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ARTICLE INFO ABSTRACT
Background: Ice cream is the most popular product in the category of
Research Article dairy desserts, and high consumption of sucrose causes cardiovascular

diseases, obesity, and diabetes. By replacing sucrose with licorice

Article history: extract, these problems can be reduced and a healthy and safe product

Received: June 16, 2024 can be produced.

Accepted: August 17, 2024 Aims: The purpose of this study is to Extraction of licorice extract by

Published: Jan 4, 2025 ultrasonic method and finding suitable concentration of licorice extract
powder for use in ice cream formulation to reduce sucrose was
investigated.

Keywords:
Ultrasound, ice cream, sensory
acceptance, licorice root

Methods: Different concentrations of licorice extract (0.5, 1, 1.25, 1.5,
1.75, and 2%) were added to ice cream along with sugar, and the
physicochemical characteristics of ice cream included pH, specific
gravity, viscosity, Overrun, Total solid matter, time of first melting
drop, colorimetry and sensory evaluation were investigated.

Results: The physicochemical characteristics of ice cream showed that
by substituting licorice in ice cream, the pH level decreased
significantly (P<0.05). substitution up to a concentration of 1.5% led
to a decrease in viscosity and total solids. Also, the treatment
containing 2% licorice with the highest Overrun (42.60%) had the
longest time for the first melting drop (11 minutes). With the increase
of licorice concentration, the brightness index decreased and the a*,
and b* values of the samples increased. Also, according to the
evaluators, the ice cream containing 1% licorice had a higher sensory
acceptance.

Conclusion: In general, the results of this study showed that up to 1%
concentration of licorice extract can be chosen as a substitute for
sucrose in ice cream.

@ ® Food Research Journal, 2025,34(4): 1-14
2 iC DOI: 10.22034/1r.2024.58923.1904
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Extended Abstract

Introduction: Ice cream is the most popular
dessert in the category of dairy products. The
definition of ice cream varies from country to
country (Goff et al., 2013). According to the
definition of Iranian National Standard No.
2450, ice cream is a nutritious product that is
prepared by freezing and aerating a
homogeneous and pasteurized mixture of
ingredients such as milk, fat, sugar, additives,
and other optional ingredients in order to
increase the quality and nutritional value of ice
cream. The desired sweetness of ice cream is
approximately equivalent to 13 to 16% of
sucrose in the composition of 36 to 38% of
total solids. Different types of sugar do not
have the same sweetness, sweetness cannot be
precisely defined and measured (Goff et al.,
2013). High sucrose consumption causes
cardiovascular diseases, obesity, and diabetes
(Ozdemir et al., 2015). Therefore, much effort
has been focused on using natural sweeteners
in ice cream production (Alizadeh et al., 2014).
Sugar plays many roles in food. Its most
obvious function is sweet sugar, but it also
helps improve flavor performance and affects
mouthfeel and textural properties. All
sweeteners can be used only as partial
replacements for sugar since complete
replacement  significantly = changes the
structural properties (Goff et al., 2013). The
genus Glycyrrhiza is a well-known traditional
medicinal plant that grows in several regions
of the world. The stolons and roots of these
plants have been used in traditional medicine
for more than 4000 years. Rhizomes and roots
are the most important medicinal parts of
licorice, which have been reported alone or in
combination with other plants to treat many
gastrointestinal disorders (such as peptic ulcer,
hyperplasia, flatulence and colic), respiratory
disorders such as cough, asthma, tonsillitis,
and It is used for sore throat, epilepsy, fever,
impotence, paralysis, rheumatism, leukorrhea,
psoriasis, prostate cancer, malaria, bleeding
diseases and (Oztiirk et al., 2018). Licorice is
mainly used as a sweetener because it is 50
times sweeter than sucrose and also has
medicinal properties (Bahmani et al., 2015).

Licorice is widely used in the food industry as
a sweetener, flavor enhancer, and flavor
modifier. Therefore, licorice extract is usually
used in sweet foods such as sweet snacks, ice
cream and syrup to increase their sweetness
(Alfaumi et al., 2020).

Material and methods: The dried licorice
root was cut into small pieces (1-0.5 cm in
diameter and 1-0.5 cm in length). The dried
roots were ground using a laboratory mill and
after passing through a sieve (mesh 35) they
were stored in polyethylene bags at -18°C
(Shabkhiz et al., 2016). For the preparation of
extract, 25 grams of powdered licorice root
mixed with 50% (v/v) ethanol-water solvent at
a ratio of 1:5 and subjected to 37 kHz
ultrasound waves for 30 minutes at a
temperature of 45°C and after filtering with
Whatman No. 1 paper, then the solution was
evaporated at 45°C in an oven and after freeze
drying, the resulting powder was homogenized
and stored in a dark container at -18°C until
the experiments were carried out and For the
preparation of different licorice extracts (0.5,
1, 1.25, 1.5, 1.75, and 2%) was used as a
substitute for sucrose in ice cream formulation.
Ice cream formulation based on 7% fat,
sweetness equivalent to 15% sucrose (mixture
of sucrose and licorice extract), 9% dry matter
fat-free milk, 0.1% vanilla, and 0.3% salep,
treatment, and control samples are prepared.
For the preparation of ice cream First, the milk
was heated to a temperature of 40-45 degrees
Celsius, then the milk and cream were
homogenized for one minute, sucrose was
added to the mixture along with other dry
components including licorice, milk powder,
salep and mixed for 5 minutes with a
mechanical stirrer at 70 rpm. The resulting
mixture was pasteurized for 30 minutes at
70°C 1n a bain-marie and finally cooled to 5°C
with the help of antifreeze (ice and salt). Then,
the Aging stage was carried out at a
temperature of 4-6 degrees Celsius in a
refrigerator for 24 hours. Vanilla was also
added to the mixture and the mixture was
frozen in a non-continuous ice cream maker
(Cuisinart, USA) for 30 minutes at a
temperature of -4 degrees and the
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physicochemical characteristics of ice cream
including pH, specific gravity, viscosity,
Overrun, Dry matter, time of first melting
drop, colorimetric and sensory evaluation were
investigated.

Results and discussion: The physicochemical
characteristics of ice cream showed that by
adding different concentrations of licorice
(0.5, 1, 1.25, 1.5, 1.75, and 2%) along with
sucrose in ice cream, the pH of the samples
decreased significantly and the lowest pH in
the sample containing 2% licorice was
observed (6.38). The reason for the decrease in
pH can be attributed to the acidic compounds
in licorice such as saponin. By increasing the
licorice extract concentration to 1.5%, the
viscosity decreased significantly (P<0.05).
The highest viscosity was related to the control
treatment (1238 cp) and the lowest viscosity
was related to the treatment containing 1.5%
extract (cp 377.93). By increasing the licorice
concentration up to 1.5% levels, there was a
significant decrease in the specific gravity of
the treatments, and by increasing the amount
of extract at higher levels, the specific gravity
increased significantly. Thus, the highest
amount of specific gravity was observed in the
concentration of 2% licorice (1.11). Also, With
the increase of licorice concentration, the
increase in volume in the treatments increased
significantly, so that the treatment containing
2% licorice with Overrun (42.60%) caused a
significant increase in ice cream volume.
Because licorice root is a rich source of
saponins, and foam formation is one of the
prominent properties of saponins, and it can be
said that the lipophilicity-hydrophilicity of
saponins is responsible for foam formation.
Levels of 0.5 to 1.25% licorice decrease the
time of the first drop of melting and increase
the speed of melting, and then by increasing
the concentration of licorice extract at levels of
1.5 to 2%, the speed of melting decreased
significantly, so that the treatment containing
2% licorice, the time of first melting drop (11
minutes) was equivalent to the control
treatment (P<0.05). The highest amount of dry
matter was seen in the control treatment
(35.82) and with increasing the concentration

of the extract up to 1.5%, the amount of dry
matter in the samples decreased significantly
(P<0.05) and with increasing the concentration
of more than 1.5% of licorice extract powder,
the amount of dry matter has shown an
increasing trend. With increasing licorice
extract concentration, brightness indices
decreased. Thus, the highest level of brightness
index belongs to the control treatment (73.85)
and the lowest level of brightness index is
related to the treatment with 2% licorice
extract (47.59). It was also observed that with
the increase of licorice percentage in the ice
cream formulation, the highest amount of
yellow/blue index was related to the treatment
of 2% licorice (21.26) that these changes can
be related to the presence of the predominant
yellow (brownish) color of licorice extract.
Also, with increasing concentration of licorice,
(a*) it increased, so that 2% licorice treatment
had the highest amount of redness (7.15).
Also, in terms of sensory characteristics, high
licorice concentrations scored very low and the
reason was the bitter aftertaste of this extract.
Among the different concentrations of this
extract, 1% concentration of licorice extract
was chosen to add to ice cream.

Conclusion: The results demonstrated that the
addition of different concentrations of licorice
with sucrose in the ice cream formulation,
significantly reduced the pH, first melting
drop, and dry matter in different samples, as
well as with the replacement of licorice up to
1.5% wviscosity and specific gravity were
reduced, and increase of overrun was
observed. With the increase of licorice, the
brightness index decreased, and a*, b*
increased. in terms of sensory characteristics, a
very low score can be considered for ice cream
containing licorice, and the reason for this is
the bitter taste of this extract. Among the
different concentrations of extract, 1% licorice
extract was selected to add to ice cream and
prepare a healthy and safe product. In general,
considering the nativeness of the licorice plant
and its food and medicinal use since ancient
times in our country, this review can be an
introduction to the practical use of this extract
in dairy food products, especially ice cream, so
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that the possibility of using an available and
affordable source is provided and also leads to
the production of food products with new taste
characteristics, which will ultimately be a step
towards improving the health and safety of
society.
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Table 1- Ice cream treatments containing different licorice concentrations

Te Ts Ty Ts T, T, Control Matter
57.5 57.5 57.5 57.5 57.5 57.5 57.5 Milk (%)
18 18 18 18 18 18 18 Cream (%)
9 9 9 9 9 9 9 Skim Milk (%)
0.3 0.3 0.3 0.3 0.3 0.3 0.3 Salep (%)
0.1 0.1 0.1 0.1 0.1 0.1 0.1 Emulsifier (%)
0.1 0.1 0.1 0.1 0.1 0.1 0.1 Vanilla (%)
13 13.25 13.5 13.75 14 14.5 15 Sucrose (%)
2 1.75 1.5 1.25 1 0.5 0 Licorice (%)
100 100 100 100 100 100 100 Total (%)

T1 :(Licorice extract 0.5%,) T2 :( Licorice extract 1%) ¢« T3 :(Licorice extract 1.25%) ¢« T4 :(Licorice extract 1.5%) ¢« TS
:(Licorice extract 1.75%) « T6 :(Licorice extract 2%)
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Table 2- Amount and deviation of chemical composition characteristics in ice cream mixture containing licorice
extract powder

specific gravity Viscosity (cp) pH Treatment
1.10 + 0.00% 1238 + 3.46* 6.45 +£0.052 control
1.10+0.01" 519.53 £2.75¢ 6.44 + 0.00° Tl
1.10 + 0.05% 563.70 £ 2.76¢ 6.42 £ 0.02¢ T2
1.09 + 0.00% 454,78 £1.87F 6.42 £ 0.05¢ T3
1.09 £ 0.05¢ 377.93+0.23¢8 6.40 + 0.054 T4
1.11 +0.05% 625.33 £ 1.67¢ 6.38 £ 0.00° T5
1.11 +£0.00? 656.20 + 4.40° 6.38+0.01¢ T6

The letters shown in each column indicate a statistically significant difference (P<0.05) among the treatments
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Table 3- Average and standard deviation of physicochemical parameters in ice creams containing licorice extract

powder
Dry Matter First Dripping Time Overrun Treatment
(%) (Second) (%)
35.82+0.33? 635 +5.00° 24.66+0.118 control
33.76 + 0.38¢ 4004 20.54¢ 2590+ 0.17F T1
33.25+0.46¢ 433.70 £ 12.27¢ 30.12 +0.10¢ T2
33.20 + 0.06° 391.26 £ 11.15¢ 33.43 + 0.46¢ T3
32.10+0.00¢ 556.60+ 15.23¢ 36.56 + 0.05¢ T4
34.05 + 0.02%¢ 592.33 £ 6.80° 39.00+0.17° T5
34.19+0.01° 660.00 £ 19.00* 42.60 + 0.00? T6

The letters shown in each column indicate a statistically significant difference (P<0.05) among the treatments

R e O ge 50 Olucp s dons SRl L
Olocp s doyd Yoles a4 Glate (63,5 ole Ol
Shos 4 laze 503 (8305 adl50) D Olsee o 2S5 (YV/YF)
el Aoy Rl L men sy OAF)) dals
Do S5k 8L Sl (508 add 50) Ol Ol o

35 (VN0) (30 3 Ol (5L Sl Ol et Y

Ky b))
G0 Ol ¥ sl 3 o KOy Ol & Gb
53 Ot olas chle Il S (6, Sems
Sl Al el ool e s aen OsewY e
02l Olgee o VL oSG ey il s 5 s slaslas
O cp S 5 (VI/AD) aali Jlas o Glase olids,
oobas oy ¥ Olge b sled 4 Glate 53 oLy, Larla

S w5 S aamNe pizan 5y (FV/0) Oloyp i

Table 4- Colorimetry of ice cream treatments containing different concentrations of licorice

b* a* L* Treatment
18.41 + 1.65" - 8.92 +£2.94¢ 73.85+1.192 Control
18.80 + 1.372 -4.19+0.814 69.95 + (.94 T1
18.68 + 0.592 -3.26+0.414 67.44 + 0.41b T2
18.77 + 1.11% -0.11 £3.07¢ 65.04 £ 1.93¢ T3
19.28 +2.47% 1.82 + 4.10% 57.00 + 4.864 T4
19.03 + 0.52% 4,53 +(.74% 56.84 + 2.444 T5
21.26+1.012 7.15 +£1.49? 47.59 £2.37¢ T6

The letters shown in each column indicate a statistically significant difference (P<0.05) among the treatment
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Table 5- The results of sensory evaluation of ice cream treatments containing different licorice concentrations

overall Texture Color Flavor Odor Treatment
acceptability
4.50+ 0.05° 4.36+0.28° 4.16+0.28 4.16+0.28% 3.83+£0.28% control
4.16+0.28° 4.23+2.28* 2.50+ 0.509 4.33+0.28% 3.50+0.20 T1
4.83+0.282 433+ 0.57* 4.33+£0.28 4.83+0.282 450+0.50* T2
4.00+ 0.50* 4.16%0.28* 4.00+ 3.28° 3.83+0.28" 423+0.28%® T3
433 +0.57* 3.33+£0.28° 5.00£0.102 3.16 £0.28° 4.16+0.46 T4
3.16+0.28° 4.16+0.76* 4.83 +0.28% 2.61 +£0.28¢ 3.00+£0.28° TS
2.33 £0.57¢ 4.00 £0.542 5.00 £+ 5.00? 1.00 + 0.76¢ 3.33+£3.28 % T6
The letters shown in each column indicate a statistically significant difference (P<0.05) among the treatments.
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ARTICLE INFO ABSTRACT
Article type: Background: Plant-based analogue of meat products available in the
Research Article market possess sensory qualities similar to those of conventional meat.

