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Abstract: In this study, the efficiency of coating (alginate and carrageenan) and osmotic dehydration pre-
treatment (NaCl and sucrose) on decreasing oil uptake of potato strips was assessed. It was examined how
various pre-treatments affected the sample’s texture, morphology, color and density properties as well as their
moisture content and effective moisture diffusion coefficient (Detf). Results showed that NaCl osmotic
dehydration pre-treatment and sucrose solution decreased oil uptake by 30.76% and 41.75%. This is attributed
to moisture removal increasing caused by improving dielectric properties. Osmotic dehydration and coating
pre-treatment frequently enhanced product shrinkage, browning index, a* and AE. Conversely, density,
lightness, breaking force, Deif and b* decreased. In control samples, SEM revealed a severely damaged internal
structure in comparison to a tissue homogenous layer produced by coating. For moisture loss and oil uptake,
the coefficient of determination (R?) and root mean square error (RMSE) of eight empirical models were
compared. Finally, the Dehghannya and Krokida model (moisture loss) and the Movahhed and Naghavi model
(oil uptake) were found the best fit to the experimental data. Although coating pre-treatment and osmotic
dehydration can be used as an alternate de-oiling approach for potato chips, the mechanism of oil uptake
reduction differ.
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1. Introduction

The most popular method of food preparation for enhancing the special and distinctive qualities
of color, appearance, flavor, taste and texture as well as extending the shelf life of agricultural
products is deep fat frying [1]. Immersing of food in oil at a temperature of 150-200°C, which is
significantly higher than the water boiling point, implements this simultaneous process of heat and
mass transfer [2]. Numerous physicochemical changes are brought about by the process, including
starch gelatinization, oil uptake, crust formation, and color changes [3]. Additionally, it results in a
significant decrease in weight and volume, which reduces the need for packing, storing, and
transporting some products. Fried food consumption has been associated with an increased risk of
diabetes, coronary heart disease, hypertension and cancer, according to numerous studies but it is
still one of the most common cooking methods [4].

However, consumers are clamoring for healthier alternatives to fried food, particularly those
with lower fat contents. Krokida, et al. (2001) suggested that a pre-treatment step before frying might
be the best remedy in the production of low-fat products [4]. Pretreatments are primarily used on
conventional fruit and vegetable products to increase quality [5], extend shelf life due to a decrease
in water activity, moisture content, and oil absorption [6,7], and also decrease energy cost. In the
literature, a number of methods to lower oil content in fried goods have been reported. Pre-treatment
techniques such as osmotic dehydration [8], coating with hydrocolloids [9], and pre-drying are
currently used to reduce oil uptake as environmentally friendly methods [10]. Moreover, these pre-
treatments reduced oil uptake by altering the surface area exposed to oil, acting as a lipid barrier,
increasing the solid content of raw materials, or changing the microstructure of materials [9].
Furthermore, osmotic dehydration (OD) is the most commonly pretreatment applied to fruits and
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vegetables, since it improves final quality and reduces energy consumption. This is a beneficial
method which increases transpiration through the cell membranes by osmotic pressure, and before
diffusion into the hypertonic solution, followed by flow along the intercellular space [11].

Furthermore, hydrocolloids are polysaccharides with a high molecular weight that are
employed in a variety of food applications such as thickening and gelling agents, stabilizers, and
emulsifiers [12]. Alginates are high molecular weight alginic acid salts having a block structure that
allows them to cross-link and bind. Carrageenan, found in the cell wall matrix of red seaweeds, is a
broad term that refers to a variety of sulphated polysaccharide compounds.

Furthermore, the coatings engender the surface more brittle and stronger, because of less cracks,
resulting in reduced water evaporation and oil uptake; additionally, by trapping moisture inside the
food and inhibiting the replacement of water by oil, the coatings change the water holding capacity
of foods [13]. All the same in composite films, hydrocolloids can be utilized as emulsifiers [14], which
can reduce the surface tension between oil and food, contributing to a decrease in oil uptake. Thus,
the application of coatings for reducing the oil content of fried potato chips is a successful strategy.
Surface shape and porous structures formed by moisture evaporation have the greatest influence on
oil uptake [15]. Modifying the surface micromorphology and dielectric properties of potato chips
using pre-treatments such as coating and osmotic dehydration in order to reduce oil absorption,
accelerate moisture evaporation and improve overall quality will be very useful. In addition, the
correct understanding of the kinetic parameters resulting from the process modeling allows
predicting changes in the quality of the final product and improving the process conditions. To
describe the moisture loss characteristics of biological products, several models have been developed
[16]. Krokida, Oreopoulou, and Maroulis (2000) investigated moisture loss during deep fat frying of
potatoes using a first order exponential model [17]. Ashkenazi et al. (1984) found that during frying
of French fries, water diffusion is proportional to the square root of the frying time. Furthermore,
understanding the complex phenomena that occur during the deep-frying process of food is required
in order to optimally design and model this process with the goal of reducing oil absorption of the
fried product [18]. Deep fat frying can be divided into 4 stages: initial heating, surface boiling, falling
rate, and bubble end point. Surface interactions between oil and food are complicated by the intense
migration of water vapor bubbles that escape from the food into the oil. Water vapor bubbles
escaping from the food's surface generate significant turbulence in the o0il [19]. Relationships between
different variables, such as 0il content and time, are provided by oil absorption modeling, which
provides details on the relationship between the amount of oil absorbed at various times or the rate
of oil absorbed by food during this process. Therefore, by regulating the temperature and length of
time of the frying process and using these models, it is possible to reduce the amount of oil absorption
in the finished fried product.

Although several studies have been conducted on the use of pretreatment to reduce the oil
content of atmospheric fried products. However, the combined effects and mechanisms of coating
pretreatment and osmotic dehydration on reducing oil absorption in fried foods have only been
briefly discussed in the literature. Furthermore, the evaluation of a good frying model to describe the
kinetics of oil absorption and moisture loss of pretreated potato strips has received relatively little
attention. In order to clarify the secondary effect on potato chips, this work evaluated the
effectiveness of hydrocolloid coating and osmotic dehydration pretreatments on reducing oil
absorption, moisture evaporation, effective moisture diffusion coefficient, breaking force,
morphology and color parameters of potato chips.

