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Fig. 1. Image processing steps: a) original image, b) grayscale image, c) edge enhancement
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Table 1. Analysis of variance of Color parameters of sponge cake sample.

@ldsy AL eyl Getign 0pledS g Silr ol (Rl L 4 ol (LS gl e 5 ategy S5 Sl (o 00
o yliS 55 S5z ge 35SV 10 3 ble pad sloged (2aSTy plawl 4 plyiiee |y T e (Y US8) csls Jgp s, L
il S Ky Sleogas o b5 e g piool uiiep 08ludS 156 cwyp b [YO] o, 5en g Maravié ol cos

L Image )



Journal Pre-proofs

5 Ghaemi (yioen .cdl pals o Phle 1iSTy cde as o olidy, Glime mino! (g p o 6laaS Lol b as wols i,158
S5 olmy Al Geo olper @ Ligw (ean Aol 5 ol Gen 00938 im0 | sbie @l [YF] oKen
Kgad & G S5 (sladiges gy yo (0) (635 5 @ )s708 S yoip ] (g 00LaiS duys Gl b il (3135
Olge 0 595y S o JIE VL Ol azjo b les o a5 ol Sliiie 050 50 . dl il g5l G ek 4y S
@l (nl 29,5 o Slostd Slacnadgde JSAS 4y e g odld oS S (e ateel del ST (el Jele L oaiiS Ll 08
S gl etay 0l (o ulr sl (Rl L U She gy 50 09 [YV] o) Ken 5 Krupa-Kozak gbs alie
[YO] o), g Maravic guli b g <l ials J 08 diged a4y Comd digad o (6w Sl 5 8L iuli8l adises (69,5
5 Gl S e g gy 5o alidgy (Sl (el aoys SRR GlaelislS Gl wapT Bl gy o cudls cllas
Sladiged ;5 i Sal Gl (pl &5 S8l alS S sladiged e )0 (Shew DAl Guizres g Ay 5O (i )8 DD
G0y il b S he g dlwgy 50 ladigas BT (el 5 8515 s (s S Wiges b danlie )0 w3l doye <100 (g5l
Olyee (2l el aiS' oo Sloml alisls 5 (Y (slaateel asl (o o5 (oo pe VL] B,k 5l w3l (ul 28l GialS o 5
g Moradi .05 o b” g2 Ll (L7 (asls aalidl el azetipo 5 05500 3 0ble GitSly (2alS 5 wyiwd BB (2Y
s o2 Al O3l BB (3928 U 4 s SLSS 5 168 o lialislS Sl w38 0 e 40 [VA] o Sen
HlrebalS il ma 1 g dl Seo oSl 31 4093381 a5 [YA] o, en o Meybodi a3l cows  spulie ol 4 ce)
STy 58y Jlonol s a8 e ay lualislS il 3wl wops L aS 08 Gl om0 kS 9,5
Bt S ooy Bas Lol b a8 sl lid gl cdly il 5b sleaises mlids, olee carp] f b (slosed
g Wy Ky 45 (6l AigS 4 zdl Gl 605 Dad g AalS JHS Wigel b alie ;0 S sladigel e g dlug (olids)
o 2 SIS oy Dae b8l bog 505 5 5 0y 6l sl sy 4 S 080z 9, )0 S5 sladiged jre
595 5 45 SIS 4 SOl (a8l ladisa She (Srms Db (rizen 5 S0 Db plen b @ el wlg Sy s
Ol 00 09 P e JAES Aged 4 S 035k o) ladises b analie ;3 S sladises ae @Y alh (5l pis
5 &INSS sl 595 )3 S5 Awgy g 500 (2lids) Ol (PR (T) JS8 @ 4295 b o Jlo pne Jlite D51 (aled gy
S SISV gy 50 Bl Lt g mnol LY ol e g s S ssalive wpl Lo/ g pnol T gyl Sles o

LBl e g dwgy yo 1) (2l

Fig. 2. The interaction effects of whey protein concentrate (W) and enzyme (E) and storage time on brightness (L*
value) of sponge cake crumbs
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Fig. 3. The interaction effects of whey protein concentrate (W) and enzyme (E) and storage time on a* value of
sponge cake crumbs.
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Fig. 4. The Interaction effects of whey protein concentrate (W) and enzyme (E) and storage time on b* value of
sponge cake crumb
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Table 2. GLCM (Gray Level Co-occurrence Matrix) characteristics of cake crust on the first day
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Table 3. GLCM (Gray Level Co-occurrence Matrix) characteristics of cake crust on the seventh day.
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Table 4. GLCM (Gray Level Co-occurrence Matrix) characteristics of cake crust on the fourteenth day.
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Table 5. GLCM (Gray Level Co-occurrence Matrix) characteristics of cake crumb on the first day.

