e 4y
9 po-ke Sle—rg 3 )

RO
ﬂ

IYFO-F15) bl AT ol oslad
oYlo oyl gas

9 OVl

W) corccemmeconoomocons x> 06 (Sl 9 s (83909 p P 3,17 Olyd 03Il § s § Db w0  BHID > MT;);E

LS)‘J" (;.5.:2’ e.»\.:._;.w—@)ﬂ._.n AJUAW }a.u.?—bb ‘SLﬂ Aazes

€1 Jel 58 5 0 (SHluslodgd w9 H oalainl b VL 4l 9 308 i oylas Jlhg 3
w?b@ubu—uuv__g, Ao 9= 30L,T o S1— 5 8 aible

4 59N g CAlieo (SIS 33 (0 U0 9 Elo (i yiuw 20 395wT) (JT (Sl ST wy g
1y S B15 &evo (K 59885y Dlogas g
S0 oS =5 S o — Lo 1 3

Ogudgol -00d S5 5l 0olikl b 705 g5 3,51 Dglso 0 39 Sl 70 3 (S0 308 Sileo g Sguy
A eIl B9l =Ky Sy
L}Ju}’ 64:4—:" g;‘l‘w_w—j’ fll ‘)Lﬂ—sT,.Uo}‘: (”-J"

VoV i D2 (St (TP § (o (2 ST R 2 (7 ey Olgiedy s g 0L Al ) oo 13T gy
DB (SR C,Lé -Xw—ab‘jhgai JM—@L.\:AAJ'TM 4abold

14 SN 9l 595 90 b g i 9 OLST 29 Sl S PYIgE (LIS 9 (Wi
Ol p1,T = 5 5855 4o O30 —0315 oy = Jl3 o L

Sl4e5"d Z 3B S Wl 9 (S25909r 38 Dlao g T (9 00906 9 UI5gT Sl (b Adigy FT () st
Yry (Agaricus bisporus)

s Sl s~ i s — 21 Ly saen — 528 S 25

obig5” 4o
Yoo OW (29,50 9 (2l 95038 (2195 S92 S Slowdly JT () p
Sl (1,5 Lo, — et Ll = Sl




olnl 2las luo g pale slirgh 4y

\WARVAK

9L g wlidixd pole wjylyg ) AN/

VFeF i —0lo 5

i (g9 ,8 ol KiSls (g5,5leS oladl ol

N (g3 5 oSS (6590555 9 9 (5590amg S o jluitilo

Mo (s093,8 oKD (59193 g 5 S35)sms e Ol

e (o933 oKl (S Blge (535lgmg e 3l

S (g090,8 oSS ((55lgms e Sl

OB (b @lie 5 (55,9LaS pole olRtsls (3elgmg Sene o Lusl
e (o908 oSS ¢ 2li8 Slge Susudg (leS 5 (cwiige L]
s (9,8 o8l ¢ Hlae slge cand oliul

Miee (S pole ol «(g5lug)ls 0aSils «(53glgmg Se ol
OB (b e 5 (55,9liS pole olRiils ((2l38 Sl (cwiige bl
s (9,8 olKils ¢ 5lie slge (659052ST ol

s (9,8 olKils ¢ slie slge  cwaige wlivl

oy olRails ( olae slge gwdige wlinl

iy i oSl (I Slga (6550535 mr colin]

Seten (21 @lio g pole (Lhgh dmnbe (I Slge (553 $U Ll
B ol oaoxte bl ol 2 9 0B Gl o ((JgSIge Canmy Lol
O Gl e oA ¢ 288 (59dgmg Se Lol

S el (S ple oA (I Slge (65)5SS gy oLl

Byl olSiils s Lanma g oy (oitien el
o ails i olK.2ilo o 5 Slgs g5 smsnkigus colin]

By o oLl (ol Slge (658505 g coliwl

dog)l oA (65,5laS 0uSLiils ¢ lié @lio g pole 095 o Losils

Oledel (Jano ollails (2l3e mlio g pole 095 jleislo

oy Can i olRails (ol mlis g pole 09,5 ol

JB5 5 095,50 oRiile ¢ 0lde olge g 4355 pale 04,5 wolinl

B oA (55,9LaS pole 5 (ormb lie 0aSLiils ((J9SUga psle 09,5 jLusls
7 ol LI LS ol USole (65,9LaS oBtsls ghglsmg Sona 09,5 Lol
a0l Lol (sliz limgain ple 5 (65909355 dunnge ( 2ldé (5,5l8 05,5 jLtils

ifstry@um.ac.ir

-

Yol

Qg (g ,8 olKiils
Pyl pol iS5

yoio )51.1 JM)ZSO

S o (e s S
G (558 XS0

% o> Blhdeze 50
S B0 5SS

S955 e e S 525
S Lo, g5

iy s dbae o 0 50
oI5 S (gage 250
Sz oyl 5

R el

oolj i SOb 250

odliplle lpl ST

gl ool pad S0
9> skt 5SS

998 ol dpe SIS
S Pl 50

OB Sliels (o0 S
SBGdeze praldeste 2SO
SPY ST e S5O

el sola 55

=8 Do 15

bee Glozh 750
o9 $P 5SS

obine Lo o 255

9 olieaSS 3985 135

anol Yl adgl Jgels j25o

0yl by i— colde 4 50 g \WE/AFY ailgy o,leds b

JIRCCER N " ;Q.Lc" TP Sk g sade ax 0 glyls Db s adS AYAA Ll e &ljg asgean ol 7

el colo
i [LIW RS
DO yuw

o Clad glasl

Agiies (owgd 8 olSisls 1yl

il oad ilod 5 (Sl yo 4 i oy
Ol sode b yis ailel (ISC) wMul oyle> goliew! oL (Internet Archive .Google scholar EBSCO .DOAJ .CABI Scopus AGRIS
CIVILICA _zls &> 50 (MAGIRAN) ;525 &l 5 oledll oL «SID) oKl sl sale Sledll oKL

[ Sy Sl Cony
el 00 iled JolS dlie &9 4 NEPS://ifstrj.um.ac.ir cols ,o o)led opl @Ylis

Dgdca yiie (T O ygo 4 g Jlo 40 0,les £ oland 4 4 5 oyl


https://ifstrj.um.ac.ir/

Yo

V¥4

\#V

AN

AAR

Yyv

Yoo

g p Yo

x> Ob Sl 9 e 8399955 p PR 55T DIlH3 03Il § eKis 9 Wgb o MO wuT S Wb

6)\);> (;.3.:2."- e.,\._._.t.w—u’iﬁ.:a abljiw,ﬁ;w‘-—éb 6[..42 Haes

Jwly 33 8 g0 (S3luslodg (g 3l ool b (Yl b p 0B sk oslas (Slbe )

b (Ul —el 50 8o s s = 30L T ¢ ST 5 6 aible

SR Ig 9 Dl gas- 9 4l Hgkam 9 Cilike GIBCLAE 53 (0,65 § STl (= yiuw (98w T) (JIT Sl T sy
UL &1 Zowo

S baS = S o o= 2o ol

Sl &y Ko Ogumd 9ol -0uls p S5 3 00liimw! L g8 g g™ 35T b glotn okl 39 s 1 285y ( SilogSG 18 Do s> Sgugy
Frk

B S iae - ok (ULl —bsls 0 e

PN et I 9 > (R ST RY 2 27 il Ol it g ol Ay dovo T (o

B o] c“.p Sees _‘”UU‘E; 3 §Rs —@‘J.:.na‘}.:..-: bl

S 9 PL> 595 95 b (g T 9 OUS (5695 Sl SPIen (LI 9 (i

Ol 5T = (0 585 SN 03 =315 oy 2= (G5 50 L

Agaricus ) lawss i S35 uSb 9 (59 g 8 Dlico gt Sl T (oud 930936 9 O1)ga gl  amdo gy 1wy
(bisporus

e Sl o -G plinl e = () L) demn — 4 568 SLS 85

oligs” Wlao

OW (2950 9 (2l 850 38 2195 (895 52 O g Slowdly T (qwyy
Al B ) — el Ll = Gla s 5






Iranian Food Science and Technology
; i ss Research Journal _
* b/ Homepage: https://ifstrj.um.ac.ir

i

Research Article
Vol. 21, No. 2, May.-Jun., 2025, p. 133-146

The Effect of Wet and Dry Heating Process and Wheat Flour Particle Sizes on
Dough Rheology and Staling of Bread

M. Fazli Rad?, J. Mohammadzadeh Milani’=**, S. Haghighat-Kharazi!

1- Department of Food Science and Technology, Sari Agricultural Sciences and Natural Resources University, Sari, Iran
(*- Corresponding Author Email: j.milani@sanru.ac.ir)

Received: 06.01.2024 How to cite this article:
Revised: 21.04.2024 Fazli Rad, M., Mohammadzadeh Milani, J., & Haghighat-Kharazi, S. (2025). The
Accepted: 21.04.2024 effect of wet and dry heating process and wheat flour particle sizes on dough
Available Online: 23.04.2025 rheology and staling of bread. Iranian Food Science and Technology Research
Journal, 21(2), 133-146. (In Persian with  English  abstract).
https://doi.org/10.22067/ifstrj.2024.86258.1308

Introduction

Wheat plays a major role in global nutrition but it cannot be used without processing. The nutritional importance
of wheat flour is due to the presence of gluten proteins that create viscoelastic properties. Gluten as a protein inhibits
the staleness of bread. Physical modification of flour is a safe method without using any kind of chemicals. Physical
modification of flour includes heat treatment and particle size classification. Particle size distribution is the most
widely used technique for classifying solid particles, which is effective in improving rheological properties by
affecting the physicochemical properties of flour during hydration, such as water absorption, solvent retention,
sedimentation, and adhesion properties. Heat treatments, depending on the intensity of temperature and process time,
by modifying starch granules, denaturing proteins, and deactivating enzymes, reducing microbial load, and even
modifying flavor and aroma are suggested as a suitable way to improve the quality of bread, especially for weak flour.
Considering that the interaction of particle size with wet and dry heating of wheat flour on the rheological properties
of dough and staleness of bread has not been studied so far. In this research, by dividing wheat flour with different
particle sizes and using wet and dry heat treatments for modification the functional characteristics of wheat flour and
the improvement of the rheological characteristics of dough and staleness of bread were investigated.

