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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 (7Takifugu 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.
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L. dBHICIE, BREL TRENELS (77 O FHE
EWEEND b T T F Takifugu rubripes & 17 7 D1z F | &
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Table 1. Constitution of specimens.
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fRITH RO S WERATTS b EL, 1 BHEDDER
SBICET DRI 3 0RETH o . ABOREIZ S
REWILZORPEZRE T, EE 2°CTH) 8 RpfilmE L 7= B
BT ULERRER 2 AAYEIRFICEE T 5D E L. WED
AR R R SRES UL BRI OO @0 B D7 S IEITES 1 BE (1 :
Class 1), %28 (E:Class2). %3 # (fiA : Class 3).
FAR (%5 :Class4) BRUHSHE (5% : Class 5)
EEDTz, BEHOMEDOEZE, 51N HEEREAD
W CTRIZEN TS DO, %3 FEAMTHIOH S FUER 72
BOD, FEESHIHELRRANMDTHL D EL,
B2 LB AR TNTNBET D L OPHOME SE
Wiz

[mean £ standard deviation]

Tiger puffer Purple puffer
Class Number of Length Weight Number of Length Weight
samples (mm) (2) samples (mm) (2)

1 26 261.9 = 133 286.5 + 37.7 38 252.1 £ 253 231.2 £ 79.9

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 2514 £ 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 £ 28.4 2259 £ 72.0
2) RBAE ZUEREE L. QR a*, b* (BAF, B a*, b* LIEE)
MBI H R EZ THITTFA L2tk BB EREDNE T, RIAEEROGKECHEOREZXTIREE U ClE

Wz kRO EEREIC, Fl=EMWE 8L THRAEE K
EBRONZZOREICHL /2. Fig. 1 & Fig. 2 IcThz
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B2 L R 3 AN BEE 1 A IEER 2 B K UNEREN 2
HOFH10 &L, BUF. AHIE RO AR ERERD
s BIZE HEOEEE D OWE R TIIRFITED
(L1-CD) T, FMEBENORHERIIETF NS ZNE
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for color measurement

for freshness measurement

for texture measurement

Fig. 1. Test pieces.
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AE*ab = /(Aa*)’ + (Ab*)* + (AL*)*  [—] 3)

ZZT, A2 HOMERDOEEDEERT, b,
¥ OWPEITITIIRIT CIE A HEAREL )L 2 5> D65 &
NS 2 IE £ 8mm DMK ERE (=2 /)yt

~
Ay,

acL3C1

R acL3-C2

Fig. 2. Test pieces.
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HyR-+Hy

K fti= X 100 [%] (4)
ATP+ADP+AMP+IMP-+HR+Hy
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T Uil B o 3 2 MEM IR EY 2 s HD & L,
JENFBRIC L VRO Tz, K 6) ITHEBEREE DEEAKLZ
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DERAKME SR D REIRFI AR BISE 27, B KNS UL B
DEHNESEZEIZLT, REHIEZRDEKRTSHD%E
MOAF, Ty PqaEmeERWEZETIV UUF, 7791
HEEmE TV EIER) ITHAAD B D E Lz,
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If Hue is Ai and Value is Bi and Chroma is C; and Luminance is

D, then Class is E; ++<+- )

ZZWA~EWRT 721 TNV, X Class 13 #E &
K. 77 P BRI R O 2 i R & 5 LLERFT
BRICHEDESER L 2. AifRARD X > N—2 v TR
(LA FIZ MF &MES) 1 VH(very high) . Hi(high), ME(medium).
LO(low). VL(very low) ® 5 &l THpk U 7z, B4% LO. ME
BIUHIICRE=AFE, £ VLBLU VHITIEE
et . RifFAREBRT 28O DOERD MF
WERDZ T T o THERR L 72,

Step 1:

B OB O FHMEZEBE ME @7 L — K 1.0 ITHRS
. BBME 07 7 21 M RE DIEEFERA 0 DRKE
SITED B,

Step 2:

