.0+0.7 3.4+0.5 3.810.4 1.70+0.27

4.0+0.7 3.2104 4.0+0.7 1.52+£0.25
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Over-all
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Fig. 2-2-19. Sensory evaluation of cultured Korean rockfish by degree of
breaking strength.
A, below of breaking strength 1.2 kg
B, breaking strength 1.2~1.4 kg
C, Above of breaking strength 1.4 kg.
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Table 2-2-22. The content

cultured Korean rockfish

of proximate composition and breaking

. .. . Calculated
. Moisture Lipid Collagen Breaking .
Weight breaking
Sample content content content strength
(kg) strength
(%) (%) (mg/g) (kg)

(kg)

A 0.30 76.33+0.27 2.87+0.17 2.31+£0.05 1.42+0.20 1.65
B 0.28 76.97+0.27 1.72+0.12 2.46+0.01 1.96+0.10 1.79
C 0.34 76.94+0.04 1.90+0.07 2.50£0.01 1.55+0.27 1.78
D 0.34 77.33£0.20 1.11+0.10 2.20+0.01 2.00+0.51 1.82
E 0.38 75.20+0.20 2.52+0.12 2.43+0.03 1.78+0.33 1.78
F 0.55 75.12£0.06  3.11+0.06 3.54+0.16 1.54+0.09 1.85
G 0.55 76.60+0.10 2.88+0.11 4.29%0.18 1.50+0.16 1.90
H 0.41 75.86£0.13  4.05+0.09 3.95+0.32 1.71+0.13 1.73
I 0.42 7551017  3.86+0.03 2.70+0.07 1.69+0.23 1.61
J 0.50 75.50+0.20  4.01+0.10 2.77+0.07 1.45+0.07 1.60
K 0.44 76.90+0.13 2.18+0.02 2.45%0.03 1.54+0.11 1.73
L 0.40 78.33+0.25 1.60+0.10 2.21+0.06 1.64+0.27 1.70
M 0.44 77.30+0.26 1.73+0.35 2.86+0.14 1.58+0.26 1.83
N 0.42 78.22+0.14 2.44+0.06 3.24%0.02 1.89+0.14 1.72
O 0.48 77.37+0.09 1.89+0.05 2.40£0.06 1.80+0.30 1.74
P 0.42 77.51+0.15 2.77+0.03 2.84+0.09 1.69+0.24 1.67
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Calculated breaking strength (kg)
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Fig. 2-2-20. Plot measured and calculated breaking strength

in cultured Korean rockfish.
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Fig. 2-2-21. Grading for cultured Korean rockfish by adenylate energy
charge (AEC) and breaking strength.
- - Quality standard by AEC and breaking strength.
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Table 2-2-23. Regression coefficients of second order polynomials
representing relationship between moisture content, lipid content, collagen

content and breaking strength in Oliver flounder

Moisture Lipid Collagen Breaking
content content content strength
Moisture
1.000
content
Lipid -0.833*
1.000
content (p<0.001)
Collagen 0.485 -0.464*
1.000
content (0.067) (0.081)
Breaking 0.659% -0.763* 0.713x 1000
strength (0.008) (0.001) (0.003) '

*Correlation is significance at the 0.05 level.

Table 2-2-24 . Between sensory evaluation and breaking strength in
Olive flounder

Over-all Breaking
Texture Color
acceptance strength (kg)

