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Quality Estimation Support Models of the Fresh Fish in the
Distribution

Masako Aketagawa'!, Makoto Nakamura?, Hiromitsu Ohta?, Toshimichi Maeda?

Abstract : Models which ensure accurate non-destructive estimates of the freshness of fish meat (K-
value) in real time are proposed to improve quality control and maintain the skill level of distributers of
marine products. Six kinds of fish, each differing with respect to the hue of the fish body surface, were
used to construct the models. Relationships between fish coloration and K-values from sample acquisition
until 72 hours later under refrigeration at — 2C, +2T, and +6C were investigated. A statistical
analysis revealed that fish coloration does reflect its K-value, although the strength of the relationship
differs by fish species. Three models were designed on the basis of these results, and the usefulness of
each model was evaluated. The models are as follows: (1) Model to estimate the K-value of fish meat
based on the coloration of the fish body surface (Model 1), (2) Model to predict the K-value of fish meat
after several hours for the same fish for which the K-value was estimated with Model 1 (Model 2),
and (3) Model to predict the K-value of the fish meat after an arbitrary elapsed time for just-killed
fish (Model 3). For all three models, a high estimation accuracy was confirmed, demonstrating their
potential usefulness for quality control in the distribution of marine products.
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Tilefish 3383 = 249 4845 + 101.7 82
Red seabream 4157 = 86.2 1059.4 + 645.9 138
White chestnut 315.7 = 18.7 4649 + 83.9 82
Striped grunt 3294 £+ 29.1 515.1 £ 121.3 149
Japanese jack mackerel 273.7 £ 36.2 2173 £ 853 155
Black scraper 284.6 = 30.3 333.8 £ 118.5 158
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Fig. 1 Measuring points of color on the fish body surface.
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O, Tilefish; @, Red seabream; A, White chestnut
A, Striped grunt; [, Japanese jack mackerel; B, Black scraper
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Fig. 2 Distribution of color on the fish body surface.
Table 2 Body skin color of specimens
[ mean = SD ]

Species  Indices Dorsal region Trunk part Abdominal region

L* 35.68 = 3.80 68.08+ 6.14 83.15+3.63
Tilefish a* 9.95 +2.06 1202+ 3.07 1.44 £3.07

b* 3.97+£3.87 15.81+ 7.69 3.03 £3.21

L* 4571 £ 6.81 7351+ 5.32 74.15+ 5.56
Re‘i a* 792335 8.55+ 3.5 1.09+2.11
SCAbTEAm 14.23 + 4.38 1455+ 4.26 459+2.10
White L* 31.57+3.80 8562+ 7.12 85.09 + 3.02

a* -1.58+1.25 -5.07+ 2.50 -0.74+£2.08
chestnut

b* 7.40£2.19 18.08+ 8.00 0.10 £2.07

. L* 28.94 +3.39 43.64 £ 7.44 69.57 + 4.87

Striped N
grunt a 1.22+1.15 256+ 1.61 2.27+£3.09

b* 5.56 £2.21 842+ 3.52 10.14 £+ 4.45
Japanese L* 29.27+4.28 61.51+ 11.79 85.84+4.10
jack a* -1.22+£0.68 -1.96+ 1.79 -0.86+1.25
mackerel b* 1.62 +1.53 1090+ 4.45 -0.10 = 3.01
Black L* 27.33+5.20 4022+ 7.94 54.56 + 8.96

a* -0.53+0.85 -0.88= 1.92 0.03+1.92
Seraper b* 2.04+ 1.53 410+ 273 6.34 +3.08
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Fig. 3 Changes in K value of specimens.
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Table 3-1 Colors of the fish body surface which confirmed the relationship
between K values
(a) Tilefish and red seabream

Species Measuring points Indices
(L1-C1) L*. h
(L1-C2) L*, a*, C*ab, h
(L2-C0) L*, b* C*ab, h
(L2-C1) L*, a*, b* C*ab
(L2-C2) L*, a* b* C*ab, h
(L2-C3) L*, a*, b*, C*ab
(L3-C1) h
(L3-C2) a* b* C*ab.h
(E) b*, C*ab