B VL BRUBEB VH O L — R 1.0 13 Bt ME © 7 7
Do B EE DTS SRR 0 1 EBEN 2 BB E D
5,

Step 3:

RIS HIIZB% VH S B9% ME O i REIC, £72% L0 1
B% VL LRI ME OHICED %,

fifé 72 38 B 5 1213 Min-Max B0 3% ' % W /2. Min-
Max B EIIHTER O L DI AT AICHIHEIN TNV S
WEHHE G TH D, Fig. 31T Min-Max F.LEOHE &R
oF Y #RT,
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Fig. 3. Inference process of the min-max gravity method.
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Rule 1: Ifx, is 4, and x, is A, then y is B,

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

ZIT 2Hx, &, 3EETH D, ZE y 350 ETE
OHF IV —=DFIET %o 4, EBIET 7P 1 TN TH
%, MEOREEMx* & x* NEASNDGE, FRRE R
kDO TOE X ERTHESNS,

Process | #HRIOEEGEZFHET 5,

wy = A, A A+ (F), w, = A, () A Ayt (xF)
Process 2 % HHIT minimum JEHE 15 FEYID),
Bf(y) = w, A B+ (), B¥y) = w, N B+ (»)

Process 3 RHIHIOBRAEES ZEREDE T maximum #
HXIhb,

B*(y) = Bf() V B¥(»)
Process 4 RAFEFEGDHELENRD, WHEMy* 2155,

B p)dy
[B*(y)dy
PLEOHIRIZED 7 7 2 1 Gk R 215500, 5 <L
[l DR S 5 & B )L O HERmAS AN RIZ B A, A
BEEHDOMF Z2F 21— L THEREZESDS2HDEL
7o

REBEREEZR

1) REFHEFEROBEOER
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ENHBOKIED TES, HREQNIEETIFEOETICHE
S N ORI IR 2R LS %,

X7 T ORERI T RN RO L & 2 s
DEEDFEA a* BT DEHAZERL TS, 5D
BRI ST 77 EERRICEREMEOTES, Kk, HX
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LB ORGSR, BB EEN KIS 7,
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MHdIEERBLE, Lo TARTE NI 7 TDHRE
EMBEELTHREVHOTEI ZERTHES L THH
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Table 2. Colors used for the antecedent variables ( elapsed 1 hour after experiments started).

RN D EEEZE A b* |

IDNWTELT

(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-Cl), a* — 1.40 £ 0.51 — 1.21 £ 0.69 —1.18 £ 0.82 —0.91 £ 0.81 —0.94 £0.73
{(L3-C1) — (L3-C2)}, A b* —0.39 £ 1.85 —0.50 £ 1.99 —034 £ 174 — 045 £ 1.87 — 0.40 £ 2.10

(b) Purple pufter
Antecedent variables Class 1 Class 2 Class 3 Class 4 Class 5
(L2-C3), L* 55.47 = 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 £ 0.97 — 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 —3.05t49%4 6.78 = 9.16 6.91 = 8.45

HEB (L1-C2) DBAREE Lx

=50.90. A a* = — 0.91.

s b* = — 4.17 2R L7,

Fig. 4 I HB (L1-C2) DHAJE L* ORI O T 2R T
1 BRI OB E PO (L1-C2) OIS k. HADIK
BEELTWS, SHMICBITSM%EA Exabld 026 05
2.95 DHFIFAICH D, FHHEOMKNEE GE4TE SESHH Sl
O E DM TIRT AN D> oo £iz. HI1BEES
FEE DA Brab B RERICBIT 2|/ AMER D, WEED
AEHAZ AR TIHET 2 S 521381 5, I

WEDOEIWCRRZEBOHEDEA L* ITEKTHHDTH

%, F 1 HOMEIL KOS THE L = 53.76, 4

B a*=— 111, AifEb*=—3.50 TH O, &5 BETITHE
70

O, Class 1; @, Class 2; A, Class 3; A, Class 4; [, Class 5

mg ! i

40 I I I I
01 24 48 72

Time [h]