2. Materials and methods

2.1. Preparation of samples and solutions

All from the same producer, fresh potato tubers (Agria variety, initial MC of 80.21% wet basis)
were purchased from a local market (Tabriz, Iran) and refrigerated at 8°C before frying. The samples
were sorted based on their size, color, and freshness consistency. The frying medium was refined


https://doi.org/10.20944/preprints202311.1261.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 November 2023 doi:10.20944/preprints202311.1261.v1

sunflower oil (Bahar, Behshahr Industrial Company, Tehran, Iran). Lotte Chemical Titan supplied
commercial food grade sodium alginate (Malaysia).

The raw samples were taken out of the refrigerator 24 hours before to the commencement of
each experimental session. This can aid in lowering the potatoes’ reducing sugars prior to
experiments. Following a wash to remove debris, the samples were dried using tissue paper to
remove excess moisture before being peeled. They were carefully peeled and sliced into strips of 1.2
cm x 1.2 cm x 4 cm using a rectangular-shaped manual peeler [20].

To prepare osmotically dehydrated samples, potato strips were placed in a beaker with osmotic
solution (4% w/w NaCl in water or 30% w/w sucrose). The weight ratio of the sample to the osmotic
solution in the beaker was 1:10. The beaker was then placed on a hot plate heated to 40°C for 90
minutes with no stirring. Based on preliminary testing, the osmotic immersion time was set to allow
for less oil uptake at the end of the frying process. After the required time had passed, the samples
were washed with distilled water and blotted with absorbent paper [21].

Sodium alginate powder was dispersed and dissolved in distilled water to prepare alginate or
carrageenan gum solution 1% (w/v) at 75°C with constant stirring until a uniform solution was
obtained. After that, it was cooled to room temperature. Following that, the samples were immersed
in coating solutions (at a ratio of 1:10 w/w) for 2 minutes. The strips underwent coating pre-treatment,
were dried in an oven to reduce surface moisture, and then allowed to cool to 25°C. Slices that weren't
coated used as the control samples [20].

Additionally, potato strips were soaked in osmotic solutions (4% w/w NaCl in water and 30%
w/w sucrose) individually in each coating-assisted osmotic dehydration pretreatment trial before
being coated with carrageenan and sodium alginate (1% w/w). The samples were then submerged in
coating solutions for two minutes (at a ratio of 1:10 w/w). The strips were eventually dried in an oven
to reduce surface moisture before being allowed to cool to 25°C.

2.2. Experimental design of pretreatment process.

The slices were pre-treated by soaking them in osmotic and coating solutions, respectively., 1)
Control: no treatment as a reference; 2) 1% sodium alginate (A); 3) 1% carrageenan (C); 4) 4% NaCl
(N); 5) 30% sucrose (S); 6) 4% NaCl with the assist of 1% carrageenan (N-C); 7) 4% NaCl with the
assist of 1% sodium alginate (N-A); 8) 30% sucrose with the assist of 1% carrageenan (5-C); 9) 30%
sucrose with the assist of 1% sodium alginate (5-A).

2.3. Experimental procedure

For the frying studies, a deep fat fryer (Moulinex, model AM 7000, Ecully Cedex, France) was
employed. After sample preparation, the fryer was filled with sunflower oil (2.1 L), preheated for 1
hour prior to frying to establish steady-state conditions, and the oil was removed after 6 hours of use.
Potato strips (about 100 g) were automatically immersed in oil in the mesh fryer basket. The potato/oil
ratio was kept constant throughout all tests at 1:20 (w/v). At 170°C, the potato strips were fried for
60, 120, 180, and 240 seconds. After frying, the samples were allowed to drain for 5 minutes before
being chilled to room temperature (25°C) and the water and oil content were measured [22].

2.4. Analytical Methods

Water content

The oven dried method was used to estimate the moisture content (M) of samples [23].
Approximately 3 g of samples were oven-dried at 103 + 2°C until their weight remained consistent.
The M was given as g/100 g d (AOAC19; Method 934.06).

Qil Content

The oil content of fried samples was measured using the Soxhlet extraction method [23] at each
time interval. Approximately 1 g of fried samples were dried to a consistent weight before being


https://doi.org/10.20944/preprints202311.1261.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 November 2023 doi:10.20944/preprints202311.1261.v1

extracted for 8 hours in a Soxhlet extraction device with petroleum (30-60 °C, SCRC, China) as the
solvent. Finally, the extracted oil was vacuum dried (50°C, 0.085 MPa) to a consistent weight. The oil
content was shown on a dry basis.

Determination of Shrinkage

Shrinkage is defined as a relative or reduced dimensional change in volume, as indicated by

equation 1:
VoVt

= (M)

Where S is the shrinkage (%), Vi is the apparent volume of the sample at a certain degree of
dryness after time t and Vo is the apparent volume of the raw sample. The gravimetric volume of the
samples was measured using the toluene displacement method. Using this approach, samples were
accurately weighed and put into a flask half-filled with toluene. After filling the flask with toluene
and weighing it, the level of solvent was carefully adjusted to guarantee consistency. The sample

volume (V) was calculated as follows:
Y = MMM

@)
p
Where v is the volume of the flask and M is the sample weight M: is the flask weight plus the
solvent; M2 is the flask weight plus the sample and the solvent; and g is the density of toluene (g/cm?
at 20°C) [5].

S =

Measurement of bulk density

Bulk density is the weight of a matter per unit volume. In other words, bulk density is defined

as the ratio of a sample's weight to its total volume:

p=7 ©

Where M and V are samples weight (g) and volume (cm?), respectively [24].

Color

The color characteristics of potato strips were measured using a high-precision
spectrophotometer (UltraScan Pro 1166, HunterLab Inc., USA). The colorimeter was calibrated with
a white and black board before measurement. The color parameters (yellowness to blueness) were
expressed using L* (lightness to darkness), a* (redness to greenness), and b*. Following the frying,
ten potato strips were selected at random and compactly stacked. Then, at room temperature, color
readings were collected at six separate sites, and the average value was recorded. The overall color
change (AE) was computed using the equation below (4) [7]:

* 5 2 * *3 2 * %N 2
AE = \/(LO = L)" + (ag — a;)"+(by — by) “4)
Browning index was calculated as equation 5:
BJ = 100G=031) = LTS 5)
0.17 5.645L;+a;—3.012b;

Scanning electron microscopy

The materials' microstructure was examined using a scanning electron microscopy (SEM, SU
1510, Hitachi Co. Ltd. Japan) with a constant acceleration voltage of 5 kV. The de-oiled and
dehydrated samples were taped on aluminum stubs with two-sided adhesive tape and vacuum
sputtered with gold palladium. At least three samples were observed each treatment, and six photos
were recorded on each sample. The photographs displayed were chosen at random [15].

