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Skillful Quality Evaluation Models of Dressed Puffer (Migaki)

Takafumi Nakamura™, Makoto Nakamura™, Hiromitsu Ohta “, Toshimichi Maeda™,

Masako Aketagawa™ and Eiji Morimoto™

Abstract : The techniques employed by highly skilled cooks in Shimonoseki to assess the quality of

puffer meat were examined to develop a quality evaluation system for migaki fugu, or dressed puffer

fish. A total of 130 Tiger puffer (Takifugu rubripes) and 215 Purple puffer (Takifugu porphyreus) were

evaluated five classes for quality by cooks. The cooks were asked to rate the quality of puffers based

on color of the fish body surface, texture of fish meat and fish freshness. Statistical analysis of their

quality evaluations revealed that the cooks evaluated the freshness of the fish meat most highly. Quality

indicators were not related to the texture of fish meat, but rather to a combination four colors on the

dressed fish surface. Models were developed using color as the antecedent variable and simulations

using a cache of tests were performed. The quality scores assigned by the models agreed with the

evaluations of the cooks for range (e.g. 80 — 90%) of the samples tested.

Key words : Tiger puffer, Purple puffer, quality evaluation, skilled cook, modeling
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1) A<HEBEHEHRA

EFIMEDOIGR E Uz S HLEARE T BT 0 &b E
BT 250 ROBE24 ERER0FE25F) &
L7z, B, BRELTEENEL (770
EWENS kT T Y Takifugu rubripes & T7 7 DLE] &
WL E %~ 7 2 Takifugu porphyreus % E D77, fkHI TR
i EIFE T RS BIA TR T 0 I S 37218 & 7= 3858
FITTBORERTI2ISRERNVWSBDEL 2, 2B,
HEOFRTIERFTOKENDEEEZ KT 572D EH
—ENCDEEH2E Gr10B o4 GH20R) 2&
U 7. Table 1 IZ3BI DKM EIRT, B D &R SN

Table 1. Constitution of specimens.

AP sEsR, AR, KEEDE, mHEEE, BHEIET, Fosis

RIS R DS UBRHATO DO EL, 1 BHEZDDHXK
ENIICE T LRI 3 A RETH >, AR E LS
REMBFEOKIEZRET, RE2°CTHK 8 KM L 7z Bt
BT & ALERRT 2 A3 FARHCRHES 25D & L, BED
FMREE SHE L FEHMOBE 0D O S EICHE 1 BE(E:
Class 1), 2528 (B :Class2). 3% (A : Class 3).
FEAFE (5D (Class4) BLUESH (5% :Class 5)
EEDZ, BHOGEOERIL. B1IHNHEEEARZID
W TRICEN TS DO, %3 BAMHHIOR S FEHER
HO, ERESHEIHELARADBDTELBDEL,
B2REBARITNENBET HHEOPHOME LE
oY

[mean =+ standard deviation]

Tiger puffer Purple puffer
Class Number of Length Weight Number of Length Weight
samples (mm) () samples (mm) ()
1 26 261.9 = 133 286.5 £ 37.7 38 252.1 £253 2312 £ 799
2 26 261.2 = 19.9 275.9 £ 37.0 46 249.0 = 26.8 209.8 & 70.3
3 26 260.0 £ 15.1 270.1 £ 43.0 49 251.4 £ 27.6 215.0 £ 68.6
4 26 247.0 £ 48.2 269.9 £ 48.1 42 265.0 £ 30.7 245.0 = 69.0
5 26 250.1 = 13.1 258.7 = 42.7 40 259.6 £ 28.2 232.5 £ 66.2
All samples 130 256.0 £ 26.5 272.3 £429 215 255.1 = 284 2259 £ 72.0
2) RBFE BYIEHK L*, AHAE a%, b* (U, @ a% b* LIRS

AEHIEREZZRICTALEE. BB ERBEONE
HERROBRHIEIC, F-BEMEZHEL TAREEK
EBIUNZEDORIEICHL =, Fig. 1 & Fig. 2 IZFHZ
NBH ORT L REOBZOHIE S ERT, HEATHE
M2, RERER 3 . BB 1 . EER 2 B X UUEREN 2
HOFH10 & Uiz, HUF. FHE RGN SHIERD
R FIAE HEHMOETE D ORERTRESICERD
L1-C) T. FREBENOHIERITETFONASZNE
1 (acL3-Cl), (acL3-C2) &EXTHD ET 5,

REOMEOHETHEH ICIE CIE1976 RERITHEZ N

for freshness measurement

for texture measurement

Fig. 1. Test pieces.

