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Introduction

Growing public awareness regarding the link between diet and chronic diseases is driving a significant demand
for healthier food formulations. The high content of saturated and trans fatty acids in many bakery products is a
major cause of cardiovascular disease, type 2 diabetes, and obesity. Consequently, the World Health Organization
(WHO) recommends replacing fats like butter and shortening with vegetable oils rich in unsaturated fatty acids.
This presents a major challenge for the food industry, as solid fats play a key role in creating desirable sensory
properties like texture and mouthfeel, and their direct replacement with liquid oils leads to a significant decline in
product quality. Oleogels, formed by creating a three-dimensional network of oleogelators within vegetable oils,
have been proposed as a structured alternative to solid fats. Numerous studies have successfully demonstrated the
potential of oleogels as fat replacers in various bakery products. For instance, beeswax-based oleogels have been
shown to improve the nutritional profile of cakes without compromising quality attributes. However, most research
has focused on wax-based oleogels. There is a scarcity of studies that systematically investigate and compare the
performance of low-HLB emulsifiers (such as monoglyceride, polyglycerol ester, and Span 60) used alone for the
complete replacement of butter in a cake formulation. Furthermore, butter has technological limitations, including
a poor ability to trap and stabilize air bubbles, which can affect cake volume and texture. Therefore, this study
aimed to investigate oleogels using monoglyceride, polyglycerol ester, and Span 60 emulsifiers in cold-pressed
peanut oil (an oil chosen for its excellent nutritional profile) and evaluate their potential as a functional and healthy
butter replacement in butter cake.

Materials and Methods

In this research, peanut oil was first extracted using a cold-press machine. Oleogels were then prepared by
adding 12% (w/w) of monoglyceride (MG), polyglycerol ester (PG), and Span 60 (SG) to the oil, followed by
placing it in a 75°C water bath. The physicochemical properties of the oleogels including crystal morphology
(light microscopy), oil holding capacity (OHC) via centrifugation, thermal behavior (Differential Scanning
Calorimetry - DSC), firmness (back extrusion test), molecular structure (Fourier Transform Infrared Spectroscopy
- FTIR), and oxidative stability (peroxide value) were evaluated. Finally, butter cakes were prepared with complete
replacement of butter by the selected oleogels (MG and PG). The cakes were then analyzed for firmness and
sensory evaluation (color, taste, texture, and overall acceptability).

Results and Discussion
The type of oleogelator significantly impacted the oleogel properties, an effect dictated by the underlying
crystal microstructure. Microscopic images revealed that the MG formed a dense, uniform network with fine,
needle-like crystals. In contrast, PG also formed needle-like crystals, but they were larger and less dense, while
SG created a weak network containing large, rosette-like crystals and significant spaces. This structural difference
was directly reflected in the macroscopic properties. The dense network of MG was highly effective at trapping
oil, resulting in the highest Oil Holding Capacity (100%) and the greatest firmness. Conversely, the sparse network

Authors retain the copyright. This is an open access article distributed under Creative Commons
Ev Attribution 4.0 International License (CC BY 4.0).
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of SG resulted in poor oil retention and minimal firmness, demonstrating a clear structure-function relationship.
Thermal analysis by DSC further supported these findings. MG showed the highest thermal stability, evidenced
by its high melting enthalpy, which corresponds to the energy required to disrupt its well-ordered crystalline
network. FTIR analysis confirmed that the network was stabilized by non-covalent interactions, such as hydrogen
bonds and van der Waals forces. Furthermore, the oleogels demonstrated improved oxidative stability. The strong
physical barrier provided by MG and PG networks showed that the rate of peroxide value increased over 30 days
compared to pure oil. In the cake evaluation, samples formulated with MG and PG had significantly softer texture
than the control cake made with butter. This is attributed to the enhanced air-holding capacity of the firmer oleogels
and the inherent emulsifying properties of the gelators. Crucially, the sensory analysis revealed that the cakes
containing oleogel scored higher texture and taste value, and their overall acceptability score was equal to or even
higher than that the control sample.

Conclusion

The findings demonstrated that the oleogelator type dictated the physicochemical and structural properties of
oleogels. The monoglyceride-based oleogel exhibited superior performance, showing the highest oil holding
capacity, thermal stability, and firmness, followed by the polyglycerol ester-based oleogel. Microstructural
analysis confirmed that these properties were linked to the crystal morphology, .FTIR analysis verified that
gelation was driven by non-covalent interactions. Most importantly, when monoglyceride and polyglycerol ester
oleogels used as a complete butter substitute in butter cakes, produced cakes with a softer texture and received
overall acceptability scores equal to or higher than the control. Therefore, this study confirms the high potential of
monoglyceride and polyglycerol ester-based oleogels to develop healthier bakery products. Despite promising
results, the study had limitations, including the use of a single oil type and one oleogelator concentration. Textural
and sensory analyses could also be more comprehensive. Further research need to focus on evaluating these
oleogels in other bakery products, investigating long-term stability, and optimizing the production process.

Keywords: Oleogel, Monoglyceride, Peanut oil, Polyglycerol ester, Span 60
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1- Oil holding capacity
2- Differential scanning calorimetry
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3- Polarized light microscopy
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1- Rosette-like
2- Spherulitic
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Fig. 1. Microscopic images (A, B, C) and visual appearance (D) of oleogels
Monoglyceride-based oleogel (MG, A), Polyglycerol ester-based oleogel (PG, B), Span 60-based oleogel (SG, C)
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Fig. 2. Oil holding capacity of oleogels (%)

Different letters indicate significant differences between the data (p<0.05).
MG: Monoglyceride-based oleogel, PG: Polyglycerol ester-based oleogel, SG: Span 60-based oleogel
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Fig. 3. Thermal behavior curves (DSC thermograms) of the oleogels
MG: Monoglyceride-based oleogel, PG: Polyglycerol ester-based oleogel, SG: Span 60-based oleogel
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Table 2- Melting peak temperature and enthalpy of oleogels based on monoglyceride (MG), polyglycerol ester (PG), and Span
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*Different letters indicate significant differences between samples (Duncan's test, p<0.05).
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Fig. 4. Firmness values of oleogels
Different letters indicate significant differences between the data (p<0.05).
MG: Monoglyceride-based oleogel, PG: Polyglycerol ester-based oleogel, SG: Span 60-based oleogel
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ester-based oleogel, SG: Span 60-based oleogel
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Fig. 6. Visual appearance and firmness values of butter cakes

Different letters indicate significant differences between the data (p<0.05).
Butter cake prepared using butter (Control), monoglyceride based oleogel (MGBC), polyglycerol ester based oleogel (PGBC)
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Fig. 7. Sensory evaluation parameters of butter cakes
Butter cake prepared using butter (Control), monoglyceride based oleogel (MGBC), polyglycerol ester based oleogel (PGBC)
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Introduction

Citrus fruits are among the world's most widely cultivated crops, owing to their rich content of vitamins,
minerals, and dietary fiber. Mechanical damage during harvesting and transportation can promote the growth of
bacteria and fungi, increasing postharvest losses. The use of fungicides and chemicals to mitigate these damages
raises environmental concerns. Modern technology and practical development are required to ensure maintaining
healthy food, environmental preservation, and food quality without altering its properties . In this study, the effect
of plasma technology applied on hydrogen peroxide solution, and comparing it with a fungicide-hot-water
treatment and a hydrogen peroxide solution without plasma, on the physicochemical properties of Moro cultivar
blood oranges were investigated.

Materials and Methods
This study involved four treatments: hydrogen peroxide solution (H20:), plasma-activated hydrogen peroxide
(PH:0.), fungicide-hot water (WT; hot water with fungicide), and a control (C). Treatments were applied on days
0, 15, 30, 45, and 75 (D0-D75) during storage. Changes in pH, total soluble solids (TSS), total acidity (TA),
vitamin C content, firmness, weight loss percentage, ripening index (TSS/TA), and color variations in both the
fruit and juice were determined.

