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Quality Estimation Support Models of the Fresh Fish in the
Distribution

Masako Aketagawa!, Makoto NakamuraZ2, Hiromitsu Ohta?3, 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 — 2T, +2C, and + 6 T 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

9 —-27 (2015)

potential usefulness for quality control in the distribution of marine products.
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Table 1 Constitution of specimens
[ mean+ SD ]
) Total length Weight Number of
Species
[mm ] [g] samples
Tilefish 3383 + 249 484.5 + 101.7 82
Red seabream 415.7 = 86.2 1059.4 + 645.9 138
White chestnut 315.7 = 18.7 4649 + 839 82
Striped grunt 3294 + 29.1 515.1 £ 1213 149
Japanese jack mackerel 273.7 = 362 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; [J, Japanese jack mackerel; M, Black scraper

L*

100

801

435
w ¥
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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 1581+ 7.69 3.03£3.21

L* 4571 £ 6.81 73.51+ 532 74.15+£5.56
?eiiream a* 7.92+£3.35 855+ 3.25 1.09 £ 2.11

b* 14.23 +£4.38 1455+ 4.26 4.59+2.10
White L* 31.57+3.80 8562+ 7.12 85.09 +3.02

a* -1.58+1.25 -5.07+ 250 -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+ 744 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+ 352 10.14 £ 4.45
Japanese L* 29.27 £4.28 6151+ 11.79 85.84 +4.10
jack a* -1.22+£0.68 -196+ 1.79 -0.86£1.25
mackerel b* 1.62 £1.53 1090+ 445 -0.10+3.01
Black L* 27.33+5.20 4022+ 794 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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[mean= SD]
60 |O, 02h; @, 24h; [, 48h; M, 72h .
White
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< 40 =
s, Striped Japanese
2 grunt  jack
= r mackerel 1
> Tilefish
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Fig. 3 Changes in K value of specimens.
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K
Tilefish : K, = ba(l*85)+01z [95] (1o>

Red seabream :
C
K, = T [%] 1)
1+ be{lnB(Kil—l)}—atlz

White chestnut :

Kl - b
Kz - a( a + tlz) + b [%] (12)

Striped grunt :
KZ = Cba(

K
loga longl)+t12

[%] 13
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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-CD)-(L2-C1) AL*, Aa*, Ab*, AC*ab, Ah
(L1-C1H)~(L3-C1) AL*, Ab*, Ah
(L1-C2)-(L2-C2) Aa*, Ab*, Ah
(L1-C2)~(L3-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)~(L2-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)
(L1-C1)-(L3-Cl)
(L1-C2)-(L2-C2)
(L1-C2)-(L3-C2)
(L2-C1)-(L2-C3)
(L2-C1)-(L3-Cl)
(L2-C2)-(L2-C3)
(L2-C2)-(L3-C2)

Aa*, Ab*, AC*ab

Ab*, AC*ab

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

Aa*, Ab* AC*, AE*ab

Aa*

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-Cl) 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-CH-(L3-C1) Ah,
(L1-C2)-(L2-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)-(L2-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-CD-(L1-C2) Aa*, Ab*, Ah, AC*ab, AE*ab

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

(L1-C1)-(L3-Cl)
(L1-C2)-(L2-C2)
(L1-C2)-(L3-C2)
(L2-C1)~(L2-C2)
(L2-C1)-(L2-C3)
(L2-C1)~(L3-C1)
(L2-C2)-(L2-C3)
(L2-C2)-(L3-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-C1)-(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)-(L2-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-CD) L* a* h
(L3-C2) L*, a*, b*, C*ab, h
®) L*, b*, C*ab

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

scraper (L1-C1)-(L2-C1) AL*, Aa*, Ab*, AE*, Ah
(L1-C1)-(L3-C1) AL*, Aa*, Ah, AE*

(L1-C2)-(L2-C2)
(L1-C2)-(L3-C2)
(L2-C1)-(L2-C2)
(L2-C1)-(L2-C3)
(L2-C1)-(L3-C1)
(L2-C2)-(L2-C3)
(L2-C2)-(L3-C2)
(L3-C1)-(3-C2)