Effective moisture diffusion coefficient (Defr)

The Fick's diffusion equation is used to express moisture content fluctuations since diffusion is
the major factor for transporting moisture to the surface throughout the drying process. This equation
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6 was solved using the assumptions of uniform distribution of the initial moisture content, diffusion

of moisture, constant diffusion coefficient, minor shrinkage, and resistance to mass transfer:

_Mme=Mme _ 8 woo 1 —(2n+1)2 2 Dogyt
MR = mo-me w2 Yn=1 (2n+1)2 exp ( 412 ) (©)

Where MR is the moisture ratio, Mtis the moisture at the moment (d.b), Mo and Me. are the initial
and equilibrium moisture contents (d.b), Det is the effective moisture diffusion coefficient (m?/s), L is
half of the sample thickness (m), and t is the drying time (s). Only the first term of the series is
considered for long frying times. This is due to the insignificance of the other terms in the series on
moisture ratio. Because M. is insignificant in comparison to Mt and Mo, Eq. 6 can be written as follows

[25]:
MR =Tt — 8 (_"2 Deff) 7
T my w2 €Xp 412 ( )
Taking logarithms from both sides of Eq. 7, we get the following equation:
8 2 D,
In(MR) = In(-3) — (Tf”) t (®)

The effective moisture diffusion coefficient can be calculated by plotting the In (MR) curve
against time and then solving Eq. 8.

2 Deff
412 ©)

Slope =

Texture determination

A TA-XT Plus Texture Analyzer (Stable Micro Systems Co. Ltd., United Kingdom) was used to
assess the texture of the fries. When the surface temperature of the fries cooled to 50 degrees Celsius,
the texture was measured [26]. The texture measurement included a 30 Kg load cell. A cylindrical
flat-end punch with a diameter of 2 mm was used to perform a puncture test. The test parameters
were as follows: 10 g trigger force; 2 mm/s pre-test and test speed; 10 mm/s post-test speed; and 5
mm trip distance. The force versus distance curves were used to calculate maximum force (Fmax) and
positive peak area (area). For each experiment, ten samples were measured at three locations (two
ends and a center), and the experiments were carried out in triplication.

Modeling moisture loss and oil uptake

During this experiment, eight empirical models were utilized to represent the variation in oil
uptake and moisture loss in fried potato chips (Tables 1 and 2). The Origin (Version 2016) software
program was used to fit the experimental data gathered during each phase of the frying process to
the models, with the goodness of fit R2 and lowest mean square error (RMSE) as the criteria.

Table 1. Mathematical models fitted to potato strips moisture loss curves.

Number Model equation Reference
1 MR=a.exp(-b*t)+c [36]
2 MR=a.t>+b*t+c [17]
3 MR=exp(-a*t) [17]
4 MR=1/(a*t+b) [48]

Where MR is moisture loss; a, b and ¢ are model constants; t is assumed as time.

Table 2. Mathematical models fitted to potato strips oil uptake curves.

Number Model equation Reference
1 O=a.t+b.t+c [48]
2 O=a.t’ (48]
3 O=a.exp(-b.t)+c [52]
4 O=(1+t)/(a.t+b) [52]

Where MR is moisture loss; O is oil uptake; a, b and c are model constants; t is assumed as time.
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2.5. Statistical analysis

For statistical analysis, a 3 x 3 factorial experiment (osmotic solution type x coating solution type)
with a completely randomized design and three replications was employed in this work. Duncan's
multiple range test (p< 0.05) was used to compare means.

3. Result and discussion

3.1 Moisture content

The effects of coating pre-treatment and osmotic dehydration on the moisture loss kinetics
(moisture content versus time) of fried potato chips are shown in Figure 1. Every frying process
started with a rapid decrease in moisture content, and as the frying time went on, the rate of
dehydration also decreased. The initial moisture content of French fries was reduced by osmotic
pretreatment (NaCl solution or Sucrose solution), as shown in Figure 1, by 27% and 42%, respectively,
and continuing to decrease throughout frying time. The equilibrium moisture content values ranged
from 2.61 to 4.11 kg/kg db depending on the type of solution, and the moisture content of osmotically
treated samples was lower than that of untreated samples for the same frying duration. Sucrose
solution pretreatment yields the lowest moisture content, followed by NaCl solution and control. The
osmotic pre-treatment also markedly (p <0.05) increased the rate of moisture removal from the
samples, which decreased the amount of time it took for the samples to reach the endpoint of the fry
process (Figure 1). According to Ran et al. (2019), pre-treating carrots in salt solutions significantly
improved their dielectric properties [11], which greatly accelerated the rate at which moisture was
lost during frying.

6_

—— Control =+ =Nacl (N)
— = Succrose (S) e Alginate (A)
------ — -carrageenan (C) ——SC

5.5 ...

/

w -

h N 5 h
h & W s

Moisture content (kg/kg)

—

0 min 1 min 2 min 3 min 4 min
Time

Figure 1. Effects of osmotic dehydration and coating pre-treatment on the moisture loss kinetics
(moisture content versus time) of fried potato chips.

As shown in Figure 1, osmotic pre-treatment exacerbated moisture loss rates in the samples, but
1.0% alginate and 1.0% carrageenan coating pre-treatment greatly reduced them. The protective layer
generated by coating pre-treatment reduces moisture loss because coating pre-treatment with
hydrocolloids can create stronger surfaces and lower surface permeability when the hydrophobicity
is lost during frying [1,12]. As a result, water movement inside the sample was reduced, and steam
evaporation from the structure was avoided. In comparison to uncoated samples, coated samples
retained more moisture through all experiments. As anticipated, alginate had a more significant
impact on moisture retention than carrageenan (p<0.05). According to the Figure 1. The potato strips
coated with 1% alginate showed the greatest reduction in moisture loss (43%) when compared to the
control sample. Additionally, prior studies have demonstrated that foodstuffs lose less water when
coated in hydrophilic gums before being fried [27]. The thermo-gelling or film-forming ability of the
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gum, which in turn increases water-holding capacity (WHC) in the potato strip coated with alginate
during frying, is likely what caused the reduced water loss in the alginate-coated samples [28,29].

