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Table 1. Treatment test design

Run A: Curing B: Mixing Porosity Extensibility

Time Time (%) (%)
1 0 10 0.0875 5.4808
2 20 1 0.0594 6.6364
3 20 5.5 0.0585 5.5358
4 10 5.5 0.0675 7.5999
5 10 10 0.0584 2.2215
6 20 10 0.0598 2.3766
7 0 5.5 0.0899 9.1781
8 10 1 0.0589 13.8439
9 10 5.5 0.0607 2.3768
10 0 1 0.0908 8.1286
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Table 2. The presented models are obtained through the response surface for the responses of porosity, extensibility,
foam, powder color, and porosity.

Run A:Curing B:Mixing Porosity Extensibility

Time Time

1 0 10

2 20 1

(%) (%)
0.0875 5.4808
0.0594 6.6364
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3 20 5.5
4 10 5.5
5 10 10
6 20 10
7 0 5.5
8 10 1
9 10 55
10 0 1

0.0585 5.5358
0.0675 7.5999
0.0584 2.2215
0.0598 2.3766
0.0899 9.1781
0.0589 13.8439
0.0607 2.3768
0.0908 8.1286

Table 3. values of independent and dependent variables of powder

Run A:Curing B:Mixing L* a* b* BI Hue angle Chroma Porosity
Time Time
1 0 10 27.33 2591 13.872 131.041 49.1559 29.3898 0.1161
2 20 1 17.66 11.86 6.622  92.2609 50.9229 13.5834 0.0138
3 20 5.5 21.12 16.24 8.92 105.819 50.2276 18.5284  0.1213
4 10 5.5 23.83 18.295 9.94 104.869 49.7698 20.8209  0.1221
5 10 10 26.67 27.19 13.48 134.465 46.0258 30.348 0.1123
6 20 10 26.71 25.37 12.442 123.541 45.5956 28.2566  0.1213
7 0 5.5 22.54 1744  9.258 104.151 48.8021 19.7449  0.1165
8 10 1 1648 9.535 5782  82.7526 54.511 11.1511  0.0232
9 10 5.5 24.74 18.987 9.37 98.5545 49.3496 21.1731  0.1197
10 0 1 16.81 1029 531 79.5339 47.6393 11.5793  0.0946
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Foam porosity: y = +0.0734 -0.0143x,; -0.0006x; +0.0005x x> +0.00033x:? -0.0028x2*>  Eq.1

Table 4. Analysis of Variance (ANOVA) to determine model fit, regression coefficient (), coefficient of
determination (adj. R2), and F value of predicted second-order polynomial models for foam porosity responses

Factor

Coecfficient (B)
Porosity

Intercept
Linear

Xi: Curing time (min)
X»: Mixing time (min)

Interaction
X1Xa
Quadratic
X2

X5?

RZ

Adj. R?
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0.0734

-0.0143"
-0.0006

0.0005

0.00033"
-0.0028
0.9767
0.9475
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F-value (model) 33.47
F-value (lack of fit) 0.8441
P-value (model) 0.0023"

Significance at the 95%]level (p<0.05
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Extensibiliyt: y = +7.37 -0.6866x; -3.43x>
Eq.2

Table 5. Analysis of Variance (ANOVA) to determine model fit, regression coefficient (B) , coefficient of
determination (adj. R2) and F value of predicted second-order polynomial models for foam expansion responses

Factor

Intercept

Linear
Xi: Curing time (min)
X>: Mixing time (min)
Interaction
Xi1X2
Quadratic
Xi2
Xz?
R2
Adj. R?
F-value (model)
F-value (lack of fit)

P-value (model)

Coefficient (p)

Extensibility
7.37

-0.6866

-3.43"

0.5760
0.4548
4.75
0.8134

0.0496"

Significance at the 95%]level(p<0.05)
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Porosity: y = +0.1200 -0.0120x; +0.0386x2 +0.0119x:x> +0.0025x:% -0.0510x2*> Eq.3
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Table 6. Analysis of Variance (ANOVA) to determine model fit, regression coefficient (b), coefficient
determination (adj. R?) and F value of predicted second-order polynomial models for powder responses

