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Visual Discrimination Models of the Dressed Puffers (Migaki) by

Skilled Cooks Using Fuzzy Inference

Kenichiro Kogami!, Makoto Nakamura? 7, Hiromitsu Ohta?3, Kazuhiro Tokunaga?,

Toshimichi Maeda?

Abstract : Experienced puffer fish chefs can quickly distinguish between species and between natural and
cultivated fish based on the appearance of dressed puffer fish. This study aims to construct a system of
differentiating between puffer fish based on the visual cues used by experienced chefs. The species used
were Tiger Puffer (Takifugu rubripes), Purple Puffer (T. porphyreus), Panther Puffer (T. pardalls),
Vermiculated Puffer (7. snyderi) and White Chestnut Puffer (Laocephalus wheeleri). Moreover, both
natural and cultured Tiger Puffer were used. Ten points on the bodies of the fish were selected to
measure color, and color measurements were made up to 72 hours after the specimens were obtained.
Next, the color difference (AE*ab) between two species was calculated. Consequently, it was revealed
that from 3 to 10 points are necessary to visually differentiate two species; this was consistent with an
explanation provided by an experienced chef prior to the experiment. The results showed that chefs can
visually differentiate between fish with extreme precision. We compared two species at a time, as well
as all five species at once using discriminant analysis based on the color measurement points. The
analysis showed the discrimination rate between two species to be >90.2% and the rate among all species
to be 90.9%. The discrimination rates obtained had high probability. Finally, in the discrimination model
using fuzzy inference, all models were in accordance with the results of inference and species
discrimination. Therefore, models based on the visual cues used by chefs are useful in differentiating
between puffer fish.
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Table 1 Specimens
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HHAR 7 7RETHFE S, RBELSVRALE
JED bS5 T T (% Takifugu rubrpes, % % © Tiger
2 7 7 (F % Takifugu porphyreus, ¥ % :
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ATP + ADP + AMP + IMP + HxR + Hx
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[mean + standard deviation]

Species Length (mm) Weight(g) n
Tiger puffer (natural, TN) 249.9+16.0 206.9£34.1 50
Tiger puffer (cultivated, TC)  253.4+11.2 238.7+14.2 50
Purple puffer (PP) 255.1+19.9 221.7+47.3 85
Panther puffer (TP) 208.8+24.8 145.0+46.9 50
Vermiculated puffer (VP) 186.5+31.3 114.7+60.2 50
White chestnut (WP) 247.0+£16.8 228.8+55.7 50
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Fig. 1 Measuring points of color on the fish body surface
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Table 2-1 Color of specimens (elapsed 1 hour after experiments started)

