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Abstract

Common carp (Cyprinus carpio) fish wastes oil was extracted by using infrared rays. The study aimed to
measure one of the important sensory characteristics, which is the colour characteristic using the image
processing method. The parameters of colour were lightness (L*), redness/greenness (a*), yellowness/blueness
(b*), and hue angle (h). The optimization process was carried out in a response surface methodology using the
central composite design for determining the optimal conditions for obtaining the best colour components of the
extracted oil. Quadratic polynomial regression models have been utilized to predict the colour properties values.
The results showed that the highest values of practical and predictive to L*, a*, b*, and h were 62.35, 39.15,
0.94, 1.12, 50.82, 33.89, 1.15, and 0.096 respectively. The statistical analysis results revealed that there is a
significant effect (P <0.05) for the temperature, power, distance, and interaction between them in a*, while L*,
b*, and h were not significantly affected by these treatments. Optimization results showed that the optimum
conditions were 66.14 °C, 215.94 watts, and 24.02 cm of the temperature, power, and distance respectively to
produce the best colour characteristics.
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Sum of Mean F p-value
Source Squares df Square Value Prob>F
Model 273.89 9 30.43 0.84 0.6008 not significant
X1 37.06 1 37.06 1.02 0.3366
X2 1.51 1 1.51 0.041 0.8429
X3 77.84 1 77.84 2.14 0.1742
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X1X3 31.68 1 31.68 0.87 0.3727
X2X3 3.98 1 3.98 0.11 0.7478
X12 36.19 1 36.19 0.99 0.3421
X22 0.67 1 0.67 0.018 0.8949
X32 323 1 32.3 0.89 0.3682
Residual 363.78 10 36.38
Lack of Fit 163.72 5 32.74 0.82 0.5844 not significant
Pure Error 200.06 5 40.01
Cor Total 637.67 19
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Sum of Mean F p-value
Source _
Squares df Square Value  Prob>F
Model 120.43 13 9.26 7.14 0.012 significant
X1 4427 1 44,27 34.13 0.0011
X2 13.06 1 13.06 10.07 0.0193
X3 0.11 1 0.11 0.085 0.7803
X1X2 7.07 1 7.07 5.45 0.0583
X1X3 21.71 1 21.71 16.74 0.0064
X2X3 2.76 1 2.76 2.13 0.1948
X12 2.82 1 2.82 2.17 0.1909
X22 1.56 1 1.56 1.2 0.3154
X32 11.42 1 11.42 8.8 0.0251
X1X2X3 1.01 1 1.01 0.78 0.4119
X2X12 2.09 1 2.09 1.61 0.2515
X3X1? 0.088 1 0.088 0.068 0.8028
X1 x22 30.31 1 30.31 23.37 0.0029
Residual 7.78 6 1.3
Lack of Fit 0.31 1 0.31 0.21 0.6671 not significant
Pure Error 7.47 5 1.49
Cor Total 128.21 19
R? 0.9393
SD 1.14
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b7 iVl mlan e 8351 GIA By Bdlly L) i) lsal) ol L2 (T) gt mn
liay 0>0.05) dsine & 3l Lack Of Fit 2ady (0>0.05) Lsine 52 05l 07 ol Lssll Of mledl o gl
(R?) ddoedl) Jolan 2ad i D7 i 5l Lol das ie J180W) 2mys (3 Lgies 355 4 alindd) Lalsal) O (o
.6.14 L) BLEN aa %25.73 CV &MYl Lles 203y 0.7747

e e Lagiy il )b sy yadlly B ef 2 i) falsally BT o 2301 0)
foh Lo b ek sl e WS e gy st U1 el LY alslas

Yellowness(by=+21.35 + 2.35X1 + 8.71X2 + 3.77X3 — 0.11X1X2 +

1.65X1X3 + 1.76X2X3 — 3.25X1% 4+ 1.96X22 + 6.63X32 + 3.06X1X2X3 —
8.24X1%2X2 — 8.12X12X3 — 6.23X1X22 ... s

(o) 8L X3 (Bl 53 X2 (s Bl s (X1 0l e
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21.35 22.58 60 (0y 190 (0y 15.5 Oy 1
21.35 10.35 60 0y 190 0y 15.5 (0y 2
21.35 24 60 0y 190 (0y 15.5 0y 3
32.96 34.35 50 (-1 130 (-1, 1 1 4
20.67 24.94 50 (-1 130 (-1, 30 (+1 5
25.25 32 60 (0y 190 Oy 30 +1 6
20.91 14.58 60 (0y 130 (-1, 15.5 Oy 7
21.35 28.23 60 0y 190 0y 15.5 (0y 8
15.46 20.07 70 (+1y 190 (0y 15.5 Oy 9
20.35 16 60 0y 190 0y 15.5 (0y 10
20.73 16 50 (-1 190 (0y 15.5 Oy 11
18.93 14.58 70 (+1y 130 (-1, 30 +1 12
251 20.07 70 (+1y 250 +1y 1 1 13
26.46 2494 70 (+1y 250 (+1 30 +1 14
33.89 38.11 50 -1y 250 (+1) 1 1 15
25.15 32 60 Oy 250 (+1) 15.5 Oy 16
28.67 23.52 50 (-1 250 (+1) 30 +1 17
24.62 29.64 70 (+1y 130 (-1, 1 1 18
21.35 25.88 60 0y 190 (0y 15.5 0y 19
30.71 24.47 60 0y 190 0y 1 1 20

