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The effect of apricot gum-based edible coating at different concentrations (0, 8, 10, and 12%, w/w) during deep-fat frying of
zucchini cuttings were evaluated. Physicochemical properties such as moisture, oil uptake, frying yield, coating pick-up, color,
vitamin C, shrinkage, oxidation parameters, and sensory properties were determined. The results showed that coating with
apricot gum had a significant effect on moisture and oil contents and the frying yield of zucchini cuttings (P <0.05). The
highest coating pick-up was observed in the coated sample with 12% gum (S12). Coating with apricot gum resulted in more
preservation of vitamin C in fried zucchini cuttings. The lowest shrinkage and AE was also observed in the coated samples.
The fried coated samples had lower hydrolysis and oxidation rate (acid, peroxide, and anisidine values) during storage. The
coated samples had a good overall acceptability similar to the control treatment. In conclusion, apricot gum due to thermal
stability, good properties, and its facility to use, suggested for coating and usage in industrial fried zucchini cuttings production.

1. Introduction

Deep fat frying is a thermal processing technique that is
defined by the immersing of food in edible oils above the boil-
ing temperature of water. During this process, mass and heat
transfer occur simultaneously and some biochemical reactions
such as discoloration, protein denaturation, loss of volatile
compounds, and Maillard reaction to occur [1]. Today,
acrylamides formation as potential carcinogenic agents is
important to control this process. Therefore, these factors
can reduce the quality of the final product and reduce con-
sumer acceptance. Moreover, reducing the absorption of oil
is one of the most important factors in the quality control
of the final process. One of the precursors used before fry-
ing is coating with hydrocolloids compounds [2].

Hydrocolloids as barrier agents on the reduction of oil
absorption have been used [3]. Due to the importance of
hydrocolloids in the food industry and the high price of
these compounds, attention to native and plant gums has
increased dramatically. Many shrubs and trees produce a
gum-like liquid that dries in the presence of air and sunlight.
Gum arabic, peach and apricot gum, tragacanth, karaya,
peach, and apricot are among this group of gums. The
secreted gums are among the first stabilizers, emulsifiers,
and food stabilizers [4].

One of these polysaccharide hydrocolloids is apricot
gum, which can be used in food formulations. Apricots
(Prunus armeniaca L.) belong to the genus Rosaceaea and
are native to China and Siberia [5]. The gum is composed
of xylose, arabinose, and galactose. In addition, the presence
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of mannose, glucuronic acid, and methyl glucuronic acid in
the structure of this gum was identified [4].

Zucchini (Cucurbita pepo) is one of the most vulnerable
agricultural crops. It is a rich source of vitamins C, K, thia-
mine, and riboflavin. Studies show that zucchini contains
good antioxidants and antiaging compounds [6].

Various studies on frying food products have been
published. Coating potatoes with hydrocolloids or modified
starches is a secondary way to reduce oil absorption during
frying. Adding cellulose or cellulose derivatives reduces oil
absorption due to the properties of thermal gelatinization
and film formation [2]. Eissa et al. [7] studied the optimiza-
tion of oil reduction in fried eggplant cuttings with carboxy-
methyl cellulose and chitosan. The results showed that the
treated sample with chitosan had less oil absorption than
the coating of the samples with carboxymethyl cellulose.
Daraei et al. [8] investigated the application of edible
coatings and hydrocolloids to produce low-fat fried potato
slices. The results showed that the coated samples with
xanthan gum and pectin and the mixture of pectin and
carboxymethyl cellulose had the highest moisture content.
Nyun Kim et al. [9] studied hydrocolloids coatings on heat
transfer and oil absorption during deep frying of potato
pieces. The results showed that coatings significantly
reduced oil absorption and heat transfer coefficients.

Since hydrocolloids have the effect on fried products, the
aim of this study was to investigate the effect of coating with
apricot gum on the quality attributes of fried zucchini
cutting.