The increased importance of meat analog in the current trend is due to
the health awareness among consumers in their diet and for a better
future environment. The factors that lead to this shift is due to low fat
and calorie foods intake, flexitarians, animal disease, natural resources
depletion, and to reduce greenhouse gas emission
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Aims: The aim of this study was to produce plant-based (PB) burgers
Keywords: and investigate their textural properties and fatty acid profiles, as well
Meat analogue, Soy protein | as to compare them with meat-based (MB) burgers.
isolate, Plant-based burger,
Fatty acid profile, Texture Methods: Soy protein isolate was utilized to develop the plant-based
profile. burgers. The samples were then evaluated for their physicochemical
characteristics at 30-day intervals over a 90-day storage period.

Results: The cooking loss and shrinkage were higher in MB burgers
than in PB burgers throughout the storage period. The highest and
lowest L* values were observed in raw MB burgers (145.96) in the
third month and cooked PB burgers (120.97) in the second month,
respectively. The a* and b* values showed a significant increase and
decrease, respectively, upon cooking the two burger samples (p<0.05).
No significant differences were found in the textural parameters of
hardness, adhesiveness, chewiness, and gumminess (p>0.05). The
highest proportion of unsaturated fatty acids (78.08%) in the PB
burgers was dominated by linoleic acid (omega-6, 49.83%).

Conclusion: Considering the suitable physicochemical properties of
the plant-based burgers, this product can be introduced as a suitable
alternative to conventional meat-based burgers.
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Extended Abstract

Introduction: Awareness of population health
and sustainable foods has raised the concept of
plant-based protein innovation in many
countries. Consumption of plant-based
proteins in food products has increased over
the years due to animal diseases, high demand
for healthier foods, and economic reasons.
Therefore, the development and innovation of
a new food product that meets consumer
demand is highly challenging. Quality,
nutrition, and sensory characteristics are the
primary parameters that must be considered
before developing a plant-based protein diet.

Meat analogue products refer to the
substitution of the main ingredient with a non-
meat component. These products started in
Western markets, such as tofu (soy cheese) and
textured soy protein, in the early 1960s, and
consumer interest in meat analogues has
recently increased. The growing importance of
meat analogues in the current trend is due to
consumer awareness of health in their diet and
for a better environment in the future. Factors
leading to this change include the consumption
of low-fat and low-calorie foods, flexibility,
animal diseases, reduced natural resources,
and reduced greenhouse gas emissions.

Currently, the meat analogue products
available on the market are plant-based meats
with similar quality (i.e., texture and taste) to
conventional meats. The main ingredients used
are soy proteins. In addition to these traditional
Asian products, textured vegetable proteins
(TVPs) were the first examples of meat
analogues made from defatted soy meal, soy
protein concentrate, or wheat gluten. The
introduction of these TVPs as meat substitutes
appeared in the mid to late 20th century. TVP
is a key plant-based protein food that has been
used to replace a portion of the meat in burger
products to increase water-holding capacity
and protein content, create a meat-like texture
(such as softness and doughy texture), and
reduce the amount of saturated fats and
product cost.

Soy protein is a cost-effective and reliable
protein source that can be used as a substitute
for animal protein in food products. Soy
protein isolate (SPI) has meat-like textural
characteristics, and is utilized in the production
of various food products. Additionally, the
fatty acid profile of SPI is healthier compared
to animal-based products.

Textured vegetable protein (TVP) also has an
elastic and spongy texture, making it a suitable
meat substitute in analog products. While
some studies have indicated that sensory
aspects, particularly aroma, can be a deterrent
for some consumers, improving the sensory
quality and similarity to meat-containing
products can make plant-based alternatives
more appealing to consumers.

Materials and Methods

The production and evaluation of both meat-
based and plant-based burger samples were
carried out at an agricultural education center.
This controlled environment allowed for
consistent manufacturing processes and
comprehensive analysis of the burger
properties.

For the meat-based burger, fresh beef was
procured and ground to a fine consistency. The
ground beef was then mixed with chopped
onions, solid vegetable oil, and a blend of
powdered seasonings and binders. Water and
ice were incorporated to create a homogeneous
dough-like mixture.

The plant-based burger relied on soy protein
isolate as the primary ingredient. The soy
protein was first soaked to hydrate, then
combined with hydrogenated soybean oil and
onions. This mixture was ground and blended
with a similar powdered ingredient
formulation as the meat-based version.

Both burger doughs were carefully portioned,
molded into patties, and packaged for frozen
storage at -18°C. Samples from each type were
evaluated at 1, 2, and 3 months of frozen
storage to assess changes in post-cooking
properties, color, and texture over time.

Prior to analysis, the frozen burger samples
were thawed in a refrigerator for 24 hours. The
raw patties were weighed, and their diameter
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and thickness were measured. The burgers
were then pan-fried at 130°C for 7 minutes,
flipping halfway through the cooking time.
Post-cooking weight, diameter, and thickness
were recorded to calculate cooking loss and
shrinkage.

Texture profile analysis was conducted using a
Texture Analyzer. The burgers underwent a
two-cycle compression test, and key textural
attributes such as hardness, cohesiveness,
adhesiveness, springiness, and chewiness were
evaluated.

Color analysis was performed using a digital
camera and image analysis software. Nine
random points on the surface of each burger
sample were measured, and the mean values of
L* (lightness), a* (redness), and b*
(yellowness) color indices were reported.

To determine the fatty acid profiles, the oil was
extracted from the burger samples and
analyzed using a gas chromatograph equipped
with a flame ionization detector (GC-FID).
The fatty acid methyl esters were identified
and quantified according to the AOCS method,
providing insights into the differences in lipid
composition between the meat-based and
plant-based burgers.

This comprehensive set of analyses, conducted
at multiple timepoints during frozen storage,
allowed for a thorough evaluation and
comparison of the physical, textural, and
compositional properties of the two burger
types.Results and discussion: The study
highlights that the presence of specific bonds
has increased elasticity in the burgers, leading
to reduced cooking loss and shrinkage in the
plant-based  burger.  Additionally, the
incorporation of fish protein isolate in burgers
has been shown to decrease cooking loss and
shrinkage as well. Another study noted that
increasing the amount of acorn flour (0, 3, 6,
and 9 percent) resulted in reduced cooking loss
and shrinkage in burger samples. This was
attributed to the acorn flour's ability to retain
fat, which helped prevent the loss of meat
juices during cooking. The study examines the
impact of various factors on the color indices
(L*, a*, b*) of meat and plant-based burgers

during storage. Results show significant
influences from time, composition, and
temperature. The raw meat burger exhibited a
higher L* index compared to the raw plant-
based burger. Cooking increased the a* index
in both burger types, with the cooked meat
burger showing the highest value. The b*
index decreased upon cooking, while both raw
samples experienced an increase in storage
time, particularly in the plant-based burger,
which showed significant changes by the third
month. Color is a crucial factor influencing
consumer choice in meat products. In cooked
samples, the a* index increased for both plant-
based and meat burgers, while the L* and b*
indices decreased. These changes may result
from myoglobin state alterations, water
release, and Maillard reactions during cooking,
affecting the brightness of cooked meat
products. The lowest L* and highest a* and b*
in plant-based burgers may be attributed to the
yellow hue of soy protein isolate and fiber,
which could also explain the higher L* and b*
values in cooked plant-based burgers. Texture
profile analysis evaluated parameters such as
firmness, stickiness, elasticity, cohesiveness,
gumminess, and chewiness in meat and plant-
based burgers during storage. Statistical
analysis showed significant differences in
elasticity and cohesiveness, while other
parameters  exhibited no  significant
differences. Texture measurements are key in
determining final product quality and
ingredient selection. Parameters such as
firmness, elasticity, and chewiness tend to
increase, aligning with current findings. It was
observed that as acorn flour content increased
(0, 3, 6, and 9%), chewiness and elasticity
decreased in burger samples due to reduced
water and fat content. Gumminess, defined as
the energy required to crush a semi-solid food
until ready for swallowing, is calculated by
multiplying firmness by cohesiveness. Results
indicated a decrease in gumminess for both
plant-based and meat burgers during storage,
although this change was not statistically
significant. Notably, gumminess was lower in
plant-based burgers, possibly due to the
inclusion of carrageenan in their formulation.
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Chewability, representing the effort needed to
chew, is derived from the product of elasticity
and gumminess. Results suggested that meat
burgers required more effort to chew compared
to plant-based alternatives. Additionally, the
fatty acid profile analysis through GC-FID
revealed higher unsaturated fatty acids in
plant-based burgers, particularly linoleic acid,
compared to meat burgers, which exhibited
higher saturated fat levels. The essential fatty
acids for human health include C18:1, C18:2,
and C18:3, which were present in plant-based
burgers but only C18:1 and C18:2 was found
in meat burgers. The plant-based burger
exhibited higher levels of unsaturated fatty
acids, specifically C18:1 (22.67%), C18:2
(49.83%), and C18:3 (5.58%), amounting to a
total of 78.08%. Conversely, the meat burger
contained only 41.4% unsaturated fatty acids.
Notably, oleic acid (C18:1 ®-9) was
predominant in both types of burgers. The
difference in fatty acid profiles suggests that
plant-based burgers may provide greater health
benefits compared to meat burgers.
Conclusion: Today, the modern global
population is increasingly aware of healthy and
sustainable food options, leading to a reduction
in meat consumption. Utilizing healthier plant-
based protein sources as meat alternatives can
reduce the risk of stroke, diabetes, and cancer.
This study employed soy protein isolate in
burgers, demonstrating comparable texture
and color to meat burgers, while showing
advantageous characteristics like reduced
cooking loss and shrinkage. Additionally, the
fatty acid profile revealed that the plant-based
burger was rich in unsaturated fatty acids,
offering greater health benefits than its meat
counterpart, indicating the potential for plant-
based burgers in the industry.
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Table 1- Formulation for the production of meat
and plant-based burgers

Meat burger Plant-based burger
Ingredients AI(I:)Zl)mt Ingredients AI(ILZI;M
Meat 30 Soy protein 20

isolate
Oil 5 Starch 1.7
Toasted 10 Hydrogenated 12
flour Soybean oil
Soy 12 Toasted flour 3.2
Onion 15 Gluten 5
spice 1 White flour 3
Salt 1 Onion 16
lee & 26 Sweet pepper 2
Water
Spice 1.1
Salt 1.3
Carrageenan 07
gum
Potato fiber 1
Egg
Ice & water 26
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Table 2- Investigating the characteristics of after cooking in plant-based and meat burgers during the storage

Parameter (%)

product Storage during (Month) Cook loss Shrinkage
1 19.13£1.92°¢  5.42+2.02¢
Plant-based burger 2 15.71£1.95¢  9.39+1.97°¢
3 8.48+2.18F  2.86+1.94°
1 23.74+1.72% 19.39+2°
Meat burger 2 16.69+1.9%  14.45+1.96°

3

21.36+1.94%  9.13+2.03 ¢

" Data are reported in two replications in terms of (Mean =+ SD value).
" The similar small letters (a-f) in each column indicate no significant difference (p>0.05) based on the Duncan test

between the means.
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Table 3- Evaluation of color indices (L", a*, b") of plant-based and meat burgers during the storage period

Product (SI;(:I?E; L* a* b*

1 27.7741.99¢%  7.8842.00  23.2241.99

Non-Cooked 2 31.00+2.02¢ 5.44+1.9% 27.66+2.02°

3 44.1142.00% 1.11+1.89° 36.5542.00°

Plin:;z:ed 1 25.55+1.91¢F  12.1141.89%  11.2242.03¢

Cooked 2 20.55¢1.97°  11.11£1.96%  9.8842.00°
3 38.1142.01  8.8842.02%¢  25.00+1.97%
1 39.3342.02%¢ 7.2242.000  23.00£2.02%
Non-Cooked 2 41.2242.00%¢ 6.3342.03¢  22.7740.65"
3 45.44+1.96° 22041.95€  24.4442.00%

Meat burger

1 35.1142.01¢ 13.7741.89*  19.3342.00¢
Cooked 2 25.7741.95¢%  12.5541.99%  20.8842.03%
3 28.22+1.89¢ 14.33£1.97*  13.55+1.96¢%

"Data are reported in two replications in terms of (Mean + SD value).

