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Analysis of skillful quality evaluation of dressed Purple puffer
(Takifugu porphyreus) Migaki

Takafumi Nakamura*1, Makoto Nakamura*2, Hiromitsu Ohta*3, Masako Aketagawa*4,
Toshimichi Maeda*35, Yuichiro Taira*3 and Eiji Morimoto*3

Abstract : The knowledge of skilled cooks at the Shimonoseki fish market was analyzed to
develop a quality evaluation system for dressed Purple puffer (Takifugu porphyreus) Migaki.
To determine what aspects of fish surface color, freshness and texture are used by cooks for the
evaluation its quality, a total of 145 fish were dressed and graded into five classes by the cooks.
Then, the color and freshness of the meat were investigated every 24 hours, at 0-, 24, 48, and
72-hour time points. Analysis of the cooks  visual evaluation in comparison with the recorded
information on fish color and meat freshness indicated that the cooks evaluations accurately
corresponded to the actual freshness of the meat. A statistical model was then constructed and
evaluated using the colors recorded at these time points as four explanatory variables; the results
corresponded to the assessments made by the cooks with 60% certainty. These results confirmed

the validity of the quality evaluation system proposed here, which incorporates the knowledge

of skilled cooks into its design for evaluating the quality of dressed purple puffer.
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E %D RE T E TREE T 5 2 AT L OREEE Y & Hig
LTWwb, JZ7HICEZOENH 20, BHELTHE
EABWHOI [TV OFE] EEEND ST T (4
Takifugu rubripes) & [ 7 7 DRE] EFEND < T T (%
%, Takifugu porphyreus) Cd 5, S<UMEIIC LD T 7
7 DEREDNEFNT DWW TIIBHCBIT 2 & A, WERE
ZIEH R EDEED 4 ROBFNRMT D &, £l
N6OEEELEKRE L THAGDE S Z & THSUEAO
SIS AR 9 % E T IV &R RETH D Z E &R LT
6)-7) LD TABMETIE, X7V DEREITKHTBHEHEM
AR O B RE I 2R R E U T, SYERHD & AR, AR
DN I PBIOCREOEEORIREMTL, S <WUHRHD
T EEEA D E TIAICHE H & IR 2 R M U 7 fE SR D
TR R

RER L RITTTIE

REBHE

fEAT DR & U e S <ULERATRE R BTN O Gl 7 7 R
ICE% T 5 SORAME 2 4 GRBREE 30 & 254F) & L7z,
AUCEHRIZIZEIC 3 AA 5 5 AH)A ORI LR R & Tl
SN CRBIHT S HZe T 5w MIH i TRt D ICh i 5
TG & =< 7 7 (944 Purple puffer)145 BE WS HD &
UZzo FlRHR D B R 2 MBI MRAT K R D 5 < ULERRT AYT 5
bOEL, | BHLDDERENMICES ST 3 5
EETHo 7z, BAOREIESREWNIEOKEENZRE
T, IREE2°CTHY 8 IR R U 72 BEBE C 5 ULERFT 2 &4 73

IR 2D & Uiz, B ORI R I 5 B &
LT, GO E NS DN S NEITE 1 B (#F : Classl),
Tt (B : Class2), 85 3 B (i : Class3), 25 4 T (2°H D
Class4) BEOE 5B (45 : Classs) EED -z, FHOMNE
DEZE. # 1 REDEE & AR OWE CRHICEN TN DS
B, H3FAMEIOWR D FENZ H D, K8 5 L6
EEREADWMDTEDEDE L, H2MEW 4 BT
NTNEEET 2B EOFRIOME EEDZ, 2B, 1EO
FHITH W BB AT ORBEBD R &R D L D10
SYLERERANEE LTz,

Table 1 1T &R L OFUBHA DM 2779 BN
HREETKITT A LEBICEFOMNNEWAlE 53 L
T, &ilBr 2Rk ay, ARNEEKEBIUNS
DOWEICM L2, Figl & Fig2 IKFNFIGREF Okt T &
HRDOEF ONE K ZRT ME KU E 2 5L RERER 3 A,
JEE 1 NEER 2 B K OMEIEN 2 RDEH 10K & L o BUT,