Tilefish (L1-C1)-(L2-C1) AL*, Aa*, Ab*, AC*ab, Ah
(L1-C1)-(L3-C1) AL*, Ab*, Ah
(L1-C2)-(L2-C2) Aa*, Ab*, Ah
(L1-C2)-(13-C2) Ah
(L2-C1)-(L2-C2) Ah
(L2-C1)-(L2-C3) AL*, Aa*, Ab*, AC*ab
(L2-C1)-(L3-C1) AL*, Aa*, Ab*, AC*ab, AE*ab, Ah
(L2-C2)-(1.2-C3) AL*, Aa*, AC*ab, Ah
(L2-C2)-(L3-C2) AL*, Aa*, AC*ab
(L3-C1)-(L3-C2) AC*ab
(L1-C1) L*, b* C*ab. h
(L1-C2) L*, a* b* C*ab
(L2-C0) L*, a*, b*, C*ab
(L2-C1) L*. a* b* C*ab., h
(L2-C2) L*. a* b* C*ab., h
(L2-C3) L*. a* b* C*ab, h
(L3-C1) L*, b* C*ab. h
(L3-C2) b*, C*ab, h

Red (E) L*

seabream (L1-C1)~«(L1-C2) AL*, Aa*, AC*ab, AE*ab
(L1-C1)-(L2-C1) Aa*, Ab*, AC*ab
(L1-C1)-(L3-C1) Ab*, AC*ab
(L1-C2)-(L2-C2) AL*, Ab*, AC*ab, Ah, AE*ab
(L1-C2)-(13-C2) AL*, Aa*, Ab*, AC*, AE*ab
(L2-C1)-(L2-C3) Aa*, Ah, AE*ab
(L2-C1)-(L3-C1) Aa*, Ab*, AC*, AE*ab
(L2-C2)-(L2-C3) Aa*

(L2-C2)~(L3-C2) Aa*, Ab*, AC*, AE*ab
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Table 3-2
(b) White chestnut and striped grunt

Species Measuring points Indices
(L1-C2) b*, h
(L2-C0) a*, b*, C*ab
(L2-C1) a*, b*, C*ab
(L2-C2) a*, b*, C*¥ab
(L2-C3) L*, a* b* C*ab
(L3-CI) b*, C*ab, h
(L3-C2) L* a* b* h
(E) L*, b*, C*ab

White (L1-C1)~(L2-C1) Aa*, Ab*, AC*ab

chestnut (L1-C1)~(L3-C1) Ah,
(L1-C2)-(1.2-C2) AL*, Aa*, Ab*, AC*ab, AE*ab
(L1-C2)-(L3-C2) AL*, Aa*, Ah, AE*ab
(L2-C1)~(L2-C2) AL*, Aa*
(L2-C1)~(L2-C3) AL*
(L2-C1)~(L3-C1) Aa*, Ab*, AC*ab, Ah, AE*ab
(L2-C2)~(1.2-C3) Aa*
(L2-C2)-(L3-C2) Aa*, Ab*, AC*ab, Ah, AE*ab
(L3-C1)~(L3-C2) AL*, Aa*, AE*ab
(L1-C1) L* a* b* C*¥ab,h
(L1-C2) a*, b* C#*ab, C*ab
(L2-C0) L*, a* b* C*ab, h
(L2-C1) a*,
(L2-C2) L*, a* b* C*ab, h
(L2-C3) L*, b* C*ab
(L3-C1) L* a* b* C#ab,h
(L3-C2) L*, a* b* C*ab, h
(E) L*, a*, b*, h, C*ab

Striped (L1-C1)~(L1-C2) Aa*, Ab*, Ah, AC*ab, AE*ab

grunt (L1-C1)~(L2-C1) Aa*, Ah

(L1-C1)~(L3-C1)
(L1-C2)-(L.2-C2)
(L1-C2)~(1.3-C2)
(L2-C1)~(L.2-C2)
(L2-C1)~(L2-C3)
(L2-C1)~(L3-C1)
(L2-C2)~(1.2-C3)
(L2-C2)~(1.3-C2)
(L3-C1)~(L3-C2)