Results and Discussion

The results showed that PH20: samples had the lowest pH and the highest acidity, indicating a slowdown in
fruit aging. By the end of storage period, there was no significant difference in pH between the H.O> and WT
samples. Vitamin C content was higher in samples treated with fungicide-hot-water; however, the PH2O- treatment
did not reduce vitamin C levels compared to the control. Total soluble solids increased in all treatments during
storage period, with the greatest change observed in WT. All treatments maintained fruit firmness, although weight
loss was higher in WT. The optimal storage time for samples treated with PH.O. and H:O: extended to day 45,
showing the most favorable effects on the physicochemical properties of oranges.

Conclusion
In summary, hydrogen peroxide and plasma-activated hydrogen peroxide effectively contribute to controlling
and reducing the viability of the green mold Penicillium digitatum, which is in consist with previous studies.

Authors retain the copyright. This is an open access article distributed under Creative Commons
EY Attribution 4.0 International License (CC BY 4.0).
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Considering environmental and human health concerns associated with fungicides, as well as the higher cost of
fungicides compared with plasma- and hydrogen peroxide-based approaches, the hydrogen peroxide—plasma
treatment shows promise as an alternative to fungicide-treatment strategy, with positive impacts on certain quality
traits of orange juice.

Keywords: Cold plasma, Hydrogen peroxide, Fungicide, Orange
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Table 1- Variance analysis of the effect of treatments and storage period on quality characteristics of orange juice

Olaspo (il
Mean of Squares

Oyt @alio df pH TSS TA Ascorbic acid TSSITA JE 5Ol S5,y Ol s
S.0.vV (%) (ml/100g) (mg/100m) Orange Juice color
changes
o Jgloxe 3 0.024* 1.109* 0.038* 0.680* 1.425* 469.605"
Solutions
S bl obs; 4 0.131* 8.724* 0.312* 5.072* 40.045* 728.671"
Storage time
ol loj x Jaloxe 12 0.049* 0.320* 0.010* 0.249* 0.889* 32.914"
Solution*Storage time
las- 40 0.001 0.015 0000 0.033 0.028 0.160
Error
F 32.46 2.77 3.481 2.177 3.149 4.464
p-Value 0.000 0.004 0.001 0.020 0.001 0.000

I gine il 9 A0 phaws 43 43 Jxe a5 4 NS g
«and ns are significant at the 5% level and not significant, respectively.
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Table 2- Variance analysis of the effect of treatments and storage period on quality characteristics of the orange
©la o (ibke
Mean of Squares

Ol pts 23lo &oljlan 45 (9) st Lid oy 35l 539 ol aw JW py SOy O s
S.0VvV Degree of Maximum pressure- Weight loss percent Orange color changes
freedom hardness Y P
LﬁJ?l_m 3 51927.227" 0.986" 9.101"
Solutions
e ‘?uj 4 24616.849" 36.181" 114.182"
Storage time
ol ploj xJsbes 12 222293.501" 0.118™ 2.603"
Solution*Storage time
s 40 391.846 0.072 0.698
Error
F 1.077 3.025 2.346
p-Value 0.424 0.002 0.013
Mo gixe pé o /i glaw )3 5 dxe o iy NS
# and ns are significant at the 5% level and not significant, respectively.
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Fig. 2. Comparison of the average pH of fruit juice for different treatments in each storage period

Vertical columns: pH values of the samples on that day - different letters on each day indicate a significant difference between the
data(p <0.05).
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Fig. 3. Comparison of the average soluble solids TSS of fruit juice for different treatments in each storage period
Vertical columns: TSS values of the samples on that day - different letters on each day indicate a significant difference between the
data p<0.05.
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Fig. 4. Comparison of total acidity ml/100mg TA of fruit juice for different treatments in each storage period

Vertical columns: TA levels mI/100mg f samples on that day. Different letters on each day indicate a significant difference between
the data p<0.05.
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Fig. 5. Comparison of the average processing index TSS/TA for different treatments in each storage period

Vertical columns: TSS/TA levels of samples on that day - different letters on each day indicate a significant difference between the
data p<0.05.
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Fig. 6. Comparison of average vitamin C mg/100ml f fruit juice for different treatments in each storage period

Vertical columns: Vitamin C levels of the samples on that day. Different letters on each day indicate a significant difference
between the data p<0.05.
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Table 3- Comparison of average color changes of orange fruit for different treatments in each storage period

oyl gl

] PH20:2
Storage time Day
0 0
15 5.207°
30 6.890°
45 8.208°
75 9.149°

H202 WT C

0 0 0
2.616% 4.752° 2.0123%
49062 5.231* 5.601%
5.368% 5.721*  7.171°
7.782°  6.238%  8.464"

ol o jlogs oy jboline gles pas (glime 4y 3y 2 ;3 S b By >

Common letters in each row mean no significant difference between treatments.
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Introduction

Whey protein isolate has been considered in food packaging due to its edibility, biodegradability, ability to produce transparent,
colorless and odorless films and coatings, cheapness and high relative abundance, as well as high barrier to oxygen and aromatic
compounds at low relative humidity. However, the poor mechanical properties of these films, such as low tensile strength, inherent
stiffness and poor water vapor barrier, have limited their application. Therefore, to overcome this limitation, in this study, the use
of zinc oxide nanoparticles produced by green synthesis method from propolis alcoholic extract in the production of biodegradable
films based on whey protein isolate was investigated. The effect of ultrasound treatment on the green synthesis process and the
characteristics of the manufactured nanoparticles were also studied.

Materials and Methods

The production of zinc oxide nanoparticles by green synthesis method was as follows: first, zinc nitrate was prepared with different
concentrations of 0.075, 0.15 and 0.25 M. The alcoholic extract of propolis was slowly and dropwise added to the prepared zinc
nitrate solution. The reaction was carried out on a heater stirrer at 60 °C for 5 h. The pH of the solution was adjusted to 10 during the
reaction using sodium hydroxide so that after the end of mixing, a brick-colored precipitate of zinc oxide nanoparticles was observed
at the bottom of the container. The precipitates were centrifuged for 10 min at 4000 rpm. After this stage, the accumulated zinc oxide
precipitates were washed with distilled water to separate impurities and finally placed in an electric furnace at 350 °C for 2 h. After
this time, zinc oxide nanoparticles can be obtained in a light gray to white color. In the ultrasonic method, the brick-colored solution
obtained before centrifugation was subjected to ultrasonic waves in an ultrasonic bath for 15 min, and then the same procedure was
followed. To prepare the alcoholic extract of propolis, 15 g of propolis was mixed with 20 mL of 99% ethanol and placed in a shaker
at 180 rpm for 24 h at room temperature. The resulting solution was filtered with VWWhatman paper No. 1. Finally, the solvent was
recovered in a rotary evaporator at 45 °C. The superior nanoparticles were then obtained to be incorporated in the films of whey
protein isolate at different concentrations of 3, 5 and 7 % and the physicochemical, antioxidant and antimicrobial properties were
studied.

Results and Discussion
The results of FTIR analysis of nanoparticles showed a decrease in the intensity or elimination of some bands presented in propolis
extract, which indicated the participation of these functional groups in the process of zinc ion reduction and surface coating of
nanoparticles. The morphology of nanoparticles also showed that the samples treated by ultrasound had a more homogeneous
morphology than those without ultrasound. So, zinc oxide nanoparticles synthesized at a concentration of 0.25 M zinc nitrate with

Authors retain the copyright. This is an open access article distributed under Creative Commons
EY Attribution 4.0 International License (CC BY 4.0).
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ultrasound were selected as the superior sample due to their appropriate density, regular shape and uniform distribution of particles.
These particles were then added to whey protein isolate film at concentrations of 3, 5 and 7% to compare their performance and their
properties in comparison with the control whey protein isolate film. The results showed that with increasing the percentage of
nanoparticles, the solubility and water vapor permeability decreased and the antioxidant property, tensile strength, elongation and
Young's modulus increased significantly (p < 0.05). This increase was greater in samples containing zinc oxide nanoparticles treated
with ultrasound than in samples without ultrasound (p < 0.05). The findings of the antimicrobial property also indicated that the gram-
positive bacterium Staphylococcus aureus was more sensitive to zinc oxide nanoparticles treated with propolis extract than the gram-
negative bacterium Escherichia coli.