L*[-]

Fig. 4. Changes in lightness L* at dorsal region (L1-C2).
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ONRNCH 2L (EE) DEDNICERD BWEHRT, 20
MR R D AT LXK T 5, R (L1-C2)
DOHE L* EARNEE K E & ORITIZMN ORI S BE
eI Nad o /2. LLEDN S S <ULERRRIE AR A S D i iz
DR OFEEZORE, MG H RSO T8 S &3l
LTWwabnEEALLNS,

FEERA {(L3-C1)-(L3-C2)} DEEEEA bk

1 RE IR Ry D 23 B O IEE O C*ab D 1F 3.23
ERRD, MDA &S S EAE (P <00 ITFEWN, 8
B D BEHE A U (L3-Cl) O a2 13 B & L* A3 48.97 i &
50.85. fAfE a* A5 — 130 15 — 0.92, A b* A1 — 3.59
5— 298 OHEIFHICH B, T, MEHOHR (L3-C2) DEEE
VEBARE L* 3 53.72 /05 58.16, (A b* A% — 3.02 /5 — 2.11
DHEPHIZHMAT 2, ARIEHREOFAOKAEZZL T
o 1 RFFHIRRIEREIC BT B IS D BEEREF D (L3-C1) D EERH]
DA E*ab O KIZ 1.95 TH O, BHBIFEESHHED
MO Th e, Foo SRERICH T D HMOEED
TR, a* O ADY 72 R RTREREZ HkGE L CREA O
EOHE SOV E ORI TRRES O FEZEZER L, D
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Cl) R b<2%,

Fig. 5 \ZHEEBN (L3-C1) & (L3-C2) DA b* DFEREA L
DR T 2R JEEI {(L3-C1)-(L3-C2)} DEED A b*
DORRREACITVRITITRENENL 2 S g™ 2 53, G O i W EEA
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N5, 2 REERERFIC BT 2 EHMOEEIET O (L3-C1) Dt
B b* 1358 | YRR T, BEIEGL O FIThE> TIR< 78 %
HRBA RSN, —H, BEEHOH R (L3-C2) DEFE b* T
RIS BT B PO ERIIRESNEN o2, Lo T,
FERMNC BT BIEEN {(L3-C1)-(L3-C2)} DAED# A b* 1T
IIHEERDEEEZF O (L3-C1) 2VE< KT 2 H D EF A 5,

PLEDEEDEEEZTF D (L3-Cl) DO D ZETRHR Lz &
BOHRZVWEOWRITERK T HEDT, ZOEMIZEK
EHRETD N T 7 J OIEIRE, B R E R E DRSO
TES BRI OETITND AROZEROREEENRD
HEIIKML B <25 EF A%, &Ko THSUEAIT
GO Z NS OaEEHRT DL THEEREDDHD
EEALND,

2H O, Class 1; A, Class 2; O, Class 3; V, Class 4; O, Class 5 |

B Iﬂl o om

11 |
4 %TTT I %ﬁ% i

-6 1 1 1 1
01 24 48 72

Time [h]

b*[-]

Fig. 5. Changes in difference of chromaticity b* between
measuring points of abdominal region (L3-C1) and (L3-
C2).
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Fig. 6 12 1 RifRGBMICBIT A N5 77 EX T T DN
BERE K ORIFE(L OFEF 2R TS

1 REEREEIFIC BT 5 T 7 7 O K flid2leh T 1.32% 0
5 6.74% I DIFFITHNHPFHZR L7z, ZUT— DRI
BOBRTHD 5% 7 LT D LMNMEEEAD, Th
3R 1 Bd 720 0B RSN ORI RIA 3 2R E & IERIC
LI &, NiEzERELTHWDZ &, FRSUBHICER