PR - AT

Table 1 Constitution of specimens.[mean & standard deviation]

. length Weight Number of
Categorics (mm) (2) samples
Classl 246.071+19.08  214.821+61.54 29
Class2 248.21+23.05  207.79%£57.27 29

Class3 2474812454 214.82+61.54 29
Class4 259.454+23.53  231.94+51.24 29
Class5 262.28+23.12  231.38+49.83 29

for color measurement

for texture measurement for freshness measurement

Fig.1 Test pieces
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Fig.2 Measuring points of color on the fish body surface
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DET B, P, NS OWPE SIS 14 1ICREHEKT 20
WHELBHEDITED =,

REOEF OREIEHIZIE CIE1976 FERITHE SN LM
FEFEE L*, fAJEJEEE a*, b*(LLT, A a*, b* ELR) &,
FERRORAME R OBEE2R TR S U THEL %
EW Tz SWERDEE Crab, A KO 2 SOWE
MEOBEZAEabZTNETNX ()6 (3)IKLD
Rz,

Cab = J@)*+ () [] (1)

B = tan‘lb—j [] (2)

a

AE*ab = [(Aa)Z+ (Ab)2+ (AL)? [-] (3)

ZZT, A2 ROMERDEDEERT, Iap, A%
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DRFEITIEILIRIT CIE FIR ARHEr L2 F > F D65 &N
B2 HER 8mm OHEMAAEE (A /NI
T2 (BR) D CR-400) &, - ME OWE I IR
EEE (OABRTE (KR)  NL-) 2REHENEEON
FEFBEEICRDEMTHWE,

AR OEEREICIIFHEE & OMEBEMEIE W K fF 97
ERAVWSHOELE, KEERX@ICRTEBD, AART
DATH(TF /2220 V) ME A ORBICED S
HxR( /) EHX(ERFH T2 ) OREETHR
TETHETH D, KMEO BRI NERL T 5%E
B, ERAT20%UT. TRRI0XBEETY &3
NTwbs, KBS ERaER N, SEBROHR
B | BHED 1g EEDTERR U 7,

HyR+Hyg
ATP +ADP+AMP+IMP+HyR+Hy

KfE = X 100 [%](4)

HAOMN XM 30mm, £% 30mm, B 10mm 120
TUZRBAICHTAMEERBREY ZHWE2 D E L,
ERABRIC Z0RD, R (5) KMEEREE OHEAR
ERT,

E = gi [MPa] (5)

ZZTolRiNE, el 30THERT, 2B, NS Hl
EORBHARSHNS SETO2EMEBMEL T, 325
BERBRICHL 2,

INSOEEDD BEEDBE & K EOHIE KR,
FOOLHLIRFBICESETOMHMEZEL T, WBAATE 1
RIS ( B /R ZMIBH 9 RER. LUF 1 Ry &
B), 24 BRRE, 48 BEH]B & OF 72 B 0 BARIBHF & B 7,
BRON-E OHEL Y T RAOKEREEZZEL T 1 B
BBREOAELE, Iob, AROBEAE KBESFTICS
FAFIAEE TBIUN S OHEITEEZ 12.0C. B
£ 50% RH 2, HUE % 300k [ o HERENTITD
HOELE, ERBEAE S K ESHHOHEHI R 2
FO—)VHOBBITKML TREZ 20CIZR > HAKE
IRE L7,

BRAR A%

R ZITHT D & <UEA ORI & AR EEE K
EDBEBIZDOWTE, SRIERBMICBT2EHOKED
HAMErEE RO %, Mz 5 /KHE, HERERZ 47K
BETHTAREDSBAIICED KERNT % REH

fiti & BB OB EERR L, FEIRETOBOE LR,
BB B> TEEFROBEITIN—E U HEE,
TS B OREIILT 2 —F— DR VREEETNEN
Aun,

BHICHW S HEEOARITIIROE 1) H~H 4 HOE
29 HAEED CHRAEERICBY 2 &M OEA K E
2EHLU 7,

1) HRAL (8, AREil, IEETR, Bk ) N O&RIE RO EH (B
4:)