Factor Coefficient ()
L* a* b* BI Hue angle Chroma  Porosity
Intercept +21.94  +17.26 9.09 +102.63 +49.24 +19.53 0.1200
Linear
Xi: Curing time -0.0992 -0.0142  0.0001 0.5745 0.1908 -0.0288 -0.0120
(min)
X>: Mixing time 5.51" 8.66" 447 2491 -1.33 9.57" 0.0386"
(min)
Interaction
Xi1Xz - - -0.3807 - -0.9505 - 0.0119
Quadratic
Xi2 - - - - - - 0.0025
X2 - - - - - - -0.0510
R? 0.9295 09742  0.9915 0.9348 0.6375 0.9763 0.9327
Adj. R? 0.9094  0.9668  0.9873 0.9161 0.4562 0.9695 0.8486
F-value (model) 46.17 131.93  234.47 50.15 3.52 143.94 11.09
F-value (lack of fit) 0.3516  0.2901  0.7227 0.5411 47.61 0.1414 0.0665
P-value (model) 0.0165" 0.0001" 0.0001" 0.0001" 0.0888" 0.0001" 0.0185"

Significance at the 95%level(p<0.05)

das e 0li &S (p>0.05) 555 ls e Ll aon
Glesly & isucols) b 4 bdae 8 bl
e Sl gl T 510l 5 e S e 5l o2

2 S eslind]
Jiiw.a Lyt L;E> Sl as sl olis ANOVA J gl
B v_]a;- C)‘j}l o)'))bt.g AL )‘Jb:u Luj;jBI ca* cL 2
sdis J"L'“| ge AQESERES) (p>005) Sl
2l iy Bl Oley (At Wslee) (galgiin
%fbdjz.fﬁésjhﬂqu’;ti;ﬂ\@héﬂ\iu»w

Syl eslgiy Jde sl

L: y=+421.94-0.0992x; +5.51x>
a*:y=+17.26 -0.0142x,; +8.66x:

b*: y =+9.09 +0.0001x,; +4.47x, -0.3807x:X2

BI: y =+102.63 +0.5745x1 +24.91x>
Chroma: y = +19.53 -0.0288x; +9.57x>

Hueo: y = +49.24 +0.1908x; -1.33x2 -0.9505x:x>

M&:&-x}jﬁlﬁ)‘ obw.w\bja)k}‘ QLAJ)C,a-‘)Lw‘
S b o ol s 5 (S sle Shs S
5055 o Oles ol Bl s 8515l b sls e S50

er)ﬁlawl‘g&bdf\)&jlbﬂﬁb&}\)@\

94

Ky glaaxli-0-)-¢

ol il Ol a5 L Ly S 5 BT b* @* L¥ sl
Gl el slie ool Jalpel Lol oley ilsdl g
YAV 5 4/0Y=YVN AVEA-YVYY (s 5 o S,
oy S 5 g asly Bl gla il pslis il e 0/7)
VIVO-Y/YE 5 £0/04-08/0) VA/OY-\YVE/ET S 5
(U dsa) sl s

0L B paly o (S bl 48 612 R sl
ot JBosba Ol el o slaesls pladas
Sl e A 5l s KI5 e g als a5 Jde slaesls L
ol r.\.c O J ) .\;.MJ.QS..':J B L“c-”l:' §f¢J@

Eq.4
Eq.5

Eq.6
Eq.7
Eq.8
Eq.9

6):§ aoei—\
LS Jolsesl Jools Gk sosy canlle b o
ol JUESTPH ija S (MPC 9 O.ij:.MS:j:JLA)



bty ol nad Gles sls pize 56 e

Bl o2,
Bl 2 G ma S diS e el OB g

JRERRE

A ped aBIE STl 4 ey glaesls

dt.c—o
[1] Ferrando, B. O., Baenas, N., & Periago, M. J.
(2024). Changes in Carotenoids and Quality

Parameters of Sweet Paprika (Capsicum annuum)
After an Accelerated Heat
Treatment. Antioxidants, 13(12), 1492.

[2] Faliarizao, N. T., Siddiq, M., & Dolan, K. D.
(2025). Total phenolics, antioxidant, and physical
properties of red chili peppers (Capsicum annum L.)
as affected by drying methods. International Journal
of Food Properties, 28(1), 2492823.

[3] Adebo, O. A., Molelekoa, T., Makhuvele, R.,
Adebiyi, J. A., Oyedeji, A. B., Gbashi, S., ... &
Njobeh, P. B. (2021). A review on novel non-thermal
food processing techniques for mycotoxin
reduction. International Journal of Food Science and
Technology, 56(1), 13-27.

[4] Thibault, B., Aghajanzadeh, S., Sultana, A., Ratti,
C., & Khalloufi, S. (2024). Characteristics of open and
closed pores, their measurement techniques and
exploitation in dehydrated food products. Food
Engineering Reviews, 16(3), 323-355. [5] Serowik,
M., Figiel, A., Nejman, M., Pudlo, A., Chorazyk, D.,
Kopec, W., ... & Rychlicka, J. (2018). Drying
characteristics and properties of microwave— assisted
spouted bed dried semi— refined carrageenan. Journal
of Food Engineering, 221, 20-28.