Conclusion

In general, the findings of this study showed that the use of zinc oxide nanoparticles synthesized with propolis
extract using ultrasound improves the physicochemical and microbial properties of the whey protein isolate.

Keywords: Biodegradable film, Green synthesis of nanoparticles, Propolis extract, Zinc oxide nanoparticles
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SEM HV: 30.0 kv : SEM HV: 30.0 kV WD: 5.10 mm
View field: 2.98 pym View field: 2.93 ym Det: SE
SEM MAG: 92.7 kx _ Date(m/dly): 12/05/21 Kurdistan University SEM MAG: 94.6 kx  Date(m/dly): 12/06/21 Kurdistan University

SEM HV: 30.0 kV WD: 4.81 mm | SEM HV: 30.0 kv WD: 5.16 mm
View fleld: 2.92 um Det: SE View field: 3.04 pm Det: SE 500 nm
SEM MAG: 84.7 kx  Date(midly): 12/08/21 Kurdistan University SEM MAG: 90.9 kx  Date(m/dly): 12/05/21 Kurdistan University

SEM HV: 30,0 kv WO: 4,88 mm MIRA3 TESCAN| SEM HV: 30.0 kv WO: 475 mm MIRA3 TESCAN|
View field: 1.75 ym Det: SE 500 nm View field: 2.71 um Det: SE 500 nm
SEM MAG: 158 kx  Date(m/dly): 12/05121 Kurdistan University SEM MAG: 102 kx _ Date(m/dly): 12/05/21 Kurdistan University
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Fig. 1. Scanning electron microscope images of zinc oxide nanoparticles synthesized with propolis extract
a (nanoparticle synthesized by 0.075 molar zinc nitrate without ultrasound), b (nanoparticle synthesized by 0.075 molar zinc nitrate

with ultrasound), ¢ (nanoparticle synthesized by 0.15 molar zinc nitrate without ultrasound), d (nanoparticle synthesized by 0.15
molar zinc nitrate without ultrasound), e (hanoparticle synthesized by 0.25 molar zinc nitrate without ultrasound), f (nanoparticle

synthesized by 0.25 molar zinc nitrate with ultrasound)
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Fig. 2. FTIR spectroscopy results of propolis extract and the synthesized ZnO nanoparticles
a (nanoparticle synthesized by 0.075 molar zinc nitrate without ultrasound), b (nanoparticle synthesized by 0.075 molar zinc nitrate
with ultrasound), ¢ (nanoparticle synthesized by 0.15 molar zinc nitrate without ultrasound), d (nanoparticle synthesized by 0.15
molar zinc nitrate without ultrasound), e (nanoparticle synthesized by 0.25 molar zinc nitrate without ultrasound), f (nanoparticle

synthesized by 0.25 molar zinc nitrate with ultrasound), g) propolis extract
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Table 1- Solubility (%) and water vapor permeability (gm's"'pa!) of films prepared with different percentages of zinc oxide
nanoparticles
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Samples Solubility
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Data are reported as mean = standard deviation (n=3). Small non-identical letters in each column indicate significant differences (p <
0.05) between film samples.
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Table 2- Mechanical properties of films prepared with different percentages of zinc oxide nanoparticles
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Samples Young's modulus Elongation Tensile strength
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Data are reported as mean + standard deviation (n=3). Small non-identical letters in each column indicate significant differences (p <

0.05) between film samples.
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Table 3- Antioxidant and antimicrobial properties of films prepared with different percentages of zinc oxide nanoparticles
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Samples  Antioxidant property(%)  |phibition zone diameter (mm)  Inhibition zone diameter (mm)

Staphylococcus aureus

Escherichia coli H157: o7

Control 11.27+0.559
Zn0s 35.344+0.34 f
Zn0Os 49.14 £0.18 ©
Zn07 57.36 +0.17 ¢

Zn0s-US 65.49 £0.43 ¢
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20.54 £0.24 @ 30.43+£1.28 2
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Data are reported as mean + standard deviation (n=3). Small non-identical letters in each column indicate significant differences (p <
0.05) between film samples.
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Introduction

Investigating anthocyanin-protein complexes is important for the food industry from several perspectives. 1)
Utilizing the anthocyanin-protein complex formation method to stabilize anthocyanin pigments in food products
against external factors. This is achieved through various physical interactions with different bond strengths
established between their binding sites. Studies have shown that the higher the binding constant of this interaction
and the stoichiometric ratio between them, the lower the concentration of free anthocyanin remains in the
environment, and most anthocyanins are found bound to the protein. In this state, the stability of anthocyanin
against external factors increases due to the physical bonds formed with the protein, and its structure is not
degraded. 2) Changes in the physicochemical and physiological properties of anthocyanin. For example, it has
been proven that the antioxidant properties of anthocyanins decrease in the presence of proteins. 3) The effect of
this complex on protein digestibility, which plays a significant role in the nutritional value of the system under
study. 4) Production of modified biopolymer for use in food formulation. As a results of these interactions, which
are as covalent or non-covalent, the functional properties of proteins are altered. Consequently, suitable raw
materials can be designed for various food products.

Materials and Methods

Fluorescence emission spectra were measured using a fluorimeter (Varian Cary Eclipse, Agilent, USA)
equipped with a 10 mm cell and a temperature controller at temperatures of 298, 308, and 318 K. All samples were
excited at a wavelength of 280 nm, and their emission spectra were recorded in the wavelength range of 280 to
500 nm. The slit width for both excitation and emission was set at 5 nm. To record the protein fluorescence
quenching spectra, a 1 mg/mL solution of grass pea protein was first prepared and titrated against different
concentrations of CYG pigment (0 to 4.5 x 10~ ¢ M). The corresponding fluorescence emission spectrum for
guenching was recorded at each step. For synchronous fluorescence spectra, simultaneous scanning was performed
at the absorption and emission wavelengths of the tyrosine and tryptophan amino acid chromophores of grass pea
protein, where their wavelength differences (AL) were set at 15 nm and 60 nm, respectively. Three-dimensional
fluorescence spectra were recorded sequentially within the excitation wavelength range of 220 to 540 nm and the
emission wavelength range of 220 to 600 nm, with a consecutive 10 nm increment in the excitation wavelength.
To collect Resonance Light Scattering (RLS) data, the emission intensity of the protein monochromators was
recorded simultaneously in the wavelength range of 220 to 700 nm at a zero wavelength difference (AXA=0) between
excitgtion and emission. In all experiments, the concentration of CYG pigment used was in the range of 0 to 4.5 x
100 ° M.
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Results and Discussion

The results indicated a key role of hydrogen bonds in the formation of the grass pea protein-CYG complex
through a combined static and dynamic quenching mechanism, with a binding constant of 1.73x10°M~ L and a
binding site number of 0.78 at ambient temperature.Furthermore, the synchronous and three-dimensional
fluorescence spectra of the protein revealed that the CYG pigment bound near tyrosine amino acid residues in the
protein structure. This binding induced a local folding change in the protein's conformation. Changes in the RLS
spectra of the protein indicated that the particle size of the complex decreased at low CYG concentrations.
However, when the molar ratio of CYG to protein approached 2:1, the particle size of the complex increased. The
results of the protein binding site saturation also demonstrated that grass pea protein is capable of binding CYG
pigment at concentrations more than two times. Therefore, the use of this complex is recommended in systems
that require natural and small quantities of protein to effectively trap the CYG pigment.
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1- Cyanidin-3-glycoside (CYG)
2- Whey protein



OVY . 15 5950 ol p gl g o jeSelS— V= ooy il dilasly (o (565 ob 2 anlllano (90 48 9 oo 02 N5 (95