AL*, Aa*, Ab*, AC*ab, AE*ab
AL*, Aa*, Ah, AE*ab

AL*, Aa*, Ab*, AC*ab, Ah, AE*ab
AL*, Aa*, Ab* AC*ab. AE*ab
AL*, Aa*, Ab*, AC*ab, AE*ab
AL*, Aa*, Ab*, AC*ab. Ah, AE*ab
Aa*, Ab*, AC*ab

AL*, Ab*, AC*ab, Ah, AE*ab
Aa*, Ab*, AC*ab
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Table 3-3
(c) Japanese jack mackerel and black scraper

Species Measuring points Indices
(L1-C1) L*, a*, b*, C*ab, h
(L1-C2) L*, a*
(L2-C0) L*, a*, b* C*ab
(L2-C1) L*, a* b* C*ab, h
(L2-C2) L* a* b* h
(L2-C3) L* a* h
(L3-C1) L*, a*, b* C*ab, h
(L3-C2) L*, a*, b* C*ab, h

Japanese

. (E) L* a* b* h

jack (L1-C1)-(L1-C2) Aa*, Ab¥, AC*ab, Ah, AE*ab

mackerel
(L1-C)~(L2-C1) AL*, Aa*, Ab*, AC*ab, Ah, AE*ab
(L1-C1)~(L3-C1) AL*, Aa*, Ab*, AC*ab, Ah, AE*ab
(L1-C2)~(L2-C2) AL*, Aa*, Ab*, Ah, AE*ab
(L1-C2)~(L3-C2) AL*, Aa*, Ab*, AC*ab, Ah, AE*ab
(L2-C1)-(L.2-C2) AL*, Ah, AE*ab
(L2-C1)~(L2-C3) Ab*, AC*ab
(L2-C1)~(L3-C1) AL*, Ab*, AC*ab, Ah, AE*ab
(L2-C2)~(L2-C3) AL*, Aa*, Ah, AE*ab
(L1-C1) L*, b*, C*ab, h
(L1-C2) L*
(L2-C0) L*, a*, b*, C*ab
(L2-C1) L* a* h
(L2-C2) L*, b*, C*ab
(L2-C3) L* a* h
(L3-CI) L* a* h
(L3-C2) L*, a*, b* C*ab, h
(E) L*, b*, C*ab

Black (L1-C1)~(L1-C2) AL*, Ab*, AC*ab, AE*

scraper (L1-C)-(L2-C1) AL*, Aa*, Ab*, AE*. Ah
(L1-C)~(L3-CI) AL*, Aa*, Ah, AE*
(L1-C2)-(L2-C2) AL*, Ab*, AC*ab, AE*
(L1-C2)~(L3-C2) AL*, Aa*, Ab*, AC*ab, Ah, AE*
(L2-C1)~(L2-C2) AL*, Ab*, Ah, AE*
(L2-C1)~(L2-C3) AL*, Aa*, AE*ab
(L2-C1)-(L3-C1) AL*
(L2-C2)-(L2-C3) AL*, Ab*, AC*ab, Ah, AE*
(L2-C2)~(L3-C2) Aa*, Ab*, AC*ab, Ah

(L3-C1)-(L3-C2) Aa*, Ab*, AC*ab, Ah
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Table 4 Constitution of multiple regression analysis
models which estimate K values