2.610.5 3.2+0.4 3.210.4 1.23£0.10

3.0+0.7 3.0£0.0 3.2+0.4 1.24+0.11

A 2.810.4 3.0£0.0 3.4+0.5 1.15+0.20
3.0+0.7 3.410.5 3.4+0.5 1.06+0.19

2.6+0.5 3.2+0.4 3.4+0.5 1.26+0.18

3.0+0.0 34105 3.4+£0.5 1.44+0.12

3.6+1.1 3.2+0.8 3.6+0.5 1.45+0.14

B 3.6+£0.5 3.6£0.5 3.4+0.5 1.35+0.09
3.2+0.4 3.4£0.5 3.4£0.5 1.45£0.25

3.6+0.5 3.2+0.4 3.4+0.5 1.37+0.18

4.4+0.5 3.4+0.5 3.8+0.8 1.52+0.13

3.8t0.4 3.6£0.5 3.6+£0.9 1.60+0.18

C 4.4+0.5 3.4£0.5 4.2+0.8 1.62+0.15
4.0+0.7 3.4+0.5 3.8+0.4 1.58+0.20

4.0+0.7 3.4+0.5 4.0+0.7 1.60+0.35
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Fig. 2-2-22. Sensory evaluation of Olive flounder.
A, below of breaking strength 1.3 kg
B, breaking strength 1.3~1.5 kg
C, Above of breaking strength 1.5 kg.
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Table 2-2-25. Contents of moisture, lipid, collagen and breaking
strength in Olive flounder
o . Calculated
. Lipid Collagen Breaking .
Moisture breaking
Sample content content strength
content (%) strength
(%) (mg/g) (kg)
(kg)
A 75.36£0.26 1.94+0.00 2.25+0.08 1.40+0.11 1.31
B 73.48%0.09 3.21+0.04 2.16£0.03 1.12+£0.23 1.15
C 74.27+0.06 2.59+0.10 2.06+0.00 1.01+0.11 1.20
D 75.56+0.38 1.99+0.11 2.00£0.02 1.20+0.29 1.24
E 75.37£0.23 1.80£0.03 1.86£0.04 1.24+0.21 1.24
F 76.49+0.06 1.03+0.07 2.53£0.04 1.47+0.20 1.48
G 77.32+0.06 0.81£0.01 3.21£0.04 1.55£0.30 1.65
H 75.80+0.22 1.66+0.73 2.54%0.05 1.41+0.15 1.41
I 77.36+0.13 0.82+0.07 2.30+0.18 1.51+0.22 1.44
J 76.22+0.29 1.00£0.03 2.62£0.08 1.42+0.24 1.51
K 75.45%0.14 1.04+£0.09 2.58+0.01 1.56+0.23 1.50
L 75.20+0.13 2.03+0.12 2.83+0.14 1.53£0.30 1.43
M 74.37+0.11 2.54+0.02 2.36+0.04 1.38+0.09 1.27
N 75.63£0.04 0.81+£0.01 2.23+0.03 1.49+0.01 1.45
O 73.40+1.10 0.70+0.01 2.56+0.10 1.48+0.26 1.54
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Fig. 2-2-23. Plot measured and calculated breaking strength

in Olive flounder.
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Adenylate energy charge
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Fig. 2-2-24. Grading for Olive flounder by adenylate energy
charge (AEC) and breaking strength.
- - Qualtiy standard by AEC and breaking strength.

- 179 -



TH

{J

O
B
X
Him
o

o
%
T
~o)
Tor

o

0

4

<
el

A&

1.

el

Al 183 274 A

uzel

X

~X

%
R

¢+

ool
o
o

—_
file)

mj
—_

ﬁo
Jo
&

alp

o

el

ﬂ
w

;OL
B

R

-
ol
o
o

¢l ATP &

=)

of 28%e oy

T

AE 7 YA ALY 2EY A

el

rvze)

K
B

H 517}

o] AECZ%Fo)

o3

bl e

=
=

Rheo—meter

o] Hupz7|

& we] 7leHel |

SRl

o
=

[e)
=

9k, Rheo-meter &X|7} 17t

5}

0

o] &2

<+ HPLCE

g

=
=

oAt AEC%He

b
70
=y
e
e
[l

]

7A

o

vze)
7
e~
ol

sle] H) 4l

&

|

1A HLdA=Ae Fd8 luminometers

J

_?4

S 97

AEC%k

Folvk. 2] ar

S

) a1 A}

E

49 gel WL,

=

Al rheo—meter®l|

&

= ZTAbste] ATP#S ol &

A

‘o)

L,

s

o

H
7} #4974 = A (Fruit hardness tester, FHM-1)°] 9]

=)

v B
P2

A =5

2.

59 %

Eis

& sHA

g

3L

NI

>
o

A

ol Em._
3

del 7
e

el
i)
il

w
i
oo

gatel 2x2x1 cmel A2 HApzH
)

bl o,

AANFgEE ALLS

=
=

(fruits hardness tester, FHM-1)2¢]

- 180 -



tol

°©

8umol ATP
o] &

)
3L O
™=

%]
2 F1lx 9WE(PD-10, Japan)E
+Z 7}

=
T

=

=
FE=Sm 24 glycine buffer,

ATP

bl o,

of o] ATP

Z} buffero] F+=49 &

}

o
pil

S|
&

[s]

/\n
4
o

o 2
‘J:r

=
T

b1 9

°

S|
&

sl oh(Fig. 2-3-3)ell YER AT

o] &8 jE AAFE 05M phosphate buffer(pH 6.8) 25mlol] w} 3

)

LN

=]

24

g2 ATP(Adenyl 5'-triphosphate)
%l

o)
]

=
o

o8& FE AL luminometer 2 HPLC(waters 600, Island)

0.5M, pH6.8% Tt

3}

=

§|

luminometer = 7 &%

}ATh & luminometerZ %4

}o] AAkE AECZ3 HPLCE

2.5¢g

[<]