(a) Natural tiger puffer [mean + standard deviation]
Measuring points L* a* b* Color
L1-C1 52.94+2.60 -0.76+0.59 -1.57+1.41 medium gray
L1-C2 51.52+3.01 -0.95+0.72 -3.09+1.40 bluish gray
L2-C1 56.38+£5.62 -0.71+1.01 -0.53£2.12 medium gray
L2-C2 51.59+3.90 -1.14+0.60 -2.11£1.56 Dbluish gray
L2-C3 52.47+5.09 -1.01+0.43 -3.26+2.86 Dbluish gray
L2-C4 26.55+4.83 -0.23+0.55 -0.01+£1.06 dark gray
L3-C1 53.41+3.73 -1.32+0.52 -2.65+1.40 bluish gray
L3-C2 48.95+3.77 -0.29+1.21 -2.33£1.00 Dbluish gray
acL3-Cl 47.50+3.04 -1.08+0.50 -3.33+£1.20 bluish gray
acl.3-C2 50.36+3.01 7.06+1.54 1.41+1.36 grayish red
(b) Cultivated tiger puffer [mean + standard deviation]
Measuring points L* a* b* Color
L1-C1 49.57+£2.54 -0.82+0.53 -1.82£1.51 medium gray
L1-C2 49.25+2.75 -1.15+0.28 -3.29+1.18 bluish gray
L2-C1 53.20+5.04 -0.610.86 -0.38+1.70 medium gray
L2-C2 49.17+2.45 -1.16+0.51 -2.14+1.55 greenish gray
L2-C3 50.31+2.84 -0.73+0.39 -3.69+2.11 bluish gray
L2-C4 26.90+4.34 -0.37+0.45 -1.98+1.26 dark gray
L3-C1 51.85+3.20 -0.92+0.85 -2.31£1.60 bluish gray
L3-C2 51.15+£3.40 -0.80+0.65 -2.72+1.11 bluish gray
acL.3-C1 45.94+2.02 -0.90+0.50 -3.10£1.26 Dluish gray
acL.3-C2 50.33+2.20 4.92+1.18 -0.88+1.08 reddish red
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Table 2-2
(c) Purple puffer [mean + standard deviation]
Measuring points L* a* b* Color
L1-C1 55.55+£3.93 -0.62+1.05 -1.22+1.83 medium gray
L1-C2 52.60+4.49 -1.40+0.63 -3.41£1.43 bluish gray
L2-C1 55.93+4.91 -0.59+1.07 1.05+1.84 medium gray
L2-C2 52.43+4.22 -1.27+£0.72 -1.73£1.41 medium gray
L2-C3 56.28+4.42 -0.68+0.77 -3.56+1.84 Dluish gray
L2-C4 24.08+3.22 -0.53+1.16 3.27+1.27 dark gray
L3-C1 51.9945.08 -1.45+0.73 -2.50£1.49 Dluish gray
L3-C2 51.89+5.83 0.77£1.75 -1.03+1.44 medium gray
acl.3-C1 49.06+5.79 -1.34+0.78 -3.01£1.24 Dbluish gray
acL3-C2 48.58+3.95 7.98+2.15 0.39+2.04 grayish red
(d) Panther puffer [mean + standard deviation]
Measuring points L* a* b* Color
L1-Ci 53.84+3.66 -1.37£0.57 -2.28+1.30 bluish gray
L1-C2 54.97+3.30 -0.79+0.45 -3.60£1.72 Dluish gray
L2-C1 54.36+5.51 -1.18+0.82 -2.33£1.58 bluish gray
L2-C2 53.01+3.71 -0.98+0.90 -3.02£1.61 Dluish gray
L2-C3 59.53+4.67 -0.96+0.62 -5.43£2.60 bluish gray
L2-C4 25.12+2.37 1.17£1.75 5.62+1.25 dark brownish gray
L3-C1 48.40+3.77 -1.45+0.48 -2.24+1.17 bluish gray
L3-C2 52.91+4.53 -2.03+0.34 -2.28+£0.95 bluish gray
acL.3-C1 46.11+3.59 -1.26+£0.32 -2.57£1.14 Dbluish gray
acL3-C2 49.20£2.20 6.08+1.81 -0.38+1.59 reddish gray
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Table 2-3
(e) Vermiculated puffer [mean + standard deviation]
Measuring points L* a* b* Color
L1-C1 49.95+3.80 -1.60+0.58 -2.14+0.99 bluish gray
L1-C2 50.14+2.63 -1.12+0.80 -3.69+1.02 Dbluish gray
L2-C1 51.52+5.32 -1.64+0.86 -2.86+1.39 bluish gray
L2-C2 60.43£5.39 -1.55+0.64 -4.42+1.15 Dbluish gray
L2-C3 54.60+3.54 -1.64+0.55 -3.61£1.34 Dbluish gray
L2-C4 30.34+2.42 -1.23£0.69  10.4942.51 dark olive gray
L3-C1 47.14+4.09 -1.57+0.70 -1.60+1.11 medium gray
L3-C2 51.024+4.08 -1.63£0.59 -2.50£1.37 Dbluish gray
acL.3-Cl1 46.24+3.15 -1.61+0.52 -1.84+1.22 bluish gray
acl.3-C2 43.75+4.71 7.03+3.16 -0.22+1.47 grayish red
(f) White chestnut [mean + standard deviation]
Measuring points L* a* b* Color
L1-C1 55.63+3.52 1.02+1.43 -2.35+1.41 purplish gray
L1-C2 51.32+2.89 0.22+0.90 -3.96+1.51 bluish gray
L2-C1 54.29+3.64 0.23+1.40 -2.27+1.92 bluish gray
L2-C2 54.99+3.19 -0.37+0.75 -3.79+£1.82 Dbluish gray
L2-C3 56.83+3.47 -0.92+0.71 -3.28+1.52 bluish gray
L2-C4 38.82+3.19 -1.33+2.74 9.93+4.90 dark olive gray
L3-C1 50.04+4.19 -0.78+0.91 -2.10£1.25 medium gray
L3-C2 52.17+3.84 -0.20+0.92 -3.124£1.50 Dbluish gray
acl.3-C1 48.31+4.17 -0.78+0.89 -3.14£1.16 Dbluish gray
acL.3-C2 45.58+3.02 7.63£1.30 -0.14+1.60 grayish red
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Table 3-1 Measuring points which contribute to the verification of puffer meat
with eye