L g 9 dlge

ol g0

(St) b5 b €554 51 (CYB) oS5 (asls 411,
a5k 5 5 ae50 .ai ags (Hanaveien, Sandnes, Norway
iz GBCS 15 5l g 039y (aElojl a2 5l LSy il

ol 0 (gl 3

Ly,
S 9933 (il g 4 7l A0

OWSen g (pad gy b Billae 5 395 5l (159 gyt
b plol (Feyzi, Milani and Golimovahhed, 2018)

(g5 il gigh 7 G3E pulh s (g 58 3l
L5953 (panilics j guda pas g geda yo A 8930
Fonpgd oluws jledlatul b piluygBsls i sl
e Vo w4 e (Varian Cary Eclipse, Agilent, USA)
olS 4y YA o YA VAN laled o Vles JyuS 5l 5 (g%
9 00 guans gl YA+ zoe Job )0 badiged S .0 (£ 5505l]
b yrogl Ore JIVA (250 Jobo odgume 1o 3l (s il
e S9) 2 pd g s b 93 2 53 590 Hoe SIS iy A
Slisg I Job lacib e gl b bl egl 0
s ke 2 pSike V sbre bl (sfign (rolsygislé
) CYG 4l calises glaclale blio )0 g ad a5 2450
il 3ol 55 b cals po 2 53 9 0 i3 (Yge ¥/O XN
A i By a8 e o Guileyggh s 4 Ly
8 sl LS b lnghgns S jpin (SIS il 51 i) 5l
Shi, Wang, ) asb awsly Gls u8gp (s casb 03gi5w )
Mol i gy 4 (g pis sWrodly 4lS” (Zhu, & Chen, 2014
.(Jahromi et al., 2020) .

AexctAem

Feor = Fops * 10 2 (\)
Solle Jiil 095 ) sl b 585 9 (i slagge

5 o U9y Gile CYC—(pBgp (uShiaS 5 (559 Jlal
o3lizal uaS3Y sl p 551 51 (ahromi et al., 2020) ¢ o

5- Fluorophores
6- Intrinsic fluorescence spectrum
7- Peltier
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1- Grass pea (Lathyrus sativus L.)
2- Legumin

3- Vicilin

4- Fluorescence spectroscopy
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3- Three-dimensional fluorescence spectra (3D)
4- Fluorescence quenching
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1- Synchronous fluorescence spectra
2- Resonance light scattering (RLS)
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Fig. 1. Fluorescence quenching spectra of grass pea protein in the presence of varying concentrations of CYG (0 to 4.5 x

10~ & M) at temperatures of 25°C (A), 35°C (B), and 45°C (C)
The grass pea protein concentration was 1 mg/mL.
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1- Excited-state reaction
2- Quencher
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Fig. 3. Synchronous fluorescence quenching spectra of grass pea protein (1 mg/mL) in the presence of different
concentrations of CYG (0 to 4.5 x 10~ ¢ M) at Ak values of 15 (A) and 60 (B). Comparison of the decrease in synchronous
fluorescence emission quenching intensity at AL values of 15 and 60 (C). Changes in the intrinsic fluorescence intensity ratio
(350 nm/330 nm) of the protein in the presence of varying concentrations of CYG (0 to 4.5 x 10~ ¢ M) (D).
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Fig. 4. Three-dimensional fluorescence spectral of grass pea protein (1 mg/mL) in the presence (B) and absence (A) of CYG
(4.5 uM) at room temperature (pH 3)
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Table 2. Three-dimensional fluorescence spectral changes of grass pea protein (1 mg/mL) in the presence and absence of
CYG (4.5 uM) at room temperature (pH 3).

Systems (I;jﬂil) AL Emission intensity (Ej?)tz) AL Emission intensity
e ) Sy S (3 a0 SIS e s ¥ S & i i oo WS JURCTW
Pea 280-328 nm 48 nm 323.48 230-327.07 nm 97.07 nm 164
Pea-CYG  280-316 nm 36nm 296.59 230-316 nm 86 nm 159.63
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3- n-electron systems
4- Conjugated bonds
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Figure 6. (A) Spectra and (B) variation trends of RLS (resonance light scattering) of grass pea protein (1 mg/mL) in the presence of
different concentrations of CYG (0 to 4.5 x 10~ ¢ M) at emission wavelength of 472 nm at room temperature. Langmuir binding
isotherm at room temperature (C)
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Introduction

The white button mushroom (Agaricus bisporus) is one of the most widely consumed edible fungi worldwide
due to its high nutritional value, pleasant flavor, and rich of bioactive compounds such as proteins, essential amino
acids, vitamins, minerals, and phenolic substances. However, because of its soft texture, high water activity, and
lack of a natural protective cuticle, it is extremely perishable and exhibits a short postharvest shelf life. Therefore,
developing effective strategies to maintain quality and extend its storage life is essential. In recent years, the
application of natural biopolymer-based edible coatings has emerged as a novel, safe, and biodegradable approach
for controlling physiological and oxidative changes in fresh produce.

Materials and Methods

This study aimed to evaluate the effects of edible coatings formulated from gum Arabic (GA), corn starch (CS),
and their combinations with ascorbic acid (AS) on the quality attributes, antioxidant activity, and phenolic content
of button mushrooms during 14 days of storage at 4 + 1 °C. Fresh mushrooms were procured, washed, and air-
dried before being divided into six treatments: control (uncoated), GA, CS, AS, GA + AS (GAAS), and CS + AS
(CSAS). Coatings were applied by immersion, and samples were stored in polyethylene containers under
refrigeration. Quality indices including weight loss, color parameters (L* and Browning Index), firmness, total
soluble solids (TSS), total phenolic content (TPC), antioxidant activity (DPPH assay), and sensory analysis were
determined on days 1, 4, 7, 11, and 14. Statistical analysis was performed using ANOV A and Duncan’s multiple
range test at a 95% confidence level (p < 0.05).

Results and Discussion
The results revealed that all coating treatments significantly reduced weight loss and delayed browning
compared to the control. After 14 days, the highest weight loss occurred in the control (33.06%), while the lowest
was observed in GAAS-coated mushrooms (16.47%), indicating the superior ability of this combined coating to
minimize moisture evaporation. Regarding textural changes, firmness decreased in all samples during storage, but
the GAAS treatment maintained the highest firmness (17.43 N), demonstrating its synergistic effect in preserving
cell structure and reducing tissue degradation.

Color measurements showed a gradual decrease in lightness (L*) for all samples; however, GAAS and CSAS
treatments retained significantly higher lightness and exhibited the lowest Browning Index values (25.70 and
26.73, respectively). This outcome can be attributed to the antioxidative role of ascorbic acid, which inhibits
polyphenol oxidase activity, and the physical barrier effect of the coatings, which limits oxygen diffusion. The

Authors retain the copyright. This is an open access article distributed under Creative Commons
Ev Attribution 4.0 International License (CC BY 4.0).
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TSS values increased during storage, but the increase was less pronounced in coated samples particularly GAAS
most likely related to reduced metabolic respiration due to the semi-permeable nature of the coatings.

Antioxidant activity (DPPH radical scavenging) decreased progressively during cold storage, yet the decline

was markedly slower in combined coatings. At the end of storage, GAAS maintained the highest antioxidant
activity (~36%), whereas the control sample dropped to ~22%. A similar pattern was found in total phenolic
content: GAAS-coated mushrooms retained the highest phenolic level (0.52 mg GAE/g fw) compared with the
control (0.32 mg GAE/g fw). These findings highlight the synergistic effects of gum Arabic and ascorbic acid in
reducing oxidative degradation and preserving phenolic compounds, which are essential contributors to
antioxidant potential.

Overall, all sensory attributes including color, flavor, texture, and overall acceptability decreased during the
storage period, but the decline was less pronounced in treatments containing antioxidant compounds, especially
the GAAS coating. The results demonstrated that the addition of antioxidants and natural coatings such as Arabic
gum significantly preserved the sensory quality and extended the shelf life of button mushrooms. Similar findings
have reported that coatings with Arabic gum combined with ascorbic acid reduce browning, maintain fresh taste,
and improve overall product acceptability.