Materials and Methods

The content of moisture, pH, ash, protein, and Zeleny number of wheat flour was measured using the AACC
standard method (2000), and wet and dry gluten with the standard number (9639-1, 3) was measured. To classify the
size of the particles, wheat flour was divided by a shaker sieve with different sizes of 180, 150, and 125 microns, then
under the influence of dry heat treatment for 10 minutes at 100 degrees Celsius and moist heat treatment with 16%
humidity for 5 minutes at a temperature of 96 degrees Celsius was placed. Materials for bread formulation for 100 g
of wheat flour included 58 ml of water, 2.5 g of sugar, 1 g of salt, 1 g of vegetable oil, and 2 g of yeast. The rheological
parameters of the dough were measured by an alveography device. To check the staleness of bread during the storage
period, moisture tests of core and shell, blue activity of core to shell, analysis of bread texture, and DSC were
performed. Finally, the factorial test was used to investigate the effects of particle size and heat treatment on wheat
flour, and Duncan's multiple range test was used to compare the means at the 5% probability level.

Results and Discussion

The results showed that the effect of particle size and dry heat treatment on dough rheology and water activity of
bread core and crust was significant, while moist heat treatment had significantly more bread core moisture (p<0.05).
According to the results, dry heat treatment did not affect the texture of bread (p>0.05), while the use of flour obtained
from moist heat treatment with a particle size of 180 microns led to the improvement of bread texture by reducing the
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hardness and chewability (p<0.05). The results of thermal analysis showed that the moist heat treatment sample with
a particle size of 180 microns had the lowest enthalpy and was the best sample (p<0.05).

Conclusion
In general, the use of flour with a particle size of 180 microns and moist heat treatment to improve the rheological
and staling properties of bread were the best examples.

Keywords: Bread quality, Particle size, Physical modification, Wheat flour
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Fig. 1. Results of texture profile analysis of bread samples
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Different lowercase letters correspond to the comparison of samples on a specific day and different uppercase letters correspond to
the comparison of samples over 3 days at the 5% probability level.
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Fig. 2. Moisture content of different bread crusts during storage

Different lowercase letters correspond to the comparison of samples on a specific day and different uppercase letters correspond to
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the comparison of samples over 5 days at the 5% probability level.
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Fig. 3. The moisture content of different bread crumbs during storage

Different lowercase letters correspond to the comparison of samples on a specific day and different uppercase letters correspond to

the comparison of samples over 5 days at the 5% probability level.
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Fig. 4. Water activity of different bread crusts during storage

Different lowercase letters correspond to the comparison of samples on a specific day and different uppercase letters correspond to
the comparison of samples over 5 days at the 5% probability level.
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Fig. 5. Water activity of different bread crumbs of during storage

Different lowercase letters correspond to the comparison of samples on a specific day and different uppercase letters correspond to
the comparison of samples over 5 days at the 5% probability level.
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Table 2- Retrogradation parameters of breads on day 1, 3 and 5 of storage

Lot SR e, E9ps gl S slod wld sl A
Breads Storage time (days) Starting temperature Peak temperature Final temperature Enthalpy
HA
1 20.1 78.3 111.2 212.82
C 180 3 21 85.5 125.8 271.38
5 21.4 77.3 126.9 311.64
1 233 81.5 1195 236.52
DHT 180 3 21.3 83.1 126.6 279
5 22 77.2 1259 341.1
1 22 81.9 120.1 198.66
HMT 180 3 22.4 88 129.8 252.12
5 21.6 80.9 125.1 304.5
1 20 82 117.9 216.18
C 150 3 20.2 82.3 127.3 278.04
5 22.8 78.9 125.2 322.86
1 22.1 82.3 122.8 252.06
DHT 150 3 20.9 74.4 117.4 288
5 21.7 76.3 123.7 343.2
1 233 84.9 121.8 200.7
HMT 150 3 21.3 75.1 123.9 258.24
5 21.2 74.3 128.1 307.26
1 25.4 82.8 123.1 222.72
C125 3 20.4 82.6 129.3 278.16
5 21.2 70.7 125.7 326.4
1 25 82.7 120.5 252.18
DHT 125 3 235 825 128.8 295.38
5 20.7 73.4 1245 395.52
1 235 79.3 118.7 202.2
HMT 125 3 22.7 72.8 124.2 262.92
5 21 71 136.7 309.24
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Introduction

Red beet has nutritional and health-promoting properties due to containing bioactive compounds such as
phenolic compounds and betanin. Co-encapsulation of more than one core material in a single encapsulation
system may increase the bioactivity of individual components. Customer attitudes and behaviors have moved
towards health foods because they have more concerns on increasing environmental stresses such as pollution
and toxic substances in the environment. Confectionery products are not exactly foods, but they are widely
consumed by children and adults. Traditional gummy confection consists of high amounts of synthetic colorings
or flavorings in a gelling agent, commonly known as gelatin, along with acids and sweeteners. Natural color in
the form of pigments is synthesized and accumulated in living biological cells of algae, vertebrates,
invertebrates, fungi, lichens, or bacteria. The red color in food industry comes mainly from two pigments:
anthocyanin and betalains. Among the major groups of natural pigments, betalains can be considered as the least
studied, due to its limited sources. The main commercially produced crop containing betalain is red beet root,
however many researchers are exploring red dragon fruit or pitaya as a viable alternative. Betalains, derived
from beetroot are water-soluble nitrogenous pigments that stop or delay the oxidation process and exhibit anti-
tumor and antiatherosclerotic effects. The application of red color from beetroot (mainly betalains) is permitted
widely in ice cream, sherbet, yogurt, powdered soft drink mix along with confectionaries, soups, and bacon
products. The stability of betalains varies with different levels of water activity, temperatures, exposure to
oxygen, and light. Complex coacervation is one of the oldest and simplest techniques of encapsulating bioactive
compounds for delivery in controlled manner. The technique associates simple preparation conditions, such as
non-toxic solvent and low agitation, the techniques has also been employed in the encapsulation of protein and
human cells. Microcapsules prepared by complex coacervation are water-insoluble, possessing excellent
controlled-release characteristics. Complex coacervation is a technique by which phase separation occurs when
oppositely charged polyelectrolytes are electrically balanced in aqueous media. This depends on relatively a set
of conditions such as pH, charge density on the polymers, colloid concentration, ionic strength of the medium,
temperature, etc. However, all polyelectrolytes do not exhibit this phenomenon.

Materials and Methods
The features of water activity, moisture, acidity, Brix, antioxidant activity, texture characteristics, colorimetry
and sensory evaluation of pastilles were investigated. All analyzes were performed with three replications in a
completely randomized design. Means were compared using Duncan's multi-range test at a significant level of
5% with SPSS version 22 software.
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Er 4.0 International License (CC BY 4.0).

https://doi.org/10.22067/ifstrj.2024.88135.1333


https://orcid.org/0000-0001-5046-4290
https://orcid.org/0000-0001-9765-5852
https://orcid.org/0000-0001-5388-3829
https://doi.org/10.22067/ifstrj.2024.88135.1333
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/ifstrj.2024.88135.1333
https://ifstrj.um.ac.ir/

VEoF =010 ,5 1F 0,led ) als oyl pf (I @los g pole slestimgs 4y VFA

Results and Discussion

The results showed that water activity of samples containing nanomicrocoating of red beet extract was
significantly lower than the control sample (p<0.05), but the moisture, acidity and brix of the sample containing
nanomicrocoating of red beet extract were significantly higher from the control (p<0.05). During the storage
period of 28 days, it showed that the sample containing 1.5% red beetroot extract's nano-coating had a
significantly higher stability of the antioxidant property than other samples (p<0.05). The results of the
histological test showed that the sample containing the red beet extract nano-coating had a significant decrease in
hardness, stickiness and chewability compared to the control (p<0.05), but the degree of cohesion showed a
significant increase (p<0.05). Examining the color parameters of the samples containing red beetroot extract
nano-coating compared to the control sample also showed that it caused a decrease in brightness (L*) and
yellowness (b*) and an increase in (a*).