<AKPEL. Hi £ TRRIR THIEAE U Tl AREROME
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EZO6N5, M, S <ULERRO R U 7= 1 & B Bl
DNTOEHDOEHINHEICEM T 2HDTH S, KIHEIT
BEEALIZ RN BT 2 M ZER Lz, L L. SRR
OHEFEAIMRISNEN > 720 IR RIIEE NS 7T
EEIREOREITH D, MiD TR L < MEEHEINE
BFTIE. KEMESHEEESENERD &, £
WA EB D S <ULERER O S E R S R E QB DT
HINPKMT B ECRRTE2HDEEZL SN,

20H [, Tiger puffer, n = 130; W, Purple puffer, n = 63 .
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K-value [%]

Class 1 Class2 Class3 Class4 Class5

Fig. 6. K values ( elapsed 1 hour after experiments started).
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HHEORE, SRBICBOYTHEOEWEE G5 1R
~EIH) SAHMEOMNEE GE48L EBS5H) CofHs
BOMITHEEA (P<0.01) RIS NZ. LAl FHD
A WTER] & AR O W RER] TIZILICH B 2D R S iz
Molze TNHDTENS, S <ULEAT O S I 13
RIS RAFIC RIS 5 2 &, RS ULER T 3740 12
LTRTHEORTICED =L, Z0RICEY 7 ZITH
FLTVWSZENHERI NS,

3) MEFMEBROHLE DB

Table 3 12 | FEERGRISICBII B NI 77 &7 7D
AONED—EERT,

NS T T OBNODMN I E AR T 37.5MPa iy 5
118.6MPa j2 D #iFHIZ 734 L. F#1% 75.1MPa T > 7z,
FRMOLE RHBROBEIMNOERE LIRS BN,
E/o. ERHE & OXHE & R B R E I B R S s
Mmo7,



Table 3. Texture of fish meat.

[mean =+ standard deviation]

7 JREE R E O EFHEE 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 £ 3.40
Class5 71.76 = 19.71 55.21 + 10.87

T T OANON TSI E 2R ET31.55MPa i 5
68.53MPa 12 DHEEFAIC /34T L. I 48.77MPa Tdh > 7z,
EHORTIG % i U 2GR (M OBEMIC A B2
RENRINo T,

Al 100g FIZBUT D N T 7T & T T ORERERTRK S
ORI EOARFHIFTL 982¢" 2 50 THD, 19
FOPITY VEORINBEEDOD O & T D LK
SERNE V. AROEBEQETTIIMEREICIRZSA,
FUI TR OERRICHK T 26D TH S, AEHP
Bt OWME O T 2B L2 & 25, flTFIC L O RFE B
G HER T E 1= DIIB X Z 4 Frfiln 5 5 RefREE R LA T
Hole KoTo S<UIERAFGEZ SE R L 72 BI2iE
RIZANE TH S EE I EIZEATH ST, ERARD
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A HERIC K O DR O RSP WEIRZEZITS T EMNS. M
BRI AR DN E BB L 72N d D EHEET 5,

774 HRETI

Fig. 712F 2 —=2 7% D MF O#i&E %2R, £72. K (©8)
WChS 77077 Y1 BAEHIRT 2,
Rule 1 If LI-C2(L*) is LO and L2-C4(a*) is LO and L3-CI(a*)
is VL and L3-C1 — L3-C2(4b*) is HI then Class is 1.

Rule 2 If 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 LI-C2(L*) is VL and L2-C4(a*) is ME and L3-
CI(a*) is VL and L3-CI — L3-C2(4b*)is VL then Class is 5.

cNST7707 724 HAIOKBEE N8 HE~~ 7 71E
162 TdH > 7z, Table 4 IZE T )L DMk HE 2R, Fif
RV S ULERAT OO L REAR O AT & B 5L DR EHZ I Al

. VL LO ME HI VH ) Class 1 Class 2 Class 3 Class4 Class 5

S o

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-C1), a* — 1.66 —1.38 — 1.10 — 0.82 — 0.54
{(L3-Cl) — (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 —0.53 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 Class 3 0 0 23 3 0
Class 4 0 0 1 25 0
Class 5 0 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 1 2 44 2 0
Class 4 0 1 4 33 4
Class 5 1 0 7 30
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