2. Material and Methods

2.1. Material. The fresh zucchini (Cucurbita pepo; 89% mois-
ture, 0.46% fat, 4.32% ash, 3.17 g protein, 5.8 g carbohydrate,
2.37 g fiber, and 3 mg Vitamin C) was obtained from a local
grocery store in Neyshabur province of Iran. Apricot gum
with a yellowish-orange appearance (6.7% moisture, 1.62%
fat, 2.85% protein, 65.79% carbohydrate, and 4.1% ash)
was provided from a traditional store. The sunflower oil
(acid value: 0.02mg/g; peroxide value: 0.5 meq/kg; iodine
value: 92.5, and refractive index: 1.43) was used as a frying
medium was obtained from Laden Co., (Behshahr, Iran).

2.2. Preparation of Gum Suspensions. The apricot gum was
grounded in a grinder (Moulinex, Spain). All of the concen-
trations of gum (0: control, 8, 10, and 12% w/w) were
dispersed in boiled distilled water (1:20 ratio) and homog-
enized for 20 minutes at 70°C. Then glycerol (1.5%) was
slowly added to the gel and the solution was kept at 25—
30°C.

2.3. Sample Preparation and Deep Fat Frying. Before frying,
zucchinis were removed from the cold and stored at ambient
temperature (25-30°C). After washing and peeling with
a manual peeler, they were converted to slices of
0.7 x 0.7 x 0.5 cm. Then, zucchini slices dipped in the coating
suspensions for 5 minutes. The zucchini slices were subjected
to a deep frying process at 180°C for 3 min in a fryer (Teafall,
Iran). The fried zucchinis were drained and cooled to room
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temperature. The samples stored at 4°C for 30 days and the
following tests were performed on the fried slices of
zucchini [10].

2.4. Moisture Content. Moisture content (MC) was deter-
mined by weight loss of fried products, upon drying in an
oven at 105°C until a constant weight was reached and was
calculated as follows:

MC (after coating) — MC (before coating)

MC=
MC (before coating)

x 100,

(1)

where MC-coated and MC-uncoated are the moisture con-
tents of the coated and uncoated samples, respectively [8].

2.5. Oil Uptake. The oil uptake of fried products was deter-
mined using the Soxhlet extraction method (AOAC, 2002).
For the extraction of lipid, petroleum ether (Merck, USA)
was used for 6h according to the standard. The reduction
of oil uptake was calculated as follows:

LC(after coated) — LC(befor coated)

OU% =
° LC(after coated)

x 100, (2)

where LC-coated and LC-uncoated are the lipid contents of
the coated and uncoated samples, respectively [3].

2.6. Frying Yield Calculations. The percentage of frying yield
was obtained according to the following Equation (3):

Y(%) = CTW x 10, (3)

where CW and C are the weight of the cooked and non-
cooked coated samples, respectively [10].

2.7. Coating Pick-up Calculations. Coating pick-up was
calculated from the following equation:

Cc-1

CP(%) = x 100, (4)

Where CP is the weight of raw coated zucchini cuttings (g)
and I is the initial weight of raw non-coated zucchini cut-
tings (g) [8].

2.8. Color Analysis. The color parameters (L: lightness, a:
redness, and b: yellowness) were measured with a data color,
a color reader (Text Flash, USA). Total color difference (AE)
was calculated from the following equation [11]:

AE=[(AL) + (Ad?) + (40%)]™". (5)

2.9. Shrinkage Measurements. Zucchini shrinkage was deter-
mined from the following equation using toluene as the
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immersion medium and the ratio of volume change to the

initial volume [12]:

V-V,
Vi

x 100, (6)

where v, is the initial volume of raw coated zucchini cuttings
(cm’) and v, is the final volume of cuttings after packaging
(cm?).

2.10. Vitamin C Content. Vitamin C was calculated by titra-
tion method with potassium iodide and starch solution
using the following relationship:

|4
C= 0/88 x y

100, 7
2/5 )
where C is the amount of vitamin C (mg/100 ml) and V is
volume of consumed potassium iodide (ml) [13].

2.11. Oxidation Analyses. Acid, peroxide, and anisidine
values were determined according to AOCS Cd 3-63, AOCS
Cd 8-53, and AOCS Cd18-90 methods, respectively [14-16].
Acid and peroxide values were calculated from titration by
sodium hydroxide and sodium thiosulfate, respectively. Ani-
sidine’s values were read at 350 nm according to the absorp-
tion of the sample (isooctane + oil +anisidine) and control
(isooctane + anisidine).