Partial regression

Species Explanatory variables .
coefficients
(L1-C2), C*ab -0.297
(L2-C0), L* 0.271
(L2-C0), b* -0.384
. (L2-C2), L* 0.304
Tilefish
(L2-C3), L* -0.165
(E). b* -0.329
(L1-C1)-(L2-C1). AC*ab 0.258
Constant -4.956
(L1-C2), C*ab - 0.080
(L2-C0), L* 0.034
(L2-C2), h - 0.090
Red
(E). L* 0.071
seabream
(L2-C1)-(L3-C1). Ab* -0.118
(L2-C2)-(L3-C2). Ab* -0.140
Constant 8.721
(L2-C0), a* 1.221
(L2-C0), b* 0.332
) (L2-C2), a* 1.423
White
(L3-C2), L* - 0.540
chestnut
(L3-C2), a* 2.264
(L2-C1)-(L3-C1). AE*ab -0.434
Constant 84.959
(L1-C1), a* 3.583
(L2-C0), L* 0.262
. (L3-C2), C*ab - 0.444
Striped
(E). L* 0.460
grunt
(L2-C1)-(L2-C2), AL* 0.215
(L2-C2)-(L2-C3), AC*ab 1.186
Constant - 18.935
(L1-C1), a* 2,948
(L2-C1), L* 0416
Japanese (L3-C2), b* 0.849
jack (L1-C1)-(L2C1), AL* 0.522
mackerel (L1-C1)-(L2C1), Ab* - 0.583
(L1-C1)-(L3C1), Ab* -0.477
Constant 0.989
(L1-C2), L* 0.263
(L2-C0), a* 0.424
Black (L3-C2), a* 0.204
scraper (E). L* 0.183
(L1-C1)-(L2-C1). AE*ab 0.142

Constant - 8.436
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1.0
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(a) Antecedent part

A, KH, HTH

CL1 CL2CL3 CL4CL5CL6 CL7
1.0

0.5

0.0
0.13

(b) Consequent part

Antecedent part variables @ @ ® @ ®

® @ ® ) ® a ®@ ®

(L.1-C2), C*ab 11.90 1401 1290 1521 17.51 1521 1751 1942 1751 19.82 2213 19.82 2213
(L2-Co), L* 50.05 54.10 49.80 54.10 58.16 54.10 58,16 62.22 58.60 60.70 64.20 62.22 6227
(L2-C2), h 51.30 54.33 5130 55.61 5991 55.61 59.91 64.21 5991 6421 6851 62.30 68.50
(E), L* 35.64 39.38 35.64 39.38 43.12 39.38 43.12 46.86 43.20 46.20 4880 46.86 50.60
(L2-C1)-(L3-C1), Ab* 522 771 295 659 1020 818 1020 1268 10.20 12.68 15.17 12.68 15.17
(L2-C2)-(L3-C2), Ab* 3.83 6.09 383 609 835 609 835 1061 835 1061 1210 10.61 12.87
Fig. 4 Membership functions for inferring the freshness of red seabream.
Table 5 Coefficients of model 2
. . Japanese
Coefficients  Tilefish 0 White Striped jaEk Black
seabream chestnut grunt scraper
mackerel
a 1.000 0.255% 107 6.098% 107 1.000 1.472 0.318% 107
b 4.937 18.184 -19.302 0.027 0.029 % 1073 1.833
— 20.000 — 45.000 — 25.000

Japanese jack mackerel :
a

1

o 1
K,=b (F) +tpp [%] 1)

Black scraper :

K2=

0, 1
bl ) el

ZIT, KIZEFNV 212 ) TS AKE, KizEFv1
12X 0 HEE L 72K, t,(0<t,<4320(min)) X508 A F
s & DR ORBER &+ 5,

EFIL3
ETOV 2 kBRSNS B ORI & SR 7245 5
XA DETIVIIITRAFEMBEE, T4 FLovYT

NEZZT Y AV & Lz, v ¥ A12B
V% R o P E AR BRYE - 2T T0767, +2TCT T
0747/ U+ 2 T TO804L %2 V), Al T O F19130773%
Brze AFF LTI INFDT L~ MO IERE
RAT &R EW O F¥ THK £0877£0773T & » 720 3

16) 253 (18) 12K MHEDOEF IV 3%, Table 6125
ETNVOREERT o

Red seabream :
K = {ay(s + 10) + by (s 4 10)2 + ¢ty aSH1O:6H0) 951 (16)

Striped grunt : .
(s+10))°03
K, = cyfay(s + 10) 4 by(s + 102 + ¢ 0™ o]

