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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.

Mean Square

Resources of changes df Crust color Crumb color

L* ax 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%** 293.23*** 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
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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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Table. 2. GLCM (Gray Level Co-occurrence Matrix) characteristics of cake crust on the first day.

Treatment Contrast Energy Correlation Entropy homogeneity Prominence
Tl 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™ o™ 0.530* 0.298™ 0.345™
T4 0.708** 0.538™ 0.063™ 0.419™ 0.271™ 0.298™
T5 0.313"™ 1xx* 0.097* o™ 0.677** o™
T6 1x** 0.677** 1> 1* o 0.980%***
T7 0.794%*** 0.193™ 0.044™ 0.494 ™ 0.193™ 0.387™
T8 o 1x** 0.172** 0.601** 1x** 0.612**
T9 0.716** 0.255™ 0.044 ™ 0.935**Q. 0.255™ 1xx*

* Significance level p<0.05, ** Significance level p<0.01, *** Significance level p<0.001, ns Non-Significance
(TL)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%.
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Table. 3. GLCM (Gray Level Co-occurrence Matrix) characteristics of cake crust on the seventh day

o 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 ™ 1m 0.845**
T15 0.687™ 0.561™ 0.004 ™ 0.513™ 0.965 ** 0.894 ™
T16 0.503™ 1" 0.002"™ 0" 0.998 ™ 0.658™
T17 0.860™ 0.452"™ 0.003™ 0.075™ 0.934™ 1m™
T18 0.501"™ 0.661™ om 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.

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

e 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 1** 0.407 ns 0ns 0.096 ns 0.898 ns 1ns
T31 0.166** 0.919 ns 0.036 ns 0.013 ns 1nsns 0.631 ns
T32 0.188*** 1ns 0.031* 0ns 0.997 ns 0.674 ns
T33 0.2327%3%* 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 k% 0.008 ns 0.989 ns 0.648 ns
T36 0.503*** 0.728 ns 0.047*** 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%.
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Table. 6. GLCM (Gray Level Co-occurrence Matrix) characteristics of cake crumb on the seventh day.

oo 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
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T43 0.455 ns 0.740 ns 0.000
T44 0.446 ns 0.775ns 0.000
T45 0.607 ns 0.606 ns 0.000

0.045 ns 0.964 ns 0.687 ns
0.041 ns 0.965 ns 0.671ns
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%, (TA4)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.

o, 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%, (T47)WP 0%-TG 0.05%, (T48) WP 0%-TG 0.1%, (T49)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%.
Sl (r (2999,00 5 (Sigyaee SYLal ol b
FSaS Bl )0 Ppmrade g pdlwgn 4D SO Sty p
Sad doe Dl poss pals cely 5iged Al pl e oo
b oS o 2lad (S (i3l g ((plS) b sy
cel ipkie Jlsle oyl L WPC (uzen 040 o0
Dgdge L8l (Ren bl g el (655 wal als
2 st o 5 33 2 WPC 5 TG bl jsbe,
Ll i o ly] XS slatiges 8l Sloosas Ssmp
PR g F 598 Sy 4 S ol ;0 WPC )"-‘lJ

logiogdl 5l S o 2 Slyin FEEs Jelo L

I, S sldisges 8L Sluogas dgupn ;0 WPC 3 TG
O oYlggS SVlail sl L TG oS Sy s
5 CN OO LE WIS VIR I o S P SO I S P PRP- Y-SV St
oeols el Saiwgn Ll cpl osd oo 8L o 5648
ol g (ol piS) b Sy Sal o Ol s
IV] osiee sslrme GlodeSy (@l (S
Iy o (659 Fpdaie Lo ol slul L TG o piren
WPC (5,8 sgw 3l 08 o0 Jixfen |y 8L g 00l rals



s Gyl el il LS 2l sla Sy » WPC 5 TG L35G

Q‘)Lio_hj °“\';'.'.5?()’$"“>

Yov
\%

Eed Hli8l g pacw 5, ol malS cel plaie
[Y‘V] u‘)&oib 9 Soeda dxllas ‘U"‘ » 03)*9 .QQ;GA UBL'
5ol 0 TG 4 Cornd gt 2Ulss WPC a8 sls oLes
SeS ol S eSs g Ken 4 aS 5l il S
aS Gl @l ol Wbo i Olalllas (fgazme 0 0S5 o
S 53 (ke B WPC 5 TG (Sog3dl g 52
B WPC 56 Ll ls oldé oY game 8l Sliogas
5 Fazg BB GSes g H698 (SeFign Al o obxl