2.12. Sensory Properties. A hedonic 5-point scale was per-
formed by a nontrained sensory panel of 15 members to
evaluate texture, color, flavor, and overall characteristics.

2.13. Statistical Analysis. Evaluation of changes: moisture,
color, shrinkage, vitamin C, and sensory properties was per-
formed in the form of three-factor factorial experiment, in
which: sample type (raw and fried), percentage of apricot
gum (0, 8, 10, and 12%), and time (1, 15, and 30 days) were
the experimental factors and for other properties (relative
changes in oil uptake, frying yield, and coating pick-up) that
were examined only in the fried sample or raw sample, two-
factor factorial experiment was used. Factors included:
percentage of apricot gum (0, 8, 10, and 12%) and time (1,
15, and 30 days). Mean comparison for each trait at 5% level
was analyzed using SAS statistical software and Duncan’s
test.

3. Results and Discussion

3.1. Moisture Content. As can be seen from Table 1, raw zuc-
chini cuttings had higher moisture content in comparison
with fried slices. The concentration of apricot gum had a
significant effect on the moisture content of zucchini cut-
tings after deep frying (P < 0.05). So the maximum moisture
content of zucchini cuttings was observed with a significant
difference (P < 0.05) in the coated samples with 12% gum
(S12) and the control samples had the least moisture content
after deep frying. The results also showed that the moisture
content of coated and uncoated zucchini cuttings decreases
with time.

Water retention in apricot-coated zucchini slices can be
due to water retention of hydrocolloids and the hydrogen
bonding between the molecules in the coating (gum) and
their ability to form thermal gels during frying, which acts
as a barrier against moisture and reduces the rate of mass
transfer phenomena. Coating with hydrocolloids due to their
barrier properties led to a decrease in water loss during
frying. Moisture retention increases with increasing gum
concentration. This could be due to the increased thickness
of the film or thermal gel formed by the crosslinking. Cross-
linking and the formation of thermal gel during frying
promotes the pores formation at the surface, leading to a
reduction in mass transfer [17-19].

Our results are in agreement with previous studies that
used coating for fried foods [20, 21]. The results showed that
coating before frying increase the moisture content of foods.

3.2. Oil Uptake. Figure 1 showed the concentration of apricot
gum had a significant effect (P < 0.05) on the oil absorption
of zucchini slices after frying. So that the maximum amount
of oil uptake was observed in control samples (S0) after deep
frying with a significant difference (P < 0.05) and the coated
sample with 12% gum (S12) had the lowest oil uptake after
frying. The results also showed that the oil uptake of coated
and uncoated zucchini cuttings increases with time.

Recent research has shown that oil absorption during
frying is a superficial phenomenon. When the water evapo-
rates, the oil penetrates instead of the evaporated water.
Edible coatings before frying help to reduce moisture and
oil transfer during frying. Hydrocolloids increase water
holding capacity with trapping moisture inside and prevent-
ing the replacement of water by oil. So the amount of
moisture is an important factor in determining the amount
of oil absorption during frying. Therefore, increase in water
loss, led to the highest amount of oil absorption in the final
product [11]. The reduction in oil absorption in coated
samples is related to the barrier property of the hydrocol-
loids of apricot gum [19].

In a similar study, Ananey-Obiri et al. [20] reduced fat-
uptake to 35-60% using chicken protein coating on chicken,
and Garcia et al. [3] succeeded in reducing oil absorption by
40% using MC coating during frying.

Oil absorption and moisture loss are the two main
factors in the mass transfer phenomenon during deep frying
[8]. The high temperature during frying leads to the gradual
evaporation of water, and according to the mass transfer
mechanism, the oil is absorbed through the food [22]. In
fact, there is a relationship between oil absorption and mois-
ture content of samples during frying. The characteristics of
coatings in terms of oil absorption depend on the amount of
moisture, low permeability to moisture, and thermal gel for-
mation with crosslinking [23]. There are many examples of
reduced oil absorption by using coatings or pastes. For
example, Akdeniz et al. [10] studied the effect of hydropho-
bic propyl cellulose, guar, and xanthan gum on the quality of
fried carrot slices.