Comparison TNvs. TC TNvs.PP TNvs. TP TNvs. VP TN vs. WP

- L1-C1 - L1-C1 Li-C1
Dorsal region
- - - L1-C2 L1-C2

L2-C1 L2-C1 - L2-C1 12-C1
Trunk part - - - L2-C2 12-C2
- 12-C3 - 12-C3 12-C3

Caudal fin L2-C4 L2-C4 L2-C4 L2-C4 L2-C4

Abdominal - L3-C1 L3-C1 L3-C1 L3-Cl1
region - L3-C2 - - -

Abdominal - - acL3-Cl1 acL3-C1 -
cavity acL3-C2 - acL.3-C2 acL.3-C2 acl.3-C2

Comparison TCvs.PP TCvs. TP TCvs. VP TCvs. WP PPvs. TP

L1-C1 - - L1-C1 -
Dorsal region
- - - L1-C2 -
- L2-C1 L2-C1 L2-C1 L2-C1
Trunk part - L2-C2 L2-C2 L2-C2 -

- L2-C3 L2-C3 L2-C3 L2-C3

Caudal fin L2-C4 L2-C4 L2-C4 L2-C4 L2-C4

Abdominal - L3-C1 L3-C1 L3-C1 L3-C1
region L3-C2 - - - L3-C2
Abdominal - - acl.3-C1 - acL3-C1

cavity acL3-C2 acl.3-C2 acL3-C2 acL.3-C2 acL.3-C2
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Table 3-2
Comparison PPvs. VP PPvs. WP TPvs.VP TPvs. WP VP vs, WP
L1-C1 L1-C1 L1-C1 Li1-C1 L1-C1
Dorsal region

L1-C2 L1-C2 L1-C2 L1-C2 L1-C2

L2-C1 L2-C1 - L2-C1 L2-C1

Trunk part L2-C2 L2-C2 L2-C2 L2-C2 L2-C2

L2-C3 - - L2-C3 L2-C3

Caudal fin L2-C4 L2-C4 L2-C4 L2-C4 L2-C4

Abdominal L3-C1 L3-C1 - L3-C1 L3-C1

region L3-C2 L3-C2 - L3-C2 L3-C2
Abdominal acL3-Cl1 - - acL.3-C1 acL.3-C1
cavity acL3-C2 acL3-C2 acL.3-C2 acL3-C2 acL.3-C2
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Table 4 Construct of model at natural tiger puffer vs. cultivated tiger puffer
Explanatory variables Standardised
Measuring points Indices  discriminant coefficients
L2-C4 b* 0.507
acL3-C2 C*ab 0.172
(L3-C1)~(L3-C2) AL* 0.237
n Ab* -0.239
(acL3-C1)-(acL3-C2) AH*ab -0.385
c.r.=0.710, F=193.3, df=5, P<0.01
| 1 T T | | T T
ol O, TN; A, TC i O, TN; A, TC
10 N 4
* S
5 o 1] ]
ol 1 I ] !
4 | ! ol | !

1 |
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Fig. 2 Changes in chromaticity b* at caudal fin (L2-C4)
of tiger puffers
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Fig. 3 Changes in chroma C*ab at abdominal cavity
(acL3-C1) of tiger puffers
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Fig. 4 Changes in difference of lightness AL" between

measuring points of abdominal region (L3-C1)
and (L3-C2) of tiger puffers
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Fig. 5 Changes in difference of chromaticity Ab* between
measuring points of abdominal region (L3-C1)
and (L3-C2) of tiger puffers
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Fig. 6 Changes in hue difference AH"ab between measuring

points of abdominal cavity (acL3-C1) and (acL3-C2)
of tiger puffers
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Table 5 Estimated results by the models which differentiate 2 kinds of puffers