[6] Ozcelik, M., Ambros, S., Morais, S. F., &
Kulozik, U. (2020). Storage stability of dried
raspberry foam as a snack product: Effect of foam
structure and microwave-assisted freeze drying on the
stability of plant bioactives and ascorbic acid. Journal
of Food Engineering, 270, 109779.

[7T Mierzwa, D., & PAWLOWSKI, A. (2017).
Convective drying of potatoes assisted by microwave
and infrared radiation-process kinetics and quality
aspects. Journal of Food & Nutrition Research, 56(4).

91

A 80 i 4y sy s 35y S5 la el
ol el (Sla g a4 5 LAl ol it 5o
Kol oo & 285 gt Ol o dla oy (loags
Eoe Oy 5 LYl aids 0/0 5 ol ml aidsr Olejy o

.>ﬁb\;\)¢.:i§wj:g.fﬁjjﬁu

=S wlesls,

53 0B aS oS L8 pled 5l ST 5 xS b culs,
A dsl asdlas

[8] Hardy, Z., & Jideani, V. A. (2017). Foam-mat
drying technology: A review. Critical reviews in food
science and nutrition, 57(12), 2560-2572.

[9] Cardoso, C. E. D. F.,, Lobo, F. A. T. F,, &
Teodoro, A. J. (2024). Influence of foam mat drying
on the nutritional and technological potential of
fruits—a review. Critical Reviews in Food Science and
Nutrition, 64(17), 5896-5910.

[10] Celebi, Y., Kog, G. C., Siifer, O., Tekgiil barut,
Y., Sahin Ercan, S., Yiiksel, A. N., ... & Pandiselvam,
R. (2024). Impact of ozone treatment on lipid
oxidation in foods: a critical review. Ozone: Science
& Engineering, 46(5), 430-454.

[11] Franco, T. S., Ellendersen, L. N., Fattori, D.,
Granato, D., & Masson, M. L. (2015). Influence of the
addition of ovalbumin and emulsifier on the physical
properties and stability of yacon (Smallanthus
sonchifolius) juice foams prepared for foam mat
drying process. Food and bioprocess technology, 8,
2012-2026.

[12] Silva, J. M., da Silva Crozatti, T. T., Saqueti, B.
H. F., Chiavelli, L. U. R., Matioli, G., & Santos, O. O.
(2024). Optimization of foam mat drying using
Central Composite Design to produce mixed juice
powder: A process and characterization study. Food
and Bioproducts Processing, 146, 58-68.

[13] Bogusz, R., Nowacka, M., Rybak, K., Witrowa-
Rajchert, D., & Gondek, E. (2024). Foam-Mat freeze
drying of kiwiberry (Actinidia arguta) pulp: drying
kinetics, main properties and microstructure. Applied
Sciences, 14(13), 5629.

[14] Shaari, N. A., Sulaiman, R., Rahman, R. A., &
Bakar, J. (2018). Production of pineapple fruit
(Ananas comosus) powder using foam mat drying:
Effect of whipping time and egg albumen
concentration. Journal of Food processing and
Preservation, 42(2), e13467.

[15] Tepe, F. B. (2025). Novel Approaches for
Potato Drying: Intermittent Microwave Drying with



\eeo 0.1;)‘,)5 JYY YL AV OJLM:

Qlﬂl L;l"lb Gw‘gf_y\&&bu

Pretreatments (Ethanol, Hot Water Blanching, and
Citric Acid), Drying and Quality Properties, and
Energy Consumption. Potato Research, 1-30.

[16] Dehghannya, J., Pourahmad, M.,
Ghanbarzadeh, B., & Ghaffari, H. (2018). Heat and
mass transfer modeling during foam-mat drying of
lime juice as affected by different ovalbumin
concentrations. Journal of Food Engineering, 238,
164-177.

[17] Dehghannya, J.,, Pourahmad, M.,
Ghanbarzadeh, B., & Ghaffari, H. (2019). Heat and
mass transfer enhancement during foam-mat drying
process of lime juice: Impact of convective hot air
temperature. [nternational Journal of Thermal
Sciences, 135, 30-43.

[18] Dehghannya, J., Hosseinlar, S. H., & Heshmati,
M. K. (2018). Multi-stage continuous and intermittent
microwave drying of quince fruit coupled with
osmotic dehydration and low temperature hot air
drying. Innovative Food Science & FEmerging
Technologies, 45, 132-151.

[19] Faliarizao, N. T., Siddig, M., & Dolan, K. D.
(2025). Total phenolics, antioxidant, and physical
properties of red chili peppers (Capsicum annum L.)
as affected by drying methods. International Journal
of Food Properties, 28(1), 2492823.