** The similar small letters (a-f) in each column indicate no significant difference (p>0.05) based on the Duncan test

between the means.
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Table 4- Investigating the texture profile of plant base burger and meat burgers during the storage period

Plant-based burger Meat burger
Parameter
Day 30 Day 60 Day 30 Day 60 Day 90
Hardness (g)  92416.15%  99.66+17.34° 99.66+18.64* 100.5+12.00° 111.5421.01* 115.65422.54?
Ad?ge“nf;‘;ess 0.016£0.006°  0.028+0.11*  0.07+0.036*  0.04+0.02*  0.023+0.008%  0.043+0.014
Spr(l;ilgess 0.5340.11¢  0.5440.21%  0.54+0.21%  0.5540.038%  0.6140.15%  0.63%0.88°
Cohesiveness 1.0040.51*  0.406+0.008> 0.406£0.007°  1.00%0.19° 0.52+0.2° 0.4620.15"

Gumminess (g)  67.7+12.33*  42.53+6.21*  42.53+6.21* 112.83+17.58* 92.86+38.98*  65.4+30.75°

Chewiness (mJ) 0.22+0.332 0.22+0.332

0.36x0.075*

0.36x0.18% 0.58+0.24° 0.68+0.11°

"Data are reported in two replications in terms of (Mean £ SD value).
" The similar small letters (a-c) in each row indicate no significant difference (p>0.05) based on the Duncan test between

the means.
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Table 5- Profile of fatty acids in plant-based and meat burgers

Type of fatty acid Fatty acid name Plant-based burger Meat burger
C14:0 Myristic acid 0.55 3.61
C16:0 Palmitic acid 12.53 26.95
C17:0 Margaric acid - 1.28
C18:0 Stearic acid 3.62 16.79
C18:1 Oleic acid (0-9) 22.67 36.2
C18:2 Linoleic acid (®-6) 49.83 5.2
C18:3 a-Linolenic acid (®-3) 5.58 -
C20:0 Arachidic acid 2.96 0.39
C22:0 Behenic acid 0.29 0.46

Other fatty acids - 1.97 9.12
Total saturated fatty acid 19.95 49.48
Total unsaturated fatty acid 78.08 414
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ABSTRACT
Background: In the production of food powders, foam mat drying is
a suitable and cost-effective alternative to traditional drying methods.
Aims: The aim of this research was to select the optimal conditions for
producing sugarcane molasses powder using the foam mat drying
method.
Methods: In the initial stage, different concentrations of albumin (5 to
15%), xanthan gum (0.1 to 0.15%), and whipping time (2 to 6 minutes)
were used to produce foam. The properties of the produced powders
(density, solubility, bulk and tapped density, moisture content, pH, and
rehydration) were examined at two foam thicknesses (4 and 6 mm) and
temperatures of 50, 60, and 70 °C. Six drying models were used to
investigate the drying kinetics of the samples.
Results: The results showed that the sample produced with 12.417%
albumin, 0.12% xanthan gum, and 6 minutes of whipping had the best
performance in terms of foam stability and density. Furthermore, the
Wang and Singh model was selected as the best model for
investigating the drying kinetics of the samples at all drying
temperatures and foam thicknesses. Using Fick's second law, the
effective moisture diffusivity was calculated and was in the range of
2.07x108t0 5.18x10"® m?/s with activation energies of 16.35 and 20.15
kJ/mol for thicknesses of 4 and 6 mm, respectively.
Conclusion: Based on the obtained results, most of the sugarcane
molasses foam drying process occurred in the falling rate period.
Considering the fitting of different drying models, the Wang and Singh
model was the best model for describing the drying behavior of
sugarcane molasses foam. Additionally, increasing the temperature
and foam thickness increased the effective moisture diffusivity.
Therefore, sugarcane molasses powder can be produced as a sweetener
and additive in the formulation of various food products using the foam
mat drying method.
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Introduction: Sugarcane molasses is an
underappreciated by-product of the sugar mill
industry. It is classified as generally
recognized as safe (GRAS) and has been
utilized as an alternative sweetener in the food
industry (Deseo et al., 2020). Molasses is the
final effluent obtained during the preparation
of sucrose through a repeated process of
evaporation, centrifugation, and crystallization
from sugarcane juices (Jamir et al., 2021). It
possesses  special  properties such as
antioxidant, antimicrobial, weight loss, and
treatment of anemia, and is used in cooking as
a fermentation feed (Deseo et al., 2020; Jamir
etal.,2021). Foam mat drying is a process used
to convert liquid or semi-liquid foods into
stable dried products. This is achieved by
incorporating a large volume of gas in the
presence of an edible foaming agent and/or
stabilizer, followed by drying. Foam mat
drying is suitable for drying viscous, sticky,
heat-sensitive, and high-sugar food products
that are difficult to dry using other tray drying
techniques (Afifah et al., 2022). To ensure
efficient foam mat drying, the foaming agent is
used as a surfactant to reduce the surface
tension between solid-liquid interfaces.
Proteins are considered good and form a
viscoelastic film around the bubbles,
improving the powder's rheology (Brar et al.,
2020). Xanthan gum, a natural polysaccharide,
is one of the most important industrial
biopolymers. It is widely used in various food
materials for 1its emulsion stabilization,
temperature stability, compatibility with food
ingredients, and pseudo-plastic rheology
properties. Xanthan gum is also utilized in
pharmaceutical formulations, cosmetics, and
agricultural products as a dispersing agent and
stabilizer for emulsion or suspension due to its
stability to thicken aqueous solutions (Song et
al., 2006). The stability of the foam is
influenced by foam stabilizers such as gelatin,
xanthan, and string time. It is crucial to
optimize the process by using an appropriate
concentration of foaming agent and foaming
time (Mihe et al., 2023). Therefore, in the
production of food powders, foam mat drying

is a suitable and cost-effective alternative
compared to traditional drying. This research
was conducted to determine the optimal
conditions for the production of sugarcane
molasses powder using foam mat drying.
Material and methods: Molasses from Ahvaz
Sugarcane Development and Auxiliary
Industries Company, as well as Sigma
Alderich xanthan gum were used in this
research. Egg white was also used as foaming
agent which was obtained by purchasing whole
eggs and separating the white. The eggs were
purchased from the Mollasani local market. To
prepare the foam, the molasses was brought to
a brix level of 25. Then, xanthan gum was
added at three different levels (0.1%, 0.125%,
and 0.15%) and mixed thoroughly to create a
homogeneous mixture. Following this, the egg
white was added at specific concentrations
(5%, 10%, and 15% w/w) and mixed using a
household mixer (Moulinex, model BMS6,
Spain) for three different time periods (2, 4,
and 6 min) (see table 1 for details). The
resulting foam was placed in aluminum trays
(6 mm in height, 48 cm in length, and 40 cm in
width) and dried in a dryer (Heraeus,
Germany) at a temperature of 50 °C. After
leaving the dryer, it was powdered using a
home grinder and stored in impermeable
plastics until the tests were conducted.
Results: Based on the obtained results, Wang
and Singh's model was chosen as the best
model to examine the drying kinetics of the
samples at all drying temperatures and foam
thicknesses. Using Fick's second law, the
effective diffusion coefficient of humidity was
calculated to be in the range of 2.07x107% to
18.5x10® (m?s), with activation energy of
16.35 and 20.15 kJ/mol for thicknesses of 4
mm and 6 mm, respectively.

Conclusion: The maximum drying process of
sugarcane molasses foam was found to be in
the descending speed stage. Wang and Singh's
model was the best fit to describe the drying
behavior of sugarcane foam. Additionally,
increasing the temperature and foam thickness
resulted in an increase in the effective moisture
diffusivity. Therefore, sugarcane molasses
powder can be utilized as a sweetener and
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additive in the formulation of various food
products using the foam mat drying method.
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Table 2- Mathematical models to investigate the drying kinetics of foam-mat drying of molasses foam

Number Model Equation References
Diffusion MR=a*exp(-k*x)+(1-a)*exp(-k*b*x) Sobukola, Dairo, and Odunewu
(2008)
Henderson Pabis MR= a*exp(-k*x) Pandith (2018)
Logarithmic MR=a*exp(-k*x)+c Erbay and Icier (2010)
Newton MR=exp(-k*x) Vengaiah and Pandey (2007)

Wang and Singh MR=exp(-k*x”n) Doymaz and Ismail (2011)

Page MR=1+a*x+b*x"2 Kadam and Dhingra (2011)
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Figure 1- The effect of foam production conditions (albumin, Whipping Time and xanthan gum) on the density
of sugarcane molasses foam
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Table 3- ANOVA for stability and density of the sugarcane molasses foam

Source DF Foam stability Foam density
Intercep 1 225.48%* 2.803**
Albumin 2 91.299** 0.029**
Whipping Time 2 2.343%* 0.007**
Xanthan Gum 2 19.707** 0.000%**
Albumin * Whipping Time 1 1.074** 0.000**
Albumin * Xanthan Gum 1 0.781** 0.000**

Whipping Time * Xanthan Gum 1 0.469** 7.656E-5%*
Albumin * Whipping Time * Xanthan Gum 1 0.377** 0.000%**
Error 0.040 1.227E-5
R-Squared 0.998 0.998
Adj R-Squared 0.995

* Significant at 5% level
Df, Degrees of freedom

** Significant at 1% level
ns, lack-offit, is not significant at p> 0.05
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Figure 2- The effect of foam production conditions (albumin, whipping time and xanthan gum) on the stability of
sugarcane molasses foam
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Figure 3- The effect of albumin, whipping time and xanthan gum on the solubility index of sugarcane molasses
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Table 4- analysis results for sugarcane molasses powder responses

Bulk Tap

Source DF WSI WAI Moisture pH . . Rehydration
density density
Intercep 1 202.881%*  563.692%*% 1153.11%* 993.619%*% 7.595%% 8 788%* 132.223%x*
Albumin 2 124.187%*  8310%*  22.231%*  0.159%*  0.080**  0.091** 1.739%%*
Whipping Time 2 0041 0466%*  3.101%*%  0.002%*  0.001%* 1'1569]5' 0.001"
ns
Xanthan Gum 2 26.645%* 1.037%* 0.455%*  8306E-5" 0.001**  (.001%* 0.199%*
L N
Albumin * 1 0001™  0.062%*  0328%  0009%% 1S00E" g 000k 1.000E-5™
Whipping Time 5
L _
Albumin® Xanthan - gze3+s 0452 0002%  2500E-5™ 00004 OO0 o009
Whipping Time * o sk s s 5.256E- sk "
Xanthan Gum | 0002 0.029 0.011 2.500E-5 P 0.001 0.001
Albumin *
Whipping Time * 0.0040s 0.118%* 0.003* 0.000  0.000**  0.001 0.001*
Xanthan Gum 1
Error 0.081 0.002 0.002 0.000 0.008 0.015 0.001
R-Squared 0.996 0.999 0.993 0.992 0.995 0.997 0.996
Adj R-Squared 0.993 0.997 0.989 0.985 0.991 0.994 0.992
* Significant at 5% level ** Significant at 1% level
Df, Degrees of freedom ns, lack-of—fit, is not significant at P > 0.05
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Figure 5- The effect of albumin, whipping time and xanthan gum on the moisture content of sugarcane molasses
powder
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Figure 6- The effect of albumin, whipping time and xanthan gum on the pH of sugarcane molasses powder
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Figure 7- The effect of albumin, whipping time and xanthan gum on the Bulk density of sugarcane molasses
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Figure 8- The effect of albumin, whipping time and xanthan gum on the Top density of sugarcane molasses
powder
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Figure9- The effect of albumin, whipping time and xanthan gum on the rehydration rate of sugarcane molasses

powder
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Table 4- Optimizing the production conditions of sugarcane molasses powder

Foam Foam ) Bulk Tap )
Xanthan WSI WAI  Moisture  pH ) ) Rehydration
stability  density density  density

Time

12.417 6 0.12 98.412 0.451 94988 5.741 5581 6363 0.513 0.532 2.861




A

P JUsl e 5 (phasse 508 e o9 g5 )0 Sl ST ) 5l ool

L3S 1S ULl osee 5 sla o) 5 055 i gl
b e odalie OAd i la povn 1 &S b Ols
SO b shn & 50553 53 OAS S s (s
L i 313151 ST s S50 Y (55 31 1 (slsm s b
s 3 s s St il bl L oS 555 o=
30 Rl SRS 008 i e e T T 000
Lo JS8) sel s o 2l el (YT OLes

5o LS 0ad S 0l Sde dadiS Cubis il

893 S s St 5wd e
5 ool el b S50 e 2 S 058 S
- Sleam Ve 50 ‘o~)qm6u>¢wj;ou\)§'cw
Glea b oS i s (o V5 8) Culs 53 5 (IS
ohe O3 8 Sl e 5 Cagby Ol s LS el £l
5 (G o35 GesdD) S Ll Ll lpn > S
23 il glacsbis L(OWIS aes) sdiSluL

ol L os 5 i Ol e sl sl il (Vo) K

by el OLKan 5 5l (VK3 col rals (s 5 S oo
a
1.2

1
2
T 08
]
= 0.6 %
N +
‘2 0.4 o
= 0.2 -0

0

0 50 100 150 200 250
Time (min)
b

1.2
g 1
£o08
5]
5 0.6 <0
£ 0.4 S
= 02 o

0

0 50 100 150 200 250 300
Time(min)

Figure 10- Variations of moisture ratio with drying time for foam-mat drying of sugarcane molasses at 4 mm(a)
and 6mm(b) thickness
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Table 5- Statistical results obtained from fitting the laboratory data with a thickness of 4 mm and a temperature

of 50, 60 and 70 (°C)

Model R? RMSE SSE
50 0.9641 0.0562 0.1170
Diffusion 60 0.9548 0.0620 0.1115
70 0.9586 0.0663 0.1197
50 0.9763 0.0451 0.0772
Henderson Pabis 60 0.9633 0.0549 0.0906
70 0.9657 0.0532 0.0792
50 0.9761 0.0458 0.0777
Logarithmic 60 0.9631 0.0551 0.0910
70 0.9655 0.0533 0.0796
50 0.9641 0.0548 0.1170
Newton 60 0.9548 0.0600 0.1115
70 0.9486 0.0640 0.1187
50 0.9971 0.0158 0.0095
. 60 0.9948 0.0205 0.0126
Wang and Singh 70 0.9962 0.0178 0.0089
50 0.9964 0.0177 0.0119
Page 60 0.9916 0.0263 0.0208
70 0.9957 0.0185 0.0096

Table 6- Statistical results obtained from fitting the laboratory data with a thickness of 6 mm and a temperature

of 50, 60 and 70 (°C)
Model R? RMSE SSE

50 0.9642 0.0563 0.1270

Diffusion 60 0.9969 0.0161 0.0091

70 0.9539 0.0668 0.1294

50 0.974 0.0466 0.0892

Henderson Pabis 60 0.9855 0.0344 0.0427

70 0.9623 0.0548 0.0901

50 0.9747 0.0468 0.0897

Logarithmic 60 0.9855 0.0344 0.0427

70 0.9633 0.0549 0.0904

50 0.9645 0.0548 0.1260

Newton 60 0.9770 0.0427 0.0674

70 0.9475 0.0646 0.1294

50 0.9962 0.0180 0.133

Wang and Singh 60 0.9983 0.0118 0.0050

70 0.9949 0.0205 0.0126

50 0.9959 0.0189 0.0146

Page 60 0.9988 0.0097 0.0034

70 0.9936 0.0230 0.0159
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Table 7- Effective diffusivity and activation energy of drying sugarcane molasses foam

Temperature Thickness Effective moisture
I()OC) (mm) diffusivity(m?/s) Ea(kJ/mol) Da(m?/s)
50 4 2.07x10°8
60 4 2.58%10°® 16.35 9.21 %107
70 4 2.95x10°®
50 6 3.34x10°®
60 6 3.91x10® 20.15 2.1 x1077
70 6 5.18x10®

L Ols ol b A b gad 53 Zusby Ji5e 3580 o 0
S e g pdg S 03,8 S gy Sl eslanl
SN pams Oge¥ge B 03 S3558) 5 oS p pd Ol 4

S5 A8 plde il

&.ﬂ:).\é’j}ﬁ.ﬁ
é))jwc}l}omb L;:».Aj)".i g:,d)bu 6}4&4)L5SL¢ 6L&

Aled Glay B 5 ST Ol ek mle

References

E b Sbla L OIS 5 Ol s 4ils slagens bodsesls 2y

Abd El-Salam E A, Ali AM, & Hammad K S, 2021

& S o
OIS s sl ilisin (slado s 5l e tassy cal o
3 eolial S e S A5 S 03508 s
ol A ey e A 5 S et 55 58 sla il
e S O Sl it el s 4 S
—dhe Sl e ar s b s Jog e de e 3 SES
DB oo s S Je e 038 St il gl
By S 5 Kl die i e S DU S

Ol Uil Gel LS Csbios 5 s (lil Cpioman

s la i 038 Sl 3 lediae Vi il 5O Sl

TAGY ) TY (gl sl slatass 4,5

. Foaming process optimization, drying kinetics and quality

of foam mat dried papaya pulp. Journal of Food Science and Technology 58: 1449-1461.