Sl Cigllas Lo ipgh b aS cewl 004 TG

&S azis ¥
Bl 5l eolatwl a5 ols lis addllas pl (S mls
(WPC) yeigol (55593 8 53lacS” 5 (TG) 5lpalisls’ il 5
gy 5 e GHL Dleosas dpp 2 xS B b
Swl b TG jlslipls il 5 mapl o)l (mitnl S5
ol wcwlins el cel (wdVlgsS slaign
Wi el sl s iy ol ol g olad Siecen
(o539 )b 5 59,0 YLl sl L WPC a8 > o
Sl Gl S g (55 (Kt 20l 5 55698 b
Jsl 59 T36 (sl jlars ol w8l ol Jedlesy corge g
Olyed (S5 wwg @23,kz 59) T27 5 (S5 53e
@boled (BL gla Thy (oles 5l bl (n e
Lol «oge loloe,ue polie Joloo B jo 4z 51 0o
(on aloxr Sl o Ty ooled )0 (N Sente W,
5 TG Gl g sspete (Sial] (alS 5 (Sian
9 w95l g cwliS pals el plagen sbaWPC
s ol il samsplis A Wl Sieen il
JEERYRC PRI U] -SRIV WE St | P b= IR L ¥
ol 5 TG &y Cas 55698 56 WPC a5 ols jLis
TG &5 Jb j0 wols o316 (wlidl g cdl S 5
Sz p 0 )Slos Cl S (Ll 5 (Shren Gl )0
s TG oSy as 0,5 ol adlas cpl colys jo cils
Wl S 8l cuaS de sl S5 5, RIWPC
ot 81 5 S350 5 sl S el L oS 555k
53 sl SRS 5 okt ol (Ken
ol ol suanl b SLS IS coaS Sen 4 i

ool 0 gaoge (pl ol Sazg BTG a4 s 4
oolS g iyl el (S il el us
Slge nl 5l jskie el S5eie ooy 4y b (S
6 Ll sl S ladiges 8L Sliogas 3gus 5o
FOSeh 5 FEH sy aSed Sy sbml o WPC
oHen g Amani aslllas .ol TGl jazgs LB jebay
Sl 9, ) ey slayll o pFe e Sl s V]
658 (Sirad il blag s slo el b ol lis LSy
iz sloog S 5o paal oo sloyel b L P/ )
Blo Hlas (IFY)) sXan g (/TN (San (+/0-Y)
5 (YY) o9l (/YY) sl S bops S
3heslatl e ol lis Sen ((/FVF)  Sion
21y garin Ol Jodss alize sbolos g ol
GLCM oo SaSSob plas b oo m jlisle
il Glr erie pd Ghyy Ko Glsieas eolitl Jeuilsy
Sl 1,y LS CotnS 2
LTG as ol olas J¥Y] o, 5 Kuraishi asllae
el o Fsn oy G o VlgsS Slanisn Sl
Geb gl o 8l o Seed lasis Jlsle S LSS
e pdiwgs S0 (pl [YY] Seguro ¢ Motoki g5,
5 (el i) b Sy Cod dowe Olpss ol 4
a5 glme oSy om oldd (Sies Sl
ol ol L TG oS ols olas [V] Arrizubieta aslles
ceb g ool ol 1) g (655l ke lsle
5 Dannenberg . b 0gd co L oy SXen
5 i OYlail sbwl L WPC [YF] Kessler
9 Fhg 4ol Sy (e n Slro p) G (29999008
ol Ko o Kumar iagy wols JSis cdb jo ppoeds
Slss rals cel iged aSll (pl a5 ol las [Yo]
A CONNON- S [T | B (LW JS5. 3 B V-9 WA GERLIN W i 9%
Sagh Geb eiges Spies LSy n olab
Jisle pl sbul L WPC ([YF] o, 4 Purwandari

1. Pogacsa



VE-0 OL’;....;.U Ag o)Lo..i'as\\' 0,90 Jae Caio 4o _\i_\?&l_bd)ju_'géu~ 28 : YOA

si‘.b)..\é 5 M" 3y

pole oluils amgh g Jbo coles bojep o)
lad gyb 5l 48,55 5 (luwed (b wlie 5 s5p9liS
ol 0 alosl VE- YY)