AL*, Ab*, AC*ab, AE*

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

AL*, Aa*, AE*ab

AL*

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

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-C0Q), 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* 0.416
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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VL LO ME HI VH
©) @ @ @ CL1 CL2 CL3CL4 CL5CL6 CL7
1.0 1.0
0.5 0.5
0.0 0.0
® @6 6GO® ®® @ 0.13 17.17
(a) Antecedent part (b) Consequent part
Antecedent part variables @ @ ® @ ® ® @ ©) @ @ ®
(L1-C2), C*ab 11.90 14.01 1290 1521 1751 1521 1751 19.42 1751 19.82 2213 19.82 22.13
(L2-C0), L* 50.05 54.10 49.80 54.10 58.16 54.10 5816 6222 5860 60.70 6420 6222 62.27
(L2-C2), h 51.30 54.33 51.30 55.61 5991 5561 5991 64.21 5991 64.21 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 48.80 46.86 50.60
(L2-C1)-(L3-C1), Ab* 5.22 7.71 2.95 6.59 10.20 8.18 10.20 12.68 10.20 12.68 15.17 12.68 15.17
(L2-C2)-(L3-C2), Ab* 3.83 6.09 3.83 6.09 8.35 6.09 8.35 10.61 8.35 10.61 12,10 10.61 1287
Fig. 4 Membership functions for inferring the freshness of red seabream.
Table 5 Coefficients of model 2
Japanese
. . Red White Striped Black
Coefficients Tilefish © ! TP ack
seabream chestnut grunt scraper
mackerel
a 1.000 0.255x 107 6.098 x 107 1.000 1.472 0.318 %1073
b 4,937 18.184 -19.302 0.027 0.029x 103 1.833
c — 20.000 — 45.000 — 25.000

Japanese jack mackerel :
a

1
K, =b{ (2 9
2 = <F) +tp [%) 149
Black scraper :
K, = [%] {15

1+ be{ln%(Kil-l)}—atlz

CIT, KRETVZILYDFHYT2KME KiFEFV]
W2 X D HEE L 72K, t12(0<t;=4320(min)) FEEAF
B & OEEORBIFE &3 2,

EFI3
EFV 2 E FERIZHRE AV OEBER 2 Ko R,
ITADETNIIITRFEMHEE, T FLoeTT

NFZRIT VRV VBB ERVEZ L E LT, IF1ILB
T2 REMBORERERYE - 2T T0767, +2T T
0747TR U+ 2T T0804& 72 1), &IRET OFHI0773%
Bt AVFEITTINEDT L)Y HEOHRERE
RAZEBEH O FH TH 40877L0773T H o 720 I,

(16) 25X (18) WWHAHEDEFT I3 %, Table 6I2%
ETFVDORBERT

Red seabream :
Ky = {ay(s +10) + by(s + 10)2 + cytgalmCHIRGHI e ey )

Striped grunt :

(s+10))703
K, = cyfay(s +10) + by(s + 10)* + CZ]{bial +1 }

[%] @)

Black scraper -
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Table 6 Coefficients of model 3

Coefficients Striped Black
seabream grunt scraper
a - 0.049 1.000 0.016x107
o - 0.522x1073 -0.026 -1.023
b 3.377x107 1.000 -0.001x10
) -0.108x10° 0.994x107 0.393
c1 0.757 — 1.000
2 0.041 0.212 —
cs — 15.000 20.000

K3 =cy{by(s + 1O)az}{al(s+10)+b1(5+10)2+c1}tog [%] @8

ZIT, KEEFN I Lo TTFUT BKME, t3(0<ty=
4320(min)) (ZENERALEER 2 & OEFEORBEEE, s(-2=
s=+6(T)) IEHBEL T 5,

6. &

6-1. KL RiFERDER

BEOBVWARE (THT7<FA, Ya¥nNT7 s, 4%
)90 1z ST PIERCLEOBROEER Y,
B EOREAOBYAFKBEIIKIMT 2 Z L RESNT
who T, BEORVA (RTY, vUIAF)IY
TRESOBES (L3-C2) oig (RicaE) HKEK
FHST 22 ERMEENTVS, TREDZ L IIAMET
bHER L7z £oTC, KBTHINETRHREDOLINT
WhEWT S A DKL hROBBOMRE, EFVOEE
AW BEERRICLTEET S,