2) BHEER (B 10 1)

3) ERALN D 2 RDORIERMOE (FH 6 F)

4) BRI D 2 HOBERMBOZE (5H9 =)

S HLERRT OO B AT & AR O ER & ORBIRIIEHIER
BB EFI DOV THE OB EHOZEDRE (t BF)
2T, ERAEOBE S KEEOBRIIHEESH &R
HEOREICLDFNFNHATZDOE L, S<UH
Bifi O B 3l & N D= X EOBRIL. M eZikDoNnT
ORI OFEEOED t BEICKDBRFL .

WIZ, S < ULIRT 0 AR FEAT 0D R T IEVEH BN K D ¥
BRI L OB T b0 E Lk, K (6) KBS
DERKERT,

Z = ao+ glaiXi (6)

ZZC, 2B, x ZHHER. 0l dEKHE, a
FHPRETH B, FHEERICIE. EITEOHEBEMTTK
fE & OBEENERINZABEDD B, HFHOMRICED
24 R E T L TARZE P < 001, F£&EP <
0.05) ZHRELEZDDZEAVDHDE LR, SHHEEROK
B OEHL 2 BT B0 4BETELE, H
B M OfE R, HBIAI TR 50% DL L2 BB SRR O
55, AROENE (HE, RIE EE) TESEROAE
DEF) 0, FROFEKME SREORFFINETSE 1D, B&
UASUBMOBERZ2BEK LT, HEMEEZRDESK
Y250 (T, METMET) EXR) ZKOAAR
R A DI A R RE T B b D & L

REFMMEAREE. BROLHEDOBE

Fig3 WA NME K EORRE OB TERT, 1FH
PRI BT 2 KRS | HOFIGN 426% LR HEL,
HE2RLAEAER 530%., 5.70%. 11.54%. 1335% &7z
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Fig.3 Changes in K values.

D BEFICEEIBAL & Kk U7z, ZJCERE D B T, 3%
MOZEHBIEIENINT, EAHBOZEREORE T
W I BEE AR, BIBEEST, BoMELESH &
IWMEESHOMIZ 1 BOEFEDN, B2 HLE 48
FIMEBAHOMIC S OEREVPHRI N, | B
FERIIC B ARM O BB OME TE. HEFEOS
LE(EABEL ESE)ETOMOB(BIH~EIH)
EDETOHBOHKRTEREZE (P < 0.01) BHEZH SNz,
Table 2 iC 1 FFRIRBIFICB T 2ARONZE0—K%
R, FARDN R BT 31.55MPa 7» 5 68.53MPa
if@ﬁﬁnﬁﬁb‘$HM%WMmf%oto§ﬁ®
R 2 R U458, MNOBBIC b A RR kRS
o7z,

Table 2 Texture of fish meat (elapsed 1 hour experiments started).

[mean *+ standard deviation]

« SERE—BR - ARoCHE

Table 3  Color of specimens (elapsed Lhour after experiments started).

[mean *standard deviation]

() Dorsal region

Measuring Categories L* a* b* C*ab
points
Classl 55.04£2.87 — 1.00+0.80 — 1.91%+1.55 2.51+1.20
Class2 54.62+£3.15 — 0.82+0.95 — 2.42:+1.23 2.76+1.16
Li-Ct Class3 54.69+3.22 — 0.99+0.68 — 2.43%+1.20 2.77+1.08
Class4 58.84+5.056 —0.63+1.37 — 0.57*+2.18 2.50+1.04
Classb 58.00+4.81 —0.72+1.13 —0.73*+1.97 2.21+1.16
Classl 52.08+3.07 — 1.42+0.43 - 4.00£1.25 4.29+1.18
Class2 50.66+2.34 — 1.36+0.47 — 3.74%1.22 4.02+1.17
L1-C2 Class3 51.284+3.24 — 1.43%0.48 — 3.73:%1.09 4.06+0.97