., ERERORAKECHEOEEZRTIREE U THEE
LEEDZ, FHERDEE C*ab. BMHAE W KT 2K
OHEHMOBZEA Exb iZZNFNX ) 25RB) K&
kDI,

C*ab = Y@+ [—] 5
h = tan™! % [°] 2)
AE*ab = y/(Aa*)*+ (Ab*) + (AL*?  [—] €)

ZZT, AR2AORIERDBREDERZET, 2B, @
¥ ORI ITITFEIRIT CIE HIE A )L J > b D65 %
P 5 BIER 8mm DX AEE (=2 h3I /M5t

Fig. 2. Test pieces.
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T (BR) D CRA00) %, EHEEOHEIE ITITIERML
REEF (AFBEEITE () NL-) 2HEERESEY
OREEFBEICRDEHETRW,

B OEEREICIIEIEE S OMEESEV K E®
ZFRVWSBHDELE, KERX@ICRTEBD, ART
DATP (75 /3 >=20 V) EEEEMOREICLEDS
HxR (1 /22) & Hx (BERFYF2) OREZES
BTETIRETH 2. KEO—FNZAR D IIHBETS%
BE. £RHAT20%LUT. EREML0%EELZEEIN
TV, £REORBRIZ1IRHZD 1g L ED THRRL 72,
KEQBEEIIZ NS 77130 B. 77 75 BERWE.

HyR+Hy
ATP+ADP+AMP+IMP+H,R+H,

K= X 100 [%] @

BROMN XTI 30mm. £ 30mm. & 10mm 20
T U BRI 2RI EY 2 HWE 0L L,
EARBRICE Ok, RO ICHEEREE 0EALE
P I

E=32 [MPa] 5)

ZZTolIEN. cRUOTAHATHS, B, NI HE
ORBHIBENS SEBTORHEEBITHEL T, 5258
ZRBRICHL =,

INSORECHERMIE. AROBEEKMERFED
PO ELIZOHMEZEL T, HWEAFE 1| FER
WBRF (B R EEBER 9 B, DA 1 R RREERE & IR.5),
24 BrH, 4B FFMB LU 2 B OB & ED . AR
DO ORERT7 TADEERBEEEZSR L T 2 R FE#R
BossElLk, i, KEOAKZHAE. KEMFICBTS
FRABRBI U OBPETRER 120C. BE2
50% RH 2/, ME % 300kx iIZfi> - fERENTITO>HD
L, EEFABREBRAFO—IEOERITKML TR
Ex20CKkEL. ARECRE L.

3) BRAE
(1) & <OEFOFHEME & ARBERVARDON =X
SEFME KEEOBBICONWTIE., SRERERICS
J5EHOKEOEEHKIEE RO K. OB EHE
R EKEE T2 - AR BOSESHETV., SEEKT
RETDHDEUE, BBHWISL> TRESBOBRE
KI—E REE. EELBEHBEORECE T2 —F -0
RO REEThETNHAW:,

RTINS EEOREICIE. ATROE HE~FH4)
THDFE 29 M EED TEHRERMIZHT 5 KM OER
WErEEEH L.

1)y H0L (EER. REES. ISR, M8k ) WOBEIE RO

Gt 4 )

2) FHIES GH10 2

3) BAIAD 2 HORIE SR DE G 6 )

4) HBACRID 2 MOBPEREDOZE B9 5D

A<MV OFE M &R ROBE & OBIRIT A HIERR
KBITBBRELZDODWTHHOBTEEOEDRE (CRE)
ik omel 7,

BEOBE & K& OBRIZHEES N & EAEORE
WEoEhThgRT 260 LTz,

(2) RAOREFNE AR O DR

S<UHEERO FEFTMEANDONE EOBRIZ. 2k
FRONTORBOBEHOED tREICL VR L .
(3) WEFMOMIE

WIZ, S <HLERER O B E AR ORI RN L 54
BISHHEICEOBERT b0 L Lz, R (6) ITHRIEKD
HEARERT,

Z = agt é‘:l ax; ©)