5T, A OHRELICOWTEET %, Fig 512
(L2-CO) :ER (E) OHEL'OERE{LOBT 2R T,
<5 A4 OKEEAELNIC BV TR L EVEEI R I
PIEAIZEEER (L2-C0) TH D (r=0299, p<001). FHER
(L2-CO) DBt 2 RMEERIIIKADERBETE LA
DI L, 4B RSB LRI IR ADFE & 27 UM ke
~NEBIEL 2o BBER (L2-CO) o 2 RRREEr & 24R5HH
BEEE DEZEAEDIZOITTEIICELRIRETH L DI
LT, 2RHEEER L 72RMEBRORZE AE2bIZ113
Y, BALBAIRICERDbDONE ol 2R
BEEOPEL OFHI35732, F7-728 B2 8RO EL
I8 74THE A RE (p<001) HHER SN2, &
Ea, REECDICIIHAN 2 EIIEE SN ho

[mean=*SD]

| O, 02h; @, 24h; O, 48h; W, 72h

J0L (L2-C0),L* | 60 (E),L* -
L T T |

— 50} -

1 60k - i ]
* + o

- 40 .

50 | + 474 I

304 -

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

Fro £oT, HEE (L2-C0) 0z AEablZidHEZEAL
PROIERTIb0LAY, BEOEL, HLHELOE
{LOREFPOSKEOHEEVTREL B LE L 5, ] (BE)
O 2 W ERB R & T2 R & OB AEabl32274 %
h, BEMICEOLEZRIELRZD DELS, IR (BE)
B 5 2REEEROHAEL OPEII4132, £/, 72
B AR DBFELI344608 K& LT 5, TRIHR
OEBHLZEHBOBRTFERTOINTH 2, B (E) DEE
EEER (L2-CO) oF& & RikicEEa, b, FECabic
HRAB 2B HRENE WV s, HEL OZLD
BEAEDICERTAODLIEZ BT ENTESL, 2D
ks, B (E OHELEEFVOERICERE
5
WIZEEDNIDOWTEET S, Fig 61275 1 OFHE
EIEER DB ERCIR UC2 LD B ED' DREBRLELORTF %
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R o BB AR OTFIYEOfEE AEabIE278], #
& NEER R TIX30.80 % UME ER S & LR T 121247 T H
D, I ENENFNOERKTH D, KEHELED
(L2-C1) Db T 2 KM@ R & 728 B AR @I 2 2
GCEHT2ITIRT L, 2 R @ R & 7205 B 8 I o
WIZFEZE (p<001) PHER S N/ze —F, Fig 61IRT
EB N IEEEIBEY (L3-Cl) OmBEb TR 22 b
BHERR S N odz, Lo T, JEHEREY (L3-Cl) ©
b L L T5 L, KBEEE ) (L2-Cl) LEH
SHERZF D (L3-Cl) @M Dt EL* D ZEALAKAE D fEF Y2
BCRAHIET 20D LR, BEEADDPKEZHEET
BEHELTCERE R, T/, fFEifEP R (L2-C2)

[mean=+SD]
| O, 02h; @, 24h; [, 48h; M, 72h

L2-C1), b* 2-C2), b*
201 i I l)’ 4 20+ (L), b* |
L 10k 4 10} I_
fo -

Itet i
U (L3-Cl1), b* | or (L3-C2), b* ]|

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

T H

DEEL L 2 BB R S 7285 BRI T TR T
20KF L, 2FEFRfEER L 72MEEaROBICIIEEE
(p<001) A HER S N7z —F, Fig 6IIRT & B0 ER
SHIETH D (L3-C2) Db OREN 2 E(LIIHER S i
Motz, LoT, EEEEZFY (L3-C2) Db %Kik
LT AL, FEHETEY (L2-C2) LIEHELTEFY (L3~
C2) OMOBEEZE AL OZEL D KMEDOEIER % B K
Mysboeil), KEZHEETLIERELTERE L
5o

Fig. 7\2% 5 4 OKEHED 720 DETFMEICH W26
FoOMES L) 2T, 7 A IHEL R OHEC Db
ME R h A TH 55, KEDO EFHEEILE ]