0.993 (Psial) W Lty Lhasl) @il oy p—value
ns Lkaslt b* 4@ eMuae)l e RLSD
ns & Leedt b* 108l Oleadt o RLSD
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Sum of Mean F p-value

Source Squares df Square Value Prob >F

Model 427.41 9 47.49 0.82 0.6107 not significant
X1 69.48 1 69.48 1.2 0.2984
X2 44.86 1 44.86 0.78 0.3988
X3 74.47 1 74.47 1.29 0.2826
X1X2 0.11 1 0.11 1.83E-03  0.9667
X1X3 21.71 1 21.71 0.38 0.5535
X2X3 24.92 1 24.92 0.43 0.5261
X12 29.1 1 29.1 0.5 0.4941
X2? 7.83 1 7.83 0.14 0.7204
X32 120.96 1 120.96 2.09 0.1785
R esidual 577 .56 10 57.76
Lack of Fit 351.73 5 70.35 1.56 0.3193 not significant
Pure Error 225.83 5 4517
Cor Total ~ 1004.97 19
R’ 0.7747
SD 6.14

Response Surface Analysis for Yellowness/blueness @,/ oW dbreal plaw oo .1.3.3

Bomys 3yl (Bl Aland) Lalsall B Jgm Bl 390 Jan sy sl W) S )1 (B ISCE)) s
ety 20,18 b ans oy Liy 130 5,4y 520 50 51,40 dps oS Leaie b7 U Jalally 51,4
$s2e D0 4 iy wue 24,64 1) tgns 18 5y5am @nlsjly by 130 5,0l 920 70 5)) 40 amys e 14,15
et iy L bly 250 5,0y (ssme 70 514 amys e 1419 U tsms 18 8502y caidly by 250 5,0l
imys is 31.73 iy 2298 b e il v 30 wLlly (5520 30 5,40 s aimb B3Ly 34 a3 o
@sto 70 54 amys clacly o 30 wLlly 70 54 1y e 2T 1) iy o T 8L 5520 50 312
b s il o b aes & e 6 L2 0 am By 5l 2y 23,17 (ols b e o T sy
JISL s1sly e T 2Ly Bly 130 5,0 aie 32.04 by v 30 By b1y 130 503 e 23.05
wisy 30.81 o 30 wLdly Lly 250 Coy kel s b i w018y o 1wl Lly 250 50 aue 32.47
LoV ) s gl 03 06 drge B i 0 s L2447 caly e 1 asldly Bl 190 5,03
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Hue angle (h) o5 41 4.3

h 55 Bp¥ly Vg YT 8slall o) Ol s o8y 05l Bugi Bho 289 05l 5 o Ol 2y s
Jlsbt dis dolanaVl MY gy ol ko) 3 jiol 050 31 U1 s W86 ells Lol Lrad sl ae, L
Ayala- Silva et Voss, 1992; McGuire, 1992) ., |s ow .(Pathare et al., 2012) ailz i
3600y crr a5 ey Lo el Wl Cias 05l 205 OF (Pedisic et al., 2009; al., 2005;
270 5 =N 05U amys 180 5 a0V 0l amys 90 sy alym) V1 UV, Ol 2y 0 J2E S (3o
Ol agly) dad 31 Ol Iy LoS™ s LW OIINI G 0 28 193l Lo o sl) OV ) (3l ) V1 ) SN0 Ol 2
DA Bl ) 04 O (s
s ol N Ogll d gl By )4 a0 5,0y Blaed) (51 S ad) Bginne (8) Jgudl s
Lly 190 30lly o 15.5 wLl aleadlt Ol e Jpadt ¢ aboal) 05l 2505 an Lgtisllany ol il e
s 1y L1l derad 0.0965 1.51 il e 05 a) Lot oot 31 (11 kel (5520 50 3,40 334
Bl 53U o0 e il 0SS eliodl e Ba V) ) bl e DU ) OF 31 3 B s plid) )
ais SOkl dey Ll LN Gla @ales J) I3kt @7 a8 Olai ol gl BT 8505 e 320 D soly o) Ll s,
FaiVl an g5z 50 84 a3y Lly 190 50ally 15,5 Bldy 0 1 pis Viag Lh 001 29l 2L o3 asl

o) amys 8
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@ Leedt h Ll h @) 8yl iz ($1g )3l (g ) Bl L