Conclusion
The results of the sensory evaluation showed that the sample containing 1% red beetroot extract nano-coating
was awarded the highest score compared to the control.

Keywords: Antioxidant, Complex coacervation, Gummy candy, Red beetroot, Texture analyzer
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Table 1- The effect of nano-encapsulation of red beetroot extract on water activity, moisture, acidity and brix of gummy

candies
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“Means in a column followed by the different superscripts are significantly different at P < 0.05 by Duncan test.
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Fig. 1. The effect of nano-encapsulation of red beetroot extract on stability of antioxidant properties of gummy candies
*Means in a column followed by the different superscripts are significantly different at P < 0.05 by Duncan test
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Table 2- The effect of nano-encapsulation of red beetroot extract on texture properties of gnmmy candies
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*Means in a column followed by the different superscripts are significantly different at P < 0.05 by Duncan test.
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Table 3- The effect of nano-encapsulation of red beetroot extract on colorimetric properties of gummy candies
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Introduction

Balangu seed gum (BSG) is a hydrocolloid extracted from the seeds of Lallemantia royleana L.. This gum
works as thickener and stablilizer in food products. This gum had high performance compared to some
commercially available food grade gums. When this gum is mixed with water, it becomes thick (viscous fluid) and
this gel-like substance becomes thin when stirred or shaken (pseudoplastic behavior) (Salehi & Inanloodoghouz,
2023). The term organic acid refers to organic compounds with acidic properties. The acidity of organic acids is
associated with their carboxyl group and therefore they are called carboxylic acids. Organic acids can be classified
according to the type of carbon chain (aliphatic, alicyclic, aromatic, and heterocyclic), their extent of saturation
and substitution, and the number of carboxyl groups (mono-, di-, tri-carboxylic). Monocarboxylic acids like acetic
acid are highly volatile liquids with a pungent taste. Malic and tartaric acids are also dicarboxylic acids that contain
one and two hydroxyl groups, respectively. Citric acid is the best-known tricarboxylic acid with one hydroxyl
group that is found in foods (Yildiz, 2010). The most abundant organic acid in citrus juice is citric acid. Also,
citrus juices such as lemons, oranges, and grapefruits are a good source of ascorbic acid (Nour et al., 2010). pH is
an important parameter that affects the rheological properties of hydrocolloid solutions. Addition of acid to an
aqueous gum solution leads to changes in pH which affect the viscosity of this solution (Hayta et al., 2020). In this
study the effect of four edible organic acids (ascorbic, citric, malic, and tartaric) at two concentrations (0.5, and 1
%) on the viscosity and rheological behavior of Balangu seed gum solution (0.2%, w/v) was investigated.

Material and Methods

In this research, organic acids including ascorbic, citric, malic, and tartaric were purchased in powder form
(China) and dissolved in distilled water. Two concentrations of each acid, 0.5% and 1%, were prepared, and the
distilled water was considered as the control (0% acid). The Balangu seed gum solutions were prepared by
disolving the gum powder (0.20%, w/v) in distilled water containing different concentrations of ascorbic, citric,
malic, and tartaric acids using a magnetic stirrer. The rheological parameters of Balangu seed gum dispersions
were measured using a viscometer (Brookfield, DV2T, RV, USA) at 20°C. Power law, Bingham, Herschel-
Bulkley, and Casson models are common ways of representing the behavior of several gum dispersions. In this
research, these models were used to match the shear stress and shear rate results of the gum solutions containing
edible organic acids. Differences between means were established using Duncan’s multiple range using SPSS
(version 21).

Results and Discussion

The findings of this study showed that the apparent viscosity of Balangu seed gum solution reduced when the
shear rate increased. Additionally, the apparent viscosity of the Balangu seed gum solution reduced as the organic

©2025 The author(s). This is an open access article distributed under Creative Commons
EY Attribution 4.0 International License (CC BY 4.0).

https://doi.org/10.22067/ifstrj.2025.88385.1337



mailto:F.Salehi@Basu.ac.ir
https://doi.org/10.22067/ifstrj.2025.88385.1337
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/ifstrj.2025.88385.1337
https://orcid.org/0000-0002-6653-860X
https://ifstrj.um.ac.ir/

\F.¥ ,.,;—.:la,.& ¥ oylods VY als oyl lel;\'é 2lwo g pele GWSJ’ s \r5

acids concentration increased. The highest decrease in viscosity was related to solution containing 1% citric acid
and the lowest was related to tartaric acid with a concentration of 0.5%. The rheological behavior of solutions was
successfully modeled using Power law, Bingham, Herschel-Bulkley, and Casson models, and the Power law model
was the best one for describing the behavior of Balangu seed gum solutions containing organic acids. The Power
law model had a good performance with the highest correlation coefficient (>0.9406) and least sum of squared
error (<0.0090) and root mean square error (<0.0275) for all samples. The consistency coefficient of the samples
reduced as the acid percent was increased. Sample containing 1% citric acid had the lowest consistency coefficient
and sample containing 0.5% malic acid had the highest consistency coefficient. The Power law model shows that
a fluid with shear-thinning behavior has a value of flow behavior index less than 1 (Kumar et al., 2021). By adding
acid to Balangu seed gum solution, the flow behavior index of most samples increased. The Bingham yield stress
of all samples reduced when acids percent was increased. The dispersion containing 1% citric acid had the lowest
Bingham yield stress and the sample containing 0.5% tartaric acid had the highest yield stress. The Bingham plastic
viscosity of the samples reduced when acids percent was increased. The solution containing 0.5% ascorbic acid
had the highest Bingham plastic viscosities (0.0038 Pa.s) and the sample containing 0.5% malic acid had the lowest
plastic viscosities (0.0014 Pa.s). The results showed that when the ascorbic acid concentration was increased from
0.5% to 1%, the Casson plastic viscosities of the Balangu seed gum solution was decreased significantly from
0.054 Pa.s to 0.042 Pa.s (p<0.05).

Conclusion
The results of this study indicated that it is a mistake to use Balangu seed gum in food products containing high
concentrations of citric acid, and this acid reduces the viscosity and consistency of the products containing this
gum.

Keywords: Balangu seed gum, Consistency coefficient, Flow behavior index, Herschel-Bulkley, Organic acid
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Fig. 1. Impact of shear rate on the apparent viscosity of Balangu seed gum solution containing various organic acids
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Table 1- Impact of organic acids on the apparent viscosity of Balangu seed gum solution (shear rate=49)

RLENY S CAlBlE S AL Ay joSuung
Organic acid  Acid concentration  Apparent viscosity (mPa.s)
aala 0% 24.9620.35 2
Control
Sy 5.33+0.40 °
Ascorbic
‘Cg”t’“‘“ 3.6420.40 ¢
_'ij:f 0.5%
i 3.93+0.25°¢
Malic
S 5.85+0.74 "
Tartaric
Sy 3.96+0.11 ¢
Ascorbic
?"“ 2.56+0.06 ¢
- 3.08+0.27 <
Malic
6““)‘5{‘5 3.48+0.62°¢
Tartaric

(P<-7+0) cusl jlolime cglas oamd s (ygiw o 53 Ciglite By >
Different letters within each column represent significance difference (p<0.05).
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Table 2- Fitting ability of various rheological equations for experimental shear stress (Pa) data (control sample)

oy A s Al 31

Gliseo g Joo bawgd b v p10le

Predicted values by various models

Shear rate (s) Experimental data

RURY

Pl S Sy O

Power law  Bingham  Herschel-Bulkley Casson

12.23 0.540 0.523 0.737 0.550 0.647
24.46 0.830 0.782 0.885 0.823 0.859
36.69 1.049 0.991 1.033 1.042 1.042
48.92 1.237 1.171 1.181 1.232 1.210
61.15 1.401 1.333 1.329 1.402 1.368
73.38 1.558 1.483 1.477 1.559 1.519
85.61 1.714 1.622 1.625 1.706 1.666
97.84 1.839 1.753 1.773 1.844 1.808
110.1 1.980 1.877 1.922 1.975 1.947
122.3 2.098 1.996 2.069 2.099 2.083
1345 2.192 2.109 2.217 2.219 2.217
146.8 2.325 2.219 2.366 2.334 2.349
159 2.450 2.325 2.513 2.445 2.479
171.2 2.575 2.427 2.661 2.553 2.606
b Slye ggoe 0.0016 0.0870 0.0016 0.0231

Sum of squared error (SSE)
o 0.9997 0.9828 0.9997 0.9954

Correlation coefficient (r)

b Sy ke e 0.0116 0.0851 0.0122 0.0439

Root mean square error (RMSE)
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Table 3- Parameters and error values of the Power law model for the rheological properties of Balangu seed gum solution
containing organic acids

g S, sl Olay o Egome RSTEE
LY ] Clale Pled Cu o " s ol g g0 s ©olas o
Organic Acid Consistency o Sum of Correlation Root mean

acid concentration  coefficient (Pa.s") Flo""ir?gg‘;‘”or squared error  coefficient (r) square error

(SSE) (RMSE)

C:r:ﬁol 0% 0.127+0.007 @ 0.577+0.009 d 0.0016 0.9998 0.0109
;;;ﬁ:!: 0.014+0.002 ¢ 0.769+0.023 @ 0.0031 0.9968 0.0154
“é”‘“” 0.015£0.005%  0.647+0.067 b 0.0005 0.9980 0.0062