OVl b Sy sled j0 TAD Jlad aS wiws o lis brodalive « S 550 sladisges pian 35, ;0 GLCM slaosls o
3o polie selad g o)la 1) polie oy yieS T37 jlos 500 (som 3l (F Jgo) aiiiwd lolixs e polie dan Lol o lo 1) jy0las
ol gl ol loanw 5 (g lobine zdaw 4y jei Lol caiziud dgge Jl> ;0 zu 05 4 T44 B T38 slo Lo aitiwn ol 8
L sl oogr 1 jlade b T37 diges j0 o 3Yb ol i8S Jlade cnalive 0l 0529 alews codS j0 (5 lolins ,.._»L: aS wies e
8l ol 4l TG amo o (lis a5 il atdly zals conl i8S /N s /e 5H(TG) 5lawliols uil 5 on 351 duo o i3l



Journal Pre-proofs

5 ol a5 ol 4Bl jzalS ol 5 55 (WPC) s Ol (aSg p 8,8LisS j0g0 duoyo ial38l b opuioman iS50 5en )
T29 5 T28 sladiges ;o Simmod (YL a5 Cewl ouls oudlive ( Siad 3590 ;0 el 28l Kan p WPC i )50
el 4l Gl 5 (SKoan WPC ul3dl b gpizmon ol aily Gl 6 pSotr jsb 4 TG Gl b 5 o oo
Solid a5 el adl, pals Swvon /Y a7 TG as e Gl b el 00g TGl iaS Sion n WPC JRiE
5 T28 ladiges o Siuzy polie a5 Cuwl 00l 000 (K 3 0590 ;0 Cewl 2L 5 S 5 90 2 o, S ddlal o ;36
30 WPC as ) oli8l b cgioren sl 4l als S /) a4 7e 51 TG as o iulidl bcwl o 5V T29
Ol gools el 1) cdl Siwe p wlaiuiley WPC o059 45 ¢ 59938 90 ;2 a5 awd oo lid () el a8l ials S 5
$95 7 OLEM (sloosls ol oplpliy ol 23 08 splice 5 fan J LS 55 Sl (sl A5 SES15sS, |,
S sladiges (Bl Sleogas sgue wlatlyg WPC 5 TG 53938l g0 10 a5 ams oo (i 02 j9) 50 SIS 5he sladiges
$lojsy sloadly b LB gyb5e ol ool 035 TG 51 Jicssd sl 5 oSz 20lS 53 WPC 5 Ll wainy g

ol ails S sladigas 8L Dleogar Sgn » TG o3l 4 Cod (65558 1306 WPC (109381 oS s o L 1) L3

Table 6. GLCM (Gray Level Co-occurrence Matrix) characteristics of cake crumb on the seventh day.
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Table 7. GLCM (Gray Level Co-occurrence Matrix) characteristics of cake crumb on the fourteenth day.
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(c)
Fig. 1. Image processing steps: a) original image, b) grayscale image, c) edge enhancement.
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Fig. 2. The interaction effects of whey protein concentrate (W) and enzyme (E) and storage time on
brightness (L* value) of sponge cake crumbs.
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Fig. 3. The interaction effects of whey protein concentrate (W) and enzyme (E) and storage time on a* value
of sponge cake crumbs.
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Fig. 4. The Interaction effects of whey protein concentrate (W) and enzyme (E) and storage time on b* value
of sponge cake crumb .
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Table 1. Analysis of variance of Color parameters of sponge cake sample.

Resources of Mean Square
changes df Crust color Crumb color

L* a* b* L* a* b*
Whey 2 136.85***  13.71***  186.08***  73.69*** 0.64*** 14.09%**
Enz 2 89.05*** 3.36%** 27.77%** 14.75%** 0.15%** 2.29%**
Day 2 404.62*%**  18.47***  203.23***  76.79*** 1.87*** 64.76***
Whey * Enz 4 0.82* 0.01* 0.25* 0.09* 0.16*** 0.01*
Whey * Day 4 2.79%** 0.47%** 3.11%** 4.10*** 0.02* 0.83**
Enz * Day 4 1.11%* 0.01* 0.12* 0.14* 0.07*** 0.01*
Whey * Enz * Day 8 0.84* 0.04* 0.24* 0.11* 0.05** 0.04*
Error 27 0.27 0.04 0.28 0.65 0.01 0.18

* Significance level p<0.05, ** Significance level p<0.01, *** Significance level p<0.001, ns Non-
significance

Table 2. GLCM (Gray Level Co-occurrence Matrix) characteristics of cake crust on the first day.