Table 3 compares the oil and moisture content of fried potatoes to various hydrocolloid types
and an osmotic solution. Based on the results, the samples pretreated with sucrose had the lowest
moisture content (2.37 kg/kg). Furthermore, coated products had higher moisture contents than
uncoated ones; alginate had the highest value (4.11 kg/kg), followed by carrageenan (3.93 kg/kg), and
control (3.62 kg/kg). Due to their high capacity to bind water, hydrocolloid coatings on fried potatoes
generally offered greater resistance to water vapor migration than non-coated potatoes [1,12]. In
addition to the hydrophilic nature and high water-binding capacities of gums, the film structure
formed on the coated surface and the thickness of the coating layer, both of which are significantly
influenced by the proportion of coating-forming solutions as well as interactions between the food
sample and hydrocolloid type, play an important role in defining the moisture content of potato
samples. Similar findings were obtained by other researchers who utilized varied concentrations of
almond gum and okra [3].

Table 3. Effects of osmotic dehydration and coating pre-treatment on the moisture content, oil uptake,
shrinkage, Detf and density of potato slices.

Treatment Mms:lt(l;/ekc;ntent Dett 108 (m?/s) O:L;/Ii:ga;( € Shrinkage (%) Density (g/cm?)

Control 3.62¢+0.79 3.46°+0.30 0.0912+0.05 0.24=+0.14 1.082><+0.05
C 3.93b+0.87 3.4120+0.16 0.082+0.04 0.21%+0.11 1.102*+0.05

A 4.112+0.86 3.26%0<+(.84 0.0800<+0.05 0.20t+0.11 1.112+0.05

S 2.378+0.56 2.06°+0.55 0.0538+0.03 0.342+£0.10 1.02¢+0.11
SC 2.71%+0.79 2.58de+(0.14 0.074<4+0.04 0.31b<+0.07 1.06°<4+0.09
SA 2.90+0.70 2.782bede+().80 0.0719+0.04 0.31<d+0.06 1.082><+0.08

N 2.61%+0.66 2.154+0.10 0.063%+0.03 0.3320+0.08 1.00%£0.11
NC 2.89¢+0.78 2.68bcde+(.15 0.076%+0.04 0.29<4+0.06 1.049¢t£0.08
NA 3.084+0.70 2.852bcd+(.47 0.067°+0.04 0.284+0.06 1.05+0.11

Mean value + standard deviation; the different lowercase letters (a—g) indicate significant
differences within different frying methods (p < 0.05).

3.2. Effective diffusion coefficient of moisture (Def)

Table 3 depicts the effective diffusion coefficient of moisture (D.t) for potatoes treated with
various solutions, indicating that the control sample (3.46x10® m?/s) had a higher effective diffusion
coefficient than samples pretreated with salt and sucrose (2.15x108, 2.06x10% respectively). De
reduces because water discharges slowly and continuously in materials with low moisture content
[3]. Furthermore, coating samples with alginate and carrageenan result in a higher diffusion
coefficient than samples pretreated with salt and sucrose and then coated with hydrocolloids,
although alginate did not show a significant difference, but carrageenan did. The results for the
combination of salt and sucrose with each of the coatings showed no significant difference, and salt
and sucrose had nearly the same effect on the effective diffusion coefficient of moisture. The effective
moisture diffusion coefficient obtained in this study ranged from 2.05x10 to 3.45x10- m?/s, which
was within the range previously reported for frying various products. The effect of various coatings
in combination with salt and sucrose showed an increasing effect on the effective moisture diffusion
coefficient, which was greater for alginate. Although the use of alginate for salt resulted in a
significant increase in Detf (2.85%10%), sucrose had no significant effect (2.78x10-¢) (Table 3). The use of
only coating revealed a significant effect of alginate on Det, whereas carrageenan had no effect on this
parameter. A higher initial moisture content accelerates moisture release; additionally, changes in
viscosity, surface tension, and porous solid material deformation help to accelerate moisture release
[3]. Several factors influence the effective moisture diffusion coefficient, including thickness, moisture
content, pre-treatment type, coating type, frying time, and the use of different pre-treatments [30].
Results of other researchers were in agreement with our results [3,31].
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3.3. Oil uptake

One of the most crucial characteristics of fried foodstuffs is the oil uptake. The snack industry is
now producing lower oil content goods with appealing texture and flavor as a result of growing
customer inclinations for healthier and low-fat items. For all treatments, increasing the frying time
gradually increased the amount of absorbed oil, as shown in Figure 2. According to numerous
sources, the absorbed oil has reached equilibrium when 50% of it was absorbed in the first minute of
the frying process and 50% of the remaining 50% in the next three minutes [4]. Furthermore, Figure
2 shows the impact of coating pre-treatment and osmotic dehydration on the oil uptake of potato
chips. The NaCl and sugar osmotic pre-treatments lowered the oil uptake of chips from 0.091 kg/kg
db to 0.063, 0.053(kg/kg db), with percentages of about 31.7% and 41.7%, respectively. The current
study's findings were in agreement with those of Krokida et al. (2001), who claimed that osmotic
pretreatment with salt, sucrose, and maltodextrin resulted in a reduction in absorbed oil [3]. Osmotic
dehydration would significantly increase the heat transmission and moisture removal rate of potato
slices' improved dielectric characteristics, which would result in denser and smaller holes or cell
structure damage [32,33]. After frying, the pressure and regions where oil might penetrate were
reduced, which decreased the amount of oil absorbed [10]. Additionally, the samples' lower water
content and, to a lesser extent, the starch gelatinization during frying can be blamed for the reduction
in oil uptake caused by the application of osmotic dehydration pretreatment. The penetration of solid
materials into the food network and, as a result, the inhibition of increased oil absorption, is another
factor that may lower oil uptake in the samples prepared with osmotic dehydration [3].

0.18
—— Control — - =Nacl (N)

0.16 1 - — Succrose (S) - Alginate (A)
0.14 1 — -carrageenan (C) ——SC

0.12 4

S

> L

& =
L L

Oil content (kg/kg)
S
N

0.04 -

0 min 1 min 2 min 3 min 4 min
Time

Figure 2. Effects of osmotic dehydration and coating pre-treatment on the oil uptake (oil uptake
versus time) of fried potato chips.