Z 2T, ZVRHIBUBEE. x WA o XERHE, a
BHBREK TH D, RETEICE. EREOHESMHTK
EE OBEESHERAINLAED DS, REYOLEICID
24 BBz L TEEE ¢ <001, £zl pP<
0.05) ZHERAL=bOEHAWE, SHAZEOEITHBITT
RO ZRT B0 4HEE Uz, HIBISHTORER,
S 7 7 TRHBIE R RA 70% AL, £~ 7 7T
BN 50% LA L2 BHBSGHROS B, AROE
M O(EE, RE. ER ITESRROBROEE Y, KX
DR EHEEORBNESHE DD, BRSSO
OERESEZEIILT. REHIZBRLRKRTZH0%
BORAR, 7y Pr#RERVEESIN GUTF. 7724
HRTETIVERSY) A ADBDE Lz,

4) EFIVEETB LU E

NS T TRBREDT 7Y 4 WRTET I OREHTIAE 80
BZE. $TTNOFEMICE 0 BEAVE. R
THRRETEELXBRBEINZEBEAVE, 7y Pr iR
EF)NOFIHFEREEICIE 3) THHLZBH S LB D
SHEFEGE R L - AFEOEAEbE R, ERBATHEK
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WIEdEHEHZEA L. A7y P+ HUOEERD
HiEERY,

If Hue is Ai and Value is Bi and Chroma is C; and Luminance is

D, then Class is E; ++*+* @)

ZZWRA~ERT Y1 TN, X Class [ 3FHli# %
£7. 77 P HAEREFEOSIER &S UE O
BRICEDEER L. GTHHERD A D N—y THEEK
(LUFIZ MF &I.5) 1 VH(very high) . HIhigh). ME(medium),
LO(low), VL(very low) @ 5 B THRE L =. B LO. ME
BLUVHIKE=ZA®E, ELEK VL BLUVHICEE
BEEL L. MEREREERT 55820 D MF
ROAT Y TERETERL 7=,

Step 1:
LEOLHEBOEGEEBEBME OF L — K 1.0 ITHRE
¥, BB MEDT 7 V1 MARSDEEFERE 0 DRE
ZITED B,

Step 2:

B VLBLUEBVADOI L — R L0 BEEMEDT 7
Do WHREOHLLN SEERE 0 13 EEENEBEITED
Do

Step 3:

R% HI X BI% VH S B3 ME O RIC. /2% Lo X
B% VL SR8 ME OHRICED 3,

FEEE B 5 R ITIE Min-Max Bk ' 2 A Wiz, Min-
Max EOERBTERDPE O AT ALARFHZIN TN S
HEHEE XN TH B, Fig 3 1T Min-Max HLIEOHERIBRE
OFl? #RT,

10 10 10
A
Rule1: /\Alz /\Bl

16 10
An B2

/.-

Consequent-part  Inference result

o X0
. oy

Antecedent-part

Fig. 3. Inference process of the min-max gravity method.

Ty D HRTETINEAIT 2 £, B4 1 2K TH
Bl. 77 P HAOEARIROD LS 23,

Rule 1: If x, is 4;, and x, is 4,, then y is B,

Rule 2: If x, is A,; and x, is 4,, then y is B,

it

T EEx &x,BBETHD. By IAEFME
DHT IV —HET B, 4, EBIET7V1IXNIVTH
%, BEOHEIEME x* & x* BNE5EZ5N55E, FTEkER
RO IO EAERTHE LN,

Process | HHRAOBEFEEHET 5,

w = Ay A At OF), wy, = 4y (58 A A+ (6F)
Process 2 Z#RHAIT minimum JEE SN 5 EGEYID),
B¥(y) = w, A B+ (), Bf¥») = w, A B+ ()

Process 3 £HAIOBHIES #EHLEHE T maximum
HXNhb,

B*(y) = B¥(») V B¥(»)
Process 4 HIFHESFOELERD. HEMEy* 255,

. _ bBrO)dy
g = 0N
[B*()dy
UEOHEITED 77 91 HRER BB 508
Wi ORISR & B F)) OHFRERAR DB A, AR
EROMF 2F 21— U THEREZEDZHOEL
7z

RBBEREER

1) REFEELAROEEOBR

N7 TOREFTMICEERMICAEOOEar L2 E
BOBEDEA a* NRWT HEMERT. INEOEE
1B REVEBFORBORE, FRENMEOTES, R
ZNEBOKEDOTEE, EREZOANE LEREOBITICME
SRR ORI EZRLES 9,

<77 OREHEICIE 2RI ROBE L & 2 A/
DBEDEA a* KRBT SEMERLTVD, TNED
BRI NS 77 LRABRCERENBOTES, k¥ HX
ZFORBELHLBOETICNA,. BRENERIORE O LT
LB ORISR, BB EEARIENS ",