[1] Arrizubieta, M. J. (2007). Transglutaminases. In:
Industrial enzymes: Structure, function and
applications (pp. 567-581). Springer.
https://doi.org/10.1007/1-4020-5377-0_32

[2] Najjaa, H., Ben Arfa, A., Elfalleh, W., Zouari, N.,
& Neffati, M. (2020). Jujube (Zizyphus lotus L.):
Benefits and its effects on functional and sensory
properties of sponge cake. PloS one, 15(2),
€0227996.
https://doi.org/10.1371/journal.pone.0227996

[3] Taghdiri, S., Emtyazjoo, M., Azizi, M. H., Ariaii,
P., & Sedaghati, M. (2024). The effect of
hydrolyzed protein obtained from Chlorella
vulgaris on the shelf life and quality of oil cake
during the storage period. J. Food Meas. Charact.,
18(1), 582-592.
https://doi.org/10.1007/s11694-023-02186-y

[4] Hidalgo, A., Lucisano, M., Mariotti M., &
Brandolini, A. (2019). Physico-chemical and
nutritional characteristics of einkorn flour cookies.
J. Food Process. Preserv.,, 43(9), e14079.
https://doi.org/10.1111/jfpp.14079

[5] Jooyandeh, H., Goudarzi, M., Rostamabadi, H.,
and Hojjati, M. (2017). Effect of Persian and
almond gums as fat replacers on the
physicochemical, rheological, and microstructural
attributes of low- fat Iranian White cheese. Food
Sci. Nutr., 5, 669-677.
https://doi.org/10.1002/fsn3.446

[6] Kouravand, F., Jooyandeh, H., Barzegar, H., &
Hojjati M. (2020). Mechanical, barrier and
structural properties of whey protein isolate-based
films treated by microbial transglutaminase.
Journal of Microbiology, Biotechnol. Food Sci.,
9(5), 960-964.
https://doi.org/10.15414/jmbfs.2020.9.5.960-964

[7] Jooyandeh, H. (2011). Whey protein films and
coatings: A review. Pak. J. Nutr., 10(3), 296-301.
https://doi.org/10.3923/pjn.2011.296.301

[8] Jooyandeh, H., Minhas K.S. & Kaur A. (2009).
Sensory quality and chemical composition of
wheat breads supplemented with fermented whey

s o ceas S @bl Ul w5l

&8l o,
oadd 5,155 B arg awgs (a8lie (o) aigS

&L
protein concentrate and whey permeate. J. Food
Sci. Technol., 46(2), 146-148.

[9] Krupa-Kozak, U., Drabinska, N., Baczek, N.,
Simkova, K., Starowicz, M., & Jelinski, T. (2021).
Application of broccoli leaf powder in gluten-free
bread: An innovative approach to improve its
bioactive potential and technological quality.
Foods, 10(4), 819.
https://doi.org/10.3390/foods10040819

[10] Alimoradi, F., Hojati, E., Jooyandeh, H., Zehni-
Moghadam, S.A.H. & Moludi, J. (2016). Whey
proteins: Health benefits and food applications. J.
Int. Res. Med. Pharm. Sci., 9(2), 63-73.
https://ikprress.org/index.php/JIRMEPS/article/vie
w/2740

[11] Hajas, L., Benedek, C., Csajbokné Csobod, E.,
& Juhasz, R. (2022). Development of protein-and
fiber-enriched, sugar-free lentil cookies: impact of
whey protein, inulin, and xylitol on physical,

textural, and sensory characteristics. Foods,
11(23), 3819.
https://doi.org/10.3390/foods11233819

[12] Jooyandeh, H., & Minhas, K.S. (2021).

Utilization of fermented whey protein concentrate
and whey permeate in beard loaf making. J. Food
Bioprocess Eng., 4(2), 186-192.
https://doi.org/10.22059/JFABE.2021.335604.110
2

[13] Camargo, L. R., Silva, L. M., Komeroski, M. R.,
Kist, T. B., Rodrigues, C. E., Rios, A. d. O., et al.
(2018). Effect of whey protein addition on the
nutritional, technological and sensory quality of
banana cake. Int. J. Food Sci. Technol., 53(11),
2617-2623.
https://doi.org/10.1111/ijfs.13857

[14] Rahim Monfared, M., Nouri, L., & Mohammadi
Nafchi, A. (2023). The effects of sesame protein
isolate and transglutaminase enzyme on the
quality characteristics of gluten-free batter and
cake. J. Food Meas. Charact., 17(5), 4881-4891.