Conclusion

Overall, this research demonstrates that natural edible coatings, especially the GA + AS formulation,
effectively maintained the physicochemical, antioxidant, and visual qualities of button mushrooms during
refrigerated storage. The mechanism involves reducing respiration rate, limiting water vapor and gas exchange,
and inhibiting oxidative enzyme activity. Owing to its biodegradability, safety, affordability, and high efficacy,
the GAAS coating can serve as an environmentally friendly alternative to synthetic packaging or chemical
preservatives. Hence, the combined use of gum Arabic and starch with ascorbic acid represents a promising, low-
cost, and sustainable strategy for extending the shelf life of button mushrooms and potentially other perishable
horticultural products in the fresh food supply chain. Sensory evaluation results showed that important sensory
attributes including color, flavor, texture, and overall acceptability of button mushrooms decreased during 14 days
of storage. However, this decline was significantly less in samples treated with composite antioxidant-containing
coatings, particularly the GAAS coating. These findings indicate that coatings based on Arabic gum and
antioxidant additives effectively protect sensory quality, preventing undesirable changes during storage.
Additionally, better retention of texture and overall acceptability confirms the positive impact of these coatings on
freshness and consumer satisfaction. Therefore, designing natural composite coatings offers an efficient strategy
for improving the shelf-life and sensory quality of button mushrooms in the food industry.

Keywords: Edible coating, Mushroom texture, Natural biopolymers, Phenolic content, Shelf life



olnl 218é boo g pale lelirghy @ pis
https://ifstrj.um.ac.ir

@ b A
&’%ﬁ)ﬁaiéb

084-0W . o NErE (65 —,31 0 o lad ¥Y A

famo b ok esls i gy s1aaSs 256 GIaST ST O ok 5 S sl SRy
30 GRS Jgb 55 Sy sl ol 5 ki (o 0

' B3l wyle O Ws (g ue 4l M0 Al 4l

VRO VY 35 b

LRV

iS5 Sl Sy » SanpsSasl sl b ol oS 5 g 03 ol ¢ 08 oo il 2 b SThgs lagidsy Sl g0y ctmely onl Bun
S Jslore )0 adds duw oy ylate QI L guliiands | s 031 slaz,) 8 09y 59, VF Cods (wamnbio 450 VEYF) 0500 (6,055 (b o (slaaSy )18
SpygSusl sl oo &y &l (8 oo )3 sl (0) SpySsl syl canlds Jolis (s 3390 Sloslogi i jgabog Cilieo 23y
Jglore sl dlgo ¢y (sloged 5 S5y sl padls bl (thus «yjg Bl Jold 005 (23 (sl 2ol ly g SioygSisl dpal ol o 4y (18 a0
ol p® oo by b 00 Jlasd sladiges > (AVFINY) g (inlS| (e g w2l 5 st il (S Joid (slyie
oot )3 (5gm WIFY) b i (o yidi a1y (AYY/45) 59 oy 0L diges oS o, odnlive (GAAS) g8 spus
VL e cul 28 Lais 1) (i) (Sl (st 5 (VOIVS) (8 sloged (asli (n5oml Oeoman GAAS diged 03,5 oaalie o
5 ootz 45 5l 5 o i) b S Sl o 1y (AYS/OVMG) i1l e b 5 (+/0Y Mg GAE/GIW) s (clyime i
Doy 5 S8l ol (S5 Jold (£laSD )B (pun slo Sy e Lais e SiygSl donl 5 (038 Geo l p S 5 Sht slatds,
Ol g 4l Jald ladiges & Cud (cus oS 53 (308 SIS 0Ad (a3 by Glalog b 3p slod 53 059 VW (5l 0)93 (o (S5
(5 5 Shed oty il edlitel o cusl ol (Sl @l ¢S bty 03,5 Jpamo (S35 Lais g 0niS byme culd (il 4 oo
ol Lt 08 51 ()Ab sleged S g (S Lads )3 gy (i il el & o (S oSl Sl L ol jon (p fauo 5%

ol el oy b s 4y 1aoSs 236 Lo ol de3g L (2022
Jsb sl 5 0392 gl Jlous (ol Lablovo (idgy 55 5 YLy
Vaziri, Kordi, ) cusl (ylo,ll kulyls jo absS 5,80k yoe
4 Shes sl yise (Shokrabi zadeh, & Shamloo, 2019
ulio (03l pice i 5 S «Sib gleaY glsis
Oz ply 3 (e dbml b g B9 00 Cgune (090 S S sl
o) ¥ gams curS cdl jl wlge Jsbre dlse 5 Cusb,
o.b')’l.w WS)J u»lml 2 Lmumuy OJI (Dha”, 2013) s Lg)j91>

https://doi.org/10.22067/ifstrj.2025.95873.1487
2- Agaricus bisporus

EVRT
Pl s 05 Glaglej Sl ord gyl 5 03l (slag,B
¥ 514aS5 2,8 . 0ilodgs sl A 33 )90 (295ld 5 (gl da5 b3l ¢ s
b gy midpasy Vb e (5 5 colle mab Jdsa
S 25 Kz e gyl cal gde Lo Gl ) (S
Aol (olaswl YU cuaSh pZgp jl e e bl o) Sl

Plesoianu & Nour, ) 5, (¢ 5% (i oyludl o syl 5

Oyl ey oy oKl ¢ 65y0liS 0aSiily ¢ lie mlio wdige g pole 09,5 —)

(Email: Fatemeh. Amighi@Uujiroft.ac.ir : s sau 5 —=)


mailto:Fatemeh.Amighi@ujiroft.ac.ir
https://doi.org/10.22067/ifstrj.2025.95873.1487
https://orcid.org/0000-0002-9909-5059
https://orcid.org/0009-0009-7802-3839
https://ifstrj.um.ac.ir/

VEoF 50— 55T B 0,lods ) aler oyl pf (210 @lioo g pole slesdidghs apis QDY

shad g a5 sloged g aislil 13T 4 boge  olewdsSo b
El-Gioushy et al., 2022; Huang et al., ) xalsG bl 29,50
(2021a

w5 9 e P yeshon Olpiedr atolis lis j5ba
<l pials g Cagloy pes JyuS )3 gl e sl sbul b ety jo
Oyom, Zhang, Bi, &) cuwl g3 o &Ysame 9
C opeling b S yoSl dwl eyl 938! (Tahergorabi, 2022
slosad 3 3lasmsST Jsid s ilo silas] (gl 515 Shos oo b
clads o))l g el CuirSy 0 Stk il o
(Najjari & Bodaghi, 2024) 1S e Las 1) o5 &Y g
A LIS a4 S ol oliler Sl Wlg e dlae cpl S
9035 Wl (o3 (SH)ik g o)lidle (il Al 5 0)e oo
o5 jl o Shslml cuols Gk SoypSl al
(Wu, Zhang, & Fan, 2024) Ll (6,5 s> sl

o] o)k g iy Jolone )3 o 50938l (s pdydois 4 dogs
OgeYg0)8 (lp canlio (539391 dlge LI Pl by Blga L
9o Jelgs 5105 (S Caon il ()9 00 (SThss sloidy
ol 52 oMo sl b ymo sl 539581 o391 eyl 51 ylisels] (sl
P by Sy )3 oolitulyge (33938l lale 5.8y Jlodge oo
Huang, Wan, Zhang, ) cusl pae sbas g Yge s anl,d Job
(Chen, & Chen, 2021b

Shed sboiis gyl goanie Clllbe 3l gla Lo )
W163,S pwsyyt 54055 )8 oS le I3l 5 cui Lais |,
55 yoin oot £ S 31 lizal oty il 551 Jlol
7S Glojer Oygods b odle W (S5 Il 4 g 0dp
3 pols imgh (6y9le coycplil (Vaziri etal., 2019) wlassls
Wl g ()8 Goo wb 2 (55 Shs sahde x5S
o Shy p shgrdas Lol plsiea; SppsSol sl jpin
ep VY gl eSS o) W b laes )b S
Ao iy S8l (b (sloged (adls il cpl 5>l pogandis
5 S| Clld (g 5 slien Jole 2l lge
Al S5 b 3)5e (e (25)

