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Fig. 1. Flowchart of the image processing process
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Fig. 3. Steps of gill separation from fish, a) image in RGB space, b) image in Lab space, c) thresholds on Lab channels, d) image with hole
obtained from the threshold, e) apply the closing operation to fill the holes, f) the center of the surface calclulation and draw the circle, g) apply
an and operation between the main image and the circle
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Fig. 5. Eye color changes during storage a) first day, b) third day, c) fifth day, d) seventh day, e) ninth day
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Table 1 Analysis of variance of eye and gill color characteristics effected by storage time.

Mean Square &l o (aSileo

a L v S H B G R t5‘>'5| a0 (ﬂ"“’:))“"‘” &L‘"’
df S.0.V (eye)
34.330* 33.050" 467.4" 0.068**  0.011" 0.27" 4879.570"  4052.849™  341.2384** 4 Sl ol
Storage time
30.015™ 12.30™ 77.573"  0.009™  0.016™ 0.082" 10.080"™ 480.760™ 316.87" 19 Sk
Block
21.293 10.503 55.579 0.006 0.009 0.075 426.698 346.527 272.042 95 >
error
(ikint )y sl
S.0.V (gill)
6.889™ 189.889"  317.791°  0.055™  0.037"  0.075.™ 1896.386™ 1101.374™ 356.029™ 4 Sl oles
Storage time
20.201™  105.103™  171.76"  0.026™  0.007™ 0.018" 1168.712" 627.189™ 1718.797" 19 Sk
Block
12.928 43.848 59.454 0.009 0.005 0.018 375.672 240.285 582.641 95 >
error
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, and "™ significat at the level of 1 and 5 percent and non-significant, respectively
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Table 2 Analysis of variance of textural characteristics of eye and gill effected by storage time

Ola yo (ke
Mean Squares
295! o Sy (Smrod b olil a0 (o) yuui’ 2alo
entropy homogeneity energy Correlation contrast df S.0.V (eye)
10%* s gk *x 4 j oy
4.093x10 0.001 1.694x10 0.027 4305%10"™ Syl b
Storage time
1376283097™ 9.77x107" x1078%Y7.766 0.151™ 5.389x10!0 19 sk
Block
784826376 8.575%10% 4.172x10%® 0.161 2.948x10'" 95 g
Error
(Uiial) yuds qalio
S.0.V (gill)
3.023x10"™ 0.001™ 1.877x10%" 0.055" 8.432x10M1™ 4 Sl ole
Storage time
2.156x10"00s o 1.296x1080 0.149™ 1.370x10'"" 19 sk
Block
1.180x10'" 0 6.002x10" 0.189 7.289x10" 95 olesl s>
Test error
D0 oo Bl ) (ghle cixe pas g de ) ) e 0 B w0 (ghlo Lre oS A g
*,”" and ™ significat at the level of 1 and 5 percent and non-significant, respectively
il s i (K sla Sy )bl Ul @ls (M) gu
Table 3 Duncan multiple range test of eye and gill color characteristic
Mean (S55lo
b a L’ A% S H B G R Day(eye) (i) 39,
-4.579° 1.788° 44.021* 0.452° 0.126* 0.0511¢ 112.356*  103.828* 103.26* 1
-3.453? 2.533° 6.191° 0.366° 0.1068* 0.596¢ 90.908° 84.320° 86.28° 3
-3.286° 2.2290° 36.223° 0.366° 0.136* 0.660" 90.531° 84.330° 85.75% 5
-1.624° 3.0247° 32.448% 0.325"% 0.097* 0.797* 79.428% 75.27% 80.15% 7
-1.736° 5.081° 28.677¢ 0.297¢ 0.157* 0.755%® 70.752¢ 65.271°¢ 74.005¢ 9
Day(gill) (i) 33,
-1.1267*  22.8429*  31.5116*  0.42187* 0.4406* 0.938° 77.421* 60.543% 10.578¢ 1
-1.3645° 15.7756°  23.3153%*  0.30279°  0.38659* 0.931* 58.311% 46.683% 77.213% 3
-0.30309*  14.4787°  23.2606%  0.31600° 0.4406* 0.94435*  56.7151%  44.806° 80.580° 5
-0.51057*  14.4385°  21.9930¢  0.29132° 039978  0.94292*  54.3092¢ 44.136¢ 74.287° 7
-1.7096*  14.1336°  27.8160°  0.34564°  0.38356*  0.80372* 68.827% 56.150* 88.062° 9