FREOBH O o 5 HFE L B L THRO TR E W,
LA L7%A55, Fig TIWRTIHOLDOMAICER L TaY
EERELTHWS Z LT, AEOEBE > OKEAHEET
HZENUREE DI EDNHLNI R 572,

6-2. KiE&BE

Fig SICENBMHE % i L7z~ & 1 OFLRERFICBIF 5K
HORBEALZ R T Y54 LI~ T INFTIL 2 KRR
TR ] U245 A B IR L 1 Lk | R T ] TR 05
REINLholz, LaL, 4SEFHFEEEF & 7285 MBI
-2T&+2TC, - 2T E+6TCHTEEZE (p<001)
EMER L7 Lo T, WEKIRED LA TKIED L7
HERHL BB EE 2 5. T, AVFTIE, 2EHER
FECIEFIRETFT IS OWTOFEEIHER S N o 7225
4HHZEBFT-2CTL+6T, +2CTL+6THTHE
#% (%4, p<00l, p<0.05) %HFER L7720 51T, 48K

|

Fig. 7 Measuring points of the color that was used for modeling (Red seabream).




K value [%]

10

0,-2°C; 8,+2°C; 8,+6C

it D HHEE SR E TV 23

[mean=SD]

24h

48h

Time [hour]

72h

Fig. 8 Changes in K values of red seabream.

REEICIE-2TE+2T, +2TE+6THT, F7-,
T2REERBIF IS TOIREFM THEZE (p<001) %
BL7ze Lo TKMED LA EEIZAEIIL o TELR BV,
R 2 BB L CEFVICHAREL Z & TKIED
HERENSLEATLHLEE R 5o

6-3. EFIDOFRAME
EFIA

Table 7iZTable 4 T/R L7722 llHZE & L -ERF
KEHNTYI2b—3 a3y LEHBEREITo oM R%,
¥ 7-Table 8ICAEFOMAE LY 2 HEHEIIIED
77 VAWRETN (EFNV]L) 12k Ialb—var
LR ERR T AT o R TR T BIFDAvg, Min KT
Max.i¥ ZNn2Nn (9) TRDFERE ¢ OFHME, K/l
KO K% 7R3, Table 7& Table 8% i35 &, «f

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

[%]
J
. Red White Striped . ARATIEES 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 23.47 26.26 15.58
Experimental Avg. 4.02 1.83 9.74 5.61 4.16 2.57
ev;uaﬁon 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 Apenisse 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
pl ”g‘e“ Min. 0.03 0.00 0.05 0.00 0.00 0.00
EVALETON  Max. 397 4.45 18.80 7.13 10.30 7.44
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BT 7 Vs EREAVAZETIV ] OFPERFERE A
W5 LD LERE e OFHESNEL, PORE  OBRKE
LBhEV, Lo TEFN ] OFFRIFRKEHEELIT->T
WELZ Wb b,

Table 8I2RT &BY, EFNV1IDYIalb—Ya iz
L BRE ¢ DFHEIT/DEWHELOIEIIY T A, TAT
FA, 4A%F, IV INF, < TIVRTYOYNT L
ol YIal—ia vk, RIERE OTFHEIVES
W ¥ A TIE2FEBDI7% 0 5RE 3BRFOEHEIZA o 72
DIZHL, ROBE ¢ OTFHEIREVAH N7 I TR
PR 3URMOE B I LB DBUTH o7z, 7z, M
EBRIZL BRE e OFHEITNSVERLIEICSS A, T
ATREA, ITY, 4AFF, IV INFRFOHFN
TrERY, YIial—Ya VEREIZIZRIBOER 2R
L7z, BRMMERREE, ~ 4 4 T3 B07% 2 5E 3 %L
WO Ao 7zDZH L, a3y 7 TIIREI%ER
HOESIZEFEDBBTH o 720

25 A DEEBEFRIEL, YOPN T SORERE
FROUEVERE LT, filoLB) 72RHERRED
KEOFEH LAREDEVWIEETLILNEE L 55,
b, <54 OKMEOFH ERAREFZSELS (005%/
h), FroudaT IR LHE (036%/h) bOTHo
7zo KIED LR BEOHECEE T, KEOEHIAED
BEOEAFEEL THBLE2VWERNSH S, Licdts
T, EFVIKERSTKEO LEREORAECIIER
BROWEHBEDET T2, EFNV I OFFERBRLD
BT EEEEIEONAEBE LT, JEREICH:
T 7 VA EROBHEASENL LD LHERT D, $oT, £
EOBREIOKEFHET A LI T 7 Vs HREFERT
HILIERTHDEEZOND,