Afifah, N, Sarifudin A, Kumalasari R, Indrianti N,

Ratnawati L, Karim M A, ... & Taufan A, 2022. Foaming

properties, microstructure, and mathematical model of foam mat drying of pasta sauce based on tomato.
Czech Journal of Food Sciences 40(2): 130-137.



Albosharib D, Noshad M, Jooyandeh H, & Zaki Dizaji H, 2021. Effect of freezing and radiofrequency
pretreatments on quality and kinetics of convective air-drying of potatoes. Journal of Food Processing and
Preservation 45(12): 1-9.

Ali S M, Begum S, Kulkarni L R, Ranganatha S C, & Nagraj K H, 2015. Optimizing Process Parameters for
Foam Mat Drying of Papaya Pulp (Carica Papaa L.). Agricultural Engineering Today 39(2): 3-10.

AOAC. 1995. Official methods of analysis (16" ed.); Association of Official Analytical Chemists: AOAC
Arlington, VA, Washington DC. USA.

Azizpour M, Mohebbi M, Hossein Haddad Khodaparast M, & Varidi M, 2014. Optimization of foaming
parameters and investigating the effects of drying temperature on the foam-mat drying of shrimp (Penaeus
indicus). Drying Technology 32(4): 374-384.

Bahriye G, Dadashi S, Dehghannya J, & Ghaffari H, 2023. Influence of processing temperature on production
of red beetroot powder as a natural red colorant using foam-mat drying: Experimental and modeling study.
Food Science & Nutrition 1-19

Brar A S, Kaur P, Kaur G, Subramanian J, Kumar D, & Singh A, 2020. Optimization of process parameters
for foam-mat drying of peaches. International journal of fruit science, 20(sup3): S1495-S1518.

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

Deseo M A, Elkins A, Rochfort S, & Kitchen B, 2020. Antioxidant activity and polyphenol composition of
sugarcane molasses extract. Food Chemistry 314: 126180.

Dotaniya M L, Datta S C, Biswas D R., Dotaniya C K, Meena B L, Rajendiran S, ... & Lata M, 2016. Use of
sugarcane industrial by-products for improving sugarcane productivity and soil health. International Journal
of Recycling of Organic Waste in Agriculture 5: 185-194.

Doymaz I, & Ismail O, 2011. Drying characteristics of sweet cherry. Food and Bioproducts Processing 89:
31-38.

Erbay Z, & Icier F, 2010. A review of thin layer drying of foods: Theory, modeling, and experimental results.
Critical Reviews in Food Science and Nutrition 50(5): 441-464.

Farid E, Mounir S, Siliha H, El-Nemr S, & Talaat E, 2023. Effect of soy protein isolate concentration and
whipping time on physicochemical and functional properties of strawberry powder. Journal of Food
Measurement and Characterization 1-12.

Fauziyah N, Ifie I, Syarief O, & Darniadi S, 2023. Impact of hydrocolloid and foaming agent on the
physicochemical, microstructural and bioactive characteristics of foam-mat freeze-dried tapai (fermented
black glutinous rice) powder. Food Science & Nutrition 11(1): 578-589.

Franco T S, Perussello C A, Ellendersen L N, & Masson M L, 2016. Effects of foam mat drying on
physicochemical and microstructural properties of yacon juice powder. LWT-Food Science and
Technology 66: 503-513.

Gomes J V P, de Oliveira L A, Pereira S M S, da Conceigdo A R, Anunciac¢ao P C, de Souza E C G, ... & Della
Lucia C M, 2021. Comparison of bioactive compounds and nutrient contents in whey protein concentrate
admixture of turmeric extract produced by spray drying and foam mat drying. Food Chemistry 345: 128772.

Hossain M A, Mitra S, Belal M, & Zzaman W, 2021. Effect of foaming agent concentration and drying
temperature on biochemical properties of foam mat dried tomato powder. Food Research 5(2): 291-297.

Jain R, & Venkatasubramanian P, 2017. Sugarcane molasses—a potential dietary supplement in the
management of iron deficiency anemia. Journal of dietary supplements 14(5): 589-598.

Jamir L, Kumar V, Kaur J, Kumar S, & Singh H, 2021. Composition, valorization and therapeutical potential
of molasses: a critical review. Environmental Technology Reviews 10(1): 131-142.

Kadam D M, & Dhingra D, 2011. Mass transfer kinetics of banana slices during osmoconvective drying.
Journal of Food Process Engineering 34: 511-532.



oy pr JUi) St 5 obaigs 1,500 oo yogr ds o SLigy S b, 5l ealiul

Kamali R, Dadashi S, Dehghannya J, & Ghaffari H, 2020. Production of Green Banana Powder Using Foam-
Mat Drying Method: Effects of Ovalbumin Concentration on Drying Kinetics and Physicochemical
Properties of the Product. Iranian Journal of Nutrition Sciences & Food Technology 15(2):101-112.

Kanha N, Regenstein J] M, & Laokuldilok T, 2022. Optimization of process parameters for foam mat drying
of black rice bran anthocyanin and comparison with spray-and freeze-dried powders. Drying Technology
40(3): 581-594.

Kumar A, Kandasamy P, & Chakraborty I, 2022. Analysis of foaming properties of mango pulp for foam-mat
drying: Impact of egg albumin concentration and whipping time. Journal of The Institution of Engineers
(India): Series A 103(3): 717-724.

Minh T N, La Bao P, Van T N, & Quang M V, 2023. Impact of foaming conditions on quality for foam-mat
drying of Butterfly pea flower by multiple regression analysis. Plant Science Today 10(2): 51-57.

Nejatdarabi S, & Mohebbi M, 2021. Effect of foam-mat drying condition on physical properties and
rehydration behavior of mushroom powder. Iranian Food Science & Technology Research Journal 17(3).

Noshad M, & Ghasemi P, 2020. Influence of freezing pretreatments on kinetics of convective air-drying and
quality of grapes. Food Bioscience 38: 100763.

Noshad M, Hojjati M, Ghasemi P, & Mostaan A, 2020. Optimization and modeling of mass transfer kinetics
during foam-mat drying of date syrup. Innovative Food Technologies 7(4): 535-550.

Pandith J A, 2018. Induction heating assisted foam mat drying of papaya pulp: drying kinetics, drying
modeling, and effects on quality attributes. Agricultural Engineering International: CIGR Journal 20(2):
206-215.

Qadri O S, & Srivastava A K, 2017. Microwave-assisted foam mat drying of guava pulp: Drying kinetics and
effect on quality attributes. Journal of food process engineering 40(1): 1-11.

Reyed R M, & El-Diwany A, 2007. Molasses as bifidus promoter on bifidobacteria and lactic acid bacteria
growing in skim milk. Internet J Microbiol 5(1): 1-8.

Rohilla S, & Mahanta C L, 2022. Foam mat dried tamarillo powder: Effect of foaming agents on drying
kinetics, physicochemical and phytochemical properties. Journal of Food Processing and Preservation
46(12): 1-17.

Roy T, & Alam M S, 2023. Foam-mat dried modified aloe polysaccharide powder: Optimization and
physiochemical characterization. eFood 4(2): 1-14.

Seerangurayar T, Manickavasagan A, Al-Ismaili A M, & Al-Mulla Y A, 2017. Effect of carrier agents on
flowability and microstructural properties of foam-mat freeze dried date powder. Journal of Food
Engineering: 215: 33-43.

Shaari N A, Sulaiman R, Rahman R A, & Bakar J, 2018. Production of pineapple fruit (Ananas comosus)
powder using foam mat drying: Effect of whipping time and egg albumen concentration. Journal of Food
processing and Preservation 42(2):1-10.

Sifat S A, Trisha A T, Huda N, Zzaman W, & Julmohammad N, 2021. Response surface approach to optimize
the conditions of foam mat drying of plum in relation to the physical-chemical and antioxidant properties
of plum powder. International journal of food science 1-16.

Sobukola O, Dairo O U, & Odunewu A, 2008. Convective hot air drying of blanched yam slices. International
Journal of Food Science and Technology 43: 1233-1238.

Song KW, Kim Y S, & Chang G S, 2006. Rheology of concentrated xanthan gum solutions: Steady shear flow
behavior. Fibers and Polymers 7: 129-138.

Susanti D Y, Sediawan W B, Fahrurrozi M, & Hidayat M, 2021. Foam-mat drying in the encapsulation of red
sorghum extract: Effects of xanthan gum addition on foam properties and drying kinetics. Journal of the
Saudi society of Agricultural Sciences 20(4): 270-279.

Tan S L, & Sulaiman R, 2020. Color and rehydration characteristics of natural red colorant of foam mat dried
Hibiscus sabdariffa L. powder. International Journal of Fruit Science 20(1): 89-105.

Vengaiah P C, & Pandey J P, 2007. Dehydration kinetics os sweet pepper (Capsicum annum L.). Journal of
Food Engineering 81; 282-286.



Wadia C, Champawat P S, & Jain S K, 2020. Influence of foam thickness, whipping time and drying
temperature on production of guava powder during foam mat drying. Journal of Pharmacognosy and
Phytochemistry 9(5S):720-727.



7

P
Oo

Online ISSN: 2676-5691

=
S

Food Research Journal
Print ISSN: 2008-515X

https://foodresearch.tabrizu.ac.ir

Enrichment of Milk powder with encapsulated conjugated linoleic acid (CLA) by Spray

dryer and evaluation of its properties

Bahram Fathi-Achachlouei '®, Hakimeh Rezaei jafarloo 2, Hossein Abdi-Benemar?, Rezvan Shaddel !
"Professor and Associate Professor, respectievly, Department of Food Science and Technology, Faculty of
Agriculture and Natural Resources, University of Mohaghegh Ardabili, Ardabil, Iran
2MSc of Food Science and Technology, Faculty of Agriculture and Natural Resources, University of
Mohaghegh Ardabili, Ardabil, Iran
3Professor, Department of Animal Science, Faculty of Agriculture and Natural resources, University of
Mohaghegh Ardabili, Ardabil, Iran
D4 Corresponding author: b_fathi@uma.ac.ir

ARTICLE INFO
Article type:
Research Article

Article history:
Received:

January 17, 2024
Accepted:
December 22, 2024
Published:

Jan 4, 2025

Keywords:
Conjugated linoleic
acid, Milk Powder,
Spray Dryer,
Xanthan gum,
Whey protein and
Maltodextrin

o

BY NC

ABSTRACT

Background: Encapsulation serves as a technique for the delivery of bioactive
compounds while enhancing their sensory attributes. For instance, the encapsulation of
delicate oils within thin layers effectively inhibits oxidation resulting from moisture,
metal ions, oxygen, and heat exposure. Additionally, a range of methods is employed
in the encapsulation of fatty acids, such as conjugated linoleic acid. Two commercial
processes used in this field are the use of spray drying technique and combined
coacervation. Additional methodologies include extrusion coating and encapsulation
within nanoliposomes. A critical factor influencing each of these processes is the
selection of wall material.

Aims: The objective of this study is to develop nanocapsules utilizing various wall
materials for conjugated linoleic acid, subsequently incorporating these nanocapsules
into milk powder, and assessing the properties of the enriched milk powder.

Methods: In this research, 4 different treatments including: 1- xanthan gum and
maltodextrin, 2- xanthan gum and whey protein, 3- guar gum and maltodextrin, and 4-
guar gum and whey protein were used as wall materials. After drying the primary
emulsions and milk (1/5% Fat) separately, the milk powder was enriched with
nanocapsules powder. Some physicochemical characteristics of enriched milk powder
including protein, fat, moisture, solubility and morphology were evaluated.

Results: The results showed that the performance of the spray dryer was about 50%.
The highest CLA content and encapsulation efficiency were related to the xanthan-
whey protein (19.21%). The results of the evaluation of particle size and morphology
indicated that in all treatments, the particle size was within the nanometer range, and
the form of the nanocapsules was spherical and their surface had some cracks. The
results of evaluating the characteristics of milk powder enriched with CLA showed that
the samples of enriched milk powder were not significantly different from each other
in terms of solubility (99%) and moisture content (2.33- 2.98%). However, there was a
significant difference in the amount of fat and protein. The highest amount of protein
was related to the treatment of CLA encapsulated in whey protein-xanthan (12.83%).
Also, the treatment containing xanthan-whey protein had the highest amount of fat
among all treatments.