5,1l sime @igles o pd gy Jleil e 50 S5l (slasals wiz ygej] Lell p akiee St By sl a5 ol 1Sl g o 0
Mean in each column followed bysimilar letter (s) are not significantat 5% probabilitylevel using Duncan
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Fig . 6 Variation of textural characteristics of eye and gill during the storage a) contrast, b) correlation, c¢) homogeneity, d) energy, e) entropy
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Table 4 Correlation analysis between the destructive parameter (chemical features) and non- the destructive parameter (features extracted from the image(eye)) and sensory features.

3): = E Z. R % > -E 2
£ = N = E Y = . -]
HEF wE g2 2 = L8 \%g‘: ag’ i3 -:‘53.:- P a = > » = @ o P
g £ g Y & ; : .
q,° g S F Y s E S ows E
= e &)
1 R
1 0.95™ G
1 0.95™ 0.85™ B
1 -0.59" -0.72" -0.81™ H
1 0.11™ -0.39™ -0.44™ -0.27" S
1 -0.22 -0.73" 0.95™ 0.97™ 0.95™ A%
1 0.97™ -0.42 -0.73" 0.95™ 0.99™ 0.96™ L
1 -0.68%* -0.55" 0.87" 0.33™ -0.67" -0.70™ -0.52" A
1 0.06" 0.08™ 0.02™ 0.01™ -0.41™ -0.22™ 0.07™ 0.29™ B
1 -0.30™ -0.18™ 0.35™ 0.34™ -0.19™ -0.10™ 0.43™ 0.34"™ 0.29™ ol
contrast
1 -0.24™ 0.15™ -0.12™ 0.03™ 0.06™ 0.08™ -0.15™ -0.005™ 0.050™ 0.03™ N
Correlation
1 0.33™ -0.61" 0.12™ 0.21™ -0.07™ -0.001™ 0.35™ -0.02™ -0.09™ -0.07™ -0.01™ <55
energy
1 0.70™" 0.01™ -0.87™ 0.23™ 0.12™ -0.26™ -0.28™ 0.05™ 0.15™ -0.33™ -0.25™ -0.22™ e
Homogeneity
1 -0.61" -0.94 -0.48™ 0.64" -0.13™ -0.14™ 0.11™ 0.03™ -0.34™ -0.006™ 0.13™ 0.10™ 0.07™ et
entropy
1 -0.024" -0.38™ -0.02™ 0.26™ 0.23™ 0.10™ -0.23™ 0.79%* 0.86™ 0.08™ -0.81" 0.66" 0.79" 0.72" pH
1 -0.68" -0.09™ 0.84%* 0.19™ -0.15™ -0.69" 0.68™ 0.10™ -0.21™ -0.30™ -0.12™ 0.24™ -0.33™ -0.22™ -0.15™ TVBN
1 -0.53" 0.82" 0.18" -0.37™ -0.01™ -0.07™ 0.34" -0.07™ -0.40™ 0.78" 0.82" -0.13™ -0.80™ 0.79" 0.77" 0.76™ =
color
- -0.70° 0.85" 0.13™ -0.36™ -0.11m™ -0.01™ 0.32m -0.02" -0.37™ 0.73" 0.78" -0.08 ™ -0.79" 0.73" 0.73" 0.72" »
1 0.98
smell
- . -0.60" 0.85" 0.13™ -0.38™ -0.11™ -0.01™ 0.36" -0.02™ -0.37™ 0.75" 0.80" -0.08™ -0.80™ 0.75" 0.75" 0.74" o oy
1 0.99 0.98
General
acceptance

e e lis |y (g 18 gine pae 5 0o 0 ) o0 B mhaw (o ()l sixe oS S
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, and ™ significat at the level of 1 and 5 percent and non-significant, respectively.
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Table 5 Correlation analysis between the destructive parameter(chemical features) and non- the destructive parameter(features extracted from the image(gill)) and sensory.

