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Fundamental analysis and modeling of a skillful quality evaluation of Swordtip squid

by an auctioneer

Ichiro Ikeda'", Makoto Nakamura®, Eiji Morimoto?, Kazuki Harada®
Toshimichi Maeda® and Jyun Shimauchi”

Abstract : Knowledge of experienced auctioneer regarding the circulation of marine products is an essen-
tial skill and is necessary for evaluating product quality and managing aspects such as freshness. In this
study, the ability of an auctioneer to quickly evaluate the freshness of fish at fish markets was analyzed.
Evaluation characteristics used by an auctioneer were characterized and analyzed using a fuzzy logic mod-
el. Sixty-two boxes containing 388 swordtip squid (Loligo edulis) with mantles measuring 200 mm that
had been evaluated and assigned to one of five quality categories by an auctioneer were used for the analy-
sis. The relationships between the evaluations of appearance {category), body color, and state of the
chromatophores were statistically analyzed. It was found that a total of four indexes strongly reflected
evaluations of appearance: chromatophore expression on the head, two different chroma states for two
points on the mantle and the difference in the color of the mantle and the head. The fuzzy logic model used
these indexes premise variable for the language rule. The results of both simulations and evaluations de-
monstrated that the model was robust, with the results predicted by the model corresponding with more
than 90% of the quality assignments of the auctioneer.
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Constitution of the sample fish

[mean =+ standard deviation ]

Trunk length Weight Number of samples

Class (mm) (g) (Population/Cases)
1 240.7 = 40.8 248.7 = 73.4 84/13
2 2279 £ 24.1 2513 =614 80/13
3 2229 =193 224.5 = 34.0 80/13
4 210.5 =29.2 2233 = 464 82/13
5 207.6 £ 234 2124 = 46.4 62/10
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Fig. 1 . Measuring points of color on the swordtip squid
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Fig. 2 . Chromatophore state analyze regions
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Table 2 . Index which confirmed significant differences of population means

Measuring points and indexes

Significant level

Chromatophore on the head ; Region p<0.01
Head (L1-C5) ; b* p<0.01
Trunk {(L1-C1) —(L1-C2)} ; AJa*, /C* p<0.01
Trunk {(LI-CD)— (LI-C))) ; AL 0.0l
Trunk {(L1-CD) — (L1-C4)} 5 ALY, AC*  p0.01
Trunk {(L1-C2) — (LI-C3)} ; Aa*, AC* p<0.05
Trunk {(L1-C3)—(LI-C4)}; AE*¥ab p0.01
Trunk — Head {(L1-C1) —(L1-C5)} ; A C* p<0.01
Trunk — Head {(L1-C2) — (L1-C5)} ; AE*ab  p<0.05
Trunk — Head {(L1-C3)—(LI-C5)} ; AL p<0.05

Table 3 . Color of the each explanatory variables (elapsed 1 hour after the auction)

Indexes

Class 1 Class2 Class3 Class4 Class 5

Chromatophore on the head

460 572 693 542 59.1

(L1-C1 — L1-C2) : A C*

-0.23

298 272 072 031

(L1-C1 — L1-C4) : A C*

1.4 -197

-028 0.15 350

(L1-C2 — L1-C5) ; /] E*ab

106 120 814 152 1138

Table 4 . Color of the each means on the head L1-C5 (elapsed 1 hour after the auction)

Indexes Class 1 Class2 Class3 Class4 Class 5
L* 35.0 31.5 30.8 30.1 31.1
a* 8.35 10.7 12.5 12.9 10.4
b* 4.62 7.18 8.15 8.26 8.41
C* 9.96 13.0 15.0 15.3 13.6

F A4 A OEIZEEEROBEO S VIRETIE, HAOR
FHOEMHE S B, RRBVIRGE 25, TORETIET
FURKGEREDZEDS, X hE RS L Cakigom &
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e RN, BENFER LTIV EIHE 2 5, Table
AR EBY, FHEAEVE 1 EOEE (L1-C5) O
BRI, BEL =350, Fa*=8.35, b*=4.62, B
C*=9.96& 7 b, flBE (L* : 30.1~31.5,C* 1 13.0~15.3)
BT A LBEEL IR, BENERY,
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Table 5. Color difference of class interval on the head (elapsed 1 hour after the auction)

Class interval

/] E*ab  Evaluation of color difference

Class 1 — 2 4.97 Appreciable
Class 1 — 3 6.91 Much
Class 1 — 4 7.64 Much
Class 1 = 5 5.85 Appreciable