Furthermore, the use of guar gum is reported to decrease
the oil content of fried sev by 9% [24] and fried papad
by 16% [25]. Thus, the reduction of oil uptake by the
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TasLE 1: Effect of coating with apricot gum on moisture content of zucchini cuttings during 30 days.
Raw Fried
Treatment Storage time (days) Storage time (days)
1 15 30 1 15 30

Control 90.05 + 1.62° 80.52 + 0.65% 70.74 + 0.95M 85.38 +1.27° 78.03 + 1.45%F 67.82 +1.09'
S8 90.22 + 1.5° 83.63 +1.23% 75.54 +0.78' 88.95 + 0.98° 81.54 + 0.86°¢ 74.02 + 1.438"
S10 90.72 + 0.59° 84.04 + 1.54% 76.81 + 0.69' 89.05+ 1.12° 82.32 4 0.92% 75.56 + 0.44%®
S12 91.25 + 0.47° 85.560.97° 77.45 +1.68 89.54 +1.22° 83.66 + 1.08"4 76.83 +0.71%

SO (control): uncoated samples, S8, S10, and S12: coated samples with 8, 10, and 12% apricot gum. Means with similar letters are not statistically significantly

different (P < 0.05).
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Ficure 1: Effect of coating with apricot gum on oil content of zucchini cuttings during 30 days. SO (control): uncoated samples, S8, S10, and
S§12: coated samples with 8, 10, and 12% apricot gum. Means with similar letters are not statistically significantly different (P < 0.05).

hydrocolloids depends on several factors, including the type
of food matrix. Susanne and Gauri [26] showed that the use
of hydrocolloids such as cellulose, pectin, and whey protein
isolate reduced the absorption of oil in fried cereal products.
Parimala and Sudha [27] reported that the sample containing
guar gum had the highest moisture content and the lowest oil
absorption.

Several studies have shown that many long-chain poly-
meric hydrochlorides, especially cellulosic derivatives, form
gels that can be used in the frying process to reduce fat
absorption. Garcia et al. [3] used methylcellulose and hydro-
xylpropyl methylcellulose to potato slices coating to reduce
the oil uptake during frying. Coating with methylcellulose
was more effective in reducing oil absorption than hydroxyl-
propyl methylcellulose. Coated potato with protein had the
lowest fat absorption [27]. Oil absorption mainly occurs
during the post frying or cooling period [28].

3.3. Frying Yield. Figure 2 showed the concentration of apri-
cot gum had a significant effect (P < 0.05) on the frying yield
of zucchini cuttings. So the maximum amount of frying yield
of slices was observed with a significant difference (P < 0.05)
in coated sample with 12% gum (S12) and control samples
(S0) had the low frying efficiency. The results also showed
that the oil uptake of coated and uncoated zucchini cuttings
decreases with time.

By increasing the apricot gum concentration, the yield of
frying increased, due to the barrier effects of the coating.
Edible coatings form a hydrophilic layer during frying,
which prevents water loss and oil penetration. In this pro-
cess, due to the occurrence of heat transfer phenomena from
oil to food, as well as the mass transfer between oil and food,
several physical and chemical changes occur, such as water
loss, migration of soluble substances, oil penetration, and
mechanical deformation such as shrinkage, expansion,
matrix changes, and crust formation [29]. According to the
results, it can be said that by coating the zucchini, the weight
of the product is more, which is due to the ability of apricot
gum to water retention of the product. Due to the barrier
properties of hydrocolloids and preventing of water loss,
the final weight of the product will be higher in comparison
with noncoated samples. These results are in agreement with
the results of Daraei et al. [8] and Karimi and Kenari [30].

3.4. Coating Pick-up. The concentration of apricot gum had
a significant effect on the coating pick-up (P < 0.05). So the
maximum coating pick-up of zucchini cuttings with a signif-
icant difference was observed in coated sample with 12%
gum (S12).

Coating pick-up is related to high-moisture content
values [10]. Increasing the concentration of apricot gum
generally increases the coating pick-up, due to the high
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Fi1GURk 2: Effect of coating with apricot gum on frying yield of zucchini cuttings during 30 days. SO (control): uncoated samples, S8, S10, and
S12: coated samples with 8, 10, and 12% apricot gum. Means with similar letters are not statistically significantly different (P < 0.05).

TaBLE 2: Effect of coating with apricot gum on AE of zucchini cuttings during 30 days.