Conclusion: According to the tests examined in this research, it can be concluded that
all tretments had good performance and can be used for the encapsulating of fatty acids,
vitamins, oils and flavors, but the xanthan-whey protein had better characteristics than
the other treatments and was more suitable for encapsulation.

Food Research Journal, 2025,34(4): 55-75
DOI: 10.22034/FR.2024.60134.1919
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Extended Abstract

Introduction: Encapsulation is a process to
entrap active agents within a carrier material
and it is a useful tool to improve the delivery
of bioactive molecules and living cells into
foods. Materials used for the design of the
protective shell of encapsulates must be food-
grade, biodegradable and able to form a barrier
between the internal phase and its
surroundings. Among all materials, the most
widely wused for encapsulation in food
applications are polysaccharides. Proteins and
lipids are also appropriate for encapsulation
(Nedovic et al., 2011). The health benefits of
omega-3 fatty acids are substantiated through
extensive and rigorous in vivo studies. A wide
range of investigations indicate that omega-3
fatty acids are essential not only for normal
growth and development but also for their
positive effects on the heart, brain, eyes, joints,
skin, mood and behavior (Kaushik et al.,
2015). Omega-3 fatty acids are also implicated
in the prevention of coronary artery disease,
hypertension,  diabetes, arthritis, other
inflammatory and autoimmune disorders, and
cancer. Many studies encourage the adequate
intake of omega-3 fatty acids by pregnant and
lactating women to support overall health of
fetus and the healthy development of the retina
and brain in the fetus (Kaushik et al., 2015).
Some studies argue that the claimed health
benefits of omega-3 fatty acids are
inconclusive, particularly with regard to
cardiovascular events, cancer, cognitive health
and slowing down age-related macular
degeneration (AMD). Desired levels of
omega-3 fatty acids in diets can be achieved by
including various foods enriched with omega-
3 PUFA. Although a variety of food products
enriched with omega-3 fatty acids are available
in the market, there are technical challenges in
their production, transportation, storage,
bioavailability and sensory acceptability
(Kaushik et al., 2015). The physical and
chemical characteristics of omega-3 oils limit
their application as a potential food ingredient.
Due to the highly unsaturated nature of omega-
3 fatty acids such as CLA, these are susceptible
to  oxidation and readily  produce
hydroperoxides, off-flavours and odours,

which are deemed undesirable by consumers.
To overcome the above-mentioned problems,
the use of microencapsulation technology has
been explored by various researchers (Kaushik
et al., 2015). Omega-3 fatty acids have been
microencapsulated using different
encapsulation techniques. So far, spray drying,
complex coacervation and extrusion are the
most commonly used commercial techniques
for microencapsulation of omega-3 fatty acids.
Spray drying offers many advantages over
other drying methods such as freeze drying,
including low operational cost, the ability to
handle heat-sensitive materials, readily
available machinery and reliable operation,
and the ability to control the mean particle size
of the powders for spray dried emulsions.
However, only limited numbers of wall
materials are compatible with this technology
(Kaushik et al., 2015). The spray drying
technique is considered an immobilization
technology rather than an encapsulation
technology =~ because  some  bioactive
compounds can be exposed superficially on
microparticles. In addition to the simplicity of
spray drying, this technique is also convenient
for encapsulating heat-sensitive materials
because the exposure time to -elevated
temperatures is short (5-30 s) (Rigolon et al.
2024). For the microcapsules to be formed,
there is a need to use encapsulating materials,
with polysaccharides being the most used for
this purpose. The polysaccharides used have
desirable properties such as low viscosity, high
solid content, good solubility, and are readily
available, biocompatible, and can form bonds
with flavor compounds, exist in great diversity,
have low cost and low toxicity (Rigolon et al.
2024). In a recent study, the potential of a
maltodextrin combination with different wall
materials (starch, whey protein concentrate,
and gum arabic) for the microencapsulation of
flaxseed oil through spray drying was
evaluated. Results indicated that maltodextrin
(MD) in combination with modified starches
gave the best encapsulation efficiency in
comparison to a gum arabic and whey protein
concentrate (WPC) combination, whereas the
best emulsion stability and oxidation
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protection was observed in the MD-WPC
combination (Kaushik et al., 2015). The results
of Gohari et al., (2024) indicated that
nanocomplexes (NCs) were synthesized based
on the principles of electrostatic complexation,
utilizing sodium caseinate (NaCa), gum Arabic
(GA), and gum exudates from Prunus
armeniaca L. (PAGE) to encapsulate
conjugated linoleic acid (CLA). The
encapsulation process was optimized by
varying the concentrations of NaCa (0.1%—
0.5%), GA/PAGE (0.1%-0.9%), and CLA
(1%—-5%), with a central composite design
(CCD) applied for numerical optimization.
The optimal formulation for the nanocomplex
containing gum Arabic (NCGA) was
determined to be 0.336%, 0.437%, and 3.10%
for NaCa, GA/PAGE, and CLA, respectively.
In contrast, the optimal formulation for the
nanocomplex containing PAGE (NCPAGE)
was found to be 0.403%, 0.730%, and 4.177%
for NaCa, GA/PAGE, and CLA, respectively.
The encapsulation efficiency (EE) and particle
size were measured at 92.46% and 52.89 nm
for NCGA, while NCPAGE exhibited an EE of
88.23% and a particle size of 54.76 nm. The
conjugated linoleic acid (CLA) present in
NCGA-CLA and NCPAGE-CLA
demonstrated superior oxidative stability
compared to free CLA over a 30-day storage
period, with no significant differences
observed in the oxidative stability test results
for the nanocarriers. The Azari et al.,(2024) in
a recent research were focused on the
development  of  enriched  buttermilk
characterized by stable physicochemical
properties through the process of complex
coacervation. To mitigate the natural
instability of oils within liquid matrices,
microcapsules were formulated utilizing
sodium alginate and xanthan gum, with
optimization conducted via the response
surface methodology (RSM). The buttermilk
was enriched at optimal concentrations of 0%,
0.04%, 0.07%, and 0.1%, followed by
incubation at 48 °C for a duration of 42 days.
The optimized conditions revealed that the
selection and amount of gums employed for
enrichment had a significant impact on the
properties of the enriched buttermilk. Notably,

a reduction in pH accompanied by an increase
in acidity resulted in improved viscosity of the
buttermilk. The flow characteristics of the
buttermilk displayed pseudoplastic behavior.
Enrichment led to an increase in particle size,
while only slight alterations were observed in
odor, taste, and color, with the buttermilk
remaining free from protein aggregates.
Chromatographic analysis indicated a rise in
unsaturated fatty acids post-enrichment. In
conclusion, this study illustrates the potential
for producing nutritionally  enhanced
buttermilk that possesses high stability and
favorable sensory attributes. Spray drying is
the most extensively applied encapsulation
technique in the food industry because it is
flexible, continuous, but more important an
economical operation. The purpose of this
research is to investigate the production of
nanocapsules containing different  wall
materials for conjugated linoleic acid, and then
enrich milk powder with them and evaluation
of its properties.

Material and methods: In this research, 4
different treatments including: 1- xanthan gum
and maltodextrin, 2- xanthan gum and whey
protein, 3- guar gum and maltodextrin, and 4-
guar gum and whey protein were used as wall
materials. After drying the primary emulsions
and milk (1/5% Fat) separately, the milk
powder was enriched with nanocapsules
powder. Some physicochemical characteristics
of enriched milk powder including protein, fat,
moisture, solubility and morphology were
evaluated.

Results and discussion: The results showed
that the performance of the spray dryer was
about 50%. The highest CLA content and
encapsulation efficiency were related to the
xanthan- whey protein (19.21%). The results
of the evaluation of particle size and
morphology indicated that in all treatments,
the particle size was within the nanometer
range, and the form of the nanocapsules was
spherical and their surface had some cracks.
The results of evaluating the characteristics of
milk powder enriched with CLA showed that
the samples of enriched milk powder were not
significantly different from each other in terms
of solubility (99%) and moisture content (2.33-
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2.98%). However, there was a significant
difference in the amount of fat and protein. The
highest amount of protein was related to the
treatment of CLA encapsulated in whey
protein-xanthan (12.83%). Also, the treatment
containing xanthan-whey protein had the
highest amount of fat among all treatments.
The results of fatty acid profile indicated that
the fattiest acids detected in enriched milk
powder were saturated, monounsaturated and
polyunsaturated fatty acids, respectively.
Linoleic acid and o-linolenic acid are
recognized as the sole essential fatty acids
(EFAs) required by the human body. The
omega-6 and omega-3 fatty acids are derived
from linoleic acid and o-linolenic acid,
respectively, through biological processes
such as elongation and desaturation. In dietary
patterns characterized by low fish intake or
vegetarianism, these fatty acids are vital for
supplying two important fatty acids—
docosahexaenoic acid and arachidonic acid—
necessary for the maintenance of essential
bodily functions. However, these
polyunsaturated fatty acids are particularly
prone to oxidation, which negatively impacts
the storage stability of oils that contain them.
The recent study explores encapsulation as a
promising strategy to enhance the stability of
EFAs. It is identified five primary
encapsulation techniques: (1) spray drying, (ii)
freeze drying, (iil)) emulsification, (iv)
liposomal entrapment, and (v) various other
methods, including electrospinning/spraying
and complex coacervation. Among these
techniques, spray drying emerged as the most
commonly utilized method for EFA
encapsulation, closely followed by freeze
drying. Furthermore, maltodextrin and gum
Arabic were identified as the predominant wall
materials used in carriers. Future research
should focus on the industrial scalability and
cost-effectiveness of these encapsulation
methods (Nejatian et al., 2024). The
advantages of omega-3 fatty acids, including
conjugated linoleic acid (CLA), are supported
by comprehensive and methodologically
sound in vivo research. Numerous studies
demonstrate that omega-3 fatty acids play a
crucial role not only in promoting normal

growth and development but also in
contributing positively to the health of the
heart, brain, eyes, joints, skin, as well as
influencing mood and behavior (Kaushik et al.,
2015).

Conclusion: According to the tests examined
in this research, it can be concluded that all
treatments had good performance and can be
used for the encapsulating of fatty acids,
vitamins, oils and flavors, but the xanthan-
whey protein had better characteristics than the
other treatments and was more suitable for
encapsulation.
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Table3. Effect of different wall materials in
CLA Microcapsulation on Encapsulation
Efficeincy

Treatments Encapsulation
Efficeincy (%)
Xanthan—Maltodextrin- 86.33+ 2.08*
CLA
Xanthan—whey protein-  88.66+ 2.51*
CLA
Guar  —Maltodextrin-  85.66+ 1.15*
CLA

Guar-whey  protein-  78.66+ 2.51°
CLA
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Table2. CLA content of  prepared
Microcapsulations with different wall materials

Treatments CLA content (%)
Xanthan—Maltodextrin-CLA 12.14+ 0.21°¢
Xanthan —whey protein-CLA 19.21+ 0.03*
Guar-Maltodextrin-CLA 13.32+0.01°
Guar-wheyprotein-CLA 11.63+ 0.05¢
Milk Powder 4.36=+ 0.02°
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Table4. Particle size(nm) and particle size distribution in the different used treatments as wall

materials
Treatments Mean of Particle size(nm) Span index (particle size distribution)
X-MD-CLA 248.1 + 33.5¢ 0.34+ 0.12°¢
X-WP-CLA 576.8 + 38.8<¢ 2.02+0.72*
G-MD-CLA 228.8 + 4.53¢ 0.31+ 0.05¢
G-WP-CLA 410.6 + 11.69*¢ 1.07+ 0.34%°
MP 315.6 £ 12.20° 0.46+ 0.07¢
MP-X-MD- 1233.4 + 32.87* 1.21+ 0.09%°
CLA
MP-X-WP- 751.1 £53.9¢ 0.59+ 0.03¢
CLA
MP-G-MD- 534.5 + 83.19% 0.68+ 0.07¢
CLA
MP-G-WP- 1181.3 +50.29% 1.21+ 0.04%°
CLA

Mean =+ Standard deviation

MP(Milk Powder), X (Xanthan gum), MD(Maltodextrin), WP(Whey protein), G(Guar gum)

Different lowercases within a column indicate significant differences (p<0.05) among treatments.

Table5. Mean contents some of milk powder properties enriched with

encapsulated CLA in different wall materials

Treatment” Moisture Protein (%) Fat (%) Solubility (%)
(%)

MP 2.33+£0.28" 6.12+1.02°¢ 1+0.4° 99 + (.12
MP+X+MD+CLA  2.98 + 0.04* 8.16 = 0.98" 1.50 £ 0.5 99.12 +0.2?
MP+X+WP+CLA 2.4 +0.19" 12.83 +1.03* 1.80 £ 0.5* 99.09 + 0.07*
MP+G+MD+CLA  2.48 +0.37° 9.18 + 1.04° 1.60+ 0.3720 99.10+ 0.2?
MP+G+WP+CLA  2.91 +0.03* 11.81 +1.02° 1.20 £ 0.21° 99 + (0.4*

Mean =+ Standard deviation

MP(Milk Powder), X (Xanthan gum), MD(Maltodextrin), WP(Whey protein), G(Guar gum)
Different lowercases within a column indicate significant differences (p<0.05) among treatments.
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Figurel. Electron microscope images of CLA microcapsules, A) encapsulated CLA with Xanthan —
Maltodextrin, B) encapsulated CLA with Guar —Maltodextrin, C) encapsulated CLA with Guar—whey
protein D), encapsulated CLA with Xanthan —whey protein
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ABSTRACT

Background: When water is exposed to a magnetic field with
positive and negative poles, its molecules become magnetized. In
addition to the effect of the magnetic field on the shape of water
molecules, this magnetic field can reduce the surface tension of
water, increase the pH, increase viscosity, and reduce the formation
of sediment.

Aims: In this research, the use of magnetized water to reduce oil
absorption and improve the sensory and appearance characteristics of
fried potato slices was investigated.

Methods: In this research, first, potato slices with a thickness of 0.5
cm were prepared and divided into three groups and treated. Finally,
the samples were examined for moisture content, oil absorption,
hardness, color parameters, color change index, surface changes, and
sensory properties.