Black scraper :
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Table 6 Coefficients of model 3

Coefficients Red Striped Black
seabream grunt scraper
a - 0.049 1.000 0.016x107
P -0.522%107 -0.026 -1.023
by 3.377x107 1.000 -0.001x10?
by -0.108x107 0.994x107 0.393
ci 0.757 —_ 1.000
C 0.041 0.212 —
s — 15.000 20.000

Kfmﬁm@+my4mﬁmmwﬂwﬂﬁﬁm 19

ZIZT, KIEEFNVIICE o TP 2K, t;(0<ty=
4320(min)) (ZENRMLBEEE D> & O ORGEBR, s(-2<
s=+6(T)) IHHLEE T 5,

6. ¥

6-1. K& AFFROET

BEOBAE (7HT7~54, YayoNs s A3
F)0H 0z SN TIRPIEMCL EOBROmAER Y,
FR EOWE S OB KBTS 2 2 LGS hT
Who F72, BEORKVE (w7 Y, vy o)
TlEIoMES (L3-C2) o (Fic@pE) 2KMEIC
42 2 EDHMEENTVE, TNHDZ EITARET
LIER L7200 £-oT, AMTRINETICHED LR ENT
WHRWY YA OKEEREROOFEOMEGRE, ETVOEK
AW BEE T RIZLTERT %,

5T, ¥ A OBHELICOWTEE T 5, Fig 5IZHEE
(L2-C0) L} (E) oHEL ORBEILOMET 2R,
~ 7 A OKfE & LN BV Tl b 5l B SRR S 7z
W MIZBEE (L2-C0) Tdh 5D (r=0299, p<001). FH
(L2-C0) DL 2 R RGaRE IR ADE R % S L7z
DIZHF L, 24B5RIREEEE DU (T IZIK A D A 27 Ok
~NEBAL L7z, BEER (L2-CO) O 2 IRl #R M e & 2418 BT
W & D7 AE ablZ097 CEPICREZBRETH L DI

XLC, 2 FEHRE Ry & 728 R R O i 7 A E*abld1.13
ERY, B LIRS RICELRL L DONE ol 2RI

WIE DO W EEL D F31357.32,  F 72720 ] #% a0 B EEL*
(I5874THIE I H EZE (p<001) DHER S N7z, B
BEa®, b*R# EC abl I BANA 22 2L I3 S e p o

[mean-+SD]
| O, 02h; @, 24h; [, 48h; W, 72h
20k (L2-C0),L* | 60F (E),L* -
— | 1 sof .
Leob | [ 1)1
* Q
=l 1 40 -
501 4
30F -

Fig. 5 Changes in value L* of red seabream.

720 Lo T, B (L2-CO) D7 AE*ablZIZBHEEZE AL
PRBEWT2b0LRY, B, ALHELOZE
{LOREDP SKMEDOHEENTREL 22 L E 2 5. ] (E)
D 2 Wy & T2RE R & OB E AE abl3227 & 7
D, BEICEALELRICERLbDE LD, R (E)
2B 5 2 FRIR B OB EL 019134132, F72, 72
FE R B R OB EEL 344608 KE K AT 5, TR
DR 2 AHOKTFEET LD TH 5, I (E) OaF
ZHEES (L2-C0) o¥& L FFRICfEE", bY, BECabil
WA R ZAPHER S N W &2 s, HEL* OZEL)S
% AEablICEH@T 2D LR LIENTED, 2O
ZEH,S, IR (E) OMELNEEFTVOERICEN L &
5o

WITEED IO WTHELE T b, Fig 6127 5 1 OREE
LR DM EMCLE UC2ED U ED* DR EAL O RET %
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R W LRI O HEOGE AEabid278], H
#F & JEEBIH T1330.80 K UMK #EHR & AT Tl31247T »
0, ZFAIZENZENHOOLRETH 5o REHETEHIRET Y
(L2-C1) Db 2 FEHTHRE B> © 728 R B 12 2
I T2I7TIRT L, 2 W RSB R & 720 [l e oD [
IIZHER (p<001) MHER SN —H, Fig 6IIRT
EB Y EIHERE D (L3-Cl) OfEEL IR 2 221
BHERR SN Dol Lo T, EEBEEHFY (L3-Cl1) o
L LML § 2 L, FBEETE Y (L2-Cl) LEH
S ) (L3-CL) oMo @EEL* O ZEALASKIE O RE 1Y ZE
BICRHIET 2008 2, AL DKEZHEET
BERELTERER D, $7-, Rl b R (L2-C2)