Table 2 MBI 257 o Fotl. S <UL & D%
BRTEROETEHBL 727 7 21 #HTF N ORIETEE
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DEAEDLEETRT, B ITBLW T TV DAEEOERK
DHEABEOE ORI CRE L2, £/, b T7T70E
FOMAEDRIC DV TIEXH ® TRICHEE R 518
EEEREPBOTES R TIHEOMAEDE OREEME
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MHdZEEREBL, Ko TEBRTR NS 7 TDHERE
ERMBELUTHRENEOTEIZRTHEEL L TER
LI1-C2))DHEL* %, X-MEF*RMRTHIEELLTE
HHNOBEZEA b* IZDOWTERT 3,

Table 2. Colors used for the antecedent variables ( elapsed 1 hour after experiments started).

(a)Tiger puffer [mean * standard deviation]
Antecedent variables Class 1 Class 2 Class 3 Class 4 Class 5
(L1-C2),L* 51.79 £+ 4.29 50.92 + 2.96 51.28 = 3.73 50.82 £ 4.08 51.65 = 4.53
(L2-C4), a* 041 + 1.85 0.07 £ 1.15 — 0.11 = 0.99 0.16 £ 1.09 024 + 1.77
(L3-C1), a* — 1.40 = 0.51 — 1.21 = 0.69 — 1.18 = 0.82 — 091 £ 0.81 — 094 + 0.73
{(L3-C1) — (L3-C2)}, A b* —0.39 = 1.85 — 050 £ 1.99 — 034 £ 1.74 — 045 = 1.87 — 040 = 2.10

(b) Purple puffer
Antecedent variables Class 1 Class 2 Class 3 Class 4 Class 5
(L2-C3),L* 5547 £ 3.84 54.50 £ 3.50 55.48 = 3.33 60.83 + 4.74 61.65 = 4.80
(acL3-C1), C*ab 3.79 = 0.85 3.52 £ 0.97 3.45 % 0.82 3.75 £ 0.94 3.10 £ 0.89
{(L1-C1)-(L2-C1)}, A a* — 0.55 £ 097 — 0.86 = 1.09 — 0.87 £ 0.94 0.19 = 1.41 0.09 £ 1.11
{(acL3-C1) — (acL3-C2)}, A L* — 432 £3.33 — 4.06 £ 4.17 — 3.05 = 4.94 6.78 £ 9.16 6.91 £ 8.45

HE (L1-C2) DBAE L+

Fig. 4 IZ&E0 (L1-C2) DBHE L* DR LOBTFE R
| FRERSERFOF TP R (LI-C2) DRBIIER. FADK
BEELTNS, ZHMIZBITSH6EA Exabl 026 5
295 OFEICH Y. FEOENEE CE4FE, B &b
DOEEOETHERT BN H >, iz, B1HEES
HEDMBZEA B b BSEBIBIT2BAEEALD, WD
AERZERTHRT S LBAL D BIFEICRRS. Th
EOEICRRDEBVHEDEA L* ITERTBHDTH
5, EIRHOBEZIEHPORL THE L = 53.76. &
Bar=— 111, BEL=—350THD. H5EHTIHE

70 T , T r
O, Class 1; @, Class 2; A, Class 3; A, Class 4; O, Class 5

60 %{—
= |l _
: &

50| H} -

40 | 1 | 1

01 24 48 72
Time [h]

Fig. 4. Changes in lightness L* at dorsal region (L1-C2).

L* =50.90. & a* = — 091, BE b*=— 417 &R L7,
Ko THBEIIBITSHHFR (L1-C2) OFEFEA E*ab I
HHEOZA L* RO EML T3, FFPR (LI-C2)
WEEICEWED, SRELBIZBNTEEZH SEICRE
ORENCH D (B MENMIERD BHERT, 20
BEIEIHEICHEL R TT 5, FHHR @L1-C2)
DOHE L* SANME KBS ORI M ORIz HRIEN
BENh o, DAEh S5 OEBIIIEE P ROE K
DEVOEBEETORE, HBERENEOTES 23
LTnabDEBEZIENS,