W sg; 9 390

al 9o

— i3 VY (SIE sl Tl g0 — g8 B yre (Joilie
stlosds Do ile 9 mass SlyyS (DPPH) Jojlaee oS

2- Foln-Ciocalteu

9 s ooy 9 ) Bloih) adslSg)nm 095 4w )
ogd] cloyaddy badslSs)nm Nsd o aail 0 jeelS
Jioas g 1l o Casnay (ALS L o 29,50 lis 1 &S Aitun
LSy )b ol plio 3 Jlls 2l (25w g cuBlas
Gl saelgn 5 camd ol S5l 8 jeelS
Kalita et al., ) wgi o bl 29,5 3 o sblse 51 (sak00 0
(2025; Tiamiyu, Adebayo, & Yusuf, 2023
r e She sbgisy jlelitl o8l Gl
SPeaSIl Blge g wlds (ope goo dSle (anb (Sl yosbign
5 i PO hpas ol Jidad «SysSl apul il
N g 2)90 Vg (S5 g (e slaShg i oUly
L o yides oyl (Siahroodi, Ariayi, & Fattahi, 2016) wlas $
550 O «(sihe dlse Cants 5 (3] g Ol Jlal (s wilo sloxy]
ol 38 st llllas 1S o i) g6 S il tmlS
5 oo Jito oS98 by isei gl 1) 45T g,
osle I3l 55, Lais (yjg ol LS Crge mpes Cosdlgus silio
Rad,) cusl osd ookl 5 g)See My JyuS 5 S
sl by isudl ween (Ghafouri, & Gholami, 2020
Wiy S8l Gl S 4 ol e wlap b e
Cool o2 gl cdly bis o ShuwSl gl clS sl

(Ghorbanzadeh, Mohammad Zadeh, & Motamed
(Zadegan, 2025

OligS b Wil (29l SluS 5 il eslial 8t sl iagl 5

o Shg bis gl S50 5 cng 5Kl bl oS5 gl
ool 05 AL (61055 (b )8 (g Dleogad 350 5 (S
L oldosnder (slog B a5 caul odly i sl sadlls claassly
CEl a8 bl S 0mgl o) o Fe g olisnS 9 1)
Slatel VL g (Sdwgy (28 (b sy (it «(S)s
Huang, Wan, Zhang, ) wlawily (o)Ll joy YA U 1) ws

Chen, & Chen, 202l1a; Ziaei Ghahnooyeh, Raji,
(Ehteshamnia, & Sohrabi, 2025

s awlis g (GA) oy gowe bS5 opl SIS

Sroshon (e Govo B0 slod 4 (ST s ide 4s
sl Sy s 098 0 gl il LBl sy 3l &S ol Lanb
Sne slagyg b ol jod Siig)oSslS sl g o)l eV ol
5 Ooedgel ol ilopld Cools Jdsa jedisn cnl
s Gladllas )l (glodjind 5,8 Slie mlio o YL ooy
s Wl o GA (ool sl jide a5 Wl lis

1- Gum Arabic



[a1a) SR &owo b ouls 0010 ligy slanss g, @L.\*wﬂsui Ol i g S G SS9 w3y KoR g s"““i

ooy 5 ey S g gt ] Ly 015! slag B
Solesd Slaglone 3 g 9 KD mandl 09)F b 4 (ol
L jgabot shade Ul p3 haid sals (cladiges L5105 jgabes
by ol 1 b S g pdid I de 4l &by
b Jos 5 Oygons jolate cpl (ly 2548 H9abogl 015 o3Lel
Sl 3l odlatwl b oy O clale b ad (gloged s Jsloe
2 1l oz B 5l gy b ag lasme slad > S8l
Sl yiSly U Bud jgabooe 4ddd dw Ddedy (sloged Wb Jgloxo
ol 1 05 s plade T b s 33,5 oo xdaw (5 (gloged
b a5 8 il RIS oo, 1y lag ) o 51 Ly 9 Sl oL
ool b 0 jlas (glag )l cdmy als o )3 .00 )5 Gl 1) BLS] gl
BB 03l by il g 0y oo (plibgr slaglne | (S L
A5 pll 4By aw lp )9abss o) b (w3 ESm () J5i2)
5 S deo by S sle b byo )6 I (29)S yrizren
Slag B uad oy b b (slogrd Ms Ay o dtwlis
Jelore b 60 0 )ly8 aduds & codedy duw S (g9 04 > g
2 LB aoled )3 358 Cu gy 5 S 4 exilasdly il
PV 5 lisn LI By e (SKemadly g
o 15 iz g B (55,5 )5 o (55331 5 45,5 3 5
g 453 ¥ (clod )3 ilisee glayyge5] plul loj b ndiges
WL0)5 (51855 9, W Cdeds do )3 AD-Re s Cugboy g

So 5t glaSs )6 B gl Gl S pe e84 )
g by ald 38 S8l ekl L) e eS8l
948 Gl (baiged Jgod U cadlyy ploj 4 bgiye cledll]
osian 95 pbol JliS] Ses ooy pyielisS 53 odd L
agpe bl cov olKilejl ;> il I pu Aol aaiges
5 el Mol NS | cdulin 0351 b oo )8 5 (g lapSS
A4 ol Lezquo)T sy SO wi 5 b (sloghd WM
a ¥ ol g Jite olinlejl 4 celo ) Ge > ladiges
oinlojl 5o ealiiwl oy U doyd AD s Casby g (womade
HAD (5,655

Ol g (s jbwoulal

Yo gL cdale b anlis Jsloes 51 amlis b ao e el
Oed (g9 o Blas gley U oddodlel Jolore A ooldiu]
A (Sieb wgmadi 423 ¥e glod )3 ((Sp )5 4 oo (uabliae
(Cruz-Monterrosa et al., 2023) 1 5y layzo (glod b yuasan

100 gL cdale b Jobro 5l ooye doso b m3 ids (sl
Oied (L) o Blas gley U odolel Jolore . ooldiu]
S (Sien gl 420 T gled 3 (S5 4 e (pbline
1 3 Lae (6L03 b s

Lo

abgryo SaaS g bjlod (gm¥ge,d - Jgua
Table 1- Treatment formulations and respective codes

;Lo Sl 5
Treatments Components

C Distilled water (Control)
GA Gum Arabic

GAAS Gum Arabic + Ascorbic acid
AS Ascorbic acid
CS Corn starch
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Table 2- Results of the analysis of variance (ANOVA) test for the moisture loss test of coated sample

Olapo ggoze  g3ljlarys Oluye (nSibe Fo,bl s
Sum of squares df Mean square F ‘5’;‘5
ig.
Between groups
lbos S - 1533.589 4 383.397 1763.936 .000
295 O
cs Within groups 2174 10 217
beog,S" (49,9 ’ ’
Total 1535.763 14
N .
Between groups
lhos S - 1651.066 4 412.767 5009.303 .000
095 O
Within groups
CSAS oo S .824 10 .082
09,5 (190
Total 1651.890 14
N5 .
Between groups
lboesS - 2004.138 4 501.035 680.575 .000
295 O
C Within groups 7.362 10 736
bog)S' (49,2 ' '
Total 2011.500 14
N .
Between groups
< 515.552 4 128.888 285.297 .000
Wrog ) oy
Within groups
GA < 4518 10 452
boog)S (1950
Total 520.069 14
N5 .
Between groups
lbos 5 - 586.036 4 146.509 564.727 .000
095 O
Within groups
GAAS c 2.594 10 259
boog)S (195
Total 588.631 14
N .
Between groups
lboesS - 382.230 4 95.557 595.621 .000
095 O
AS Within groups 1.604 10 160
beog,S (59,9 ' ’
Total 383.834 14
N .