[mean=8DI]
| O.02h; @, 24h; 01, 48h; M, 72h
_ * _ *
ol lecll;),b | oL @2C2)b*
- 28!
— 10 - 101 .
S
Teeoe Tree
OF (13-c1), b¥ OF (13-C2), b* ]

Fig. 6 Changes in chromaticity b* of red seabream.

DD 2 B EE 2 & T2 [RAE 2 ) TR T
201K L, 2 BRIy & 720 RS E s O I I3 G B
(p<0.01) AR S N7ze —7, Fig 618 & B Y IR
FEE D (L3-C2) OfEL ORI R BILIER S %
Polz. £oT, EHEEEY (L3-C2) OffEb % Ak
L9 5L, REEREETE Y (L2-C2) L IEIHEEETE ) (13-
C2) OMOMEXE AL OZAL S KIEDRERENEE % K < K
Mgsdbnbnl), KEEZHETLIEHMELCHHL L
b

Fig. 712~ 4 OKEHED 720D DE T MUIZH 720
FOWGER ) 2R, vF A ITHEL RO EC b
DL B RO TH BH, KIEO LAHEEZIZEL,
RO OB o> 5 U L IR L TlRD TR S,
L L&A s, Fig TWORT INSOFAICEH L THRE
EEHELTHWSE Z LT, KEOBE,SKELHEET
BT ENUREE B Z E WSR2

6-2. KfE&RE

Fig. SIZAIRIL % i L 72~ & 1 O ZRER 1281 K
OB Z R, 54 &Y INF T2 KR
A K OV 245 RSB |2 1 6 2 AR A ) A B2 A5
BENLZD o7z LA, ASWFRIFREE: & 7285 R AR R |2
E-2T&+2T, —2CL+6THTHEX (p<001)
AR LT20 Lo T, WERED LRIk TR E&-
HEZHEL 2B T2 5. T2, AHFTIE, 2EFHZE
R IZ R IC DO W T OF B ITER S N o 7285,
UMM AL BEET - 2CE+6T, +2TCT E+6 CHTHEE
#= (%4, p<001, p<005) ZHERB L7z 512, 48:H

Fig. 7 Measuring points of the color that was used for modeling (Red seabream).
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[mean=SD]

Fig. 8 Changes in K values of red seabream.

REBIFICIE - 2T E+2T, +2CTL+6THIT, 7
T2 RIFERIN I 13 A C OB M THEE (p<001) ZH
FL7ce Lo TKIED RAREIIMMIZ L > TRZ 27,
IR FE A B HEHR L CE T VIS AR T & TKED
HEERED LA T2 EFR 5o

6-3. EFILDOEAMY
EFILA

Table 712 Table 4T/ L7- ¥ & 32 E & L 72 &R
KEANTY I 2l —Y 3 v EEHMERZ T MR,
F 7-Table 8IZFEF DM AE DEE R EEICED 7
77 IVAHERETV (ETNVL) 2Ly Iab—vaYy
ERHERZ AT o 724 R 2R, EPDAvg, Min Rk
MaxlEZn 2Nz (9) CTROFERE ¢ OTFIMHE, R/IME
KU KfE# 7R$, Table 7& Table 8% k3 5 &, &ff

Table 7 Simulation and experimental evaluation results of multiple regression analysis models