Combination TNvs.TC TNvs.PP TNvs. TP TNvs. VP TN vs. WP
Hitting rate [%] 93.3 90.7 96.3 100.0 100.0
Correlation ratio 0.710 0.602 0.761 0.879 0.891

Combination @~ TCvs.PP TCvs. TP TCvs. VP TCvs. WP PP vs. TP
Hitting rate [%] 96.7 943 99.8 100.0 96.9
Correlation ratio 0.748 0.721 0.892 0.914 0.751

Combination  PPvs. VP PPvs. WP TPvs.VP TPvs. WP VP vs. WP
Hitting rate [%] 100.0 99.4 98.5 98.5 99.8
Correlation ratio 0.879 0.834 0.831 0.829 0.847




Table 6 Construction of the discriminant analysis model which differentiates 5 kinds

7 7 RORRERE TN

of puffers
Explanatory variables Standardised discriminant coefficients
Ist 2nd 3rd 4th Sth
Measuring points  Indices

vector vector vector vector vector
L* -0.013 0.541 0230  -0.279 0.130

L1-C1
a¥ 0.093 0.574 0.097 0.329 0.353
L* 0284 -0.172 -0.838 -0.148  -0.450

L1-C2
a* -0.237 0.323  -0.528 0.253 0.025
L2-C1 b* 0.417 0.025 0316 -0.176 0.249
L* -0.907 -0.224 0414 0.323 0.073

L2-C2
a* -0.360 0.158  -0.158 0.001 0.017
L* 0.031 0.483 0.160  -0.736  -0.013

L2-C3
a* 0.235  -0.107 0.040 -0.484  -0.066
L3-Cl1 L* 0.506 -0.150 -0.068 0.720 0.092
L3-C2 a* 0.307 0.066 0.621 0.085 0.022
acL3-Cl a* 0.353 0.200  -0.223 0297  -0.240
L* 0.512  -0.048 -0.189 0.159  -0.108

acL.3-C2
b* -0.144  -0.112 0.373 0354  -0.152
(L2-C1)-(L2-C3)  AC*ab -0.167 0.482 0.193  -0.390 0.082
(acL3-C1)-(acL3-C2) AH*ab 0.200 0377 -0.034 0.024  -0.787

c. r=0990, F=126.0, df=16, P<0.01
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Fig. 7 Scatter diagram which composed of function 1 and function 2 of the discriminant analysis model

Table 7 Verification result using the discriminant analysis model which
differentiates 5 kinds of puffers

Predicted value
Species | TN | TC | PP | TP | VP | WP | Hitting rate [%]
N 167 | 18 9 0 0 6 83.5
TC 91178 7k 6 0 0 89.0
Observed
PP 171 101297 | 13 0 3 87.4
value
TP 3 5 1187 1 3 93.5
VP 1 0 0 6191 2 95.5
WP 4 0 0 7 0189 94.5
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Antecedent-part
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a b ¢ d e
Variables a b c d e
L1-C1,L* 40.70 51.71 53.72 55.73 57.75
L1-C1, a* -1.86 -1.21 -0.56 0.09 0.74
L1-C2,L* 48.80 50.61 52.41 54.21 56.02
L1-C2, a* -1.91 -1.46 -1.01 -0.56 -0.10
L2-C1, b* -3.08 -1.93 -0.77 0.39 1.54
L2-C2,L* 49.39 51.88 54.37 56.85 59.34
L2-C2, a* -2.03 -1.58 -1.14 -0.69 -0.25
L2-C3,L* 51.33 53.46 55.59 57.72 59.85
L2-C3, a* -1.56 -1.21 -0.86 -0.51 -0.16
L3-C1,L* 46.87 49.28 51.69 54.10 56.51
L3-C2, a* -2.12 -1.40 -0.67 0.05 0.78
acL3-Cl, a* -1.97 -1.60 -1.24 -0.87 -0.51
acL3-C1,L* 43.78 46.04 48.30 50.55 52.81
acL.3-C1, b* -1.48 -0.54 0.39 1.33 2.27
(L2-C1)~(L.2-C3), AC*ab -4.04 -2.87 -1.69 -0.52 0.66
(acL3-C1)-(acL3-C2),
5.45 6.58 7.70 8.82 9.94
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Fig. 8 Membership function for inferring the species of dressed puffers
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