Results: The results of this study showed that the oil absorption of
fried potato slices was significantly reduced when magnetized water
pretreatment was used (p<0.05). Regarding moisture content, a
significant difference was observed between the control sample and
the other two samples (p<0.05), and the moisture content being
higher in the treated samples. The texture analysis showed that the
use of magnetic water pretreatment reduces the hardness of the fried
product. The surface color changes of the samples placed in magnetic
water were less and the rate of reduction in size of these samples
during the frying process was minimal. Regarding the acceptability
values of appearance, odor, texture, taste and overall desirability,
potato slices pretreated with magnetized water received the highest
values.

Conclusion: In general, the treatment of potato slices with
magnetized water reduced the oil absorption, improved the size and
appearance color, reduced the hardness, and improved the
organoleptic acceptability of the product.
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Introduction: Magnetic field-treated water,
so-called “magnetized water”, has been a
challenging subject over the last several
decades in both academia and industry,
despite the controversy and the lack of a
complete understanding (Esmaeilnezhad et al.
2017). When water is exposed to a magnetic
field with positive and negative poles, its
molecules become magnetized. This water
can have a positive effect on foods due to its
hexagonal structure. In addition to the effect
of the magnetic field on the shape of water
molecules, this magnetic field can reduce the
surface tension of water, increase the pH,
increase viscosity, and reduce the formation
of sediment (Esmaeilnezhad et al. 2017).
Ignatov and Mosin (2014) reported that the
effect of the magnetic field on water is a
complex multifactorial phenomenon resulted
in changes of the structure of hydrated ions as
well as the physicochemical properties and
behavior of dissolved inorganic salts, changes
in the rate of electrochemical coagulation and
aggregate stability (clumping and
consolidation),  formation of  multiple
nucleation sites on the particles of fine
dispersed precipitate consisting of crystals of
substantially uniform size. Nakagawa et al.
(1999) reported essentially two different types
of conceivable field effects. One is a direct
field effect on the biochemical reactions; the
other is indirect via changes in the
surroundings. In the case of the former effect,
the concern might be the possible genetic
influence that a magnetized water can have on
living organisms. In the case of the latter,
however, the magnetized water effects can be
considered like any other external parameter,
such as temperature, pressure, or mechanical
stirring.

When being applied to water, the magnetic
field therein changes the rates of chemical
reactions due to the occurrence of competing
reactions of dissolution and precipitation of
the dissolved salts, facilitates the formation
and decomposition of colloidal complexes,
and improves electro-coagulation followed by
sedimentation and crystallization of scaling
salts (Ignatov and Mosin 2014). A series of

molecular dynamics simulations showed that
the number of hydrogen bonds increases
under the application of a magnetic field. In
particular, as the strength of the magnetic
field increases from 1 to 10 Tesla, the number
of  hydrogen bonds increases by
approximately 0.34%, which indicates that the
magnetic field enhances the water networking
ability. A larger number of hydrogen bonds
suggests that the size of the water cluster
increases under a MF; hence, the structure of
the water molecules is more ordered and
stable under an applied magnetic field (Chang
and Weng, 2006).

Antal et al. (2014) studied the effect of
magnetic water on the characteristics of
freeze drying of apples. The results showed
that magnetic water pretreatment increases the
drying speed and decreases the drying time of
freeze-dried apples. The pretreated apple
cubes had a crisper texture and this method
improved the color of the dried apples. In
another research, Moulaei et al. (2022)
studied the effect of magnetic water on the
quality characteristics of frozen dough and
bread produced from it and stated that the
intensity of magnetism has a great effect on
the quality of frozen dough in terms of
reducing dough defrosting and according to
the amount of flour extraction can have a
significant effect on the amount of yeast gas
production. Also, it can improve the textural
properties of bread and be effective in bread
staleness. In terms of sensory characteristics,
magnetic water can improve the porosity,
chewiness and taste of bread.

Fried food products are highly popular among
consumers due to their unique textural
characteristics (Asadnahal et al, 2022).
Various agricultural products like potato
absorb a lot of oil when fried in edible oils.
The more oil absorbed by these products, the
lower their shelf life and quality, and the
lower the acceptance of the final product by
the consumer. High absorption of oil by fried
products can be reduced by applying different
pretreatments (Kurek et al. 2017; Salehi
2020).
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In this research, the use of magnetized water
to reduce oil absorption and improve the
sensory and appearance characteristics of
fried potato slices was investigated.

Material and methods: In this research, first,
potato slices with a thickness of 0.5 cm were
prepared and divided into three groups. One
group was immersed in water for 20 min. The
second group was placed in the water that had
already been magnetized by the device for 20
min. The third group was immersed in the
magnetized water inside the device and
exposed to the magnetic field for 20 min.
After 20 min, the samples were removed, the
surface moisture was removed, and they were
fried at 150°C for 5 min. Finally, the samples
were examined for moisture content, oil
absorption, hardness, color parameters, color
change index, surface changes, and sensory
properties.

The moisture content of fried samples was
measured by an oven at 105°C for 5 h
(Shimaz, Iran) (Hosseini, 2006). The texture
determination of the fried potato slices was
performed on a STM-5 texture analyzer
(Santam, Iran). A puncture test was
performed using a cylindrical flat-end punch
(diameter 2.5 mm). The test parameters were:
pre-test and test speed, 1 mm/s. The test was
repeated three times (Li et al. 2022). To
examine the changes in color indexes
including lightness (L*), redness (a*),
yellowness (b*) and colour changes (AE) as
well as changes in the area of the samples,
images were taken after the frying process.
The sample photos were captured using HP
Scanner (Hp Scanjet 300). L* (lightness-
darkness that ranges from O to 100),
a*(redness-greenness that ranges from -120 to
120) and b* (yellowness-blueness that ranges
from -120 to 120) were measured in this
study. A hedonistic test was used to estimate
the general level of liking for the fried potato
slices. Twenty panelists were selected and
recruited to descriptively analyze the texture
of fried potato slices.

Data are presented as mean =+ standard
deviation for triplicate = measurements.
Statistical analysis was performed by one-way
analysis of variance (ANOVA) at 95% level

of significance, using SPSS software (version
21). In addition, means were compared with
Duncan's multiple range test at 95% level of
significance.

Results and discussion: The results of this
study showed that the oil absorption of fried
potato slices was significantly reduced when
magnetized water pretreatment was used
(p<0.05). The lowest oil absorption (14.85%)
was related to the sample treated by
magnetized water. The samples exposed to
magnetized water and magnetic field had a
higher moisture content, which also helps to
reduce oil absorption by the product.
Regarding moisture content, a significant
difference was observed between the control
sample and the other two samples (p<0.05),
and the moisture content being higher in the
treated samples. The texture analysis showed
that the use of magnetic water pretreatment
reduces the hardness of the fried product. The
hardness of the control sample (placed in
normal water), pretreated by magnetic water
and exposed to magnetic field was equal to
1.67 N, 1.01 N, and 1.32 N, respectively.
Antal et al. (2012) reported that the use of
magnetic water pretreatment reduced the
drying time, created a softer texture (reduced
hardness) and increased the rehydration of
vacuum-dried apples.

Statistically, there was no significant
difference  between the redness and
yellowness of the samples (p>0.05);
However, in terms of the lightness index, the
control sample and the sample placed in the
magnetic field had a statistically significant
difference (p<0.05). The surface color
changes of the samples placed in magnetic
water were less and the rate of reduction in
size of these samples during the frying
process was minimal. The surface change of
the control sample (placed in normal water),
pretreated by magnetic water and exposed to
magnetic field was equal to 14.54, 10.77, and
12.97%,  respectively.  Regarding  the
acceptability values of appearance, odor,
texture, taste and overall desirability, potato
slices pretreated with magnetized water
received the highest values.
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Conclusion: Deep frying has gained
increasing attention as it produces attractive
sensory and organoleptic properties in
products, such as crispy texture, unique aroma
and taste, attractive appearance, and faster
and easier cooking. As is known, the effect of
magnetic field on water bears a complex and
multifactorial character that in the final result
affects the structure of water and hydrated
ions as well as the physico-chemical
properties and behavior of dissolved inorganic
salts. In general, the treatment of potato slices
with magnetized water reduced the oil
absorption, improved the size and appearance
color, reduced the hardness, and improved the
organoleptic acceptability of the product;
therefore, it is recommended to use this new
method before frying various products. As
future research, it is suggested that more
research be done regarding the wuse of
magnetized water in the processing of various
foods.
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Figure 2. Effect of treatment with magnetized water
and magnetic field on oil uptake of fried potato
slices
Different letters above the columns indicate significant
difference (p<0.05).
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Figure 1. Effect of treatment with magnetized water
and magnetic field on moisture content of fried

potato slices
Different letters above the columns indicate significant
difference (p<0.05)
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Table 1- Impact of treatment with magnetized

water and magnetic field on color indexes of fried
potato slices

Treatment Lightness Redness Yellowness
(L") (a*) (b*)

Control ) 04£1.86°  6.251.39  33.73+1.08
sample

Magnetic 68.00+3.98 ® 47742782  26.08+3.80 2
water

Magnetic 70.49+1.622  4.75£2.42°*  31.44+3.54%

field

Different letters indicate significant differences within
columns by Duncan's test at p<0.05.
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Figure 4. Effect of treatment with magnetized water
and magnetic field on color change index of fried
potato slices

Different letters above the columns indicate significant
difference (p<0.05).
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Figure 3. Effect of treatment with magnetized water
and magnetic field on texture hardness of fried

potato slices
Different letters above the columns indicate significant
difference (p<0.05).
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Figure 6. Effect of treatment with magnetized water
and magnetic field on organoleptic acceptability of
fried potato slices
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Figure 5. Effect of treatment with magnetized water
and magnetic field on surface change of fried potato
slices

Different letters above the columns indicate significant
difference (p<0.05).
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ABSTRACT

Background: Heat treatments and wheat flour particle size can play
arole in improving the quality and staleness characteristics of bread.
Aims: The aim of this study was to investigate the quality
characteristics of bread made from wheat flour of different particle
sizes and under the influence of dry and wet heat treatment.
Methods: For this purpose, wheat flour was prepared in different
particle sizes (180, 150, and 125 microns) and subjected to dry heat
treatment for 10 minutes at 100 °C and wet heat treatment (humidity,
16%) for 5 minutes at 96°C and compared with control samples.
Results: The results showed that the effect of heat treatments on the
uniformity and symmetry index and weight loss was not significant,
but the effect of particle size on the volume index was significant.
Moist heat treatment and a particle size of 125 microns led to an
increase in the specific volume, volume index, oven spring, and the
ratio of the bread core to the crust. Differential scanning caloric
analysis showed that the bread sample obtained from the moist heat
treatment had the lowest retrogradation enthalpy during the storage
period and led to improved bread quality and staleness. The highest
amount of red color of the bread crust was obtained from the moist
heat treatment. The samples from the moist heat treatment had the
lowest firmness and chewiness in texture analysis.

Conclusion: In general, using flour with a particle size of 125
microns and wet heat treatment were the best examples for
improving the quality characteristics of bread.
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Introduction: Wheat is a staple food for most
people in the world 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
(Sudha et al., 2016). Gluten is the most
important factor in volume and texture
uniformity, efficiency and water absorption,
aroma, and flavor in wheat flour products. One
of the most useful components of flour is the
collection of gliadin and glutenin proteins,
which form gluten after mixing with water.
The gluten network is the main determinant of
the important characteristics of the dough,
including extensibility and resistance to
stretching, tolerance to mixing and the ability
to hold gas, which encloses starch granules and
fibrous parts (Payan, 1393). Weak wheats have
less protein and the flour, dough and bread
produced from them are not of good quality.
To solve this deficiency, chemical modifiers or
improvers and physical modification of flour
are used (shanmugavel et al., 2019). 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 (Rosa zavareze
et al., 2011). 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 (Pang et al., 2021). Heat treatments,
depending on the intensity of temperature and
process time, by modifying starch granules,
denaturing proteins, 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 (Chakraborty et al., 2022).
Considering that the interaction of particle size
with moist and dry heating of wheat flour on
the qualitative characteristics of bread has not
been studied so far, in this research, by
dividing wheat flour with different particle
sizes and using moist and dry heat treatment
for modification the functional characteristics

of wheat flour and the improvement of the
qualitative characteristics of bread were
investigated.

Material and methods: The content of
moisture, pH, ash, protein, and zelny of wheat
flour was measured using AACC standard
method (2000), and wet and dry gluten with
standard numbers (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 humidity, 16% for 5 minutes at
a temperature of 96 degrees Celsius was
placed. To produce gluten with bread, the
formulation used by Farhen in 2012 was used
with a slight change. materials for gluten with
bread formulation for 100 grams of wheat flour
included 58 ml of water, 2.5 grams of sugar, 1
gram of salt, 1 gram of vegetable oil, and 2
grams of yeast. Bread tests, which include
weight loss, specific volume, oven spring,
Crumb to crust ratio and shape indexes, were
studied to evaluate the quality of bread. Shape
indexes include volume index and uniformity
index and symmetry index. To check the
staleness of bread during the storage period
test DSC was used. Finally, the factorial test
was used to investigate the effects of particle
size and heat treatment of 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 thermal treatments on
uniformity and symmetry index and weight
loss was not significant (p>0.05). The effect of
particle size on the uniformity index was not
significant (p>0.05). Moist heat treatment and
particle size of 125 microns led to an increase
in specific volume, volume index, oven spring,
and ratio of crumb to bread crust (p<0.05).
Thermal analysis of bread showed that the
sample of bread obtained from moist heat
treatment during the storage period had the
lowest amount of retrogradation enthalpy and
led to the improvement of bread quality and
staleness (p<0.05).
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Conclusion: The results of the research
showed that the use of moist heat treatment and
the particle size of 125 microns improved the
quality of bread, so that the moist heat
treatment causes the dough to expand by
keeping gas and air in the dough and causes the
starch gelatinization temperature to increase
and the delayed gelatinization to prolong the
expansion period and further development of
the dough during baking, this caused an
increase in the volume and specific volume of
the spring bread. The lower retrogradation
enthalpy of the moist heat treatment sample led
to improved bread quality and staleness. In
general, the use of flour with a particle size of
125 microns and moist heat treatment were the
best examples for improving the quality of
bread.
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Table 1- Specific volume of bread samples in different treatments

Treatment / Particle size 80 100 120
C 0.01B+3/26 0.18%+3/45 0.05%%+ 3/71
DHT 0.214%+ 3/65 0.044%+ 3/49 0.054°+ 3/62
HMT 0.0842+3/83 0.01%42% 3/86 0.142%3/95

Different uppercase letters in each row and different lowercase letters in each column indicate statistically
significant differences (p<0.05).
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Table 2- Crumb to crust ratio of bread samples in different treatments

Treatment / Particle size 80 100 120
C 0.1242+ 1/02 0.05%% 1/02 0.034%+0/9
DHT 0.01B2+0/86 0.0652+0/92 0.0342+1/07
HMT 0.0442£0/92 0.0942+0/97 0.074°£0/9

Different uppercase letters in each row and different lowercase letters in each column indicate statistically
significant differences (p<0.05).
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Table 3- Weight loss of bread samples in different treatments

Treatment / Particle size 80 100 120
C 0.14%2+21/10 0.5742£23/60 0.5242422/92
DHT 1.56%2£21/45 0.0442£22/97 1.6242£21/08
HMT 3.234423/5] 1.4842422/25 1.0044+23/37

..szl..odﬂ(p<0.05)L;)l.J)l)WJ)’U}'—[:)%)@M)Quoyﬁjébjw&;ﬁdjﬁj554”:)]&)3;4)@&)}'&_5}?