https://doi.org/10.1007/s11694-023-01975-9

[15] Torabi, F., Jooyandeh, H., Noshad, M. &



s Gyl el il LS 2l sla Sy » WPC 5 TG L35G

O‘)Lio_hj °“\';1'-5?W

Yo4
%

Barzegar, H. (2019). Modeling and optimization
of physicochemical and organoleptical properties
and lactobacillus acidophilus  viability in
ultrafiltrated  synbiotic  cheese,  containing
microbial transglutaminase enzyme, whey and
inulin. Res. Innov. Food Sci. Technol., 8(2), 137-
150. (In Persian)
https://doi.org/10.22101/JRIFST.2019.07.22.823

[16] Jooyandeh, H., Danesh, E., & Goudarzi, M.
(2019). Influence of transglutaminase treatment on
proteolysis and lipolysis of low-fat white-brined
cheese incorporated with whey proteins during
ripening. J. Food Technol. Nutr., 15(4), 31-44. (In
Persian)
https://sanad.iau.ir/en/Journal/DownloadFile/8324
61

[17] Campbell, L., Euston, S. R., & Ahmed, M. A.
(2016). Effect of addition of thermally modified
cowpea protein on sensory acceptability and
textural properties of wheat bread and sponge
cake. Food Chem., 194, 1230-1237.
https://doi.org/10.1016/j.foodchem.2015.09.002

[18] Jooyandeh, H. (2025). Composition of foods and
their functions in human nutrition. 1% ed.,
Khuzestan Agricultural Sciences and Natural
Resources University Press. (In Persian)

[19] Nooshkam, M., Babazadeh A., and Jooyandeh,
H. (2018). Lactulose: Properties, techno-
functional food applications, and food grade
delivery system. Trends Food Sci. Technol., 80,
23-34.
https://doi.org/10.1016/j.tifs.2018.07.028

[20] Redd, A.J., Pike, O.A., and Ahlborn, G..
(2024). Effects of microbial transglutaminase on
gluten-free sourdough bread structure and loaf
characteristics. J. Cereal Sci.,, 115, 103833.
https://doi.org/10.1016/j.jcs.2023.103833

[21] Babakhani, S., Moghaddaszadeh-Ahrabi, S., &
Gharakhani, M. (2019). Physicochemical and
sensory properties of cake enriched with fish
protein powder (FPP) and transglutaminase
enzyme. J. Food Sci. Technol. (Iran), 16(95), 179-
196. (In Persian)
https://doi.org/10.29252/fsct.16.95.15

[22] Alp,H., & Bilgicli, N. (2008). Effect of
transglutaminase on some properties of cake
enriched with various protein sources. J. Food
Sci., 73(5), 5209-5214.
https://doi.org/10.1111/j.1750-3841.2008.00760.x

[23] Bonnand-Ducasse, M., Della Valle, G,
Lefebvre, J., & Saulnier, L. (2010). Effect of
wheat dietary fibres on bread dough development
and rheological properties. J. Cereal Sci., 52(2),
200-206. https://doi.org/10.1016/j.jcs.2010.05.006

[24] Abdanan Mahdizadeh, S., Noshad, M., & Noori,

S.F. (2023). Non-destructive detection of bread
staleness using hyperspectral images. Innov. Food
Technol., 10(4), 299-317. (In  Persian)
https://doi.org/10.22104/1FT.2023.6279.2142

[25] Maravié, N., Skrobot, D., Dapéevi¢-Hadnadev,
T., Pajin, B., Tomi¢, J., & Hadnadev, M. (2022).
Effect of sourdough and whey protein addition on
the technological and nutritive characteristics of
sponge cake. Foods, 11(14), 1992.
https://doi.org/10.3390/foods11141992

[26] Ghaemi, P., Arabshahi Delouee, S., Aalami, M.,
& Hosseini ghaboos, S. H. (2022). The effect of
whey protein concentrate and soy protein isolate
along with basil seed gum on some
physicochemical and sensory properties of gluten-
free dough and cake based on rice flour. Iran. J.
Food Sci. Technol., 19(127), 139-154. (In Persian)
https://doi.org/20.1001.1.20088787.1401.19.127.1
8.1

[27] Krupa-Kozak, U., Baczek, N., & Rosell, C. M.
(2013). Application of dairy proteins as
technological and nutritional improvers of
calcium-supplemented gluten-free bread.
Nutrients, 5(11), 4503-4520.
https://doi.org/10.3390/nu5114503