Raw Fried
Treatment Storage time (days) Storage time (days)
1 15 30 1 15 30
S0 0.00 + 0.00" 34.09 +1.12¢ 44.97 +0.47° 0.00 + 0.00" 27.57 £0.33° 41.54 +0.22°
S8 6.76 +0.21™ 24.94 1+ 0.82% 33.34+0.21° 6.01+0.16™ 20.37 +0.41' 30.29 + 1.05¢
S10 7.86+0.15™ 13.23 +0.224 26.41 +0.74°F 7.33+£0.11™ 16.02 +0.15 24.43 +0.28'
S12 8.10 + 0.08™ 10.90 +0.18' 23.77 +£0.178" 7.42+0.21™ 15.48 +0.11% 21.35+0.88"

SO (control): uncoated samples, S8, S10, and S12: coated samples with 8, 10, and 12% apricot gum. Means with similar letters are not statistically significantly

different (P < 0.05).

strength of gum gel formation [8]. Similar results were
obtained by Baixauli et al. [31] for dextrin at concentrations
of 1.5, 4.5, and 7.5%.

3.5. Color Measurement. As can be seen from Table 2, raw
zucchini cuttings had higher AE values in comparison with
fried slices. The concentration of apricot gum had a signifi-
cant effect on AE (P < 0.05). So the maximum AE values
belonged to control samples and the coated samples had
low AE values. The results also showed that AE values of
coated and uncoated zucchini cuttings increase with time.

Significantly, AE values were in coated samples, is prob-
ably related to the reduced amount of oil uptake during the
frying process [32]. Edible coating can help to improve the
appearance in maintaining the structure and color of fruits
and vegetables. The higher AE in uncoated samples were
associated with browning reactions, oxidation, etc.

In general, enzymatic browning and nonenzymatic
browning, including Millard, can be mentioned as effective
factors in changing the color of fruits and vegetables during
storage and processing. The high temperature and low
moisture content of the samples play an essential role in
the Maillard reaction [11]. Edible coatings can delay the
progress of the enzymatic browning reaction by reducing
oxygen contact [11].

3.6. Shrinkage Measurements. Table 3 showed that raw zuc-
chini cuttings had higher shrinkage in comparison with fried
slices. The concentration of apricot gum had a significant
effect on shrinkage (P <0.05). So the maximum shrinkage
of zucchini cuttings belonged to control samples and the
coated samples had minimal shrinkage. The results also
showed that the shrinkage of coated and uncoated zucchini
cuttings increases with time.

Most foods, with high moisture content, will shrink dur-
ing frying. Coatings due to their barrier effects, maintain
more moisture content, and reduces shrinkage of samples
[33-35]. This result agrees with the effect of frying on potato
shrinkage reported previously [34]. Rahman [36] reported
that shrinkage is dependent on initial the moisture content,
composition, and size of food.

3.7. Vitamin C Content. The raw zucchini cuttings had
higher vitamin C content in comparison with fried slices
(Table 4). The concentration of apricot gum had a signifi-
cant effect on the vitamin C content of zucchini cuttings
after frying (P < 0.05). So the maximum amount of vitamin
C in zucchini cuttings was observed with a significant differ-
ence (P <0.05) in coated sample with 12% gum (S12) and
control samples (S0) had the lowest vitamin C levels after
deep frying. The results also showed that vitamin C content
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TaBLE 3: Effect of coating with apricot gum on shrinkage of zucchini cuttings during 30 days.
Raw Fried
Treatment Storage time (days) Storage time (days)
1 15 30 1 15 30

S0 0.00 + 0.00" 37.27 £ 0.56°4 43.49 +0.32° 20.35 + 0.33M 30.19 +0.31° 38.72 +0.43%
S8 0.00 + 0.00" 35.56 + 0.15° 40.31+0.52%° 17.41 +0.12° 29.02 +0.12¢ 34.21 +0.14¢

S10 0.00 + 0.00" 24.75 + 0.45% 37.87 + 0.47° 13.06 + 0.58 23.27 £0.15%" 29.24 +0.29°

S12 0.00 + 0.00" 23.52 +0.118" 27.34 +0.62°F 12.90 + 0.42 21.37 £0.28%" 24.35 +0.74'

S0 (Control): uncoated samples, S8, S10, and S12: coated samples with 8, 10, and 12% apricot gum. Means with similar letters are not statistically significantly

different (P < 0.05).