[%]
J
) Red White Striped . apanese Black
Tilefish ack
seabream  chestnut grunt scraper
mackerel
Avg. 3.20 1.61 9.66 5.24 5.09 3.27
Simulation Min. 0.01 0.00 0.04 0.02 0.00 0.02
Max. 10.07 6.32 43.97 2347 26.26 15.58
Experimental Avg. 4.02 1.83 9.74 5.61 4.16 2.57
evaltjluation Min. 0.01 0.02 0.01 0.07 0.08 0.01
Max. 16.52 6.49 35.61 18.99 18.95 9.00
Table 8 Simulation and experimental evaluation results of model 1 (fuzzy inference models)
[%]
J
_ Red White Striped PO Black
Tilefish ack
seabream  chestnut grunt scraper
mackerel
Avg. 1.15 0.85 3.61 1.70 2.31 1.97
Simulation Min. 0.01 0.00 0.01 0.00 0.00 0.01
Max. 3.58 3.93 16.23 6.45 15.74 9.40
Experimental Avg. 1.20 0.92 3.37 1.81 1.76 1.86
e’:ﬁ ;:.On Min. 0.03 0.00 0.05 0.00 0.00 0.00
vatuat Max. 327 4.45 18.80 7.13 10.30 7.44
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IR T7 7 Vo R 2B TV 1 Ol sERGER E H
W5 &) LR e OFBEAVNE , oikE e ORKE
LSV, Lo TETIV 1 OB RIFAKEHEER1T> T
WBZENDDD,

Table 8IZ/RT &EBY, EFNV1IDTY Il —aril
LB ¢ OFHEIZNSVERLIHIZ~Y S A, THT
A, A%F, IV INFE, TRV OENTTE
Lolie YIal—a VR RLERE e OTFHMHEAI/NE
W A TIEEREDIT% DT 3 %A OHEPHIZ A - 72
DXL, LI ¢ OFIFEAIRE VT T FNT 7T
W7 3% RO G I3 T 048%TH 5720 Tz, FHI
FEERIZ X 58 ¢ OFMEIZNEVWHEALIEIIS A, 7
ATIEA, =TT, AFF, 9T INFREaHN
T7ERY, YIal—a VEEREIZIZERBEOMEN E R
L7z0 BFliTEEREE, ~ & A Tl3 e B 097% 755% 7 3 %LL
WO Ao 72D12%F L, > aH /N7 7 TidskE 3%k
i OFE I EFE D% TH - 72,

~ T A ORERBES RO T L, A NT T OHEEREE
A IR & L Cid, Amilko & B ) 72REH SR 0
KO ERAREOENCRERTLIbDEEZ BN,
s, ~ 514 OKMEOFY LA #EA RS EL (005%/
h), F722uH N7 7R b#E: (036%/h) bDOTH-
720 KIEO EAHEO R NAEMETIE, KEOLEHIZHERD
B F DAL E L THIL L 2 VWEDH 5. L7zh5>
T, EFNV LIRS TKMED b5 #EO#E - fAfE Tl ER
RAOMEEEE LR T 2. TFNV 1 OHHPEMFRED
BIFiEEd RS o N2l L LT, ISR
77 VAR EN b O LHERT D, Lo T,k
KOOCEPOKEEHET LI L7 7 V1 HEmz BT
LI EFEHTHLEEZEZONS,

EFI2

Table 9IZEF N2 (A (10) ~X (15) Dy Ial—
va v Ll EREIT o R ERT, Y3 ab—Tvay
DAER, T e OFHHEI TS /HE VT 5 A TEEREO
S1%H TR 3UAMIZ A o 72DIZH L, T e OFIGMEH
T b REVY TH N7 7 TIEEZE 3 BRI A - 723 EHE
EREDR%TH o7z, FHHEROFER, TRE ¢ IMTho
ALY I 2L -3 v EIEEEoMEIZRL, YOy
INT T OREED R DIEN DD E o7z,