°©

=
Q

&
[e]
“.I‘JI‘
24
] §

n) = v B} (Lumitester, PD-10)°] ¢
7
1o

o

1

°©

=
-

=

2

[}

171 <l
b

153
24
o]
3. 49 4 1

tris—HCl1 buffer, citrate buffer, tris—-malate buffer, phosphate buffer, borate
[e)

buffer2 7z}

Ql
=
=

o] Aojd 7}

JyAvO
o
=~
!
T

G
o
ﬁo
JJo
H

s

=0

H

Fach ey ol

o] lom, 4o}

fite)

W

35 A

A

ol

o

—

oy
el
Z]T_

o

B

B
i

M

e oje] A

Table 2-3-1

ojtt. =LA o],

g 0~374 WS

R

-

5t

°©

g 3o

3|
=

of whebd EF2

T,

tef 7

°©

7kel, H5-el o

Hr
;OO

~N

ol

ol

Aegs 7)1+

T

T

olth. 11} ol

- 181 -



¢+

KA

ol

obelt Folol e

Al
=

FARE, A A

S

a7} s

== &
[R=]

o

T

]

™
o

Mo

Th
o]

)

—_
file)

ﬂmo
Gr

el

Clal
o
il
w
<

)A

<
50

of
KN
Hin

—_—

0

N
JJo
"

- 182 -



Table 2-3-1. Quality index scheme for cultured Red seabream
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Fig 2-3-1 Relation between the breaking strength of reho meter and
fruit hardness tester(FHT) in Red seabream which flesh
is cut with regular size.
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Table 2-3-2. Effect of various buffer which is measured ATP contents

by luminometer

Luminometer (RLU)

Buffer
8umol ATP standard sample
Glycine buffer
362,732 -
(pH 6.8)
Tris-HCI buffer - B
(pH 6.8)
Citrate buffer
225,652 -
(pH 6.8)
Tris-malate buffer
368,218 -
(pH 6.8)
Phosphate buffer
70,660 805592
(pH 6.8)
Borate buffer
676,402 -
(pH 6.8)

* sample is extracted ATP compound that 2.5g¢ muscle dissolved 25ml 0.5M phosphate buffer
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Fig. 2-3-3. Standard curve ATP which is dissolved 0.5M

phosphate buffer with luminometer.
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Fig. 4-4 . Plot ATP content and adenylate energy charge (AEC).
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Table 2-3-3. The content of AEC and prediction value of AEC in Red

seabream
No. RLU ATP content(umol/g) calculated AEC measured AEC

1 805592 4.71 0.893 0.889
2 795426 4.63 0.891 0.891
3 802312 4.68 0.892 0.902
4 768951 4.44 0.884 0.884
5 678451 3.80 0.852 0.890
6 801475 4.68 0.892 0.887
7 814965 4.77 0.895 0.905
8 832122 4.90 0.898 0.893
9 745861 4.28 0.878 0.864
10 804658 4.70 0.893 0.905
11 635248 3.49 0.830 0.876
12 642158 3.54 0.834 0.858
13 521487 2.67 0.750 0.913
14 807898 4.72 0.894 0.897
15 812111 4.75 0.894 0.902
16 586475 3.14 0.800 0.909
17 821875 4.82 0.896 0.872
18 610465 3.31 0.816 0.908
19 805664 4.71 0.893 0.870
20 802548 4.69 0.892 0.895
21 548745 2.87 0.772 0914
22 804587 4.70 0.893 0.912
23 514625 2.62 0.744 0.901
24 814585 4.77 0.895 0.905
25 576254 3.06 0.793 0.830
26 810214 474 0.894 0.906
27 502486 2.54 0.733 0.915
28 805423 4.71 0.893 0.889
29 810425 474 0.894 0.896
30 512045 2.60 0.741 0.886
31 810245 4.74 0.894 0.867
32 615786 3.35 0.819 0.876
33 802548 4.69 0.892 0.894
34 815625 4.78 0.895 0.911
35 624865 3.41 0.824 0.918
36 829648 4.88 0.898 0.914
37 819754 4.81 0.896 0.932
38 801520 4.68 0.892 0.921
39 802045 4.68 0.892 0.903
40 810548 4.74 0.894 0.896
41 811768 475 0.894 0.890
42 823952 4.84 0.897 0.904
43 804256 4.70 0.893 0.904
44 805764 4.71 0.893 0.907
45 804245 4.70 0.893 0.921
46 804862 4.70 0.893 0.903
47 810475 4.74 0.894 0.892
48 802458 4.68 0.892 0.913
49 811035 475 0.894 0.916
50 810865 4.74 0.894 0.891
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