S ygSal Aol b olyo dolis yiudgs :CAAS S5l Al
Control: without coating; CS: starch coating alone; GA: gum arabic coating alone; AS: ascorbic acid coating alone; GAAS: gum
arabic combined with ascorbic acid; CAAS: starch combined with ascorbic acid.
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Fig. 1. Effects of treatments on the weight loss (%) of button mushrooms during storage for 14 days at 4 + 1 °C
Different letters in each day indicate significant difference between the data (p<0.05).

Control: without coating; CS: starch coating alone; GA: gum arabic coating alone; AS: ascorbic acid coating alone; GAAS: gum
arabic combined with ascorbic acid; CAAS: starch combined with ascorbic acid.
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Fig. 2. Effects of treatments on the firmness (N) of button mushrooms during storage for 14 days at4 +1 °C
Different letters in each day indicate significant difference between the data (p<0.05).

Control: without coating; CS: starch coating alone; GA: gum arabic coating alone; AS: ascorbic acid coating alone; GAAS: gum
arabic combined with ascorbic acid; CAAS: starch combined with ascorbic acid.
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Table 3- Effect of treatments on L* value, browning index (BI) of samples stored at 4 °C for 14 days

Day GA AS C CSAS GAAS CS
L
1 9343 £0.154  93.39+£0.334 9249 +0.454% 92.83£0.37A% 93,04 £0.184% 9243 £(.15%°
4 92.41+£0.965  91.41+£0.495  91.58+£0.324 9234+0.30% 92.25+1.07BA* 91.34 +0.305
7 89.44 £ 044 8998 £0.94%° 87.35+0.38%¢  89.77+£0.438°  91.31+0.308  88.77 +£0.43%
11 87.11£020°* 89.07+0.45% 86.46+0.32% 89.07+0.12°*  89.65+0.40%  87.74 £0.63P°
14  86.49+0.23F¢ 87.50+£0.32P> 85.35+0.09°¢ 87.59+0.17°*  88.84 £0.63“*  86.59 £0.17F¢
BI
GA AS C CSAS GAAS CS
1 1498 +0.01%¢  16.98 £0.01% 1642 £0.11%¢  14.98 £0.01F¢ 14.97 £0. 01%  16.64 + 0.08%°
4 17.94+£0.02P°  21.23£0.06* 19.80 +£0.22P*  16.67 £0.05P¢  16.67 £0.04>¢  19.72 +0.05P°
7 2048 £0.11¢  26.90 £0.18>  27.94 £0.05*  21.62+021¢  21.87+049% 27.83 +0.15
11 24.18 £0.538¢  32.37+£0.68% 41.67+0.518  23.09+0.858  23.38+£0.358% 3543 +(.385°
14 32.13£0.53%  42.62+£0.404° 52374£0.32A% 2673 £0414¢ 2570 +0.30°¢  42.52 £0.36%°

(P10 (5S> yg05]) Ll g0 rdiges s I gxo iglds onimd L5 Caliste Loy y>
bolyan o0 oo sy GAAS ¢ oles & SapygSil doasl Jhbgy 1AS £ e & (e dowo by CA {2l & sl Jibgy ©CS ¢ty (94 - Control
SaysSan] Lyl b ol yon atlis jidey :CAAS Sy 58l dul
«Different letters the indicator Significant difference It is between samples (Duncan's test, p<0.05).

Control: without coating; CS: starch coating alone; GA: gum arabic coating alone; AS: ascorbic acid coating alone; GAAS: gum
arabic combined with ascorbic acid; CAAS: starch combined with ascorbic acid.
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Fig. 3. Effects of treatments on the total soluble solid (%) of button mushrooms during storage for 14 days at 4 +1 °C
Different letters in each day indicate significant difference between the data (p<0.05).

Control: without coating; CS: starch coating alone; GA: gum arabic coating alone; AS: ascorbic acid coating alone; GAAS: gum
arabic combined with ascorbic acid; CAAS: starch combined with ascorbic acid.



o8y ... &owo b ouls 0010 ligy slanss g, gh.\.s.mﬂ@.,i Ol i g S G SS9 owyp ‘ol)l&m&,&ni

Colled da by 53 SarygSanl duasl 2929 S Lais (5 5V s
2 ofagts ey o Gl e BB b |y lag B Slas] ol
ol SlnST 5T Lol Gl 358 &S oye gewo b Sy
Sesgol sl L olyon g1y oo b aidly (idgy sl ol b
Byl (B S5 gl g 4 s ) (SIS 5l clled (it

(Borges et al., 2023)

0]
o O
]

i

ga o
o O

N W
o O

DPPH antioxidant activity (%)
= N
o o

o

ohgd g (ludy oyl &S 3o U @l (IS by

il g (a8l Sl 5 Bl )3 o B (5 5 oo
S (glaeSs 2B oyla,ll by b3l ela 6], o 5 s
3,8 S &S cusl oty Slllas b guen basl oyl
S dblows o paolipnsT o poo (101 ST 5T clo iy,
P IS 0yed (o 1y SlasT ol el wilgs oo o Jid luS 5

uCS
GA
uC
HCSAS
mAS
uGAAS

11 14

ovommdas a3 €Y glod 45 (6 e 59, VE (b (51408 2, (/) DPPH  GliwuST 5T Cllad o b lowi 51 -£ JSUS
(P<+1+0) Casl boodly (y o ixe BMB] dg2g 0ind LS jgy 2 53 glitio By y>
bolyan o0 oo ibsy GAAS ¢ olas & SpygSnl doasl Jhibgy 1AS £ et & (o dowo Sidsy CA {2l & sl by ©CS ¢ty (94 - Control
S y5S] Ll b ol yos atoliis gy :CAAS (S yoSnl
Fig. 4. Effects of treatments on the DPPH antioxidant activity (%) of button mushrooms during storage for 14 days at4 = 1

Different letters in each day indicate significant difference between the data (p<0.05).
Control: without coating; CS: starch coating alone; GA: gum Arabic coating alone; AS: Ascorbic acid coating alone; GAAS: gum
Arabic combined with ascorbic acid; CAAS: starch combined with ascorbic acid.
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Fig. 5. Effects of treatments on the total phenolic content (mg GAE/gfw) of button mushrooms during storage for 14 days at4 +1 °C
Different letters in each day indicate significant difference between the data (p<0.05).

Control: without coating; CS: starch coating alone; GA: gum Arabic coating alone; AS: ascorbic acid coating alone; GAAS: gum
Arabic combined with ascorbic acid; CAAS: starch combined with ascorbic acid.
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mushrooms during storage for 14 days at4 + 1 °C

Control: without coating; CS: starch coating alone; GA: gum arabic coating alone; AS: ascorbic acid coating alone; GAAS: gum
arabic combined with ascorbic acid; CAAS: starch combined with ascorbic acid.
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Introduction

Microbial safety and quality of raw animal products, particularly chicken meat, are among the critical concerns
in the food production and distribution chain. Chicken meat holds a significant place in the dietary patterns of
many populations due to its high nutritional value, easy accessibility, and affordable price. However, the presence
of pathogenic microorganisms like Salmonella spp. and Campylobacter spp. in chicken carcasses is a major cause
of foodborne illnesses, affecting millions of people worldwide annually. According to the World Health
Organization (WHO), Campylobacter jejuni and Salmonella enterica are among the leading bacterial agents
responsible for human gastroenteritis, with contaminated poultry products being their primary source.
Slaughterhouses represent critical control points within the protein supply chain, playing a pivotal role in either
the dissemination or mitigation of microbial contamination. Therefore, the adoption of innovative technologies for
effective microbial load reduction at early processing stages is essential for enhancing food safety and reducing
reliance on chemical preservatives in later distribution stages. In recent years, there has been increased interest in
applying non-chemical and non-thermal methods to control microbial contamination. Techniques such as the
application of ice powder for thermal shock, ozone as a potent disinfectant and oxidizing agent, lactic acid as a
natural organic acid, and pulsed electric fields (PEF) as an emerging non-thermal technology have gained
prominence. These approaches effectively reduce pathogenic microbial loads without compromising the physical
or sensory qualities of meat products. They are particularly promising in lowering resistant microbial populations
and extending the shelf life of meat products. Considering the limitations of conventional thermal or chemical
methods in preserving product quality and meeting the growing consumer demand for safer and more naturally
processed products, the present study aimed to evaluate and compare the efficacy of four non-chemical methods
such as ice powder, ozone, lactic acid, and pulsed electric fields in reducing the total microbial count, Salmonella,
andCampylobacter contamination on chicken carcasses.