TaBLE 4: Effect of coating with apricot gum on vitamin C content of zucchini cuttings during 30 days.

Raw Fried
Treatment Storage time (days) Storage time (days)
1 15 30 1 15 30
S0 26.22 +0.74° 15.55 +0.91% 7.41+0.33 20.06 % 0.22°% 15.02 + 0.19%" 7.04+0.12
S8 26.92 +0.62° 17.13 + 0.84°8 9.21 +0.42" 20.18 +0.18° 15.84 +0.25% 8.51 +0.32
S10 27.04 +0.48° 21.82 +1.05° 12.32 +0.95" 20.53 +0.78°4 17.47 +0.219¢f 12.32 £ 0.58M
S12 27.33+0.55° 22.41+0.71° 16.42 +0.49%8 20.76 + 0.48% 18.53 +0.38°% 14.78 +0.85%"

S0 (Control): uncoated samples, S8, S10, and S12: coated samples with 8, 10, and 12% apricot gum. Means with similar letters are not statistically significantly

different (P < 0.05).

of coated and uncoated zucchini cuttings decreases with
time.

Ascorbic acid (vitamin C) degrades faster than other
food compounds during storage and processing. Decreas-
ing vitamin C in the control sample could be due to the
oxidation of ascorbic acid by oxidizing ascorbic acid.
Moreover, increased pH due to the enzymatic activity
can destroy vitamin C. Oxygen scavenging prevent or
delay oxidation of vitamin C in foods [37]. By coating,
oxygen penetration is reduced, which reduces the activity
of ascorbic acid oxidizing enzymes and ultimately reduces
the destruction of ascorbic acid. It appears that vitamin C
changes in the treated samples were less due to the control
of oxygen uptake into the cell and the reduction of enzy-
matic activity by the coating. Adetunji et al., [37] and
Atress et al.,, [38] reported that the most important factor
in the ascorbic acid retention in coated fruits was a
decrease in oxygen permeability.

3.8. Oxidation Analyses. The oxidation results for fried zuc-
chini treated with apricot gum for 30 days are shown in
Figure 3. At the beginning of the experiment (day 0), no sig-
nificant difference (P > 0.05) was observed between the acid
value in different groups (Figure 3(a)). The initial acid value
was in the range of 0.08-0.09 mg KOH/g oil, which indicates
the high quality of the samples. The acid value increased
significantly during storage (P <0.05). The acid value of
the control sample (SO) was significantly higher than other
samples (P < 0.05). At the end of the storage, the highest
and lowest acid value was related to SO and S12 treatments,
respectively. The acid value did not exceed the standard limit
(I-4mg KOH/g oil) during storage [39]. Edible coatings

delay the rate of oil hydrolysis and the increase of acid
value [40].

At day 0 of storage, the peroxide value did not show a
significant difference (P >0.05) and was in the range of
1.04-1.17meq O,/kg oil (Figure 3(b)). The peroxide value
increased until the 15th day and then decreased at the end
of the storage, probably due to the decomposition of
hydroperoxides and the formation of secondary oxidation
compounds [41]. During the storage time, the peroxide
value of the control sample was significantly higher than
other samples (P <0.05). At the end of the storage, the
highest and lowest peroxide value was related to SO and
S12 treatments, respectively. Hydrocolloids delay the rate
of oxygen penetration and the formation of hydroperox-
ides in the fried product and reduce the peroxide value.
In other words, edible coatings prevent the contact of oxy-
gen with the product as a barrier [9, 42]. According to the
national standard of Iran, the limit of peroxide value in oil
is 5meq/kg oil [43] and in the control sample, it was
higher than the standard limit at day 15. Similar results
were obtained by Farhoosh and Smaeilzadeh Kenari on
the rancidity of canola oil containing sesame oil and rice
bran oil [44].