2; = z. 'S = € > .E %
- = N e 3 (=9 = RSy R . R
HhEg xE Y| g Z 3;; \%gn a5 3z %g m = A > 2 = = o =
w83 % T % F LR E| 25| WE | V8
| = Qo
1 R
1 0.88™ G
1 0.93" 0.95™ B
1 0.06™ -0.10™ 0.11m™ H
1 0.48™ 0.04" -0.09™ 0.27" S
1 0.28™ 0.11™ 0.95™ 0.88™ I A%
1 0.96" 0.05™ -0.09 0.96" 0.93" 0.96" L
1 0.58* 0.77%* 0.73%* 0.59" 0.64%* 0.46" 0.77" A
1 -0.33™ -0.04™ -0.10™ 0.04" -0.61% -0.28™ -0.09™ -0.10™ B
1 0.17* -0.004" -0.29" -0.22" 0.27" 0.20™ -0.32 -0.32 -0.22" ol
contrast
1 0.01™ 0.05™ 0.01™ 0.03™ 0.02" 0.01™ -0.15™ 0.009™ 0.008™ 0.02" o
Correlation
1 0.30™ -0.54% 0.17™ -0.04"™ 0.25™ 0.17™ -0.09™ -0.48"™ 0.18™ 0.23™ 0.17" S5
energy
1 0.88™ 0.07™ -0.70%* 0.07™ 0.02™ 0.43™ 0.33™ -0.17 -0.46"™ 0.38™ 0.40™ 0.33" e
Homogeneity
1 -0.69** -0.85™ -0.30™ 0.51™ -0.18™ -0.23™ -0.28™ -0.30™ -0.28"™ 0.25™ -0.23" -0.22" -0.30™ 295!
entropy
1 -0.07 -0.22" -0.09 -0.45™ -0.06™ 0.14" -0.26™ -0.40" -0.37™ -0.02" 0.82" -0.40 -0.36™ -0.37 pH
1 -0.1™ -0.09™ 0.40™ 0.17" -0.10™ -0.22m -0.08™ 0.020™ 0.29™ 0.86%* -0.17™ -0.69" 0.284" 0.26™ 0.21™ TVBN
1 -0.53" 0.82" 0.89"" -0.35™ -0.35™ 0.008 ™ -0.08™ -0.16™ 0.39™ 0.65" 0.33™ 0.11™ 0.42™ 0.29™ 0.30™ 0.33™ =
color
1 " -0.70 0.85"" 0.15™ -0.29™ -0.55" 0.08™ -0.03™ -0.09 ™ 0.30™ 0.81" 027" 0.11™ 032 023 027" 027" »
0.94 smell
* o ns ns ns ns ns ns ns * ns ns ns ns ns ns tgs wﬂd“
0.98 0.98" -0.60 0.85 -0.18™ -0.32 -0.33™ 0.04" -0.01™ -0.12" 0.39" 0.76 0.34™ 0.19" 0.39™ 0.29" 0.29™ 0.34™ General
" acceptance
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, and ™ significat at the level of 1 and 5 percent and non-significant, respectively.
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Fig.7. Classification results of QDA(a) and LDA(b) based on the number of selected features
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Table 6 The result of classification of groups based on eye and gill characteristics with QDA.

True group
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Table 7 The result of classification of groups based on eye and gill characteristics with LDA.

True group

FNR

Forecasyed group
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