;jf 0.5%

M&I"C 0.029+0.008 © 0.494+0.064 © 0.0037 0.9763 0.0152
Sl b g

Tartaric 0.025+0.006 "¢ 0.63520.045 " 0.0018 0.9977 0.0117

;\ZS’;TL 0.013+0.003 ¢ 0.711+0.058 2 0.0005 0.9986 0.0066
“Ci’t"“" 0.009:0.001°  0.6900.045%%  0.0004 09975 0.0054
Ma;Iic 0.0160.002 ¢ 0.573+0.036 % 0.0012 0.9930 0.0090
S d d

Tartaric 0.017+0.000 © 0.589+0.042 cde 0.0004 0.9974 0.0060

(P<-/+0) Cusl Jlolize cglds oaimd i (ygiw o 4> Ciglite gy
Different letters within each column represent significance difference (p<0.05).
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Table 4- Parameters and error values of the Bingham model for the rheological properties of Balangu seed gum solution

containing organic acids

S s 5 StaoMly iy joSunns g Sl po fgono RV PR
ol ! Sl il ks s s O g s ©olagpo
Organic Acid : 'ah vield . r’: lasti Sum of Correlation Root mean

acid concentration Blsr,]t%e:snzg:; ?/Iir;go;;n ?p?g)c squared coefficient (r) square error

yFa error (SSE) (RMSE)

C;Lt“:ol 0% 0.590+0.015 0.0119:0.0002 0.0881 0.9909 0.0857
;z;;’;;l 0.082+0.011%  0.0038+0.0001 b 0.0035 0.9965 0.0170
“Cg”t’““ 0.071+0.018%  0.0019+0.0002 © 0.0022 0.9906 0.0134

:gr:f 0.5%

Malic 0.104+0.018"  0.0015+0.0001 ¢ 0.0100 0.9363 0.0274
o) i

Tartaric 0.123+0.023 0.0031+0.0001 ¢ 0.0054 0.9921 0.0207

/IZS’;TL 0.066+0.013%  0.0024+0.0002 ¢ 0.0029 0.9926 0.0150
?’“‘“’ 0.045+0.004 ¢ 0.0015:0.0002 ¢ 0.0015 0.9901 0.0110
Malic 0.070£0.007 %  0.0014+0.0002 f 0.0034 0.9787 0.0161
So,6,6 ’ "

Tartaric 0.079+0.007 © 0.0017+0.0004 € 0.0009 0.9951 0.0086

(P<-/+0) Cusl Jlolize cglas oaimd i (ygiw o 5> Ciglite gy
Different letters within each column represent significance difference (p<0.05).
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Table 5- Parameters and error values of the Herschel-Bulkley model for the rheological properties of Balangu seed gum
solution containing organic acids

) o 18 Sy pas Egoo oo Hda
ol el il orband C‘° nsiétéﬁg ol Wi Gl O rd s Slae
Organic Acid Yield cgefficienty Flow Sum of Correlation  Root mean

acid concentration  stress (Pa.s") behavior squared coefficient () square error

(Pa) index error (SSE) (RMSE)

el 0% 000033°  0.129+¢0.0052  O-°77X0.009 44016 0.9998 0.0114
Control
gl 0.04024%  0.009+0.003°  0.870+0.080%  0.0024 0.9976 0.0144
Ascorbic

S 0.00602°  0.013+0.005¢ 08670071 44005 0.9981 0.0063

Citric 0.5%

nﬁ:; 0.00000®  0.028+0.008"  0.494+0.064¢  0.0037 0.9763 0.0154

S 0.02907 1840005 069420041 54016 0.9976 0.0114
Tartaric
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Table 6- Parameters and error values of the Casson model for the rheological properties of Balangu seed gum solution
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Introduction

Rice is a strategic product and considered as staple food of over half of the world's population particularly in
Iran. Considering the high levels of rice waste, including broken grains or those of lower quality, it can be utilized
for producing value-added foods and reducing waste. Extrusion is a process widely used to improve food products
and develop fortified foods. Quinoa flour is rich in phenols, and can be utilized to produce fortified extruded rice.
The extrusion of gluten free flours like rice and quinoa has different challenges. In this study, sodium alginate was
used to prepare emulsion filled gel to enhance the stability of Pickering emulsions containing B-carotene and also
structuring rice during extrusion process. Pickering emulsion is one of the encapsulation methods suitable for
encapsulating lipophilic compounds like B-carotene. Emulsion-filled gels, developed using hydrocolloid mixtures,
significantly enhance emulsion stability and make them suitable for aqueous food environments. Finally, extruded
rice based on a mixture of rice- quinoa flours and fortified with beta-carotene was prepared, and its physico-
mechanical properties were evaluated.

Materials and Methods

Pickering emulsions were stabilized using whey protein- cress gum soluble complex nanoparticles. Beta-
carotene was dissolved in the oil phase at a concentration of 0.1%. Subsequently, 4% (w/v) sodium alginate was
used to develop emulsions filled-gel.

The Pickering emulsion was dispersed in the sodium alginate gel at a ratio of 15:85. Extruded rice was then
prepared using an equal ratio (50:50) of broken rice flour and quinoa flour via a cold extruder. To evaluate the
impact of the gel-filled emulsion on improving the characteristics of rice grains, different concentrations (30%,
35%, and 40% wi/w) of the gel-filled emulsion (based on flour weight) were added to the mixture. The physico-
mechanical tests (moisture content, ash content, optimum cooking time, water absorption ratio, cooking loss,
lateral expansion, textural characteristics of rice, color properties, sensory analysis, structural morphology, Beta-
carotene stability) were conducted. Duncan test was utilized to identify statistically significant differences (p<0.05)
among the means, while one-way analysis of variance (ANOVA) was employed to investigate the impact of
various factors.

Results and Discussion
The incorporation of emulsions filled-gel into quinoa-rice blend significantly influenced the physico-
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mechanical properties of extruded rice. As the concentration of emulsions filled-gel increased from 30% to 40%
(w/w), there was a significant increase in moisture content, ash content, expansion ratio, and cooking time.
Extruded rice samples with emulsion-filled gel exhibited significantly greater B-carotene stability than those
without, both after cooking and during storage. Conversely, adhesiveness decreased while hardness increased with
increasing emulsion filled-gel concentrations. The control sample exhibiting the highest adhesiveness and lowest
hardness. The lightness of the extrudates was also improved with increasing emulsion filled-gel levels, reaching a
maximum at 40% (w/w). Sensory evaluation revealed that the 40% emulsion filled-gel level was the most preferred
sample by panelists. The optimized extruded rice closely resembled natural Hashemi rice in terms of sensory and
textural properties.

Conclusion

The findings of this study demonstrate that the addition of emulsions filled-gel enriched with beta-carotene can
effectively enhance the physico-mechanical properties of extruded quinoa-rice blends. Specifically, increasing the
emulsion concentration resulted in improving expansion, textural, and appearance properties of the rice. 40%
emulsion filled-gel was found to be optimal, resulting in a product with desirable sensory attributes. This research
proposes that extruded rice based on mixed rice-quinoa flours enriched with beta-carotene-loaded emulsion-filled
gel can provide a nutritious and appealing alternative to broken rice products, leveraging the nutritional benefits
of quinoa. Sensory and textural evaluation revealed that the extruded rice exhibited sensory properties highly
similar to natural Hashemi rice, coupled with favorable cooking characteristics. Consequently, it can be introduced
as a suitable substitute for natural rice.

Keywords: B-carotene, Cress seed gum, Pickering, Quinoa, Whey protein
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3- Emulsion-filled gels
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1- Scanning electron microscopy (SEM)
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Table 2- Color difference parameter values in extruded rice samples with different levels of emulsion-filled gel (30, 35, and
40% w/w) before and after cooking
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Control %30 35% 40%

Control 30% 35% 40%
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-2.8240.23°
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Different superscripts in each column represent a significant difference at P < 0.05. Data are means + standard deviation.
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Table 3- Textural properties of rice samples containing different concentration of emulsion-filled gel (with sodium alginate
gel matrix (4% w/w) and a 15% volume/volume ratio of Pickering emulsion in the emulsion-filled gel matrix)

Sy I S eyl
Before cooking After cooking
Homdgel sy J5 cdils o EEm Sy
Emulsion-filled gel Hardness Hardness ~Adhesiveness

(%) © © ©9)

40 437.39+31.35% 9.52+0.19°  0.55%0.01°

35 367.80+17.93° 8.50£1.00°  0.55+0.05P

30 288.70+26.58? 6.98+0.74>  0.55+0.19°
Control 256.70+12.32° 5.06£0.23°  0.63+0.192

bl Bl ol (il
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Different superscripts in each column represent a significant difference at P < 0.05. Data are means + standard deviation.
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(Meng, Sun, MU, & Garcia-Vaquero, 2024)
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Fig. 1. Sensory evaluation of extruded rice samples containing different amounts of emulsion-filled gel