At day 0, no significant difference (P >0.05) was
observed between the anisidine values in different groups
(Figure 3(c)). During the storage time, the anisidine value
of the control sample was significantly higher than other
samples (P <0.05). At the end of the storage period, the
highest and lowest anisidine value was related to SO and
S12 treatments, respectively. According to the national stan-
dard of Iran, the limit of anisidine value in oil is 10 mmol/kg
[45] and in the control sample, it was higher than the stan-
dard limit at day 15.
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F1GuRrk 3: Oxidation parameters of fried zucchini treated with apricot gum during storage. SO (control): uncoated samples, S8, S10, and S12:
coated samples with 8, 10, and 12% apricot gum.

Similar results in reducing lipid oxidation by using  3.9. Sensory Properties. As it can be seen from Table 5, the
hydrocolloids and edible coatings were previously reported ~ concentration of apricot gum had a nonsignificant effect
[9, 42, 46-48]. on the sensory attributes of zucchini cuttings (P < 0.05).
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TasBLE 5: Effect of coating with apricot gum on overall acceptability of zucchini cuttings during 30 days.
Raw Fried
Treatment Storage time (days) Storage time (days)
1 15 1 15 30
S0 4.38 +0.08" 2.11+0.038 1+0.10" 4.72+0.08" 2.44+0.12'® 1.27 +0.08"
S8 4.44+0.11™ 2.44+0.015% 1+0.12" 4.72+0.14°° 2.61+0.10® 1.38+0.11"
S10 4.77 £0.11%° 3.83+0.13° 2.16 +0.048 5+0.00" 3.88 +0.06% 2.72+0.18"
S12 5+0.00° 3.83 +0.09° 2.33+0.07% 5+0.00% 3.94+0.07°% 2.72+0.13°

S0 (Control): uncoated samples, S8, S10, and S12: coated samples with 8, 10, and 12% apricot gum. Means with similar letters are not statistically significantly

different (P < 0.05).

Opverall acceptability scores of coated samples were not sim-
ilar to control ones, but the scores of the coated samples with
8% gum (S8) were the lowest and similar to the control ones
after 30 days. The results also showed that the sensory prop-
erties of coated and uncoated zucchini cuttings decrease
with time.

4. Conclusion

In this study, apricot gum-based edible coating at concentra-
tions of 8, 10, and 12% was used in fried zucchini slices. The
results showed that coating with apricot gum due to their
barrier properties led to increase in water retention and a
decrease in oil absorption. The coated samples showed low
shrinkage and color changes compared with the control
sample. Coating reduced primary and secondary oxidation
products in fried zucchini samples. Among different sam-
ples, S12, suggested for coating and usage in industrial zuc-
chini production. Due to the high amount of oil in fried
foods and the relationship between excessive oil consump-
tion and cardiovascular disease, the coating by apricot gum
in level of 12% can be a good way to consume fried foods.
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The data used to support the findings of this study are avail-
able from the corresponding author upon request.

Conflicts of Interest

There are no conflicts of interest.

Acknowledgments

We are grateful to the respected authorities of the
research lab at Neyshabur Branch, Islamic Azad University,
Neyshabur, Iran.

References

[1] L.J. Hubbard and B. E. Farkas, “Influence of oil temperature
on convective heat transfer during immersion frying,” Journal
of Food Processing and Preservation, vol. 24, no. 2, pp. 143-
162, 2000.

[2] S. Sahin and S. G. Sumnu, Advances in Deep-Fat Frying of
Foods, CRC press, New York, 2009.

[3] M. A. Garcia, C. Ferrero, N. Bértola, M. Martino, and
N. Zaritzky, “Edible coatings from cellulose derivatives to
reduce oil uptake in fried products,” Innovative Food Science
and Emerging Technologies, vol. 3, no. 4, pp. 391-397, 2002.

[4] A. K. Yusuf, K. Usman, and N. Katsian, “Studies on some
physicochemical peroperties of the plant gum exudates of
ACACIA,” Journal of Research in National Developoment,
vol. 9, no. 2, 2011.

[5] S. Mohammadzadeh, N. Buzari, and V. Abdusi, “Assessment
of pomological, morphological and genetic properties of
natine cultivars of apricot,” Journal of Horticultural Sciences,
vol. 44, no. 2, pp. 179-191, 2013.

[6] H. Paris, “Summer squash: history, diversity, and distribu-
tion,” HortTechnology, vol. 6, no. 1, pp. 6-13, 1995.