a7 TORBEMRNERE LT, £, BTV
2OEHELTHERALAZET V] TROZKE (K) o
TERENERNZEPEE L DEELOND, KRIZ,
SRR T4 2 e R B I O KAE £80.32%7% 529.11% D I
WZIRWHIPIZ A L2 L s, BT IVEHDKIEOREREZ
LD BB TE ol b D EEZ 5,
THRBE OB EIZIDOWTEE T L, <54, [1¥F
BT <7 I NFOREHO—IILEIC 0 S KMEHEIEICE
% £ TORH & WRIRE 2 B I CEH S5 L5 T& T,
FOH, NSO 3HAEMIZOVTIE, KIS DR
AR 2o U A 2R 1 L C Bl o BIE D & BB A T4 2 W
R & LR 2 Pl L, S O IZ24FE R s, 481K
R I S ONT2IF IR By & L 7= R 2B 1R L 7 4R
12, LRI X Y RD72EIH 5 OF MR- % FEHZE 5K
12, FRKMEE HEBICED T, 7V 2 LA iR
EHEMICL TR o7z, CORR, 54, 4 FFK
WY =Y I FIE 202 0RO g R BR D
0820, 0927/ 10831, & 1), b EVHE %Sz, K
(19) 1225 3AMICOVTOREELELRATET IV
2 (UF, £70v2L32%) ok%, Table 10l2Z15
O RFMBOREE R,

Table 9 Simulation and experimental evaluation results of model 2

[%]
_ Red White Striped  12PANESE ok
Tilefish jack
seabream  chestnut grunt scraper
mackerel
Ave. 211 1.86 6.81 3.05 3.39 2.47
Simulation Min. 0.00 0.00 0.07 0.01 0.00 0.00
Max.  10.17 8.91 2772 15.79 15.79 12.84
b AVE 213 1.74 6.70 270 2.80 2.65
ex;ezt'fn"a Min. 0.00 0.00 0.04 0.00 0.02 0.01
vauat Max.  11.82 8.58 26.98 11.48 18.51 12.20
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Table 10 Coefficients of equation 19

Coefficients Red Striped Black
seabream grunt scraper

a 0.691 0.814 0.772

b 0.011 0.012 0.012

Red seabream,striped grunt and black scraper :
1 a

1

K \a
Ky =b (?) ot (%) 19

22T, EFN2OKEEK,, EFNVI1ICLVHEELLK
%K, €L THBAFEI»LOEEO K ERH %
t15(0<t,=4320(min)) &3 %,

X (19 #HCWTYIaLb—Yar#iTo72/8 B
e OFIMHE, HAMERURAMEIE, <5 A Tl22, 000K
%6.08, A ¥ FT296, 000/ 1453, 7~V I NF T
212, 001K V944& 72 5 720 F 72,
I EHEH 5D B ¢ D3% KM OREOEEITET IV
2T~ F181%, A ¥ F58%, V<V INFEI%TH -

X LT, BEFA2TIEY Y A95%, A HF60%, 7
XY INFTI%E T D EIINL 720 FBRS, FRISEER TlE5%
# e OFIMH, /MER OIRKMEIE~ 51 TL26, 001K
1549, A ¥ F T259, 001K '1263, 7 <V I NET
192, 000K 00948, 2 1), B HO LEE e D3 %
KiOEELWINL 720 ZOXHITARTEEZHCL EETF
NV2OTFRRBENIN LT 5, 20720, THATYIA, ¥
O NT Z RO T IOV THHIEH S OB O %
THfTolcHABO T MR CHE T2 LT, £
V2 OTF R EOR ESHIRETE %,

F7z, BTNV 2EEAT A GEIRENAHTH S LRE
L, — I 2EERED - 2T 2 6+6 T OLEMEVE
FICBWCTHEMOAZZERE LTER L. L2 LA
5, 6-2Tik~_7 ¢ BYKMED LFEE IS EREICL -
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Fig. 9 Prediction curves of K value of red seabream by
using model 3.
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Table 11 Simulation and experimental evaluation results of

model 3
[%0]

Red Striped Black

seabream  grunt scraper
Avg. 0.86 0.87 1.39
Simulation Min. 0.01 0.01 0.03
Max. 4.99 3.13 5.25
Experimental Avg. 0.88 0.88 0.83
evaluation Min. 0.00 0.00 0.01
Max. 5.08 3.70 3.53
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