[20] Silva, J. M., da Silva Crozatti, T. T., Saqueti, B.
H.F., Chiavelli, L. U. R., Matioli, G., & Santos, O. O.
(2024). Optimization of foam mat drying using
Central Composite Design to produce mixed juice
powder: A process and characterization study. Food
and Bioproducts Processing, 146, 58-68.

[21] Toliaty, G., BeigMohammadi, Z., Labbeiki, G.
(2022). Feasibility study on dairy dessert production
with  Spirulina platensis and stevioside and
investigation of its sensory and physicochemical
properties. Journal of Food Science and Technology,
19(127), 47-60.

[22] Afshani, E., BeigMohammadi, Z., Mirmajidi
Hashtjin, A. (2019). Optimization of Functional
Peach Beverage Formulation and Study of Its
Sensorial and Physicochemical Properties. Journal of
Food Science and Technology, 16 (91),129-144

[23] Dehghannya, J., Pourahmad, M.,
Ghanbarzadeh, B., Ghaffari, H. (2019a), Heat and
mass transfer enhancement during foam-mat drying
process of lime juice: Impact of convective hot air
temperature. [International Journal of Thermal
Sciences, 135: 3043
[24] Khoshtinat K, Beigmohammadi Z, Komeili
Fanood R, Abedi A, Kazemzadeh M, Zand Rajabi H,
et al. (2019). Monitoring Risk Factors in Industrial
and Guild Fried Products of the Country. [ranian
Journal of Nutrition Sciences & Food Technology,14
(3):97-108.

[25] Hashemi, F., BeigMohammadi, Z., Hashemi, H.
(2024). Study the functional nanophytosome based on
tannic acid and vitamin D3. Future Foods. 10:
100391. Doi: 10.1016/.fufo.2024.100391.

96



JFST No. 170, Vol. 23, April 2026

Sl

Homepage:www.fsct.modares.ir

f Journal of Food Science and Technology (Iran)

Scientific Research

Investigating the Effect of Resting Time and Foam Mixing Variables on

Paprika Powder Produced by Microwave-Assisted Foam Drying
Somayeh Sanjari', Nafiseh Jahanbakhshian? Sediqeh Soleimanifard®, Maryam Khakbaz

Heshmati*. Zahra BeigMohammadi'

1. Department of Food Science and Technology, NT.C., Islamic Azad University, Tehran, Iran
2. Department of Food Science and Technology, ShK.C., Islamic Azad University, Shahrekord, Iran
3. Department of Food Science and Technology, University of Zabol, Zabol, Iran
4. Department of Food Science and Technology, University of Tabriz, Tabriz, Iran

ARTICLE INFO

ABSTRACT

Article History:
Received: 2025/04/12
Review: 2025/07/14

Accepted: 2025/07/15

Keywords:

Paprika powder,

Milk concentrate,
Maltodextrin,

Foam mat,Microwave

10.48311/fsct.2026.83997.0
*Corresponding Author E-

njahanbakhshian@jiau.ac.ir

In this study, the physicochemical and qualitative properties of
paprika powder were investigated using microwave foam
drying, influenced by two independent variables: resting time
(0—20 minutes) and foam mixing time (1-10 minutes). The foam
was prepared with 10% maltodextrin and 10% milk protein
concentrate, and the resulting powder was evaluated in terms of
porosity, expansion, and color characteristics. Process
optimization was performed wusing response surface
methodology (RSM). The results indicated that foam porosity
significantly increased (p < 0.05) with decreasing resting time
and increasing mixing time, ranging from 0.058 to 0.090. This
response exhibited a linear relationship with the independent
variables, with a high coefficient of determination (R? = 0.97).
Conversely, foam expansion (ranging from 13.84 to 2.22)
showed a significant linear decrease with increasing mixing
time, with an R? value of 0.57 (p < 0.05). For the resulting
powder, porosity ranged from 0.01 to 0.12, and the values of the
color parameters L*, a*, b*, browning index (BI), and chroma
ranged from 16.48-27.33, 9.53-27.90, 13.31-87.13, 46.79—
53.13, and 15.11-34.30, respectively. These parameters
increased with decreasing resting time and increasing mixing
time. The fitted models adequately represented the experimental
data and can be used for predictive purposes. Significant (p <
0.05) linear and interaction effects of the independent variables
were observed for L*, a*, b*, BI, and chroma. However, the
effects on the Hue angle were not statistically significant (p >
0.05). Among all responses, mixing time had the most
pronounced effect, except for the Hue angle, which showed the
highest coefficient in its respective model.
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