(Gel matrix with 4% w/w sodium alginate concentration and 15% v/v Pickering emulsion carrier of beta-carotene with 0.1%
concentration)
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Table 4- Investigation of B-carotene stability in extruded rice mixed with quinoa-rice flour during storage and after cooking

. et - 10655 2592 e
P9, gol> diged g 3 ub Sy 3l o
S - Storage stability .
ample containing beta-carotene (1 month) After cooking
(o ¥e) pmdyel oxbyg ik osd sp2uslen g7 1010430 873242030
Extruded rice filled with emulsion gel (40%0
gmedyel 028 J5 gt 02 3978 0 86.07+032°  47.21+0.26°

Extruded rice without Emulsion-gel
A3l e (Pe/40) o ) bjloss oy 45 dime BT oaimd i (€D, @) (g o )3 bl Bgys aitaen Hlae Bl sl £ s 03l (1, Kko
Different superscripts in each column represent a significant difference at P < 0.05. Data are means * standard deviation.
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Fig. 2. SEM images of extruded rice without emulsion -filled gel (A), Hashemi rice grain(B) and extruded rice with 40%
emulsion filled gel (C)
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Table 5- Cooking and color properties of optimum extruded rice and Hashemi rice
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Rice properties Emulsion-filled gel -rice% 40 Hashemi rice
Cooking time (min)
o . 9.66 +0.03° 15.00 + 2.492
Sy loj
Water absorption ratio (%)
Mo 300 £ 0.23? 201.50 *+ 8.59°
Sl Loy
Cooking loss (%)
e 7.55 +0.02° 9.21 +1.16%
Lateral expansion (%)
o 86.26 £ 0.172 80.43 £2.23?
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Different superscripts in each row represent a significant difference at P < 0.05. Data are means + standard deviation.
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Table 6- Textural properties of optimum extruded rice and Hashemi rice before and after cooking

Sy 5l JS oy il am
T Before cooking After cooking
&r Vg £y e =
Rice sample © & R
Hardness Hardness  Adhesiveness
)] (9:)
oedyal 01y 2o ¥ sl a9 39431 350 95240195  0.5540.012
40% emulsion-filled gel
=il 633.80422.45°  14.65+1.30°  0.36+0.442
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Different superscripts in each column represent a significant difference at P < 0.05. Data are means + standard deviation.
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Fig. 3. Sensory properties evaluation of extruded rice mixed with quinoa-rice flour compared to natural rice (Hashemi
variety)
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Introduction

Ice cream is a frozen product, which is obtained from milk by adding compounds such as sweeteners,
emulsifiers, stabilizers and flavoring agents. The structure of ice cream is a complex physicochemical system
composed of three phases: liquid, solid and gas. Scientific results have shown that there is a connection between
high fat consumption and cardiovascular diseases. Considering that ice cream is an almost fatty product and is
particularly popular among people in the society, there is a greater demand for consuming low-fat varieties of this
product. The food industry is also looking for new alternatives to minimize the negative effects of fat reduction on
quality of ice cream .Hydrocolloids, are carbohydrate-based fat substitutes, which can mimic the mouthfeel and
flow characteristics of fat cells due to their emulsifying and water binding capabilities. Eremurus luteus is one of
the rhizome plants belonging to the Asphodelaceae family, cultivated around the world, including Iran. Cerise root
gum is a new source of hydrocolloid with a glucose to mannose ratio of 1:1 to 1 from the family of glucomannans.
The intrinsic viscosity of this gum was measured as 6.32 and 6.35 dl/g according to Huggins and Kramer equations,
respectively, and it has the highest foam stability in concentrations of 0.2 to 0.5%. The rheological properties of
cerise root gum have proven its important role as a new thickener, stabilizer and foaming agent.

Materials and Methods

In this research, sterilized and homogenized milk (1.5% fat) from Mihan Dairy Industries Company, sterilized
and homogenized cream (25% fat) from Pegah Khorasan Dairy Industries Company, emulsifier 471 E from
Beldom Belgium Company, powdered skim milk from Pegah company.Sugar and vanilla from confectionery store.
Serish root gum was prepared according to the method of Salahi et al. (2021).

The amount of ingredients required for the normal sample (high-fat control) was determined based on primary
sources, including 10% fat, 11% fat-free milk solids, 12% sugar, 0.25% stabilizer, 0.15% emulsifier and 0.1%
vanilla. According to the definitions for reduced-fat ice cream, 75% fat reduction was made from the normal
sample (10% fat). In this regard, the investigated treatments were as follow: the amount of fat (2.5% fat: L), the
type of gum (SRG) and the concentration of gum (at four levels: 0.2, 0.3, 0.4, 0.5%) compared to the control
sample as high fat (10% fat: F).

First, the liquid ingredients, including milk and cream, were continuously stirred while heating up to a
maximum of 5 °C. After that, the mixture of solid materials (sugar, milk powder, gum, etc.) was added to the liquid
part and mixed with a stirrer for three minutes after dissolving thes solids. The resulting mixture was pasteurized
at 80°C for 25 seconds and homogenized with a homogenizer at 22,000 rpm for 1 minute and transferred to a
water, salt, and ice bath and cooled to 50°C. Then, it was kept in the refrigerator at a temperature of 5°C for 24
hours. Finally, the mixture was transferred to a non-continuous ice cream machine for 15 minutes for the freezing
stage, and the samples were poured into special containers with lids and coded, and placed in a freezer at -18 °C

©2025 The author(s). This is an open access article distributed under Creative Commons
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for at least 24 hours.

Results and Discussion

By adding gum and increasing its concentration, the amount of apparent viscosity, consistency coefficient,
yield stress, plastic viscosity, textural characteristics (hardness, adhesion, continuity and apparent modulus of
elasticity) increased. In the sensory evaluation section, the characteristics of creaminess, sweetness, viscosity,
roughness, coldness and hardness were evaluated by transient dominant sensation test and these changes were
significant in most cases. Sample containing 0.3% gum had the highest overall acceptance after the control sample
compared to other samples. The results showed that these variables have the ability to simulate rheological
properties (apparent viscosity, consistency coefficient, yield stress and plastic viscosity), melting speed and
sensory characteristics such as creaminess, roughness, cryogenicity, viscosity, hardness and overall acceptance of
the control sample with high fat as effective factors on the texture production process and the mouthfeel of the
product in low-fat ice creams. On the other hand, due to the absence of significant differences between the data
obtained from the pH and dry matter measurement tests, the applicability of Serish gum can be confirmed as a fat
substitute.

Conclusion

The examined samples all showed the loosening behavior with cutting. In the sample containing 0.2% gum,
the melting speed increased (from 0.32 to 0.39), also with the increase in the amount of gum in the samples, the
freezing temperature decreased by one degree Celsius (from39.4 to 39.5). Overall acceptance, pH and dry matter
did not change significantly, which indicates the usefulness and applicability of this method. Also, regarding the
rheological characteristics, the highest consistency coefficient in the 0.5% gum sample was 2.2605, similarly, the
highest yield stress was in 0.5% gum sample and was 6.7076 pa. Similarly, the highest amount of Plastic viscosity
and apparent viscosity belonged to the sample containing 0.5% gum. It was also shown that in the rheological
characteristics, with the increase in the amount of gum in the samples, the amount of the relevant parameter
increased significantly, and in all these parameters, sample containing 0.2% showed a lower amount than the
control sample.

Keywords: Fat replacer, Hydrocolloid, Low fat ice cream, Rheology, Serish root Gum (Eremurus luteus)
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Table 2- The dry matter of the ice cream mixture as a function of different concentrations of gum

Sample code
diged o

Swis odbo
Dry Matter

Control
0.2%SRG
0.3%SRG
0.4%SRG

0.5%SRG

33.14% £ 0.02
32.51% 1+ 0.02
32.59% 1 0.01
32.65% £ 0.02
32.42% £+ 0.05
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Letters show significancy (same letters indicate no significant difference) lowercase letters show compare means
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Table 3- pH of ice cream mixture as a function of different gum concentration

diged o5
Sample code

pH

Control
0.2%SRG
0.3%SRG
0.4%SRG

0.5%SRG

6.634+ 0.01
6.35 + 0.03
6.20% £+ 0.00
6.62¢ + 0.00

6.62% 4+ 0.01
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Letters show significancy (same letters indicate no significant difference) lowercase letters show compare means
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Fig. 1. The melting speed of the ice cream samples of the title as a function of the different percentages of the root gum in
comparison with the high-fat control sample
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Table 4- Data related to general acceptance test under the influence of independent treatment of gum concentration

diged o
Sample code

General admission

Control
0.2%SRG
0.3%SRG
0.4%SRG

0.5%SRG

7.63%
6.15¢
7.56%
7.17°
6.45°¢
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Fig. 2. Changes in the apparent viscosity of the low-fat ice cream mix samples containing different percentages of Eremurus
root gum compared to the control (high-fat) sample at a temperature of 5+5 °C
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Table 5- Values of explanation coefficient (R%) and root mean square error (RMSE) of rheological models