Material and Methods

This experimental study was conducted on 150 samples collected from a total of 450 broiler chicken carcasses
at an industrial poultry slaughterhouse in Najafabad County, Esfahan Province, Iran. To assess microbial control
methods and improve hygienic conditions in the slaughtering process, treatments included immersion in water
containing ice powder at 0 and 10 °C, lactic acid at concentrations of 0.5% and 1%, ozonated water at 1 and 2
ppm, pulsed electric fields applied at 60 volts with frequencies of 100 and 200 MHz, and combinations of these
four methods at the specified concentrations. Treatment durations were set at 5 and 10 min for all groups.
Following treatment, samples were taken from the carcass surfaces, and total microbial counts, Salmonella, and
Campylobacter populations were enumerated according to Iranian National Standard methods. Data were
statistically analyzed using one-way ANOVA and means were compared by Tukey’s test at a 95% confidence
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level.

Results and Discussion

The results of this study demonstrated that most examined treatments significantly reduced the microbial
contamination of chicken carcasses compared to the control (P<0.05). Among the treatments, lactic acid and the
combined method particularly at their highest tested levels, exhibited the greatest effectiveness in reducing total
microbial counts and Campylobacter populations, highlighting the synergistic potential of combined interventions
for improved pathogen control. The use of ice powder showed the least effect in reducing the microbial
contamination of poultry carcasses. However, as observed, the combined method successfully reduced the total
bacterial count, Campylobacter and Salmonella by 97%, 91% and 95%, respectively, compared to the control. The
findings of this study revealed that the examined treatments led to a significant reduction in the total bacterial
count and Campylobacter at 5 and 10 minutes (P<0.05). However, increasing the treatment duration from 5 to 10
minutes did not result in a further significant reduction of these bacteria (P>0.05). Nevertheless, a 5-minute
treatment already reduced more than half of the Salmonella population, and extending the treatment time to 10
minutes resulted in an even greater reduction in Salmonella (P<0.05). This finding aligns with Carvalho et al.
(2022), who reported that the antibacterial activity of organic acids against meat pathogens increases up to a
saturation point, beyond which extended exposure yields minimal additional efficacy.

Conclusion

The findings of this study indicate that the application of treatments such as lactic acid, pulsed electric field,
ozonated water, and ice powder can significantly reduce the microbial load of poultry carcasses within a short
period. These interventions offer promising alternatives to conventional thermal treatments or the use of harsh
chemical preservatives. Moreover, the results highlight the critical importance of precise control over parameters
such as treatment time, concentration, and intensity, which significantly influence the overall antimicrobial
efficacy. In summary, the present study not only confirms the practical applicability of these methods for
enhancing the microbial safety of poultry meat but also demonstrates that the strategic combination of physical
and chemical technologies with optimized exposure times can effectively control microbial contamination in
slaughterhouses and meat processing operations without compromising product quality.

Keywords: Campylobacter, Lactic acid, Microbial safety, Ozone, Salmonella
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(60 V, 100 and 200 MHz)), along with the description of their characteristics and the methodology of conducting the
treatment experiments
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1- Buffered Peptone Water
2- Selenite F Broth

3- Brilliant Green Agar

4- Triple Sugar Iron Agar
5- Lysine Iron Agar

6- Urea Agar Base
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Table 2- The mean of total bacterial count and Campylobacter count (Log CFU/g) and Salmonella contamination (%6) at
critical control points during the slaughter process

S Js b (Log CFU/G) b pSl 5 odjlews  (Log CRUIQ) s liphsal” 50 jlows (7) Migallawr (53901 20y
Critical control points Total count of bacteria Campylobacter count The percentage of Salmonella infection
(A) o3 ‘u;u 6.26 + 0.26° 3.20 £ 0.48® 41+0.412
Internal evacuation
(B) yiind g2 6.43 £ 0.29° 3.32 +0.42° 42 +0.41°
Washing shower
(€) pid 6.18 + 0.33° 2.98 +0.15% 42 +0.41°
Washing chiller
©) M“S 6‘0 ol 5.55 +0.39° 2.81+0.33* 25 +0.55°
Cooling chiller
(O) gtz | 5.29 +0.32° 2.64 +0.18° 25+ 055

Chiller washing water

i (S O,a)'i o> gy pdan 50 I cixe gl oimd L gliie gy
Different letters indicate significant differences at the 5% level according to Tukey’s test.
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Table 3- The mean total bacterial count, Campylobacter count, and the percentage of Salmonella contamination in the studied

groups
B 5L S (55 lod FSglaT
Lo Sl JL“;‘ O:j 9 Tobw Total bacterial Campylobacter }Il’}**"‘“i’l
Treatments Lc?f\ﬁegtnmetrllze %9 )ctzch:r'\:tU/g o9 )cou(r::tFU/g conti?n?:lzrgfors (%)
o r“ljt’r‘j © - 6.18+0.33° 2.98+0.15 42+0.412
. 4335 -a> 2 10 6.05+0.07% 2.95+0.35 34.00+0.51%
IC(eE)ng)J:r 45,3510 —45,5 10 5.87+0.13™ 2.76+0.26 25.00+0.55*®
485 a0 0 5.72+0.13° 2.60%0.26° 25.000.55%*
43510 —42 50 5.58+0.11° 2.5620.35° 16.50+0.52°
4,855 -1 ppm 5.87+0.242 2.88+0.242 34.000.52°
éGZ)O:‘;' 48510 -1 ppm 5.77£0.17% 2.69+0.15% 17.00+0.51%
4,855 -2 ppm 5.42+0.29° 2.48+0.24° 8.500.41°
428> 10 -2 ppm 5.35+0.17" 2.44+0.23 8.50+0.41°
43,83 5-100 mhz 5.71+0.32% 2.67+0.25%® 25.00+0.55°
(';L)“;‘::] ec“‘st;l’ff: g;‘:‘ 443> 10-100 mhz 5.61+0.32° 2.49+0.26% 8.500.41°
4i,3> 5-200 mhz 5.38+0.37" 2.3740.20° 0.000.00¢
438> 10-200 mhz 5.22+0.31° 2.31+0.48° 0.00£0.00¢
4,35 -0.5% 5.16+0.36° 2.4240.40% 8.50+0.41°
(FL)a;;f:C :j“”‘ 4,85 10 - 0.5% 5.37+0.32t 2.28+0.44° 8.50+0.41"
455 -1% 4. 69+0.32° 2.15+0.31° 0.000.00°
4510 - 1% 4.60+0.30° 1.96+0.41° 0.00+0.00°
' 1o los dan 1 4.93+0.19° 2.26+0.24° 8.50+0.41°
Corg:i)r::j); ;;Lct o Lo dod 2 4.78+0.20% 1.97+0.26" 0.000.00°
b )loss 402 3 4.57+0.37% 1.83+0.32% 0.00+0.00°
b )loss 4o 4 4.28+0.39° 1.59+0.30° 0.000.00°

S5 3 sme VB (S5 90l o yd gy pdaw > i Ciglize Lg s (glld 48 (jlme Bl oE uSilie) JyiS 09,5 4 o o (pSSles pgtw y 5
In each column, means (mean * standard deviation) with different letters are significantly different at the 5% level according to
Tukey's test.
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1- Campylobacter jejuni
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Fig. 2. Average percentage reduction in total bacterial count, Campylobacter count (number of colony-forming units per
gram of sample), and Salmonella contamination (percentage) with each treatment compared to the control group
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