EFNL2

Table 9i2EFNV2 (X (10) ~R (15)) »¥Ial—
va v EEHMEERE ToERETR T, Y32l —VaYy
DR, B e OFHEPRL/P SV L TERERRD
81%HFRIE 3BKRIMIZA o - DIZHT L, FRE ¢ DFIYEN
BROKEVYOHFNT FTIIEE 3URMIZA - 725k
ERBDOBBTH o7z FHEERROKR, FE ¢ 3o
BELYIaL—Yar i BRRBROERNEZRL, YOy
N7 TORBEVFRIBENDDE R o7,

YUY TORBREPMRCERE LT, £T, EFV
2OEKL LTHEALLEFV 1 TROZKE (K) D
EEEFROCIEFRELZEIDEEILND, KIZ,
B AT 2 B AR ORMEA%0.32%0 £29.11%0 IEH
WCECHEBEICAA L2 eh b, EFVRFKEOREE
{EOBERIZ BEFICHIE T E L d o/ b DEERX B,

FHBEORBENEIZOWTERT S, vF 1, 14%
RO <V S NEOREMO—EIITFE A LKENEIZE
LECTORMESHBELBREBEICEETLI LN TEL,
FD72, ThHD3AMEICOVTHE, BH S DOEEMA
PR SR & R HE IS L TR O ESE S S BB A F R 2B
BB LB E L, 5224 HREN, 488
MRS F U728 R & L2 2 BIE L, &A%
i, DRI X RO KIS S O TR 2 HAZEHK
12, FAKME® EWEKICED T, E7N2 LEKROME
EHICLCERET o/, ZOHER, <51, 1FFR
o<y I NFIRENRZNRRMEOGRERERS
0820, 0927TR U0831L %Y, BODBVREZE/. R
(19) 2B 3ARIIOVWTOBERELRAZET NV
2 (UTF, €702 $5) OX%, Table 10l b
DRFEMBOBEERT -

Table 9 Simulation and experimental evaluation results of model 2

[%]
Tienen R White Striped J_J:fljnese Black
seabream chestnut grunt scraper
mackerel

Avg, 2.11 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 27.72 15.79 15.79 12.84

Experimental Avg. 2.13 1.74 6.70 2.70 2.80 2.65
evaluation Min, 0.00 0.00 0.04 0.00 0.02 0.01
Max. 11.82 8.58 26.98 11.48 18.51 12.20
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Table 10 Coefficients of equation 19
Striped Black

Coefficients
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
) Ki\a

ZZT, EFNV2'OKMERK,, EFNV1LIZLhHEELLK
%K, ZLTHABAAFHIPLOLEOKRBHHE*
t12(0<1,,=4320(min)) & ¥ %,

x (19 #FHAVTYIal—varyefTol-iR BE
e DYEHE, BAMERUBRKEIR, ¥4 TL22, 000K
0608, A 4 *T296, 000K 1453, T =V INF Tk
212, 001K U944E ol 72, Y32l —Vva v
ERBICED 3 BE ¢ »B%RBORBOHEIZEF N
2T T A81%, A4 F58%, V<V INFEIBTH >
L2DIZK LT, EFNITIT Y A95%, 1 HF60%, 7
TV INFTI%E B DML 7. RIS, FHMERTIIRE
= DFHE, FMERUEAMEIE~ S 1 TL26, 001K
U549, A ¥ % T259, 001K 1263, 7w Y I NF¥T
192, 000K 1M948L 2 1), &K EDHEE e 23 %
FKMOHE LMLz CHOLIICKFELZHVS EEF
N 2OFUFEENMLT B, 202, THATITA, ¥
OHR7 IR T IOV THEED S DB OB %
THfTo AT S MR CHABET A LT, €5
V2OFHBEOR LIEFTE S,

e, EFNV2EERATIHREBENTHTH S LIRE
L, —BELESEERED-2TH5H+6 COLREMNL VG
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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
[%]

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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