Sample code Herschel Barkley Bingham
digod 95 oly ol U S 2 Pl B
RMSE R? RMSE R? RMSE R? RMSE R?
Control 0.1641 09997 0.0743 0.9999 1.2875 0.9815 0.7329 0.9941
0.2%SRG 0.4865 0.9998 0.0657 0.9999 0.7570 0.9875 0.4221 0.9961
0.3%SRG 0.3490 0.9992 0.1379 0.9998 19550 09724 0.7391 0.9902
0.4%SRG 0.3779 09992 0.1223 09999 22725 09705 1.3490 0.9896
0.5%SRG 0.5822 0.9989 0.1696 0.9999 33725 0.9640 1.0015 0.9938
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Table 6- Power model parameters for ice cream mix as a function of different gum percentages

Sample code R? K,(pa.s™) n,(-)
diges oS

Average Standard Average Standard

oSl deviation il deviation

sloe 1ol Sloo 1ol
Control 0.9997 1.2344b 0.046 0.6703? 0.004
0.2%SRG 0.9998 0.3472°¢ 0.061 0.7190¢ 0.009
0.3%SRG 0.9991 1.1535? 0.113 0.6341°¢ 0.057
0.4%SRG 0.9992 1.4255% 0.171 0.6175°¢ 0.012
0.5%SRG 0.9989 2.2605% 0.206 0.56044 0.011
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Table 7- Casson model parameters for ice cream mixes as a function of different gum percentages

Sample code
sigos S Toc (Pa) uc(Pa.s)
Average Standard deviation Average Standard deviation
Sk Yoo Bl oSk o Gl

Control 0.9941 3.0676% 0.171 0.0596°¢ 0.002
0.2%SRG 0.9961 0.8154¢ 0.155 0.0450¢ 0.035
0.3%SRG 0.9902 2.9902° 0.303 0.675b¢ 0.002
04%SRG  0.9896 3.7080" 0.453 0.0742b 0.074
05%SRG 0.9938 6.7076% 0.045 0.0954¢ 0.091
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Fig. 2. Change in the flow behavior index of ice cream mixes as a function of different percentages of gum
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Fig. 3. Variations in the consistency coefficient of ice cream mixes as a function of different concentrations of the gum
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Fig. 4. Variations in yield stress of mixed ice cream samples as a function of different percentages of gum
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Table 8- Apparent viscosity at cutting speed of 50 s~! and temperature of 5 degrees Celsius of ice cream mixture as a

Apparent viscosity (Pa.s) Standard deviation
S 2L & ey Slre Sl il
Control 0.2457¢ 0.1221
0.2%SRG 0.1562¢ 0.2456
0.3%SRG 0.3941°¢ 0.1423
0.4%SRG 0.4284b 0.313
0.5%SRG 0.64542 0.201

function of different gum concentrations
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Introduction
The majority of pharmaceuticals and nutraceuticals are encapsulated in various delivery vehicles in order to
avoid some restrictions. This is mainly due to the molecules' physicochemical instability in physiological structure
and/or their low bioavailability. Food ingredients or bioactive components can be encapsulated inside delivery
systems for protection and controlled release. Encapsulated ingredients are protected from unfavorable reactions,
such as lipid oxidation and volatile loss during production, storage, and handling.

Materials and Methods
Flaxseed oil was purchased from Barij Essence Pharmaceutical Co., Tehran, Iran. Saffron was bought from
Novin Saffron Co., Mashhad, Iran. Cholesterol, span 60 and tween 60 were from Sigma-Aldrich. Phosphate
buffered saline, sodium azide, hydrochloric acid, and other chemicals were procured from Merck (Darmstadt,
Germany). All other solvents and reagents were provided from Merck Pharmaceutical Co. (Germany) as analyticall
grade.
Crocin Extraction
The extraction of crocin from saffron was done based on crystallization method which has been explained by
Mohajeri et.al.

Flaxseed Oil Extraction
Flaxseed is one of the richest plant sources of -3 fatty acids, alpha-linolenic acid (ALA, C18:3 ®-3). A Soxhlet
extraction was carried out on flaxseed powder (20g) using n-hexane for 14 hours at 70°C. After extraction, the
sample was concentrated in a rotary evaporator at 40°C .

Niosome Preparation
A surfactant with a HLB number between 3 - 8 is suitable for the co-encapsulation of hydrophobic and
hydrophilic substances (Korani et al., 2019). Hence, span 60: tween 60 variable ratios were selected to achieve
HLB in this range. Additionally, the ratio of surfactants to Chol was considered variable. The DCP was applied at
a constant concentration to enhance noisome stability.

©2025 The author(s). This is an open access article distributed under Creative Commons
Ev Attribution 4.0 International License (CC BY 4.0).
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Results and Discussion
Characterization of niosomes

The influence of experimental variables on the particle size, PDI and zeta potential of niosomes prepared by
heating and bubble methods was investigated. In order to choose the appropriate ratios of surfactant, the
physicochemical characteristics of niosomal particles, including particle size, zeta potential, Pdl, and EE have been
considered.

Tween 60 is a nonionic surfactant with a large hydrophilic head group and high HLB (14.9). In turn, span 60
has a large hydrophobic moiety (HLB 4.7) and low water solubility. The smaller head groups and longer alkyl
chains in surfactant structure have led to larger vesicles. This might be the reason for the larger particle size of H1-
H3 and B1-B3, containing higher amount of span 60 compared to other samples.

The PDI of the prepared samples was found in the range of 0.29 to 0.49. This value was considered to be
within the range of sufficient for attaining stable and aggregation resistant systems. However, higher span 60
content showed comparatively a lesser degree of PDI.

Zeta potential is a respectable index of the quantity of the interaction between colloidal particles. In this
work, the prepared niosomes had a zeta potential range of -31 to -48 mV, which was sufficient to maintain niosome
stability without aggregation between vesicles. Negative zeta-potential in nonionic surfactant vesicles has been
reported.

Based on the results, B12 and H12 samples with the span: tween ratio of 4.1 and surfactant; Chol ratio of 1:1
formed better niosomes based on particle size, PDI, EE, and zeta potential.

In the optimum conditions, the EE of crocin and ®-3 in heating method were 76% and 32%, and in bubble
method they were 73% and 28%, respectively.

Stability of niosomes
The stability of the optimum niosomes prepared by bubble and heating methods were evaluated at 4°+2°C, 25+£2°C,
and 37°£2°C for 90 days, by means of stability in size, PDI, and EE.

Conclusion
In conclusion, this study revealed that co-encapsulation of omega3 and crocin with niosome led to better stability,
slower and more controlled release profile, suggesting a promising drug delivery system.

Keywords: Bubble method, Crocin, Heating method, Niosome, Omega-3
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Table 1- Full factorial design for bubble(B) and heating (H) method

Code Treatment HLB Span/Tween Surfactant: chol
s Slo 90 (st 4 gl o B9 [ ! (mol ratio)
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Code 5 H5 & B5 1:0.5
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Table 2- Physicochemical properties of noisomes prepared by heating method