Table 6 . Difference in color between point L1-C2 and point L1 -C5 (elapsed 1 hour

after the auction)

Indexes Class 1 Class 2 Class 3 Class4 Class 5
/I L* 2.55 5.13 3.95 10.3 6.54
/) a* -2.55 -3.17 -3.54 -8.22 -3.65
/1 b* 126 -136  -1.07  -559  -3.64
/) C* -2.12 -3.07 -3.41 -8.63 -4.74
40 - - - - - - - -
j O:Class 1, @:Class 2, A:Class 3, A:Class 4, [I: Class5 'E'IOO‘I QO:Class 1, @:Class 2, A:Class 3, A:Class 4, [J:Class 5 | —
301 § 2 801 % §
D S I
— o
£ 20 LS H |
£ 2
N } £ 401 } -
10F - R % 1
Do W -
L é |
0 I 1 1 I 0 I | | |
01 12 24 48 01 12 24 48
Time [h] Time [h]

Fig. 3 . Changes in color difference between point (L1-C2)
and point (L1-C5) (mean £ standard deviation)

Fig. 4. Changes in ratio of chromatophore on the head
(mean + standard deviation)
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Fig. 5. Changes in difference in chroma between point (L
1-C1) and point (L1-C4) (mean % standard
deviation)
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Table 7. Color of trunk (elapsed 1 hour after the auction)
(a) Trunk L1-C1

Indexes Class 1 Class2 Class3 Class4 Class 5
L* 38.3 42.6 39.5 43.7 39.5
a* 5.18 4.47 5.98 3.52 6.68
b* 3.01 3.77 5.68 1.73 5.69
C* 7.61 6.91 8.86 6.00 9.20

(b) Trunk L1-C4

Indexes Class 1 Class2 Class3 Class4 Class 5
L* 42.2 40.3 38.3 43.1 43.2
a* 4.20 6.74 6.61 3.91 4.20
b* 1.71 4.95 491 2.05 2.39
C* 5.97 8.88 9.14 5.85 5.70
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Fig. 6 . Changes in K-values (mean=standard deviation)

PHEWVELZRLD

DA RE P07z, 1 ReRIREEREC

BOWTRHEEIIAEZE (P<0.01) 2SHERINL DI,

EITELEATERUE

SREX OB, B3
i EOEE & RV EE

SEEE O, HEoFELEABEROE
EEAHERUOESHEEORBTHY, FF
TIBEE EVWPENR, Lo THD

ADFHEIZ IS BAREE, AbmErBRFICKBENS DD

EFER D,

EFILOEAM

PRI OFER, BIFEIZRN, OB GRBOTERL,

@IAEN (L1-C1

—L1-C2); AC*, @WZEA (L

-C1—L1-C4); AC*, OIE—5LM (L1-C2—L
1-C5) ; AE*abDfA G LEDBEY THH & HIBIL 72,

Fig. 7 1ZFEET L 72
Y, JHEMO AL

MFE DR (BEER AL DR It)
DR DOFIHHEV w 1353.4, TR

FEol$12.7CH o7, TableS 127 L — FAL.0Il% o725
B EROMFOED —E 4R, SiEHRANIET5HA]

T L7z, R (6) WSFHRBAAZHRT 5,
1Lo—YL LO ME HI VH
0.

40.8 4

Fig. 7. Membership
on the head)

7.0 53.4 59.7 66.0

functions (chromatophore expression

Table 8 . Premise variables for the language rules (Grade 1.0)

Indexes VL LO ME HI VH
Chromatophore on the head  40.8 470 534 59.7 66.0
(L1-C1 — L1-C2) ; AC* 373 261 -149 -038 0.74
(L1-C1 — L1-C4) ; AC* 215 -095 025 146 266
(L1-C2 — L1-C5) ; /1E*ab 6.63 835 101 11.8 135

Table 9 . Results of simulation and evaluation experiment

Division

Ratio

Error

Simulation 97.4% (38/39)

Class 1 — Class 2

Evaluation experiment  95.6% (22/23)

Class 5 — Class 4




T oA F A T OFRRY

Rule 1 If Chyomatophore expression on the head is VL and
(L1-C1—L1-C2) ; AC* is VH and (LI-C1—LI-C4) ; A
C*is Hl and (LI-C2—LI1-C5) ; AE*abis VH then Class

is 1

Rule 85 If Chromatophove expression on the head is VH and
(L1-C1—LI1-C2) ; AC*is VH and (L1-CI—LI1-C4) ; A
C*is Hl and (L1-C2—L1-C5) ; AE*abis HI then Class
is5 (6)
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