rad) rad) X1 X2 X3
-1.12 -1.32 60 (0y 190 (0y 15.5 (0y 1
-1.12 -1.19 60 (0 190 (0y 155 O 2
-1.12 -1.44 60 (0y 190 0y 15.5 Oy 3
-1.13 -1.46 50 -1y 130 -1y 1 1 4
-1.4 -1.38 50 -1y 130 (-1, 30 (+1 5
-1.64 -1.36 60 Oy 190 Oy 30 +1 6
-1.79 -1.48 60 (0y 130 (-1, 15.5 Oy 7
-1.12 -1.41 60 (0 190 (0y 15.5 Oy 8
-0.39 -1.18 70 (+1y 190 (0y 15.5 Oy 9
-1.12 -1.23 60 (0 190 (0y 15.5 O 10
0.096 1.51 50 -1y 190 0y 15.5 Oy 11
-1.69 -1.45 70 +1y 130 -1y 30 (+1) 12
-1.41 -1.18 70 (+1y 250 (+1y 1 1 13
-1.50 -1.33 70 +1y 250 (+1) 30 (+1 14
-1.13 -1.53 50 -1y 250 (+1y 1 1 15
-1.69 -1.38 60 Oy 250 (+1y 15.5 Oy 16
-0.98 -1.29 50 -1y 250 (+1y 30 (+1 17
-1.60 -1.45 70 (+1y 130 -1y 1 1 18
-1.12 -1.37 60 0y 190 0y 15.5 (0y 19
-1.66 -1.30 60 Oy 190 Oy 1 1 20

0.963 (Ssiall) @ Laddly Lheall ol o p—value

0.172 Lt h ogllt gt Mralt o RLSD

0.161 @ Laadt D Ogll gty oMetaadt o RLSD

Oslanly (e 8351 Gl amyay 8udlly Bl alie ) fdlsall Ll LS (9) Jgi b s
o ol Aoy (020.05) Lsins o5l oS0 ol Jiaght 0 JlamY) sl 5 opebl oo (Hue angle
xs hue angle ool &)y 3 Lgne 555 4 alisad) Lolsal) OF (e 1day (0<<0.05) &s2es <518 Lack of Fit 2. of
rosl) dyaly @ alinad) Lalsall 1T Caad Lede Jgadt & 2 alom SN alslall Ol g gnl) sl ks
Hue angle=+28.63041 — 1.19356X1 + 0.06232X2 + 0.10199X3 +

0.00008X1X2 — 0.00040X1X3 + 0.00000X2X3 + 0.00967X12 —
0.00017X2% — 0.00252x3* . (5)

() L X3 ((blg) 8 X2 ((s2e) 3L Bomps 1 X1
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Sum of Mean F p-value
Source _
Squares df Square Value Prob > F
Model 3.99 9 0.44 1.1 0.4363 not significant
X1 0.6 1 0.6 1.5 0.2494
X2 0.025 1 0.025 0.062 0.8085
X3 1.10E-03 1 1.10E-03  2.73E-03 0.9593
X1X2 0.017 1 0.017 0.041 0.8433
X1X3 0.026 1 0.026 0.066 0.8028
X2X3 4.91E-05 1 491E-05 1.22E-04 0.9914
X12 2.57 1 2.57 6.41 0.0298
X22 1.08 1 1.08 2.68 0.1324
X32 0.77 1 0.77 1.92 0.1961
Residual 4.02 10 0.4
Lack of Fit 3.97 5 0.79 80.68 < 0.0001 significant
Pure Error 0.049 5 9.83E-03
Cor Total 8.01 19

Response Surface Analysis for Hue angle (h”) st &)} dbeat) plaw Jolo .1.4.3

Tomys (8l by alizad) Jelsall o BN g Bl 8900 Jan dlly slaV) SO )l (4 IS2)) oy
0.096 80291 il 31 001 gly (8 Lsine nd Lolil ) 41 domys O i) gl (sl gl ) Jalally (3,140
2l rad 0.394- 0 i)y 1ed iy 520 70 ) 324 dmys sl Laieg (gs20 D0 314 )3 e Tad
1.69- 41 179~ s tgims 58 802 01l 15 000l i O i) o) b Ol s (3 55031 15T
05l gl @1yl e 309 T 2Ll 18 Laimd 03l 2ys (3 Bygime 18 35l ) BLA 8315 @l $ds” rad
5 L O W Oall) aygly (3 8)ailly 84 Ay o el B0 U el L s Je rad 1.63- 5 1.65-
— Ol Al i oy BLL e iyl akeidl tie 92 250 5,0y 520 50 5 A imys cOlS Lt 3 Lgins
e rad 0.924- il rad 115.1- o4l i) 2 cals bly 130 3,035 70 5,04 a5 aeey rad 0.525
SIS Lk O gly (3 WLully 84 domps oy i) (sgimn G gla | Dl 250 5,0y gste 70 54 2y
70 g4 a5 e rad 0.876- ) ozily tad 501.0- 05t agly iy oo 1 8Ll (5950 50 3141 2y
Bl 5a)l opis Lie Tad 2.234- 4y rad 329.2- s i 2oy 552 01 &gl 03yl o T aL,

s e e 15 515 250 ) o 15 215 130
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