HLB Particle PDI EE of Crocin EE of Omega3 Zeta
Code i . : c -
5 A M P Comid Size SuST o PWss 19,0 Mo d SWig 390 Mo yd potential
w93 <i,5 050l ol Cew9)S 1! U5 Jaunndliy
1 350.1+0.3° 0.41+0.005% 20+0.322 55+0.25° -31+1.2%
2 5.2 389.6+0.3° 0.45+0.005% 18+0.33° 52+0.21° -38+1.2°
3 321.0+0.3¢ 0.44+0.005° 23+0.32° 58+0.22° -34+1.2%
4 303.1+0.3¢ 0.37+0.005° 34+0.34° 51+0.24° -37£1.2°
5 5.7 348.2+0.3° 0.33+0.005° 30+0.33° 49+0.22° -40+1.2°
6 299.9+0.3¢ 0.35+0.005° 35+0.36° 53+0.23° -42+1.2°
7 245.6+0.3° 0.33+0.005° 45+0.37° 48+0.26° -39+1.2°
8 6.2 278.0£0.3¢ 0.39+0.005° 41+0.32° 35+0.24° -44+1.2°
9 230.1+0.3° 0.35+0.005° 52+0.31¢ 44+0.22° -45+1.2°
10 118.4+0.3 0.30+0.005° 53+0.36¢ 29+0.23° -30+1.2%
11 6.7 169.7+0.39 0.39+0.005° 42+0.38° 25+0.23° -41+1.2°
12 129.1+0.3 0.20+0.005¢ 76+0.32¢ 32+0.21° -39+1.2°
13 149.8+0.3" 0.26+0.005¢ 69+0.31 29+0.26° -43£1.2°
14 7.3 159.3+0.3" 0.3+0.005¢ 64+0.37 25+0.21° -45+1.2°
15 132.2+0.3 0.33+0.005° 70+0.35' 31+0.26° -43£1.2°
16 123.5+0.3 0.3+0.005¢ 73+0.35¢ 25+0.23° -44+1.2°
17 7.7 131.3+0.3f 0.29+0.05¢ 71° 19¢ -48+1.2°
18 115.6+0.3 0.34+0.05° 77° 25¢ -46+1.2°
Sle (Rg) 41838 A (09j988 ©1) (lownioSo 58 S S g Y g
Table 3- Physicochemical properties of noisomes prepared by bubble method
Code HLB ) Particle . PDI EE of Crocin EE~ of Omega3 Zeta
P @ N gl Cons Size S8y o P91 y9,0 Mo yd W91 19,0 Mo yd potential
g ©l)3 o5l ol Cwg,S ¥ Kl U5 Jammiliy
1 352.1+0.3° 0.41+0.005% 22+0.25° 51+0.20° -35+1.2%
2 5.2 389.6+0.3° 0.45+0.005% 19+0.31° 55+0.212 -31+1.2%
3 326+0.3° 0.4+0.005° 28+0.24° 53+0.222 -32+1.2%
4 303.1+0.3¢ 0.49+0.005% 31+0.27° 50+0.22° -33+1.2%
5 5.7 345+0.3% 0.48+0.005% 30+0.30° 49+0.18° -28+1.2°
6 300+0.3¢ 0.44+0.005° 37+0.27° 52+0.18° -30+1.2°
7 245.6+0.3° 0.36+0.005° 44+0.24° 49+0.23° -39+1.2%
8 6.2 276+0.3 0.39+0.005° 41+0.24° 35+0.17¢ -41+1.2°
9 234.1+0.3° 0.41+0.005% 52+0.27¢ 46+0.20° -41+1.2°
10 118.4+0.39 0.30+0.005° 55+0.23¢ 31+0.24° -30+1.2°
11 6.7 169.7+0.3" 0.39+0.005° 42+0.27° 25+0.23¢ -41+1.2°
12 131.2+0.39 0.21+0.005¢ 73+0.24¢ 28+0.18¢ -45+1.2°
13 148.3+0.3" 0.22+0.005° 64+0.27 29+0.18¢ -43+1.2°
14 73 159.3+0.3" 0.29+0.005° 62+0.21 27+0.21¢ -44+1.2°
15 131.2+0.39 0.31+0.005° 70£0.25¢ 31+0.19° -45+1.2°
16 123+0.3¢ 0.330.005° 71+0.23¢ 25+0.18¢ -41+1.2°
17 7.7 133.3+0.39 0.30+0.005° 72+0.24° 19+0.21° -45+1.2°
18 125+0.3¢ 0.29+0.005° 73+0.23° 22+0.19¢ -46+1.2°
Wt (5093989 S1yD (lonioS 58 oS3 € 9o
Table 4- Physicochemical properties of optimal noisome
Code (span/tween): chol Producing Particle . PDI EE of Crocin EE. of Omega3 Zeta
< 4 Ol g o method size S8y e Glinggd ey SlWisye,d e, potential
Jg s’ My o9, ©l)3 81l el w9 sS ¥l U Jamiliy
Code (@:1) Heating 129.1+0.3'  0.2040.005° 76+0.32¢ 32+0.21° -39+1.2°
Code (4:1) Bubble 131.2+0.3¢ 0.21:0.005° 73+0.24¢ 28+0.18¢ -45+1.2¢
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Fig. 1. Comparison of Particle

Size of Bubble and Heating method by the time
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Introduction

Excessive human exposure to chemicals in agricultural practices contribute to the production of unhealthy
and environmentally destructive products. For this reason, natural coatings are used to prevent adverse changes in
the quality of various products. Natural coatings can be a barrier on the outer surface of food to prevent the loss of
aromatic compounds, and moisture content and provide the possibility of selective natural exchange of some gases
and increase shelf life post harvest. Considering the economic importance of button mushrooms and the need to
provide optimal solutions to increase shelf life post harvest, the present study was conducted to investigate the
effect of natural coatings based on chitosan nanoparticles and nanohydroxyapatite on increasing the shelf life of
button mushrooms.

Materials and Methods

For this purpose, the effect of these coatings was evaluated in a factorial experiment in the form of a completely
randomized design with three repetitions to prevent adverse changes in button mushroom quality. Button
mushrooms were covered with different concentrations of chitosan nanoparticles (zero, 1% and 2%) and
nanohydroxyapatite (0, 40, 80 mg) for 28 days. The mushrooms that were prepared for coating were divided into
9 groups. One sample without coating and 8 samples were coated with different percentages of chitosan
nanoparticles and nanohydroxyapatite and coded. All mushroom sampless were immersed in each of the coating
solutions for five minutes. The mushrooms were then taken out of the solutions and placed on the mesh basket (at
room temperature) for 15 to 30 minutes so that the additional amount of coating material drips. Then the
mushrooms were weighed individually and six numbers were transferred in three replicates in single-use plastic
containers with perforated lids. Then they were transferred to the refrigerator. The control sample was immersed
in distilled water for 5 minutes instead. The data was measured on days 0, 7, 14, 21 and 28. After coating, the
characteristics of total phenol, flavonoid, antioxidant capacity, total protein, ascorbic acid content, and electrolyte
leakage of mushrooms were recorded and analyzed during 28 days of storage.

Results and Discussion
Based on the results, the highest amount of total phenol, flavonoid, antioxidant capacity, ascorbic acid content,
total protein, and the lowest amount of electrolyte leakage were obtained in 1% nano chitosan coating containing
40 mg of nanohydroxyapatite during 28 days of storage. In the control treatment (without coating), the lowest
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amount of total phenol, flavonoid, antioxidant capacity, ascorbic acid content, total protein, and the highest amount
of electrolyte leakage were obtained during 28 days of storage.

Conclusion

Due to the high perishability of button mushroom, its maintenance is very important. Coating is considered as
one of the methods of keeping quality of button mushrooms. The purpose of this study was to evaluate the effect
of natural coating based on chitosan nanoparticles and nanohydroxyapatite on the total phenolic, flavonoid,
antioxidant capacity, ascorbic acid content, electrolyte leakage, and total protein of mushrooms on zero, 7, 14, 21,
and 28 day, in order to maintain quality and increase the shelf life of button mushroom. For this purpose, the
coating of chitosan nanoparticles (zero, 1%, 2%), nanohydroxyapatite (zero, 40, 80 mg), and the combination of
chitosan nanoparticles with nanohydroxyapatite in the mentioned concentrations were used. Finally, according to
the findings of this study, it can be stated that coating with 1% nano chitosan containing 40 mg of
nanohydroxyapatite can increase the shelf life of button mushroom up to 14 days post harvest, with increased
marketability.
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Table 1- Variance analysis of the effect of nanochitosan and nanohydroxyapatite, on shelf life after harvesting
button mushroom
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Fig. 2. Evaluation of coating with nanochitosan and nanohydroxyapatite on the total phenolic content of button mushroom

samples
Different letters above the columns indicate significant difference (p<0.05)
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Fig. 3. Evaluation of coating with nanochitosan and nanohydroxyapatite on the flavonoid content of button mushroom

samples
Different letters above the columns indicate significant difference (p<0.05)
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Fig. 4. Evaluation of coating with nanochitosan and nanohydroxyapatite on the content of antioxidant capacity of button
mushroom samples
Different letters above the columns indicate significant difference (p<0.05)
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Fig. 5. Evaluation of coating with nanochitosan and nanohydroxyapatite on ascorbic acid content of button mushroom

samples
Different letters above the columns indicate significant difference (p<0.05)
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Fig. 6. Evaluation of coating with nanochitosan and nanohydroxyapatite on the electrolyte leakage content of button

mushroom samples
Different letters above the columns indicate significant difference (p<0.05)
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Introduction

Rose water, as one of the distillation products prepared from the rose, is widely used in the food industry and
traditional medicine in Iran. Therefore, maintaining the microbial and chemical quality of this product is important.
Non-thermal processing technologies have attracted wide attention from the food industry. These alternative
technologies can increase shelf life and reduce the negative impact on nutrients and natural flavor of foods. Cold
plasma technology has been used as a replacement for new generation methods and as a non-thermal technology
in the food processing. This research was designed to investigate the effect of atmospheric pressure cold plasma
on the physicochemical properties and microbial load of rose water.

Materials and Methods
In this experimental research, a dielectric barrier discharge system was designed. This system was used by
producing plasma microbubbles to have an effect on rose water samples with an essential oil content of 28 mg/100
ml. Rose water samples were plasma-treated at 12 and 15 kV for 4, 6 and 8 minutes. Tthe essential oil amount,
acid value, iodine number, pH, density, oxidation number, ester number and the total bacterial count were then
performed on the samples.

Results and Discussion

Plasma showed no significant change in the density of rose water in all treatments. Changes in acidity, pH,
ester number and iodide number were observed with increasing time and plasma voltage. These changes were
significant between the treatment groups and the control group (P<0.05), but not significant within the treatment
groups (P>0.05). The greatest decrease in the amount of essential oil was 10.81 and 8.49 mg per 100 ml of rose
water, respectively, related to the treatment with voltage of 15 kV at 6 and 8 minutes. Generation/destruction paths
of the radicals and their reactions demonstrate the complicated interplay between the plasma induced species
(electrons, photons, radicals, etc.) and the dissolved compounds in the liquid species, which ultimately affect the
ion concentration (pH and o) and the oxidizer concentration (redox) in the liquid. However, a decrease in pH is
accompanied by an increase in Eh and o, with a parallel increase in ROS. In addition, plasma in 8 minutes at
voltages of 12 and 15 kV caused a decrease of about 3 log in the total number of mesophilic bacteria compared to
the control group. Plasma significantly reduced the total number of mesophilic bacteria in rose water. The
bactericidal activity of plasma might occur through several mechanisms. Impact on permeabilisation of the cell
membrane or wall, leading to leakage of cellular components, containing potassium, nucleic acid, and proteins. In
addition, it causes critical damage of intracellular proteins from oxidative or nitrosative species and direct chemical
DNA damage. Plasma-generated reactive species and specially H202 were found to be the causative agent of cell
death. H202 is a well-known antibacterial agent that damages iron—sulphur and mononuclear iron enzymes in
bacterial cells.