As seen in Table 3, the coating pre-treatment caused samples in the following order to absorb
less oil: NA<SA<SC=NC<C, A<Control. According to the findings, the use of alginate and
carrageenan coating had a significant effect on reducing oil absorption, with alginate performing
better carrageenan (especially in the sample pre-treated with salt). When salt and sucrose were used
alone, they surpassed salt-alginate, salt carrageenan, sucrose-alginate, and sucrose-carrageenan in
terms of oil absorption. In other words, using osmotic pretreatment and coating at the same time
increased oil absorption compared to samples pretreated with osmotic dehydration. According to
Alipour et al. (2008), using carrageenan coating reduced oil absorption in potato chips and slices,
which is consistent with the results of the current study when only carrageenan coating was used
without osmotic pretreatment [34]. Furthermore, according to Mazzini and Zandunadi (2019),
hydrocolloid coatings create a barrier on the surface of food, allowing control of oil and moisture loss
during the frying process [35]. This is due to hydrocolloids' ability to gelatinize, forming a thin layer
of gel and reducing the space where o0il can penetrate into food [35]. The increase in water vapor
pressure coming from the food's surface causes the formation of a faster crust and a stronger
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structure, and the amount of oil absorption decreases [36]. Furthermore, when sufficient binding
between the polymer and the sliced surface occurs, the coatings pre-treatment can change the surface
hydrophobicity. This also acts as an oil barrier, preventing the surface from absorbing oil [1]. Yu et
al. (2016) reported similar findings, claiming that coatings pre-treated with guar gum and glycerol
significantly reduced deep-fried potato chip oil absorption. Many factors, including food
components, pre-treatments, frying conditions, and oil type, influenced the specific rate of oil uptake
[13].

3.4. Shrinkage

Shrinkage is a significant component in the structure of processed foods. Shrinkage is quite
prevalent in deep-fat frying products. It is defined as a volume change caused by water loss, a
reduction in open pores, protein denaturation, and an increase in fried product density [37]. The
comparison of shrinkage changes through frying time for all treatments shown in Figure 3 revealed
that, with the exception of the control sample, alginate, and carrageenan, shrinkage of more than 15%
had occurred at the same initial time for all treatments due to osmotic pretreatment with salt or
sucrose. With osmotic force, salt or sucrose causes water to escape from the potato before frying,
which can be directly related to shrinkage. The rate of shrinkage was higher at the start of the process
due to the higher moisture content of the samples, and as humidity decreased, so did the rate of
shrinkage. There was no specific shrinkage observed at the beginning of frying in treatments where
osmotic pre-treatment was not used. This is congruent with the findings of Baik and Mittal (2005),
who reported that 50% of tofu disc shrinkage occurred within one-third of the overall frying duration
of 5 minutes [38]. Furthermore, when the amount of water lost during the frying process increases,
the material shrinks due to higher contraction stresses generated by the water removal. Fried potato
shrinkage has been reported to be more evident as frying time and temperature are increased. This
finding is consistent with other researchers' findings, who discovered that volume shrinkage during
the early stages of frying was approximately equivalent to the volume of water lost [39]. However,
shrinkage and puffing are two frying events that cause volume changes [4]. These writers defined
shrinkage as a decrease in product dimensions. Shrinkage began at the surface and progressed
inwards as the frying time increased. The outer layers of the material become hard and their ultimate
volume is established early in the process at high frying rates, and other investigations indicated that
the volume of the samples did not change with more water loss during the last stages of frying [40].
There is a resistance to further volume change as a result of the hardening of the outer sections
generated by extended heating, which may explain for the leveling off signaling no further shrinkage.
The initial shrinkage period followed by an increase in product volume has been attributed to the
following frying actions: (i) internal cell dehydration occurs, and the evaporated water is partially
replaced by the frying oil, resulting in increased porosity [36], and (ii) excessive pressure buildup due
to crust formation causes product expansion and puffing [5].

Furthermore, the results show that pretreatments prior to frying had a significant (p<0.05)
influence on the shrinkage of fried potato strips. The effect of alginate and carrageenan coatings in
combination with salt pretreatments (Figure 3) indicated a decreasing effect on the amount of
shrinkage of fried potatoes, whereas coating with sucrose pretreatment did not show a significant
difference. Shrinkage has a direct relationship with moisture content, and when the moisture content
graph (Figure 1) was compared to the shrinkage graph (Figure 3), the treatment with lower moisture
content (sucrose pretreatment) after frying had greater shrinkage. The amount of shrinkage increases
with the amount of moisture removed, because shrinkage occurs during dehydration of high
moisture food when the viscoelastic matrix contracts in the pores previously occupied by water [41].
According to the findings, potatoes treated with sucrose and alginate experienced the greatest and
least amount of shrinkage, respectively. Potatoes coated with carrageenan shrank the least after
alginate (Table 3). The current study's findings were consistent with those of other researchers [20].
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Figure 3. Effects of osmotic dehydration and coating pre-treatment on the shrinkage kinetics
(shrinkage versus time) of fried potato chips.

3.5. Apparent density

The effect of frying time and pre-treatment on sample apparent density is shown in Figure 4.
The values ranged from 1.00 to 1.11 kg/m3, and sample density decreased with frying time.
According to the Figure 4, salt pre-treatment had a greater decreasing effect on the apparent density
of coated potatoes than sucrose pre-treatment. This is most likely due to the removal of moisture and
the replacement of water by air and oil, both of them are less dense than water and can have a
decreasing effect on the density of the product. In terms of time, the density of all treatments
decreased from about 1.17 g/cm? to 0.84-1.04 g/cm?® and then decreased as the frying time increased
which was attributed to the transition phenomenon [4], cavity formation, moisture content reduction,
and oil absorption [36,42]. The effect of different coatings on potato density revealed an increase in
density, with alginate and carrageenan leading to an increase in density (Figure 4). The apparent
density rises because the coated samples lost less moisture during the process. As shown in Figure 4,
the density of all treatments gradually decreased over time. Through frying time, potatoes pre-treated
with salt and potatoes coated with alginate had the lowest and highest density, respectively (Table
3). Krokida et al. (2001) discovered that sucrose had a higher density than salt, maltodextrin, and even
the control [4], which is consistent with the findings of the current study.
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Figure 4. Effects of osmotic dehydration and coating pre-treatment on the density kinetics (density
versus time) of fried potato chips.
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3.6. SEM