Class4 57.56+7.42 — 1.70+0.93 — 2.86%+2.67 4.17+1.30
Classd 56.95+5.79 — 1.563*+0.99 — 8.08:£2.67 3.86+1.26

(b) Trunk part and caudal fin

Measuring Categories L* a* b* C*ab
points
Classl 55.42+5.08 — 0.45=1.05 1.28+1.91 2.32%1.12
Class2 56.04+5.17 0.04x1.11 1.40+2.19 2.421+1.46
L2-C1 Class3 556.62+4.50 — 0.12x0.79 1.26+1.91 2.26x1.17
Class4 58.861+5.83 — 1.22+0.87 1.831+2.80 2.99%+2.07
Classb 59.44F+542 —1.16+0.91 2.13+2.51 2.99+1.89
Class1 51.37+£2.70 ~—~ 1.04+0.77 —2.08%1.16 2.68+0.91
Class2 51.11+2.57 — 1224070 —207%X1.18 2.56+1.04
L2-C2 Class3 50.96%3.09 — 1.02+0.79 —1.82%+124 2.35+1.01
Class4 56.85+6.25 — 1.22+0.87 —1.01+2.24 2.68+1.06
Classb 57.18+5.21 — 1.16+0.91 — 0.78+2.24 2.51+0.87
Classl 55.47+3.84 — 0.77+0.58 — 3.72%1.73 3.90*+1.60
Class2 54.50+3.456 — 0.66+0.57 — 3.36*+1.74 3.564+1.59
L2-C3 Class3 55.48+3.33 — 0.50%0.81 — 3.81+1.90 3.97*+1.79
Class4 60.83+4.74 — 1.01+£6.47 —3.81%£2.72 4.45+2.12
Class5 61.66+4.80 —1.01+0.78 — 4.00+£2.26 4.33+2.00
Class1 24.23+3.19 — 0.94£0.94 3.12+1.41 3.38£1.43
Class2 24.68+2.49 — 0.64%£1.18 2.95+1.39 8.32£1.19
L2-C4 Class3 24.76+3.01 — 0.83+1.22 2.88+1.31 3.27+1.22
Class4 25.28+3.47 — 0.58+0.91 3.89+2.07 4.15+1.85
Classb 25.04+£5.08 —0.51+0.92 3.36+2.16 3.80+1.65

(¢) Abdominal region

Measuring Categories L* a* b* C*ab
points
Class1 51.36+2.91 — 1.66+£0.54 — 2.92*%1.00 3.43+0.91
Class2 50.68+3.31 — 1.18*x0.55 — 2.68%+1.08 3.06+1.00
L3-C1 Class3 51.80+4.16 — 1.37+0.80 —2.38%+1.22 2,99+2.72
Classd 58.33£6.99 — 1.47+1.08 - 0.23%4.17 8.66+2.72
Classb 58.17£6.11 — 1.42*1.11 — 0.70+2.40 2.83+1.04
Classl 50.34+4.33 051+1.80 — 1.53+1.49 2.57+1.23
Class2 50.35+4.41 0.17+1.46 —1.31%*1.10 2.10+£0.84
L3-cC2 Class3 50.491:4.60 0.45+1.27 —1.44%1.11 2.11+0.83

Class4 55.40+6.17 0.73+£1.94 —0.73+£1.55 2.43+1.14
Classb 55.99+6.72 0.98£1.81 0.00+1.82 2.39+1.83

Categories Texture (MPa)
(@) Abdominal cavity
Class 1 3844 i 7_02 Measuring Categories L* a* b* C*ab
points
Class 2 47.23+5.39 Classl - 46.35=2.67 — 1312051 — 8.50%087  3.79%0.85
Class2 ~ 45.9242.24 —098+0.39 — 3.32£0.99  3.52:£0.97
Class 3 54.91+7.43 acl.3 - C1 Class8 46.851:3.42 — 1.23+0.35 —3.10+1.06  3.45:0.82
Classd  54.68=7.56 — 1.67+0.93 — 1.942.75  3.75+0.93
Class 4 47.321+3.40 Classs 55052739 — 1474141 — 145+204  3.10%0.89
Class 5 55.21+10.87 Classl  50.68%2.82 6772190 — 0.76=143  7.00%1.74

