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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*5, 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 (7akifugu 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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Table 1 Constitution of specimens.[mean £ standard deviation]

C . length Weight Number of
ategories
(mm) (2) samples
Classl 246.071+19.08 214.82+61.54 29

Class2 248.21+23.05  207.79%£57.27 29
Class3 247.48+24.54 214.82£61.54 29
Class4 259.45+23.53  231.94£51.24 29
Class5 2622842312 231.381£49.83 29
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for color measurement
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for texture measurement for freshness measurement
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Fig.2 Measuring points of color on the fish body surface
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Fig.3 Changes in K values.
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Table 2 Texture of fish meat (elapsed 1 hour experiments started).

[mean + standard deviation]
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Table 3 Color of specimens (elapsed 1hour after experiments started).

(2) Dorsal region [mean - standard deviation]
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-C1 Class3 54.59+3.22 —0.99£0.68 — 2.43+1.20 2.77+1.08
Class4 58.84+5.05 —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 50.556+2.34 —1.36+£0.47 — 3.74+1.22 4.02+1.17
L1-C2 Class3 51.28+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
Classb 56.95+5.79 1.53+0.99 3.08+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 0.04+1.11 1.40+2.19 2.42+1.46
L2-C1 Class3 55.62+4.50 — 0.12+0.79 1.26+1.91 2.26+1.17
Class4 58.86+5.83 1.22+0.87 1.83+2.80 2.99+2.07
Classb 59.44+5.42 1.16+0.91 2.13£2.51 2.99+1.89
Classl 51.37+2.70 — 1.04£0.77 — 2.08=1.16 2.68+£0.91
Class2 51.11+2.57 — 1.22+0.70 — 2.07+1.18 2.56+1.04
L2-C2 Class3 50.95+3.09 — 1.02£0.79 — 1.82+1.24 2.35£1.01
Class4 56.85+6.25 — 1.22+0.87 — 1.01+2.24 2.68+1.06
Classb 57.13+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+3.45 — 0.66+0.57 — 3.36+1.74 3.54+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
Classb 61.65+-4.80 —1.01+0.78 —4.00+2.26 4.33£2.00
Classl 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 3.32+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 0.5140.92 3.36+2.16 3.80+1.65

(c) Abdominal region

Measuring Categories L* a* b* C*ab
points

Class1 51.35+2.91 1.66+0.54 2.92+1.00 3.43+0.91
Class2 50.68+3.31 — 1.18+0.55 — 2.68+1.06 3.05+1.00
L3-C1 Class3 51.80+4.16 — 1.37+0.80 — 2.38+1.22 2.99+2.72
Class4 58.33+6.99 — 1.47+1.08 — 0.23+4.17 3.66+2.72
Classb 58.17+6.11 — 1.42+1.11 —0.70£2.40 2.831+1.04
Class1 50.34+4.33 0.51+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-C2 Class3 50.49+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
Class5 55.99+6.72 0.98+1.81 0.00+1.82 2.39+1.83

Categories Texture (MPa)
(d) 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 — 1315051 — 350087  3.79=0.85
Class2 45924224 —098+0.39 — 3.3200.99  3.52+0.97
Class 3 54.91+7.43 acL3 - C1 Class3 46.85+3.42 — 1.23%0.35 — 3.10+£1.06  3.45+0.82
Classd  54.68+7.56 — 1.67+0.93 — 194275  3.75+0.93
Class 4 47.32+3.40 Class5  55.05+7.39 — 1474141 — 1.45%2.04  3.10%0.89
Classl  50.6822.82 677190 — 0.76=1.43  7.00£1.74
Class 5 55.21+10.87 e
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Class2 49.98+3.69 7.51+2.20 —0.42+1.28 7.66+£2.10
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Class4 47.90+3.76 7.75+1.83 0.30+2.10 7.97t1.72
Classb 48.15+3.57 7.671+2.09 0.32+2.07 8.25+2.04
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OB IRFER TIXIHE L* &6 a* ORICE DR
(1 =-0.330, P<0.01) 2SFER SNz, E-HE Crab EHE
L* EOMICHEDMHEB ( r =-0.224, P<0.01) 23R S 1177,
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Fig.4 Distribution of color on the fish body surface.
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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*

Abdominal region (L3-C1), L*, b*, h

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

Abdominal cavity

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

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

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

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

Trunk - Caudal fin (L2-C3) - (L2-C4). AL* Ab* AE*ab

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

Explanatory variables Standardised discriminant 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-CD-(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
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Fig.5 Changes in value L* at trunk part (L2-C3).
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Fig.6 Changes in chromaticity C*ab at abdominal cavity
(acL3-C1).
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Fig.7 Changes in value L* at abdominal cavity
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Fig.8 Changes in difference of chromaticity a* between
measuring points of dorsal — trunk part (L1-C1) and (L2-C1).
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