Understanding the mechanisms involved and modeling would benefit considerably from
observing microstructural changes in foods during processing [41]. In recent years, extensive research
has been undertaken on the microstructural changes in fruit and vegetable tissue, using SEM pictures
to gain a better knowledge of such goods' qualities. According to microscopic image inspection of the
samples, fresh potato showed consistent cell structure and normal morphology, with undamaged
round-shaped starch granules. As seen in Figure 5, pretreatment with a 4% salt or 30% sucrose
solution ruptured and physically injured the cells. This phenomenon could be created by the collapse
of cavitation bubbles, which results in strong pressure gradients and high local velocity of liquid
layers near granules, resulting in shear stresses [13]. Moreover, comparing the microscopic photos of
the different treatments shown in the Figure 5 revealed that the potato treated with salt-alginate and
salt-carrageenan had a more continuous texture than the other treatments, whereas for sucrose
alginate and sucrose carrageenan numerous small pores were visible, however the tissue was almost
completely cohesive and without pores for the control treatment. In addition, the use of coating has
resulted in a uniform layer on the tissue, especially in the presence of salt pretreatment, whereas is
not present in the control sample. This result is agreement with our texture results shown in Figure
6, the higher Fmax of the control sample when compared to the combined treatments is most likely
due to the lack of this integrated layer, which increased the Fmax. Other researchers discovered that
using osmotic treatment caused severe changes in the tissue structure of apples, resulting in an
increase in effective water diffusivity due to the formation of microscopic channels and cell rupture
[43].
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Figure 5. Scanning electron microscopy (SEM) fried potato strips fried with osmotic dehydration and
coating pre-treatment. Samples are presented in the first, and second row were magnified 100 x, and
in the last two lines, were magnified 500 x. Note: untreated (control), sodium alginate (A), carrageenan
(C), NaCl (N) sucrose (S), NaCl with the assist of carrageenan (NC), NaCl with the assist of sodium
alginate (NA), sucrose with the assist of carrageenan (SC), sucrose with the assist of sodium alginate
(SA).

Control C A S SC SA N NC NA

B fracture force (N)

Figure 6. Effects of osmotic dehydration and coating pre-treatment on the fracture force of fried potato
chips. The different lowercase letters (a—d) indicate significant differences within different pre-
treatment method (p < 0.05).
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3.7. Breaking force

One of the key characteristics of fried chips is texture, and crispness in particular is linked to
chip acceptance [44]. Heat, mass, and chemical changes that take place during the frying process are
what generate the change in texture in fried food. The degree of crispness of the chips can be
determined by the power needed to break the fried chips [45]. Lower breaking force values
corresponded to more crispy fried potato texture.

Figure 6 depicts the effects of osmotic dehydration and coating pre-treatment on the breaking
force of fried potato chips. Salt and sucrose had no effect on the maximum force of potato tissues, but
sucrose did cause a decrease in Fmax (1.75 N). Unlike salt and sucrose, using alginate and
carrageenan alone resulted in a non-significant increase in Fmax (2.42, 2.15 N respectively) of potatoes
when compared to the control sample (2.03 N), whereas using salt and sucrose as pretreatment
resulted in a decrease in Fmax. In other words, when alginate and carrageenan were used alone, Fmax
increased due to high moisture content, whereas using salt and sucrose osmotic solution along with
hydrocolloid coatings decreased breaking force due to lower moisture content [13]. In general, the
treatments without osmosis produced the greatest maximum force, while osmotic pretreatment
reduced maximum force. The alginate treatment yielded the highest Breaking force, while the
sucrose-carrageenan treatment yielded the lowest (Figure 6).

The fundamental rationale for potato chip texture management would be the hydrocolloid
characteristics of coatings [1]. The protective layer of hydrocolloid coatings would lose its hydrophilic
qualities and create a tougher crust throughout the frying process, increasing the breaking force of
fried potato chips [1]. The pre-treatment with hydrocolloid coating would also minimize porosity by
covering and occupying pores in the surface layer of the crust and enhance crust thickness, thus
improving the crust of fried potato slices [45]. A series of unique connections created between these
coatings and salt and sucrose pretreatments most likely caused the decrease in Fmax of potatoes. As
a result, textural palatability should be considered when utilizing coatings as a moisture loss and oil
uptake barrier [9]. Similar findings were made in previous studies by Piyalungka et al. (2019), who
discovered that pre-treatment in a 20% (w/w) maltodextrin solution increased the Breaking force of
vacuum fried pumpkin chips [8]. According to Adedeji and Angadi (2018), the use of salt osmotic
pretreatment accelerates moisture loss, resulting in less porosity and the formation of a hard crust in
chips [32].

3.8. Color

Given that color is frequently the first quality trait people consider, it is a crucial factor in the
frying industry. According to the figure, salt and sucrose pretreatment reduced the lightness of the
fried potatoes significantly, with the lightness decreasing from 44 for the control to 35 and 32 for the
pretreated samples with NaCl and Sucrose, respectively (Table 4). Furthermore, fried potatoes with
alginate or carrageenan coating without osmotic pretreatment had a higher lightness than fried
potatoes with osmotic pretreatment. Sucrose, as opposed to salt, caused a greater decrease in
lightness, which was attributed to non-enzymatic browning, and this sucrose effect was also observed
in the coated samples. The current study's findings were consistent with those of Karukida et al.
(2001) [4]. As shown in the Table 4, alginate was more detrimental to potato lightness than
carrageenan. Hua et al. (2015) reported that the lightness of coated samples decreased significantly,
which is consistent with the current study's findings [46]. Furthermore, when salt was used as a
pretreatment, no significant difference between coatings was observed. According to Figure 7, the
lightness decreased over time in all treatments. When sucrose was used as a pre-treatment, the light
reduction process had a steeper slope than when salt was used. In addition, within 4 minutes, the
lightness of the potatoes in the current study decreased from 50 to around 30. Furthermore, in almost
all frying times, the sample pre-treated with sucrose and alginate coating had the least amount of
lightness, whereas the treatment coated with carrageenan and the control had the most.
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Table 4. Effects of osmotic dehydration and coating pre-treatment on the color of fried potato chips.
Treatment a* b* L* AE BI

Control -5.21e+0.01 44.74°+1.5 43.872+7.96 20.27¢+1.00 223.47°+20.54
C -3.594+0.03 44.17+2 4 43.522+7.24 21.11=+0.90 219.52+32.65
A 0.51<+0.001 41.62b+1.6 37.90°+10.96 28.784+1.50 291.794+19.45
S 2.90v+0.01 37.18+£1.00 32.404+12.30 36.38+1.20 357.77°+30.33
SC 7.742+0.02 35.50t+1.10 29.52¢+13.66 40.882+2.30 386.572+20.66
SA 7.762+0.04 33.148+2.30 27.26+12.30 43.262+2.00 390.542+41.32
N 2.73+0.01 40.174+2.00 35.46+12.77 32.36°+1.70 332.76+22.41
NC 2.64b+0.01 40.624+2.03 36.06b<+9.35 31.369+2.90 306.034+36.78
NA 3.45+0.02 42.38b+1.02 37.92+10.72 30.104+2.06 306.169+48.59

Mean value * standard deviation; the different lowercase letters (a-g) indicate significant
differences within different frying methods (p<0.05).