RE L FRDOEEOBER
Table 3 12 1 B HIRBIFICB Y 2 E5HELOBEED —

%, F7- Figd ITREE (L2-C4) ZRWIERE 9 HOEHD
BEONHERT, BEZR SRHOGYOVIGIHE
L* = 53.59, 4/ a*=0.08, fAE b* =-1.64 B C*ab=3.58
L0, RELHEOBEE IRE] Eixok, 1FRHERE
BT OEEEE D (L1-C1) &RREBD 2 & {(L2-C1).
(L2-C2)} &EMEER D 2 5 {(L3-Cl). (L3-C2)} 7% [[Rfa] %,
LIRS (L1-C2), REERO B D (L2-C3). BN

Class2 49.98+38.69 7.51+2.20 —042%1.28 7.66+2.10
acl3 - C2 Class3 49.90£3.84 7.831+2.09 0.19+2.10 8.08+2.22
Class4 47.90£3.76 7.756+1.83 — 0.30%2.10 7.97+1.72
Classs 48.15+3.57 7.67+2.09 0.32+2.07 8.26+2.04

DHEIBEF Y (ac L3-C1) D3MiEIC [HADRE] 227z, F
7o BEREP D H I (ac L3-C2) 28 A B O RB DR A,

B (L2-CH 1 [REWKE] ThHor,

B OLIEEM TIIWE L* S A5 o ORICEOHE
( T =-0.330, P<0.01) RERI Nz, LZBE Crab EHE
L* ORI H A OB ( r =-0.224, P<0.01) DSHEFR I 7%,
Table 4 425 <L BE Al O o B 374 OO Re i & AR 3T 88 &
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Fig.4 Distribution of color on the fish body surface.

ERBROBED-EERT, Tabled IRTED. 5L
T O S E AT IIE R LD 16 AOBEMNEWRLTHD,
HEL CAE LV PR<EHRT 2HREHE, Table 51T
Table 4 TR EBEEFTALEICHWTHN S EIT> 72
%, & <UL E OWMEER Tt Sl L - R
HEFNOEEERT., EFIVEEHIEOLEBNSED,
B EBENOBENERT 2/#E L7z,

Table 4 Color of the fish body surface which confirmed features
or tendency of the skillful cooks™ evaluation (during 24 hours after
experiments started).

Part Indices
Dorsal region (L1-C1), b*
Trunk part (L2-C3), L*

(L3-CL), L*, b* h

Abdominal region

(acL3-C1), b*,C*ab, h
(acL3-C2), L*

Abdominal cavity

Abdominal cavity {acL3-C1) - {acL3-C2), AL*

Dorsal — Trunk part (L1-C1) - (1L2-C1), Aa*

Trunk — Abdominal region {L2-C1) - (L3-C1), Ab*

(L2-C1) - (L2-C4), aa*

Trunk - Caudal fin (L2-C3) - (1.2-C4), AL* Ab* AB*ab

Table 5 Explanatory variables and the standardised discriminant
coefficients of the Migaki quality evaluation model.

Explanatory variables Standardised diseriminant coefficients

Measuring points, Indices 1st vector 2nd vector 3rd vector  4th vector
(L2-C3), L* 0.570 0.057 —0.389 0.823
(acL3-C1),C*ab 0.306 0.858 0.552 0.075
(L1-C1)-(L2-C1),aa* 0.385 0.430 —0.717 — 0.425
(acL3-C1)-(acL3-C2),AL* 0.599 — 0.147 0.694 — 0.563