Treatment Contrast Energy Correlation Entropy homogeneity  Prominence
T1 0.742*** 0.271"™ 0.006 ™ 169*** 0.237"™ 0.567**
T2 0.572** 0.715** 0.044 "™ 0.226* 0.418* 0.166"
T3 0.686** 0.481"™ 0" 0.530* 0.298"™ 0.345"™
T4 0.708** 0.538™ 0.063™ 0.419™ 0.271"™ 0.298"
T5 0.313™ 1x** 0.097* 0" 0.677** 0"
T6 1x** 0.677** 1x** 1* 0" 0.980***
T7 0.794*** 0.193™ 0.044" 0.494"™ 0.193™ 0.387"™
T8 o 1xx* 0.172** 0.601** 1x** 0.612**
T9 0.716** 0.255"™ 0.044 ™ 0.935**0. 0.255"™ 1r>*

* Significance level p<0.05, ** Significance level p<0.01, *** Significance level p<0.001, ns Non-Significance
(T1)WP 0%-TG 0%, (T2)WP 0%-TG 0.05%, (T3) WP 0%-TG 0.1%, (T4)WP 10%-TG 0%, (T5)WP 10%-TG 0.05%,
(T6)WP 10%-TG 0.1%, (T7)WP 20%-TG 0%, (T8)WP 20%-TG 0.05%, (T9)WP 20%-TG 0.1%.

Table 3. GLCM (Gray Level Co-occurrence Matrix) characteristics of cake crust on the seventh day

Jladi Contrast energy Correlation Entropy homogeneity Prominence
T10 0.898*** 0.701 *** 0.002 *** 0.142 ** 0.931 ** 0.791**
T11 0.826** 0.771 ** 0.003 *** 0.032 ** 0.942 *** 0.753***
T12 0 ** 0.537 ** 0.003** 0.062 ** 0.915 ** 0.911 **
T13 0.738 ** 0.600™ 0.002 ** 0.028 ** 0.955 ** 0.860***
T14 0.497™ 0.620™ 0.003 "™ 0039 "™ 1" 0.845**
T15 0.687™ 0.561™ 0.004 " 0.513™ 0.965 ** 0.894 ™
T16 0.503"™ 1" 0.002" o 0.998 ™ 0.658"
T17 0.860™ 0.452 "™ 0.003™ 0.075™ 0.934 ™ 1™
T18 0.501™ 0.661"™ 0" 0.026" 0.999 *** 0.816 ***

* Significance level p<0.05, ** Significance level p<0.01, *** Significance level p<0.001, ns Non-Significance
(T10)WP 0%-TG 0%, (T11)WP 0%-TG 0.05%, (T12) WP 0%-TG 0.1%, (T13)WP 10%-TG 0%, (T14)WP 10%-TG
0.05%, (T15)WP 10%-TG 0.1%, (T16)WP 20%-TG 0%, (T17)WP 20%-TG 0.05%, (T18)WP 20%-TG 0.1%.
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Table 4. GLCM (Gray Level Co-occurrence Matrix) characteristics of cake crust on the fourteenth day.

ladi Contrast energy Correlation entropy homogeneity Prominence
T19 0.542" 0.890" o 0.015™ 0.015™ 0.626"
T20 1" 0.434" 0.0001™ 0.068" 0.068™ 0.911™
T21 0.621" 0.833™ 0.0007 " 0.0179™ 0.017™ 0.647"
T22 0.707™ 0.579™ 0.001™ 0.058"™ 0.058"™ 0.783*
T23 0.497* 1* 0.001* 0= 0* 0.590*
T24 0.745** 0.366** 0.0006** 0.936** 0.093** 1**
T25 0.528** 0.885*** 0.0004** 0.016** 0.016** 0.627**
T26 0.635** 0.414** 0.0006** 0.082** 0.082** 0.937**
T27 0.769*** 0.434 *** 0.0007*** 0.076*** 0.076*** 0.911%**

* Significance level p<0.05, ** Significance level p<0.01, *** Significance level p<0.001, ns Non-Significance
(T19)WP 0%-TG 0%, (T20)WP 0%-TG 0.05%, (T21) WP 0%-TG 0.1%, (T22)WP 10%-TG 0%, (T23)WP 10%-TG
0.05%, (T24)WP 10%-TG 0.1%, (T25)WP 20%-TG 0%, (T26)WP 20%-TG 0.05%, (T27)WP 20%-TG 0.1%.