BRERA {(L3-C1)-(L3-C2)} DBEZEA bk

1 BRI O 2R OB OEE Crab OFIE 3.23
LD, MO ELBETHEAE P<00D)IIEW, E
HMOBEBEHFD A3CHOBEITHEL AN48970 5
50.85. BE a* H1— 130 5 — 0.92. BE b — 359D
5— 298 DHPEAICH D, . BEEOFR (L3-C2) DEE
VEBHEE L* 25 53.72 0 5 58.16, A b* 25— 3.02 225 — 2.11
DHFIZHHT S, BREHREDEADRBZEL TN
5. 1 EHREEEIC BT BB OEIEF D (L3-C1) OEH
DEBEEAExb OBKIT 195 THD, E1WEESHLID
MoK TH oz, Eiz. FRAERICBTOHMOBED
BT, AR a* OHA% 72 B RGERRHE R L TRt o
BN EEMOENREOB TRTIHOFEEZEZRL, D
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DEIHORE 2 BRNERO . BRELEBROEL
W DFAL &R TRESE S, BFICEROETZT D L3-
CH b #EL123,

Fig. 5 IZHEERA (L3-C1) & (L3-C2) DAL b* OREL(L
O¥FERT. BN {(L3-C1)-(L3-C2)} DEEDZEA b*
DRERE(CICIXIFIZRNERN % KT B A8, T D& L EEAS
BEIET TS ENSHEENK/NT SEMBRZTS
N5, 2 FRHFEREICBITSEROHREFD (L3-C1) O
Eb* I35 | BARKT. BIEMORTICHE > TEL 83
EEBAE SN, —F, BEOFR (1L3-C2) DEEb* T
BHMICBT S EHOERIMEEIN Mok, o T,
BRI BT B HEEMN {(L3-C1)-(L3-C2)} DREDEA b* I
ISR DS O (L3-C1) B KT B HDEFE X 5.

L EDEHOETED (L3-C1) DBEOERZRIR L= &
BUOEREVMEBOREICERT2DDT, ZOMAIZHXR
EMEFO N T 7 OREBRE. BRELEEOKESZD
TEIBIVEROETICESARNOERORESNED
FRICKBRLU B BIEFHEEA S, Lo THSUERMZ
BHO N OBEERRAT S ZETREEREDSHD
EEZ2H6N5,

2H O, Class 1; A, Class 2; O, Class 3; V, Class 4; &, Class 5 |+
L3-C1 : white L3-C2 : black

OF I 4
5 2 Hﬂ Iﬂl ]ﬂ& ﬂﬂi_
R i

-6 i I I ]

01 24 48 72
Time [h]

Fig. 5. Changes in difference of chromaticity b* between
measuring points of abdominal region (L3-C1) and (L3-
C2).

2) SVELERAE & APEEEE ORBGR

Fig. 6 1T 1 FfRIRBMRFICB I B Lo 77T 70AR
B K HORSELOBTERT,

1 BRIREBIFIC B 2 b5 7 7O K EIR&HET 1.32% 5
5 6.74%IZDIEEITH NG ER Uz, THUud—R ORIk
ROHZETHB5%” LULKTBLENEEEAS. Zh
3B 1 BdH 7D 05 R &N OREN 3 HRE S IEFIC
BhZ e ARERELTWAS I &, BREMEBICHEE

<KL, HFETEER THEES L THRBEROME
BRICESIGBEESHE L TNE I EITERT 2D &
Ziohsd, b, S<UEMOBML R EMRETHIC
DVWTHOBHOEINREICEMT DD TH S, KEIR
BIEMLIC NP LA D EMERLZ, LAL. &5
DEEERERINEN > e HITHREIER NS TV T
EELRBORBTHY, MO THL < RETEINZER
BTTIR. KEMESBHHZELENERD I, B
MRz EBD, SSOPBEHOSEFMIIF REQEDT
BIPRRT B LCRERNTZHDEELSNS,

20H 03, Tiger puffer, n = 130; I, Purple puffer, n = 63 -

K-value [%]

Class 1 Class 2 Class3 Class4 Class 5

Fig. 6. K values ( elapsed 1 hour after experiments started).

| RERRIBREIC BT 27 7 J O K I 238 T 1.86% 5
520%1Z%RL. FITTERICR T IO KEDEE
JESLIZHEWK EIX LR T 2HEMERL 2. ST &S
BRBOKR, SEEMBICBVWTEMEDOS WE G818
~EIF) LHMOEWE GE4H 5 Lo2HME
BOMIKEEZE (P<0.01) MERINEZ, ULirL. FMiO
BWEER ST MOEWEM IR RICAERENEE IR
Mo, ZheDZ&Mhs, SO RERFEIC A
WEENRFICRIT 5 2 & Fieb UERARE AR I B
LTERTHEORBIZIED AL, FORICEY S XITH
FLTWBZ EHEREINS,

3 REFMEERODEZSORG

Table 312 1 BB BRICBI B L5757 EX TV DA
WONZEDO—EERT,

ST DRRADNESITE2EE T37.5MPa 5
118.6MPa Z DEIFHIZ 34 L. F1E 75.1MPa T3 - 7=,
BHMOLELBEORERIMNOERELE RN 2.
Iz, BREFEEOMIEERTESREROHEREING
mo7z,



Table 3. Texture of fish meat.