[28] Moradi, M., Bolandi, M., Karimi, M., Nahidi, F.,
& Begaei, H. (2021). Effect of microbial
transglutaminase enzyme, guar gum, sodium
caseinate additive on gluten-free tafton bread
(based on Agria potato powder). Iran. J. Food Sci.
Technol.,, 18(116), 347-356. (In  Persian)
https://doi.org/10.52547/fsct.18.116.347

[29] Meybodi, N. M., Mirmoghtadaie, L., Sheidaei,
Z., Arab, M., Nasab, S. S., Taslikh, M., &
Mortazavian, A. M. (2021). Application of
microbial transglutaminase in wheat bread
industry: A review. Curr. Nutr. Food Sci., 17(5),
450-457.
https://doi.org/10.2174/157340131699920100114
5814

[30] Kai¢, A., Janjegié, Z., Zgur, S., Siki¢, M., &
Potocnik, K. (2021). Physicochemical and sensory
attributes of intact and restructured chicken breast
meat  supplemented  with transglutaminase.
Animals, 11(9), 2641.
https://doi.org/10.3390/ani11092641

[31] Amani, H., Firtha, F., Jakab, I., Baranyai, L., &
Badak-Kerti, K. (2021). Nondestructive evaluation
of baking parameters on pogacsa texture. J.
Texture Stud., 52(4), 510-519.
https://doi.org/10.1111/jtxs.12619

[32] Kuraishi, C., Yamazaki, K., & Susa, Y. (2001).
Transglutaminase: its utilization in the food
industry. Food Rev. Int., 17(2), 221-246.
http://dx.doi.org/10.1081/FRI-100001258



VE-0 Hleasls oF o)led MY 0,90 did oo jo wa slosslid aslilad 0 Y.

[33] Motoki, M., & Seguro, K. (1998).
Transglutaminase and its use for food processing.
Trends Food Sci. Technol., 9(5), 204-210.
http://dx.doi.org/10.1016/S0924-2244(98)00038-7

[34] Dannenberg, F., & Kessler, H. G. (1988).
Reaction kinetics of the denaturation of whey
proteins in milk. J. Food Sci., 53(1), 258-263.
http://dx.doi.org/10.1111/j.1365-
2621.1988.th10223.x

[35] Kumar, C. T. M., Sabikhi, L., Singh, A., Raju, P.
N., Kumar, R., & Sharma, R. (2019). Effect of
incorporation of sodium caseinate, whey protein
concentrate and transglutaminase on the properties
of depigmented pearl millet based gluten free
pasta. LWT-Food Sci. Technol.,, 103, 19-26.

https://doi.org/10.1016/J.LWT.2018.12.071

[36] Purwandari, U., Khoiri, A., Muchlis, M.,
Noriandita, B., Zeni, N. F., Lisdayana, N. &
Fauziyah, E. (2014). Textural, cooking quality and
sensory evaluation of gluten-free noodle made
from breadfruit, konjac, or pumpkin flour. Int.
Food Res. J., 21(4), 1623-1627.

[37] Soeda, T., Sotozono, A, Kasaki, T. &
Sakamoto, M. (2006). Physical modification of
whey protein concentrates by microbial-derived
transglutaminase.

[38] J. Jpn. Soc. Food Sci. Technol., 53(1), 74-79.
https://doi.org/10.3136/nskkk.53.74



DOI: http://dx.doi.org/10.22104/1FT.2026.8007.2254

IFT
u Innovative Food Technologies, 13(4), 345-362, Summer 2026

=~

Research Article
Evaluation of the effect of microbial transglutaminase enzyme and
whey protein concentrate on sponge cake texture characteristics
based on image processing

Hossein Jooyandehl*°, Saman Abdanan Mahdizadeh?, Sara Saniee®

1*. Professor, Department of Food Science and Technology, Agricultural Sciences and Natural Resources
University of Khuzestan, Mollasani, Iran
2. Associate Professor, Department of Mechanics of Biosystems Engineering, Agricultural Sciences and Natural
Resources University of Khuzestan, Mollasani, Iran
3. MSc., Department of Food Science and Technology, Agricultural Sciences and Natural Resources University
of Khuzestan, Mollasani, Iran

(Received: 23 November 2025, Received in revised form:; 02 January 2026, Accepted: 31 January 2026)