60
50
X a0 [ [ [
30 |
20
| L
10
a b [¢ a a b a b [¢
o - — |-
& S & S & g
(=] @ o [ =) [
) ) )
2 2 2
No-coating Alginate Carrageenan

Figure 7. Effects of osmotic dehydration and coating pre-treatment on the lightness (lightness versus
time) of fried potato chips.

The a* parameter is used to determine the optimum frying point [43]. High values could indicate
an orange hue as a result of non-enzymatic browning. Table 4 presented that the control treatment
was greenish (5.21), whereas the samples pretreated with salt and sucrose were reddish (2.73, 2.90
respectively). Furthermore, the pretreated samples with salt and sucrose had a higher a* parameter
than the samples with alginate and carrageenan (0.51, -3.59 respectively). Sucrose-treated samples
with alginate or carrageenan coating showed more redness than salt-treated samples. The increase in
a* parameter was attributed to non-enzymatic browning reactions in the study of Krokida et al.
(2001), which was consistent with the results of the current study [4]. According to the Figure 8, the
control sample and carrageenan had lower a* parameters than alginate, and alginate had no
significant effect on the a* parameter of the salt-treated samples, whereas sucrose pretreatment
resulted in a significant increase. In addition, the trend of the a* parameter increased throughout the
frying time. After 90 seconds, all treatments tended to turn from green to red. However, for
carrageenan, a decreasing trend was observed after 3 minutes. From about 4 minute, the control
treatment tended to shift from green to red (Figure 12). The treatment without osmosis-uncoated
(control treatment) and the treatment pretreated with sucrose-carrageenan had the lowest and
highest values of this parameter, respectively. In other words, using sucrose and carrageenan at the
same time increased the redness index of fried potatoes. Bunger et al. (2003) also stated that as frying
time is increased in potatoes pretreated with sodium chloride, the a* parameter increases while L*
decreases [6], which is consistent with the findings of the current study.
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Figure 8. Effects of osmotic dehydration and coating pre-treatment on the a* parameter (a*versus time)
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Figure 12. Color characteristics of potato strips, fried at 1 and 4 minutes. Nofe: untreated (control),
sodium alginate (A), carrageenan (C), NaCl (N) sucrose (S), NaCl with the assist of carrageenan (NC),
NaCl with the assist of sodium alginate (NA), sucrose with the assist of carrageenan (SC), sucrose
with the assist of sodium alginate (SA).

Table 4 depicts the effects of salt and sucrose pretreatments on the b* parameter (blue-yellow
index) of fried potatoes, as salt and sucrose use decreases this parameter (40.17, 37.18 respectively).
And the yellowness and quality of the samples decreased because golden yellow potatoes have a
higher sensory acceptability [4]. In addition, alginate and carrageenan coatings in osmotic pretreated
samples reduced the b* parameter. The NA sample had no significant effect on this parameter,
whereas the SC and NC samples did. Furthermore, carrageenan preserved the yellow color of
potatoes, similar to the control sample, whereas alginate had the opposite effect. Alginate increased
the intensity of yellowness in salt-treated samples while decreasing the intensity of yellowness in
sucrose-treated samples. Furthermore, a decreasing trend in the b* parameter was observed for all
treatments as frying time progressed (Figure 9). Although for the samples pre-treated with sucrose,
the downward trend was more intense, and the intensity of yellowness decreased at a faster rate
during 4 minutes of frying, this trend was slow for the samples pre-treated with salt or without pre-
treatment. In general, the sucrose-alginate treatment had the lowest level of this parameter, while the
control treatment had the highest. In other words, using pretreatment and coating reduced the
yellowness of potatoes (Figure 12).
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Figure 9. Effects of osmotic dehydration and coating pre-treatment on the b* parameter (b* versus
time) of fried potato chips.
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Total color difference (E) is one of the crucial fried product physical features that is directly
related to consumer acceptance of the foodstuff. Table 4 shows that when osmotic pretreatment was
used, the total color difference index increased. The application of osmotic pretreatment to alginate
and carrageenan coating resulted in an increase in Total color difference, and the observed result as
the same for alginate and carrageenan. Sucrose-treated samples with carrageenan or alginate coatings
changed color more than salt-treated samples. The cause of this phenomenon was most probably that
the salt did not participate in certain reactions with the coatings that would result in a color change,
whereas sucrose acted more actively in this regard and most likely participated in various reactions
such as Maillard and caramelization, which eventually increased the Total color difference.
According to the Figure 10, the Total color difference trend for all treatments except carrageenan has
been increasing over time. Carrageenan's overall color changes decreased as frying time increased.
In general, the control treatment showed the least Total color difference, while sucrose-alginate
showed the most.
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Figure 10. Effects of osmotic dehydration and coating pre-treatment on the AE parameter (AE versus
time) of fried potato chips.

3.9. Browning index

Table 4 shows the browning index for potatoes treated with salt and sugar. As indicated in the
table, salt and sugar significantly increased this index. The browning index increased significantly
after the application of alginate coating, although carrageenan had no effect in this regard.
Furthermore, salt pretreatment had no effect on alginate or carrageenan, whereas sucrose
pretreatment increased the browning index of potatoes with alginate and carrageenan coatings. This
tendency is connected with a high solids content, which promotes Maillard reactions and
caramelization during frying [47]. Gelatinization does not improve the BI value in general, and
samples with lower beginning moisture content reached the highest BI values faster. Furthermore,
the browning index increased in all treatments throughout the frying time (Figure 11), except for the
sucrose and salt treatments, which showed a declining tendency after three minutes. The browning
index of potatoes pre-treated with salt and sucrose was significantly higher than that of untreated
samples in the first 1 minute, which can be attributed to the osmotic pre-treatment process.
Carrageenan-coated potatoes had the lowest browning index, while potatoes coated with sucrose and
alginate and coated with salt and carrageenan had the highest browning index. The Maillard reaction
is the most critical process in frying browning. This non-enzymatic reaction affects sugars, producing
intermediate products that polymerize quickly to form dark-colored polymers [47].
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Figure 11. Effects of osmotic dehydration and coating pre-treatment on the browning index (BI versus
time) of fried potato chips.