©2025 The author(s). This is an open access article distributed under Creative Commons
EY Attribution 4.0 International License (CC BY 4.0).
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Conclusion
The application of plasma at high voltage and longtime caused a sharp decrease in the amount of essential oil,
increased acidity and decreased pH of rose water. It is suggested that future studies be conducted on the type of
gas used to produce plasma, the size of the reactor used, and the identification of changes in essential oil
compounds using gas chromatography with mass spectrometry.
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Table 1- The effect of plasma at voltages of 12 and 15 kV for durations of 4, 6, and 8 minutes on the chemical factors of rose

water
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Standard Control Treatment Treatment Treatment Treatment Treatment Treatment
range 1 2 3 4 5 6
pH 3.6-8 4.27+0.03°  4.15+0.04° 4.26+0.04% 4.19+0.06° 4.19+0.04° 3.96+0.02° 4.14+0.03°
Gawl das 0.6-8 5.04+0.26° 5.4+0.2° 5.2+0.36° 5.64+0.34° 5.44+0.28° 6+0.2° 5.56+0.3°
Acid number
&l das Min 0.8 2+0.12 1.6+0.08° 1+0.06° 1.240.09¢ 1+0.1° 1.240.1° 0.8+0.1°
Ester number
G das 12-57 54.8+1.2° 56442 36+5° 52+6° 43.2+4° 54+3° 51.6+3°
lodine value
OgawlanmnST das 120-230 154457 156+6° 158+42 154447 153+6° 154442 158+4°
Oxidation
number
bl ol 12-32 28.35£0.5°  22.16+0.6 19.89+0.25°¢ 21.09+0.4° 17.54+0.5¢ 20.01+0.6° 19.86+0.4°
Essential oil
content
Y€ J&s Max 1.005 1.0+0.0% 1.0+0.0% 1.0+0.0% 1.04£0.0% 0.999+0.0% 0.999+0.0° 0.999+0.0?

Density at 20 °C

5 ole 0> aghS V0 5Wg) ¥ jlews (4dBd & loj 45 cdaolS VY W) ¥ jlews (ddds ¥ (Lo 10 asks V0 5Udg) ¥ jlaws ((4ddd ¥ loj 40 cdgalS VY 5We) V e
g 53 Jloline glés oaimd U5 Cayd) 12 3 (unlSl S g By (B A loj 45 CggkS VD 5Wg) £l aiBd A loj 1> dgolS VY Wg) B Jlos (add>
bl oo Bjlag o (P<+/+0)

Treatment 1 (Voltage 12 kV for 4 minutes), Treatment 2 (Voltage 15 kV for 4 minutes), Treatment 3 (Voltage 12 kV for 6 minutes),

Treatment 4 (Voltage 15 kV for 6 minutes), Treatment 5 (Voltage 12 kV for 8 minutes), Treatment 6 (Voltage 15 kV for 8 minutes).
The lowercase letters in each row indicate significant differences at the level of (p < 0.05) between the treatments.

Do bl oyd VY B /8 ialS s WilgS o 30 (slowody Slowdy b osds jlai O sladiges PH e gl ulul 5
gl Sl opl  ogde g pwobs adllas b guen gl oyl &S ol (hals g)bline jobay o loj den ;> cgshS V0 5 VY 5Ldg
20lie 51 (S LoDl b o Hlowd (sladiged (pilwl LS )5 0 0dds Sl H18 0 skl e3gize 50 b jlos ol 299 (pl b .ol
Cans Jlyiow 5208 500lis g spathulenol (globulol ¢ ygey yuiu Sl alawly 4 O aapl Gil33l 5l (Sl 5 ansl (905l ol
(Ebadietal., 2019) 55, JyuS 09,5 4 g 25l S5 09)5 4 s a3l g laloj poled )3 LoDy
Olej 53 By olS CudsS 2 3y slowdly S (63503 (o) @l (P> /:0) adlboes e il o lasls
OidlS o LoDy 0l LSy ldie .0 plol dale £ (6)l0SS VO 9 I W b Lewdly &8 ol ol 35 (o g syl (slapyges]
CiS- P-pinene oluSy pimen 5 (wilol (sgime holias S 09,5 & G gl yloline ol Caw b yloj dan 4> cgolS
Jy5S 09,5 4 s trans-pinocamphone 4 pinocamphone dopdie (61 5 (8wl dae ials 3l loj 5 g g ol 81 L ] o
bl ol Jpaze S5y 50 (6pm% lowdly de3g (pl b 239y 0 (P> +]40) Wil ey gme bjlos oy lacgls ol Jg Cusl
(Jangi et al., 2021) 34 23,5 Al canl ool st o] pd wlel ui 4T aadls o Peae
0ol s gladllas j> (Chen et al., 2024) -, Ko 5 o> oS (o izmen g 5y (ol b a8 Cusl bl ggie
Sy Slowdly b jlos (asl £v ClgolS £+) i balyps o &S Laigas (olod 3529 cpl b A(P< +/+0) canlodly )Lis |y (g u5 pat>
5 0I5 S 5 obend b Slasuio p oS Sl (¢ ptued] Voo 33 08 ke YY) ll (o oyl b usll jlade s )
ey sots (5] Sy lowdly b Jlod cails IS o laly ay O ISy Sy ol rran 2. Cbllae (2 L
S5 gl |y oS 65 5 JenS g0 (sl 5,00 SN LS prgune s 6550 dowsdly

S50 s (S a5 ) oot i &S00S g5 Wy eSY s (Ebadi et al., 2019) ,\Ken 5 sobe & adlas
(Chenetal., 2024) 55 . ] OluS 5 g gad 4 Sy (bl slgiee ol L8 b 5y slowdly

SYeb slalo; 5l edlatwl ol lis Le(j b Al g t'j



\F.¥ ).3,3'—.>|.>)>' & ojlous ¥Y wl> ol ! @,L:\.é &bl ,a,lc &SWS}’ s

YOA

Jogi sladiged g anls diges gl g8l K ()led @l

askS V0 9 VY 5Wa L5 aiBsA o5 F claloj o Lowdl L ors
5OV 515 b Lawdl a5 3l (L5 ol sl sanlin BB S35
IS s (& ol loty i3 A 55 F (glaglaj > gglS 10
5 b cypiomat 505 OS5 boge slaes Sl LIS sl
(P<el0) 3017 50 (slajlosi & bgiye 0I5 )3 lags Sk ials

caa 1y bl Ol (Porto et al., 2023) o, Ken g 550
loasdl 31 oolizal b (5 (S35 kS 39000 5 055 LS 5 Sl
T eyl pmedhizos sl s lawdly 50l 8 o cow
b yraolges o oyl b o5 s yiaol sl 0 sl e Jo 5 9 oL
Hlow sladiges > SUlSe Lo (ialS .04y polie Lowdly 4y Cannad
olog otal33l o s LT gl 1 sgse ol (645 b S s
398 Lol T (36 5 cunS 2ol e Wlgie molewdl
.(Porto et al., 2023)

6007 a
’—El\
= 5.00 A
2 b b b b
_{ 8 4.00 - c
3 c
‘-qa £ 3.00 A1
) S
‘—"’t 8
93 200 A
55
&
o 1.00 A
T
]
I_ 000 T T T T T T T
> N v > » “ ©
& & & & & & &
¢ & & & & &
&,@ &'&e && &(q' &,‘z &&Q’

Y5 (LOG CFUIML) g pSh (5 (3 ylowd 9 aiadd A 91 € slagyloj 53 ©gohS 10 VY W9 b Lol il -y JSS
5 oloj 0> ashS V0 5Wg) ¥ jlews (4ddd & loj 45 cdaolS VY 5We) ¥ jlews o(ddBs ¥ (Lo 13 caakS V0 5Ug) ¥ jlaws ((4ddd ¥ loj 40 cdgalS VY 5We) V Hlew
ot (P<1+0) o 5 jlolian Coglis 0ind GUis (oundSS) SingS gy (4055 A lo 1 kS VO 51Wg) £ jlows (4> A loj 15 cgokS VW 51g) O jlows o[
A5l e byl
Fig. 1. The effect of plasma with voltages of 12 kV and 15 kV for durations of 4, 6, and 8 minutes on the total bacterial count
(LOG CFU/mL) in rose water
Treatment 1 (Voltage 12 kV for 4 minutes), Treatment 2 (Voltage 15 kV for 4 minutes), Treatment 3 (Voltage 12 kV for 6 minutes),

Treatment 4 (Voltage 15 kV for 6 minutes), Treatment 5 (Voltage 12 kV for 8 minutes), Treatment 6 (Voltage 15 kV for 8 minutes).
The lowercase letters indicate significant differences at the level of (p > 0.05) between the treatments.
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