Introduction: In today's competitive market, the success of confectionery products depends not only on their
appearance and texture but also on their taste and shelf life. Therefore, cake manufacturers are always looking
for new techniques and materials that help improve the quality and maintain the nutritional value of the
products. In this regard, two important additives that have recently attracted special attention are whey protein
concentrate (WPC) and transglutaminase (TG) enzyme. WPC can play a fundamental role in food processing
due to its functional properties. Transglutaminase also improves the correlation and uniformity of the protein
network by creating cross-links between gluten molecules and other proteins and can positively affect the
texture, shelf life, and color uniformity of the cake. Evaluation of cakes based on image processing provides the
possibility of objective and reproducible measurement of appearance characteristics such as color uniformity
and texture indicators, and as a result, it provides the basis for applying more precise and simple control over
the quality of the product. The purpose of this study was to investigate the effect of addition of TG Enzyme and
WPC powder on the textural characteristics of sponge cake according to the color characteristics of the product.

Material and methods: In this research, the effect of TG enzyme treatment (0%, 0.05% and 0.15%) and
addition of WPC (0%, 10% and 20%, replaced with flour, w/w) on improving the uniformity, homogeneity and
texture quality of sponge cake was analyzed based on the evaluation of structural changes using the gray level
co-occurrence matrix (GLCM) method. Crust color analysis was performed by determining three indices:
brightness (*L, range from 0 to 100), redness (*a), and yellowness (*b) (range from -120 to +120). To measure
these indices, a 2x2 cm slice of bread crust was prepared using a 120-watt electric saw knife, model 41600, and
imaged using a scanner (model: HP Scanjet G3010) with a resolution of 300 pixels. The images were then made
available to Image J software. The above indices were calculated by activating the LAB space in the Plugins
section. After transferring the images to the computer, in order to evaluate the texture characteristics (bread
crust and crumb), the images were converted from color to grayscale and the edges of the images were
highlighted. Then, a grayscale co-occurrence matrix (GLCM) was designed.

Results and discussion: The results of the analysis of variance related to the color parameters L*, a*, b* of the
crust and crumb of the cake samples showed that all three variables (G, WPC, and storage time) had a
significant effect on the color parameters (P<0.001). Moreover, the study of the interaction effects in the crust
and crumb of the cake showed a significant effect on these color parameters. As the levels of WPC increased,
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the lightness value decreased significantly. The reason for this can be attributed to the Maillard browning
reaction caused by lactose in the concentrate. Furthermore, with increasing enzyme percentage, the lightness
value in the crust and crumb of the cake increased and the intensity of redness in the crust and the intensity of
green in the crumb of the cake samples decreased. However, the decrease in green intensity in the samples
containing 0.05% enzyme was not significant compared to the control sample. Further, the b* index of the
samples in the crust and crumb of the cake decreased with increasing TG enzyme percentage. The reason for the
color changes as a result of enzyme addition can be attributed to the crosslinking between the amino acids lysine
and glutamine. In fact, the enzyme increases the L* index and decreases a* and b* by reducing the amount of
available lysine and reducing the Maillard reaction. Our findings indicated that TG reduced the contrast and
increased correlation and texture arrangement by creating covalent bonds; while WPC, by forming hydrogen
and hydrophobic bonds, reduced prominence, increased energy and contrast compared to TG. The treatments
containing higher percentages of TG and WPC had more uniformity, and among them, treatments T36 and T27
showed the best performance. Although the values related to some tables were not statistically significant, the
gradual improvement process was clearly visible and WPC played a stronger effect in reducing tissue changes.
These findings were consistent with previous studies. In addition, the decrease in contrast and entropy and
increase in correlation with the addition of TG and WPC were confirmed.

Conclusions: WPC contains high-quality proteins, including alpha-lactalbumin and beta-lactoglobin, which
help improve the physical and nutritional properties of food products. However, excessive addition of the
powder can negatively affect the color and texture of the final cake, and therefore, using TG enzyme can
compensate for this deficiency. This study confirmed that the combination of TG and WPC is an effective tool
for improving the texture quality of cakes, so that by reducing contrast and energy and increasing correlation
and homogeneity, a more regular and uniform structure was created, which led to an improvement in the overall
quality of sponge cakes. The results of this study confirmed that with the help of image processing, it is possible
to examine the texture parameters of sponge cakes, thus increasing the efficiency of quality control and reducing
the dependence on subjective sensory inspection of the product.

Keywords: Color characteristics, TG, WPC, GLCM, storage period.