Table 5. GLCM (Gray Level Co-occurrence Matrix) characteristics of cake crumb on the first day.

Jladi Contrast energy Correlation entropy homogeneity Prominence
T28 0.842 ns 0.479ns 0.003 ns 0.0829 ns 0.917 ns 0.918 ns
T29 0.842* 0.407ns 0.003 ns 0.0829 ns 0.0917 ns 0.918 ns
T30 el 0.407 ns 0ns 0.096 ns 0.898 ns 1ns
1

T31 0.166** 0.919 ns 0.036 ns 0.013 ns 1nsns 0.631 ns
T32 0.188*x*x* 1lns 0.031* Ons 0.997 ns 0.674 ns
T33 0.232%x*x* 0.872 ns 0.018* * 0.023 ns 0.992 ns 0.979 ns
T34 0.866*** 0.423 ns 0.057** 0.099 ns 0.914 ns 0.647 ns
T35 0.256%** 0.941 ns 0.044 %= 0.008 ns 0.989 ns 0.648 ns
T36 0.503**x* 0.728 ns 0.04 7% 0.043 ns 0.958 ns 0.739 ns

* Significance level p<0.05, ** Significance level p<0.01, *** Significance level p<0.001, ns Non-Significance
(T28)WP 0%-TG 0%, (T29)WP 0%-TG 0.05%, (T30) WP 0%-TG 0.1%, (T31)WP 10%-TG 0%, (T32)WP 10%-TG
0.05%, (T33)WP 10%-TG 0.1%, (T34)WP 20%-TG 0%, (T35)WP 20%-TG 0.05%, (T36)WP 20%-TG 0.1%.

Table 6. GLCM (Gray Level Co-occurrence Matrix) characteristics of cake crumb on the seventh day.

Jladi Contrast energy Correlation entropy homogeneity Prominence
T37 1ns 0.360 ns 0.000 ns 0.107 ns 0.907 ns 0.589 ns
T38 0.126 ns 1ns 0.000 1ns 1ns 0.787 ns
T39 0.764 ns 0.569 ns 0.000 0.082 ns 0.932 ns 0.738 ns
T40 0.657 ns 0.644 ns 0.000 0.062 ns 0.943 ns 0.737 ns
T41 0.689 ns 0.650 ns 0 0.066 ns 0.941 ns 0.653 ns
T42 0.287 ns 0.819 ns 0.000 0.038 ns 0.983 ns 0.653 ns
T43 0.455 ns 0.740 ns 0.000 0.045 ns 0.964 ns 0.687 ns
T44 0.446 ns 0.775 ns 0.000 0.041 ns 0.965 ns 0.671ns
T45 0.607 ns 0.606 ns 0.000 0.065 ns 0.948 ns 0.762 ns

* Significance level p<0.05, ** Significance level p<0.01, *** Significance level p<0.001, ns Non-significance
(T37)WP 0%-TG 0%, (T38)WP 0%-TG 0.05%, (T39) WP 0%-TG 0.1%, (T40)WP 10%-TG 0%, (T41)WP 10%-TG
0.05%, (T42)WP 10%-TG 0.1%, (T43)WP 20%-TG 0%, (T44)WP 20%-TG 0.05%, (T45)WP 20%-TG 0.1%.
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Table 7. GLCM (Gray Level Co-occurrence Matrix) characteristics of cake crumb on the fourteenth day.

ladi Contrast energy Correlation entropy homogeneity Prominence
T46 0.427 0.830 0.001 0.034 0.981 0.859
T47 0.166 0.982 0.009 0.004 0.996 0.788
T48 1 0.617 0.001 0.074 0.948 1
T49 0.589 0.798 0.007 0.040 0.971 0.876
T50 0.325 0.922 0.005 0.017 0.987 0.814
T51 0.512 0.795 0.007 0.045 0.976 0.878
T52 0.110 1 0.001 0 1 0.781
T53 0.286 0.927 0.001 0.016 0.989 0.811
T54 0.420 0.828 0 0. 035 0.981 0.859

* Significance level p<0.05, ** Significance level p<0.01, *** Significance level p<0.001, ns Non-significance
(T46)WP 0%-TG 0%, (TA7)WP 0%-TG 0.05%, (T48) WP 0%-TG 0.1%, (T4A9)WP 10%-TG 0%, (T50)WP 10%-TG
0.05%, (T51)WP 10%-TG 0.1%, (T52)WP 20%-TG 0%, (T53)WP 20%-TG 0.05%, (T54)WP 20%-TG 0.1%.