Canonical correlation = 0.599, F= 8.40, df= 16, P < 0.01

zZ B

SA<LEAOREFMECDONT

1 BRI R (B /R X LBRTE 9 KRG ) D BN FEE
K2R ORKI 7.19 % &7z 25 #i I 40A L,
WL 426 % ThH o, —fRORBAOELR 5% ¥ & g

THEENWEEEZS, TRl 1 B0 0B REL
HOBRIMN 3 SRESERITENT L. AREBRELTY
5Z&, BRENBBICHEEAEL CHME TERIAET
MEEEL CTHABEOHEERICL oM eEsH< L
TWaZEZERTA2HOEEL NS, AL, H<UHE
BIOBGEL 7= & EEBIC DWW TORBOR S NHEIC
BT 2b0TH 5. 1 KRR TIXAHO K B3
DETIENER L, HOREBINIC D ZITHIBLERE 2
NE ER L, SBONELEBROKR. REREO2
KUERS O SEIG2 B (P<0.01) &720, SFREREIZHBNT
VRERAAY [ DA LOBE (551 H~E3 ) SR
WEE (B4R BSE) LO2BATOBICEEREE (P<0.01)
BHEREINZ, L L, WAL EORRM &3O WA
MTREICHEREENREINARI k. ZHHEDOI EM
5. & <YLERET O REEHE I IS A ARE S RIFIC KT 5
Z &, FRAUEMIFMICKEL TAETHEORTICK
D=4, TORICET TXTHMA L TWE Z ENHERS
N5, B, WEARBED OB TEEZbDE AF L
ZEMB, KIEONTYFIEHEN S ANEEZOHE
FiETOTORA, FIAKERELEOES. FREN
BBORBICNT S5 1 I, BBRREOETOEN:
ENEENCEELLEbDESZR D,
AROPZIIRRMNOBEEICOERENHRIE I NG
Mofre TDT &SSO HEFMICIEAR DN
FEERIBUABAWETZ 5, AR 100g FITBITBI TS
DEBENRKG ES NI BEDAFIL985gP & HDTH
D, AHF DTV IWEDRHNBAFEDD D &K
T 5 EKIERDE . ANOHEOETIIAEE IR
S0, CNEBERANRTOBRICHETZHDTH 2,
REBPICHHOBEEORITERALZL IS, MFiIck
DIFE AP ER TEZ DB XZE 4 BN S 5 REERE
LM TH . &Ko T S <UBEANEE 2 FEImL
BRI R TCH A REICIEEIIEATB ST, &
TERADOEIERICLODNBOREINEREZTEL I E
N6, REIMEOIANON I AL RN O SR
T 5,
PAEZRMEELT, 5 <UEEOHEFMICIIEROR
EOBEMTHHDEERS, AB. & ULIREH O HE T
BARBEOENMNIBHOERILVANOBEZAELD S
DTH5, FIBELDIZ, 77 0aARIEEKRSE
FUNTEATHERINTED, BEEEIZ04g THORA
BOOLOLDMEO THEWVEENS S, Ko THRET
BIEE ORI K VERISEIDHNI D, BEER
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WEEROGEIIKD LI VB TRTHDEERA S,
Ein, S <WIRE O BE I 134 R OB 4 BT TETY
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Fig.5 ICIRERER D BEEET U (L2-C3) DS L* OO
BRFERYT, HRATE | RIS 2HE L
BEEM QXTI ER T B MAERL, @O WE
(BB 28 SMOOENE (B4, BS5H) LD
o2 OMEEGE THEE (P<0.01) NHEREI N 1
MRERIC BT 2RO RS D 1L2-C3) DaKid, &
RELDOEH T L =576, a*=-0.788, b*=-3.72 &/x0 [H
HDKE] 2L TWD, HHOMAEA Erab i, FED
BWEE (B I 2H) SHMEORWEE (B4 B ESH)
EDOMTS37 175 7.16 DFEICH D, WE OB Z A
NTHET 2 EBEF D (1L2-C3) DARIIRIETHEL <
RixbbD LB,
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Fig.5 Changes in value L* at trunk part (L2-C3).
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Fig.7 Changes in value L* at abdominal cavity
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measuring points of dorsal — trunk part (L1-C1) and (L2-C1).
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