[mean = standard deviation]

7 JEH R EOSEFHE TV

. Tiger puffer Purple puffer
Categories

Texture (MPa) Texture (MPa)

Classl 73.39 £ 13.45 38.44 + 7.02
Class2 72.83 = 15.85 4723 £539
Class3 81.04 + 18.96 5491 £ 7.43
Class4 76.47 = 17.64 47.32 £ 340
Class5 71.76 = 19.71 55.21 = 10.87

RTITDERDON =TT 2 # T31.55MPad 5
68.53MPa JZ D#EHIZ /3 L. 13 48.77MPa Tdh - 7=,
BROEVIZHR LU &R, MNOERICOEEEITE
BEhliahoi,

AR 100g FIZBT D NI 7T & T T DEERSKS
EZRIVEOEEHIIETUL 9820 2 5D THY, 14
FORITV VLD BNABOLO & BT B Lk
FERVEN. ANOTEEOETIIABEICRESEMN, &
NI ERICANRT OERICEK T 25D TH S, AEHP
KRR OBHEOETEMELZEZS, MFEICLVEER
AR TELDOEB LT 4 HN 5 5 KERERLIE T
Hol. £oT SWNEEHGE & SEE L 72 BKIcid
RIZFETH S EEICIEEIIEATEST. £2ARD
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BRABRICEZOPROFESHOEHIREZTIDZZENE, &
BEMICIZARNON-XBRMLENDD EHET S,

TraHRETIN

Fig TWF 21— FH%DOMF O#EERT, £7-. % (8)
WKhST7707 7 21 BAERRT 5,
Rule 1 If LI-C2(L*) is LO and L2-C4(a*) is LO and L3-Cl(a*)
is VL and L3-C1 — L3-C2(4b*) is HI then Class is 1.

Rule 2 I LI-C2(L*) is HI and L2-C4(a*) is LO and L3-CI(a*)
is VL and L3-C1 — L3-C2(4b*) is VH then Class is 1.

Rule 118 If LI1-C2(L*) is VL and L2-C4(a*) is ME and L3-
CIl(a*)is VL and L3-C1 — L3-C2(4b*) is VL then Class is 5.

CNS 77Oy D4 RAIOREIR 1BFEELY T JIE
162 B TH o7z, Table 4 ICEFINDEMERZRT. il
RIS I O SE O & TN OREHZICE

. VL LO ME HI VH . Class1  Class 2 Class 3 Class4  Class 5

] &}

0 0

a b c d e 1 2 3 4 5
Antecedent-part Consequent-part

Tiger puffer
Measuring points a b c d e
(L1-C2),L* 48.09 50.16 52.24 54.32 56.40
(L2-C4), a* — 0.68 —0.15 0.38 0.91 1.44
(L3-Cl), a* — 1.66 — 1.38 — 1.10 — 0.82 — 0.54
{(L3-C1) — (L3-C2)}, A b* — 2.66 —1.73 — 0.80 0.13 1.06
Purple puffer
Measuring points a b c d e
(L2-C3), L* 52.63 55.11 57.60 60.09 62.57
(acL3-C1), C*ab 2.42 2.92 3.43 3.94 4.45
{(L1-C1)-(L2-C1)}, A a* — 1.84 —1.19 — 0353 0.12 0.78
{(acL3-C1) — (acL3-C2)}, A L* —7.83 — 3.76 0.32 4.40 8.48

Fig. 7. Membership functions for inferring the quality of dressed puffers.
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Table 4. Result of models evaluation.
(a) Tiger puffer
Estimation by fuzzy model
Class 1 Class 2 Class 3 Class 4 Class 5
Class 1 21 3 2 0 0
Class 2 1 21 4 0 0
Cook’ s
evaluation Class 3 0 23 3 0
Class 4 0 1 25 0
Class 5 0 0 2 24
(b) Purple puffer
Estimation by fuzzy model
Class 1 Class 2 Class 3 Class 4 Class 5
Class 1 24 8 6 0 0
Class 2 0 42 4 0 0
Cook s Class 3 i 2 44 2 0
evaluation
Class 4 0 1 33 4
Class 5 1 0 7 30
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