Overall, based on the results of the three indices L*, a* and b*, any treatment with the highest
lightness, lowest a*, and highest b* will be more acceptable [4]. The control and carrageenan-coated
potatoes were more favorable than the others, with the lowest total color change and browning index,
and showed good color quality, especially after frying. According to these indicators, the samples
that had been pre-treated with sucrose and coated with alginate and carrageenan were the least
favorable.

3.10. Modeling

Table 5 depicts the dynamic model of moisture loss kinetics of potato chips during frying with
various pre-treatment methods. The R? of all fitted models was greater than 0.92, indicating that the
Logarithmic model fit each frying process perfectly. According to the table, model numbers 1 and 2
predicted the experimental data well for moisture loss in all treatments, resulting in a higher
coefficient of determination and a lower mean square error than the other two models. Model 4 had
a relatively high fit for some treatments, while model 3 had the lowest fit of the models (Table 5). A
statistically acceptable 0.92 or so was the lowest coefficient of determination found for model number
3. Overall, the statistical fit of all the employed models was high, though model numbers 1 and 2 had
significantly higher accuracy. The findings of the present study contrasted with those of Mowahed
and Chenarin (2018), who claimed that model number 3 was the most accurate model for predicting
the outcomes of experiments on the potato frying process [48]. Comparing the three models tested in
this study, model number 3 had the worst prediction performance. In accordance with the findings
of the current study, Math et al. also claimed that model number 1, which is the same representative
model with a few modifications, was the best model for predicting moisture loss in the potato frying
process [16].

Table 5. Modeling of moisture loss at different osmotic dehydration and coating pre-treatment.

treatment Model 1 Model 2 Model 3 Model 4
R? RMSE R2 RMSE R2 RMSE R2 RMSE
Control 0.990 0.015 0.985 0.018 0.979 0.026 0.990 0.014
C 0.996 0.009 0.995 0.010 0.962 0.034 0.985 0.019
A 0.996 0.008 0.998 0.005 0.955 0.036 0.980 0.021
S 0.989 0.015 0.983 0.019 0.957 0.038 0.978 0.022
SC 0.988 0.019 0.989 0.018 0.976 0.028 0.986 0.020
SA 0.992 0.015 0.991 0.016 0.940 0.049 0.974 0.029
N 0.998 0.015 0.988 0.017 0.929 0.052 0.965 0.030
NC 0.988 0.018 0.991 0.015 0.965 0.033 0.983 0.021

NA 0.991 0.015 0.995 0.011 0.937 0.048 0.970 0.029
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Additionally, modeling of the oil uptake allows for the identification of information regarding
oil uptake during the frying process and the effective parameters, such as the equilibrium oil uptake
and the specific rate of oil uptake [49]. According to the equation mentioned, Table 6 shows the
equilibrium oil content and the precise rate of oil uptake. Many variables, including food
components, pre-treatments, frying conditions, and oil type, influenced the specific rate of oil uptake
[50]. The experimental data on oil absorption also demonstrated the highest degree of fit with models
2 and 3. The lowest coefficient of determination for model number 1 was around 0.976, which was a
relatively high value. Model number 1 displayed a comparatively high level of fit. In the study by
Razzaqpour et al (2014), model number 2 (the power model) had the best oil absorption fit and agreed
with the findings of the current study [51]. Despite the fact that the other used models fit reasonably
well. The model with the lowest level of fit was model No. 4.

Table 6. Modeling of oil uptake at different osmotic dehydration and coating pre-treatment.

treatment Model 1 Model 2 Model 3 Model 4
R2 RMSE R2 RMSE R? RMSE R2 RMSE
Control 0.988 0.0057 0.996 0.0030 0.994 0.0039 0.929 0.0158
C 0.982 0.0061 0.998 0.0018 0.992 0.0039 0.919 0.0147
A 0.982 0.0059 0.999 0.0013 0.993 0.0037 0.919 0.0143
S 0.980 0.0045 0.993 0.0025 0.984 0.0039 0.939 0.0086
SC 0.980 0.0058 0.994 0.0055 0.991 0.0040 0.918 0.0134
SA 0.976 0.0062 0.994 0.0031 0.987 0.0045 0.918 0.0129
N 0.982 0.0049 0.997 0.0019 0.989 0.0038 0.934 0.0106
NC 0.984 0.0054 0.998 0.0017 0.994 0.0032 0.918 0.0139
NA 0.979 0.0054 0.997 0.0018 0.991 0.0036 0.918 0.0121

4. Conclusions

The osmotic dehydration pre-treatment significantly improved the dielectric characteristics and
moisture loss rate of potato chips. The osmotic dehydration pre-treatment lowered the oil uptake of
potato chips, which is connected to the increased energy absorption and changes in porous structures
caused by moisture removal during the frying process. The coating pre-treatment alters the dielectric
characteristics of potato slices, and the rate of moisture removal during the frying process is affected
by the hydrocolloid properties. The oil uptake in samples was reduced by 12% and 10%, respectively,
with the 1.0% alginate and 1.0% carrageenan coating pre-treatments. The presence of a colloidal layer
created during coating pre-treatment would be the primary cause of changes in dielectric
characteristics and the creation of oil uptake barriers during frying. Oil absorption in potato chips is
heavily influenced by the microstructure and surface features of the samples. Coating formulas not
only improve the barrier qualities of fried potato chips, but also help to eliminate holes and cracks in
tougher fried items. Coatings were successful in reducing oil penetration into potato tissue during
the frying process, according to SEM photos. When Osmotic and coating were utilized as a
pretreatment, however, there was a significant improvement in color (p0.05). The empirical models
of Dehghannya and Krokida and Movahhed and Naghavi fit the moisture loss and oil absorption
process of potato chips pre-treated with osmotic dehydration and coating pre-treatment better.

It can be concluded that osmotic dehydration (3% NaCl solution, 30% Sucrose solution) and
coating (1.0% Alginate, 1.0% Carrageenan) pre-treatment could be utilized as an alternative de-oiling
method for potato chips.
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