Different uppercase letters in each row and different lowercase letters in each column indicate statistically

significant differences (p<0.05).
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Table 4- Oven spring of bread samples in different treatments

Treatment / Particle size 80 100 120
C 0.01+0/21 0.0182°+ 0/31 0.024%+ 0/42
DHT 0B¢+0/10 0.0448°+0/18 0.074%+ 0/25
HMT 0B2+0/30 0.074B2+0/35 0.0142+0/46
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Different uppercase letters in each row and different lowercase letters in each column indicate statistically

significant differences (p<0.05).
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Table 5- Volume index of bread samples in different treatments

Treatment / Particle size

100 120

C 0.108°+14/50
DHT 0.142%+14/60
HMT 0.10%2+15/00

0.142B°+14/80  0.0749+14/95

0.214%+14/65  0.07A°+14/75
04+15/30 0.2849+15/60

Different uppercase letters in each row and different lowercase letters in each column indicate tatistically

significant differences (p<0.05).

Table 6- Uniformity index of bread samples in different treatments

Treatment / Particle size 100 120
C 0.0742+0/15 0.2142+0/25 0.1442+0/20
DHT 0.1442+0/20 04220/10 0.0742x0/15
HMT 042+0/10 042+0/10 042+0/10

Different uppercase letters in each row and different lowercase letters in each column indicate statistically

significant differences (p<0.05).

Table 7- Symmetry index of bread samples in different treatments

Treatment / Particle size 100 120
C 0.2142+0/45 0.2142+0/45 0.284%+0/50
DHT 042+0/70 0Ba+0/30 0.214Ba+(/45
HMT 0.1442+0/40 04210/30 0.1442+0/40

Different uppercase letters in each row and different lowercase letters in each column indicate statistically

significant differences (p<0.05).
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Table 8- Endotherm parameters of retrogradation of breads on the first, third and fifth days of

storage
Breads Storage time starting peak Final Enthalpy
(days) temperature temperature temperature AH
1 20.1 78.3 111.2 212.82
C 80 3 21 85.5 125.8 271.38
5 21.4 773 126.9 311.64
1 233 81.5 119.5 236.52
DHT 80 3 21.3 83.1 126.6 279
5 22 77.2 125.9 341.1
1 22 81.9 120.1 198.66
HMT 80 3 224 88 129.8 252.12
5 21.6 80.9 125.1 304.5
1 20 82 117.9 216.18
C 100 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 100 3 20.9 74.4 117.4 288
5 21.7 76.3 123.7 343.2
1 23.3 84.9 121.8 200.7
HMT 100 3 21.3 75.1 123.9 258.24
5 21.2 74.3 128.1 307.26
1 254 82.8 123.1 222.72
C 120 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 120 3 23.5 82.5 128.8 295.38
5 20.7 73.4 124.5 395.52
1 23.5 79.3 118.7 202.2
HMT 120 3 22.7 72.8 124.2 262.92
5 21 71 136.7 309.24
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Figure 1- Results of texture profile analysis of bread samples
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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Table 9- crust color parameters of breads

Breads L a b
C 80 6.15%+40.00 1.12%+14.81 1.9220+ 28.95
DHT 80 3.18%+ 37.09 0.40°+ 14.53 0.25°+28.37
HMT 80 2.25% 36.53 0.74%+ 14.26 0.22°+28.34
C 100 4.68%+ 39.57 0.56°+ 14.78 0.06%°+ 28.96
DHT 100 3.26%+ 39.76 0.09%°+ 13.55 0.45%°+ 28.99
HMT 100 1.05%+ 36.87 0.27°+ 16.55 0.24%°+ 29.04
C120 3.26°t 41.54 0.46°+ 14.03 0.37%+ 29.73
DHT 120 1.99%+ 39.44 0.38%+ 13.97 0.15%+ 28.45
HMT 120 4.20%+ 36.60 0.90°+ 14.36 0.21%%+ 28.65

Different letters in each column indicate significant differences between samples (p<0.05).

izt Gl bl Gla @l catn Dl 350
SO (5355 K5 Oljer sk e ol Dl 4 e
Sl ol Gls gl (P>r/00) dxdll (bl s s
S Ol Wl sl e 4 i sb e 5 i
JORCHPT I R R TR IR VP P PSP R PP

s Olas 1 bl Sl pme Odal 65,5 KKy Ol

Sl ol sed 4 b S8 K5 O A
j&.«))M ..\.J\.ZGAQUJ&A\O' Qbs o)'\..’d\l{;.,'j.laje
3l S 5 sb e s ol Aol b S1OTAE) O, Kes
26 dpame CdS 5SS et s Shs n 1 edS
sl S wnp K sl 0l s Al 18 axfllas 540

Sl daad sl 51z edd oas by slas,l 5l el ag



Vet e b S sl (S paiS 0T Gilie )3 ojll 3 Sts g glye 2 )l b

o s e SOl las S sk 4 b e DU AS
e 5 e 3 a5 38 il & Gy b 5l e bl
Gl 0as w5 s el odd eV sl il
e 03 e i e g bl 53 08 GV sb o e
e s e Gl el Gl S 08 e oy
2ol sl 6w 06 Ko el 051 5 o guasis
Olgae 395 Sl e O S35 Sl 5 0L 5 o165 eyl

gy G303 K, Ol Lol 3l 1S O el S5 55 I

Lol & pas & b ye (6355 Ol i Ll o(p>2/00)
L Ll e ol Cle &S il e 05,5 VYO I3 o5l
Ll s S O b s Db as all s )
G A S5 Ulie Lil3l 5 3 %le STy i a4 jomie S
S Al (Yore) OLen 5 i o5l o 205 5
Ol s s (S8 s i 2T L paS )T 0Kl
35 oo 30l STy LALS 4 e oS 0T (g

.J\J&\P\béh)j)é}a}&)ob:ﬁ

b ol sl 4sed Ol bl ke S
S5 wom

Solm Dl Sl eslizad sls Ol rasy ml S sk

6LA gﬁg_}iﬁ S QFL Uj_)—igﬁ \Yo Q‘)J o)‘.,\;(jujqu

A 0L Slo 5 RS s 4 e

References:
este  ABOL Sl s AS la Sy @l plisd gl 5 SS5 5L Sl W wﬂ;\ YAV g 2leS (i (s o3l 3basen (o 0303 3L
.Y/\ e)}b ¢f, a)Lo..:: ‘u‘i“)"" @L«,ﬂ 3

Ol Ol el 25 eoler Sl s «dhe sla o351 3 (35T (sl aedde VAT OLL

Lﬁifsjﬁm}dl.@.:gjijﬁ¢} (J...f :)Tg‘;}bﬁj&.\i}&‘hé Q)b:- .LJJ,.&J.S\ Arag (P T D e )‘)TaJ;ﬁ»ﬁ)j—J w WJ:M
Al a)Lm.: Yo "U""vi"k' GL\.A&LA u;.xhj}.g 44”;&.: &.”S

AACC 2000. American Association of cereal chemists. Approved methods of the AACC, 10 th ed. American
Association of cereal chemists, St Paul, USA.

Biliaderis, C. G., Izydorczyk, M. S & Rattan, O, 1995. Effect of arabinoxylans on bread-making quality of
wheat flours. Food Chemistry 53(2): 165-171.

Bucsella, B., Takacs, A., Vizer, V., Schwendener, U., Tomoskozi, S, 2016. Comparison of the effects of
different heat treatment processes on rheological properties of cake and bread wheat flours. Food Chemistry
190, 990-996.

Bourekoua, H., Benatallah, L., Zidoune, M. N., & Rosell, C. M, 2016. Developing gluten free bakery
improvers by hydrothermal treatment of rice and corn flours. Lwt, 73, 342-350.

Chevallier, S., Colonna, P., Della Valle, G., Lourdin, D, 2000. Contribution of magor ingredients during
baking of biscuit dough systems. journal of Cereal Science, 31 (3), 241-252.

Chakraborty, 1., Mal, S. S., Paul, U. C., Rahman, M., & Mazumder, N, 2022. An Insight into the Gelatinization
Properties Influencing the Modified Starches Used in Food Industry: A review. Food and Bioprocess
Technology 1-29.

Farheen D, Jyothi Lakshmi A, Prakash J, Indrani D, 2012. Effect of ingredients on rheological, nutritional and
quality characteristics of high protein, high fibre and low carbohydrate bread. Food Bioprocess Tech 5:
2998-3006.

Fathi, B., M. Aalami, M. Kashaninejad, and A. S. Mahoonak. 2016. Utilization of heat-moisture treated proso
millet flour in production of gluten-free poung cake. Journal of Food Quality 39 (6):611-9.

Gelinas, P., Mckinnon, C. M., Rodrigue,N., Montpetit, D, 2001. Heating conditions and bread making potential
of substandard flour. Journal of Food Science 66 (4): 627-632.



Goswami, D., Gupta, R. K., Mridula, D., Sharma, M., Tyagi, S. K, 2015. Barnyard millet based muffins:
physical, textural and sensory properties. LWT- Food Science and Technology 64: 374-380.

Gomez, M., & Martinez, M. M, 2016. Changing flour functionality through physical treatments for the
production of gluten-free baking goods. Journal of Cereal Science 67, 68-74.

Hormdok R & Noomhorm A, 2007. Hydrothermal treatments of rice starch for improvement of rice noodle
quality. LWT-Food science and Technology 40(10): 1723-1731.

Hashemi, A., Milani, J., Motamedzadehgan, A., Haghighat, S, 2023. The effect of hydrothermal process and
dry heat on different particle sizes of waxy rice flour on the quality of gluten free bread. Master thesis of
food industry, faculty of agricultural engineering, sari university of agricultural sciences and natural
resources.

Iran institute of standards and industrial research, national standards, standards no 11545-9639-1,3.

JiY, Zhu K, Qian H & Zhou H, 2007.Staling of cake prepared from rice flour and sticky rice flour. Food
Chemistry 104(1): 53-58.

Kim, M. J., Oh, S. G., & Chung, H. J, 2017. Impact of heat-moisture treatment applied to brown rice flour on
the quality and digestibility characteristics of Korean rice cake. Food Science and
Biotechnology, 26(6),1579-1586.

Lazaridou, A., Duta, D., Papageorgiou, M., Belc, N & Biliaderis, C. G, 2007. Effects of hydrocolloids on
dough rheology and bread quality parameters in gluten-free formulations. Journal of food Engineering 79:
1033-1047.

Lin, S., Gao, J., Jin, X., Wang, Y., Dong, Z., Ying, J., Zhou, W, 2020. Whole-wheat flour particle size
influences dough properties bread structure and in vitro starch digestibility. Food & Function 11 (4), 3610-
3620.

Marston, K., Khouryieh, H., & Aramouni, F, 2016. Effect of heat treatment of sorghum flour on the functional
properties of gluten-free bread and cake. LWT-Food Science and Technology 65, 637-644.

Nakamura, C., Koshikawa, Y., & Seguchi, M, 2008. Increased volume of Kasutera cake (Japanese sponge
cake) by dry heating of wheat flour. Food Science and Technology Research 14 (5), 431-431.

Nakagawa, M., Tabara, A., Ushijima, Y., Matsunaga, K., & Seguchi, M, 2016. Hydrophobicity of stored (15,
35° C), or dry-heated (120° C) rice flour and deteriorated breadmaking properties baked with these treated
rice flour/fresh gluten flour. Bioscience, Biotechnology, and Biochemistry 80 (5), 983-990.

Pang, J., Guan, E., Yang, Y., Li, M., & Bian, K, 2021. Effects of wheat flour particle size on flour
physicochemical properties and steamed bread quality. Food Science & Nutrition 9 (9), 4691-4700.

Rosa Zavareze, E., & Dias, A. R. G, 2011. Impact of heat-moisture treatment and annealing in starches:
A Carbohydrate polymers 83 (2), 317-328.

Shittu, T. A., Dixon, A., Awonorin, S. O., Sanni, L. O., & Maziya-Dixon, B, 2008. Bread from composite
cassava—wheat flour. II: Effect of cassava genotype and nitrogen fertilizer on bread quality. Food Research
International 41 (6), 569-578.

Sun, D, 2008. Computer vision technology for food quality evaluation. Academic Press, New York.

Sakhare, S.D., Inamdar, A., Chandrashekhar, S., Dasappa, I. and Rao, G, 2013. Effect of flour particle size on
microstructural, rheological and physico-sensory characteristics of bread and south indian parotta. Journal
of food science and technology 51 (12), 4108-4113.

Sudha, M.L., Soumya, C. and Prabhasankar, P, 2016. Use of dry-moist heat effects to improve the functionality
immunogenicity of whole wheat flour and its application in bread making. Journal of Cereal Science,
69,313-320.

Shanmugavel, V., Komala Santhi, K., Kurup, A.H., Kumar Kalakandan, S., Anandharaj, A. and Rawson, 2019.
Potassium bromate: effects on bread components, health, environment and method of analysis: a review.
Food Chemistry.



Y
o

Food Research Journal il

Online ISSN: 2676-5691 Print ISSN: 2008-515X
https://foodresearch.tabrizu.ac.ir @

g0

|
;
|

Simultaneous effect of the packages designed for the precooling process with gamma
irradiation on the shelf life of the strawberry

Sadegh Seyedlou '™, Habibeh Nalbandi !, Fakhredin Asaadi > and Mahdi Arzanlou?

! Professor and Associate Professor respectively, Department of Biosystems Engineering, Faculty of
Agriculture, University of Tabriz, Tabriz, Iran

2MSc student, Department of Biosystems Engineering, Faculty of Agriculture, University of Tabriz, Tabriz,
Iran

3 Professor, Department of Plant Protection, Faculty of Agriculture, University of Tabriz, Tabriz, Iran

DL Corresponding author: ss_seiedlo@yahoo.com

ARTICLE INFO ABSTRACT
Article type: Background: Gamma-ray irradiation is a novel method for controlling
Research Article pathogen, effectively eliminating almost all microorganisms present on

the fruit and the package surface. Moreover, precooling plays an effective
role in prolonging the shelf life of fruits. The performance parameters of
Article history: the gamma application and design specifications of the package can be
Received: February 20, 2024 attained through concurrently utilizing these processes.
Accepted: November 23,2024 | Aims: The aim of this research was to examine the combined effects of
Published: Jan 4, 2024 packaging type and gamma irradiation at different doses on quality
attributes, fruit decay during storage, and the determination of ideal
performance conditions.
Methods: In this study, three types of packages were used, perforated

Keywords: polyethylene package designed for the strawberry precooling process,

Gammg, Irradiation, non-perforated polyethylene package with a top polymer film and non-
Packaglng, Postharvest, perforated polyethylene packages without film. Moreover, three doses of
Shelf life gamma irradiation, namely 1, 2, and 3 kGy, were investigated, and their

effect on the quality attributes of strawberry were assessed over a 16-day
storage period.

Results: The finding showed that both package type and dose of gamma
irradiation significantly affected the quality attributes of strawberry in
comparison to the control treatment. The concurrent application of
irradiation at a dose of 2 kGy along with precooling package effectively
preserved the quality attributes of the fruit at a high level as long as 12
days. On the 12th day of storage, the decay index for the control treatment
and the irradiated fruit were 4.33 and 1.6, respectively. At this dose of
radiation, the firmness, decay index, ascorbic acid content, TSS, and TA
were assessed in the precooling package and the non-perforated
polyethylene package with a top film, with values of 0.97 N, 1.43, 45
mg/100 g, 6.2%, and 1.26 g/100 ml, respectively.

Conclusion: The shelf life of strawberry can be significantly extended by
applying a precooling package and gamma radiation at 2 kGy since these
processes delay the re-contamination of the fruit.

@ @@ Food Research Journal, 2025,34(4): 109-128
BY _NC DOI: 10.22034/FR.2025.58043.1898
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Extended Abstract

Introduction: Fruits and vegetables are highly
perishable products due to their high moisture
content. Various technologies have been
developed and used to prevent decay and
increase the shelf life of agricultural products.
However, many methods are not appropriate
for fresh food products due to quality
deterioration. Irradiation technology
effectively reduces postharvest losses by
prevent of insects and acts on the stored
products. This technology does not create toxic
or radioactive compounds in food. Gamma
irradiation eliminates most microorganisms on
the fruit and the package surface but does not
guarantee the re-contamination. Consequently,
the type of product packaging is critical to
prevents re-contamination of the product
during postharvest stage. Few studies
examined the simultaneous effects of these two
factors on the shelf life of perishable products
such as strawberry, which is one of the most
perishable fruits, and is susceptible to
destruction by microorganisms, especially
Botrytis cinerea, which causes extensive losses
(40%) in the postharvest stage. Selecting
appropriate packaging is the initial step in
reducing the waste of this product.
Strawberries come in various packaging,
consist of perforated polyethylene packages
and perforated packages designed for
precooling operations. The type of packaging
can play an essential role in irradiation and re-
contamination after this operation.
Consequently, both gamma irradiation and the
precooling of fruits are cost-effective methods
for controlling pathogens and preserving
quality. This study evaluated the simultaneous
effect of various packaging types, including
commercial —non-perforated polyethylene
package with a top polymer film, non-
perforated polyethylene package without a top
polymer film, and specific precooling package,
long with the effects of gamma irradiation at
different doses on qualitative characteristics,
contamination reduction, shelf life extension,
and the subsequent contaminants throughout
storage and decay control.

Material and methods: In this study, three
types of packages were used, including
perforated polyethylene package designed for
the strawberry precooling operation, non-
perforated polyethylene package with polymer
film on top of that and non-perforated
polyethylene package without a lid and film.
Strawberry cv. Gavita was acquired from a
greenhouse. Fruits with a uniform shape and
no damage were selected and packed.
Packages were situated in trays and then
placed in five-layer thick cartons for
irradiation in accordance with the suggestion
of'the Food and Agricultural Product Radiation
Center. The prepared samples were
immediately transferred to the irradiation
center. The cartons were placed in the
irradiation pallet and irradiated by a cobalt-60
source (Gamasel) with doses of 1, 2, and 3
kGy. Then, the irradiated samples were stored
with the control samples at 1 =3 C and relative
humidity of 90 %. Qualitative changes in
strawberry were evaluated in five phases,
including days 1, 4, 8, 12, and 16 after process.
In each step, the three packages of each
treatment were removed from the cold storage,
and quality characteristics were measured,
such as fungal decay, fruit tissue firmness,
ascorbic acid content, total soluble solid
content (TSS), titratable acidity (TA), flavor
index and the pH (acidity) of the juice. The
results were analyzed using a randomized
complete block design (as factorial
experiments) in three replications. The mean
comparison was performed by the Duncan test.
Results and discussion: Contamination and
decay indices serve as the key indicators for
assessing the shelf life and quality of fruits in
the postharvest stage. The results indicated that
the type of packaging and storage time had a
significant effect on the decay index at a
probability level of 1%.

The lowest decay was witnessed in fruits
packed in precooling and polyethylene
package with a film (1.44 and 142,
respectively). In polyethylene package with a
film, the fruit’s surface area exposed to the
outside is nonexistent, leading to no chance of
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secondary contamination. Nonetheless, within
these packages rising humidity and the
condensation of moisture on the product create
a suitable environment for the development of
microorganisms present in the strawberry
achenes and exacerbating their deterioration.
In precooling packages, the storage conditions
of the fruit were superior to those of the
polyethylene packages with a film as moisture
can exit these packages, leading to a reduced
spoilage rate for the product. The irradiation
dose has a non-significant effect, based on the
results, the decay and its rate in treated samples
were lower than in the control sample. After
being stored for 12 days, the decay index of the
treated strawberry was approximately 1.66
whereas 4.33 for the control sample. The type
of Packaging type, the dose of irradiation, and
duration of storage significantly influenced the
firmness of strawberry texture. The fruits kept
in the precooling package exhibited the
greatest firmness (0.97 N). There was no
significant effect between the precooling
package and polyethylene package with a top
film. The evaluation of the firmness between
irradiated and control fruits showed that
control samples were firmer than irradiated
samples on the 4th and 8th days. In addition,
maximum and minimum firmness were
recorded at doses of 2 and 3 kGy with values
0f 0.966 and 0.918 N. Based on these findings,
the use of 3 kGy is not advisable. Irradiation at
doses of 1 and 2 kGy may preserve fruit
firmness throughout storage. The firmness of
fruit diminished the storage period, reaching
its minimum after 16 days. Nonetheless, there
was no difference between fruit firmness at the
8 and 12 day of storage. As a results, a storage
period of 12 days was advised. The packaging
type and storage duration influenced the
ascorbic acid content of strawberry. The level
of ascorbic acid was greater in the fruits kept
in precooling and polyethylene package with a
film, possibly because this package created
optimal storage conditions that preserve the
fruit quality. The greatest level of ascorbic acid
was noted on the initial day of the storage
(71.11 mg/100 g) which declines as the fruit is
stored because this vitamin is utilized

throughout the storage duration. Irradiation
doses did not affect the ascorbic acid content.
Nonetheless, the control samples contained
more ascorbic acid than the treated samples.
Although the amount of ascorbic acid was
equal in all samples at the end of storage, the
control samples shoed higher ascorbic acid
levels on the 8th and 12th days of storage. The
maximum pH (3.22) was observed at
irradiation doses of 1 and 2 kGy and
throughout the storage period, the pH showed
a declining trend. Comparing control
specimens with other samples demonstrated
that the fruit in the control package exhibited a
higher pH until the 8th day. However, no
difference was noted between the control
sample and the other samples following this
duration. The polyethylene package with the
film and the precooling package showed a
more effective preservation of TSS, with no
significant differences noted between the two.
Thus, the type of packaging influenced the
quality attributes of the fruit by regulating the
rate of respiration and transpiration of the
product. The irradiation dose also had a
significant effect on the TSS in the samples.
Raising the irradiation dose from 1 to 3 kGy
led to increase TSS (from 6.29 to 6.59%). On
the 1st, 4th, and 8th days of storage, the TSS
was reduced, it rose over the storage period.
The maximum TSS of 7.32% was associated
with a 3 kGy treatment on the 16th day post-
irradiation. The irradiation dose and storage
duration influenced the TA of strawberry. It
rose with increasing the irradiation dose and
showed a downward trend over 16 days of
storage. The maximum and minimum TA
percentages of 1.51 % and 1.02 % were
associated with the 2 kGy dose treatment on
the first and 16th days following irradiation,
respectively. the flavor index of the fruit
increased over the storage period and there was
no significant difference between the
irradiation levels.

Conclusion: The finding indicated that the
firmness, decay index, and ascorbic acid
content of fruits stored in precooling packages
and polyethylene packages with a protective
top film were better preserved during storage.
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The irradiated fruits with a dose of 2 kGy
exhibited increased firmness and pH alongside
areduced decay index, which was significantly
lower than that of non-irradiated control
samples. In general, irradiating strawberry
with gamma at a dose of 2 kGy and packing
them in precooling packaging or polyethylene
packaging with a top film can serves as an
effective method in strawberry postharvest
technology. These processes delay the re-
contamination of the fruit and help to preserve
the quality index of product at a high level for
up 12 days, which is adequate for a perishable
fruit like strawberry.
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Figure 2- Trays used for irradiation

Figure 1- Packages used for packing strawberries: 1.
Perforated polyethylene package for pre-cooling
operation, II. Perforated polyethylene package with
a polymer film, III. Non-perforated polyethylene
package without a polymer film
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Figure 3- Gamma irradiation set up for food
processing
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Table 1- ANOVA results for irradiation doses, packaging type, and storage time on the quality characteristics of
the strawberry

MS
SV df 5}321}, Firmness Ascorbic acid  TSS TA pH
Packing type (A) 2 14.674 ** 0.028 ** 784.630 ** 2.096 * 0.004 0.004 s
Irradiation dose (B) 2 0.049 s 0.023 ** 33.519 ™ 1.680 ** 0.068 ** 0.035 **
Time (C) 4 9.696 ** 0.784 ** 6775.460 ** 4.840 ** 0.569 ** 0.572 **
AxB 4 0.085 s 0.007 s 55.185 ™ 0.296 0.009 s 0.002 s
AxC 8 0.896 ** 0.010 ™ 58.930 ™ 0.529 s 0.008 " 0.008 s
BxC 8 0.163 0.006 ** 74.490 " 3.485 ** 0.05 ** 0.120 **
AxB xC 16  0.363* 0.006 ™ 50.670 " 0.51m™ 0.007 0.007
Error 90  0.185 0.004 31.660 0.298 0.004 0.004
CvV 24.41% 6.8% 13.04% 8.56% 5.13% 1.91%

ANOVA: Analysis of variance; SV: Source of variation; df: Degree of freedom; MS: Mean squares; TSS: Soluble solid content; TA:
Titratable acidity. ** p <0.01, * p <0.05, and ns: non-significant difference
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Table 2- Mean comparison of the packaging type on decay, firmness, ascorbic acid, and TSC of
the strawberry

Box  Decay Firmness Ascorbic Acid TSS

Type index N) (mg/100 g) (%)
P 1.444° 0975 45.780 * 6.380 @
S 1.422° 0.968 * 45.330 6.150°
R 2422¢ 0.925° 38.330" 6.542°

Different letters indicate a significant difference at the 1% probability level
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Table 3- Mean comparison of the storage time on decay, firmness, ascorbic acid, TSS, TA, and pH of
the strawberry

Storage Decay Firmness  Ascorbic Acid  TSS TA pH
Time index ™N) (mg/100 g) (%) (g/100ml)

1 1.074 ¢ 1.214¢ 71.110° 6.120°  1.450° 3.370°
4 1.407 ¢ 0.977° 40.010°® 5920° 1.370° 3.280°
8 1.667 ¢ 0913°¢ 36.110°¢ 6.180°  1.270°¢ 3.210°¢
12 2.037° 0.9005 © 35.740 « 6.800*  1.260° 3.170 ¢
16 2.63° 0.745 ¢ 32.780 ¢ 6.850%  1.0604 2.280°¢

Different letters represent a significant difference at the probability level of 1%
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Figure 4- Variations in the strawberry decay index
during the storage time as a function of I. Type of
packaging and II. Irradiation dose
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Table 3- Mean comparison of the average effect of irradiation dose on firmness, TSS, TA,

and pH of strawberry
Irradiation ~ Firmness  TSS TA pH
Dose (kGy) (N) (%) (g/100ml)
1 0.965* 6.310% 1.260° 3.220°
2 0.966 * 6.330° 1.270° 3.210°
3 0.918° 6.590* 1.330* 3.170°

Different letters indicate a significant difference at the probability level of 1%
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Figure 5- Variations in strawberry firmness during
the storage time as a function of irradiation dose
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Figure 6- Variations in I: ascorbic acid and II: pH
of strawberry during storage as a function of
irradiation dose
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Figure 7- Variations of I: TA and II: Flavor index
of strawberry during storage as a function of
irradiation dose
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