[7] H. A. Eissa, M. T. Ramadan, H. S. Ali, and G. H. Ragab,
“Optimizing oil reduction in fried eggplant rings,” Journal
of Applied Sciences Research, vol. 9, no. 6, pp. 3708-3717,
2013.

[8] A. Daraei Garmakhany, H. O. Mirzaei, M. Kashani Nejad,
and Y. Maghsudlo, “Study of oil uptake and some quality
attributes of potato chips affected by hydrocolloids,” Euro-
pean Journal of Lipid Science and Technology, vol. 110,
pp. 1045-1049, 2008.

[9] D.Nyun Kim, J. Lim, I. Y. Bae, H. Gyu Lee, and S. Lee, “Effect
of hydrocolloid coatings on the heat transfer and oil uptake
during frying of potato strips,” Journal of Food Engineering,
vol. 102, pp. 317-320, 2011.

[10] N. Akdeniz, S. Sahin, and G. Sumnu, “Effects of different batter
formulations on the quality of deep-fat-fried carrot slices,”
European Food Research and Technology, vol. 221, no. 1-2,
pp. 99-105, 2005.

[11] N. A. Khozaid, I. Ida Muhamad, and S. Shaharuddin, “Eval-
uation on quality attributes of pectin coated - cassava
chips,” Materials Today: Proceedings, vol. 19, pp. 1473-
1480, 2019.

[12] Y. Wang, M. O. Ngadi, and A. A. Adedeji, “Shrinkage of
chicken nuggets during deep-fat frying,” International Journal
of Food Properties, vol. 13, no. 2, pp. 404-410, 2010.

[13] O. Sogvar, M. Koushesh Saba, and A. Emamifar, “Aloe vera
and ascorbic acid coatings maintain postharvest quality and
reduce microbial load of strawberry fruit,” Postharvest Biology
and Technology, vol. 114, pp. 29-35, 2016.

[14] AOCS, Official Methods and Recommended Practices of the
American Oil Chemists’ Society. Method Cd 8-53, AOCS,
Champaign, IL, 1998.

[15] AOCS, Official Methods and Recommended Practices of the
American Oil Chemists’ Society. Method cd 3-63, AOCS,
Champaign, IL, 1998.



Journal of Food Processing and Preservation

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

[24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

AOCS, Official Methods and Recommended Practices of the
American Oil Chemists’ Society. Method cd 18-90, AOCS,
Champaign, IL, 1998.

M. Duran, F. Pedreschi, P. Moyano, and E. Troncoso, “Oil par-
tition in pre-treated potato slices during frying and cooling,”
Journal of Food Engineering, vol. 81, pp. 256-265, 2007.

R. M. A. Mousa, “Simultaneous inhibition of acrylamide and
oil uptake in deep fat fried potato strips using gum Arabic-
based coating incorporated with antioxidants extracted from
spices,” Food Hydrocolloids, vol. 83, pp. 265-274, 2018.

M. P. Nguyen, “Possible application of hydrocolloid edible
coating layer to enhance the quality of fried lotus rhizome,”
International Journal of Life Science and Pharma Research,
vol. 10, no. 3, pp. 19-23, 2020.

D. Ananey-Obiri, L. Matthews, and R. Tahergorabi, “Chicken
processing by-product: a source of protein for fat uptake
reduction in deep-fried chicken,” Food Hydrocolloids, vol. 101,
article 105500, 2019.

S. Trujillo-Agudelo, A. Osorio, F. Gémez et al., “Evaluation of
the application of an edible coating and different frying tem-
peratures on acrylamide and fat content in potato chips,” Jour-
nal of Food Process Engineering, vol. 43, no. 5, article 13198,
2019.

P. C. Moyano and F. Pedreschi, “Kinetics of oil uptake dur-
ing frying of potato slices:: effect of pre- treatments,” LWT -
Food Science and Technology, vol. 39, no. 3, pp. 285-291,
2006.

D. Dana and I. Sam Saguy, “Review: mechanism of oil uptake
during deep-fat frying and the surfactant effect-theory and
myth,” Advances in Colloid and Interface Science, vol. 128-
130, pp. 267-272, 2006.

M. Mellema, “Mechanism and reduction of fat uptake in deep-
fat fried foods,” Trends in Food Science and Technology, vol. 14,
no. 9, pp. 364-373, 2003.

S.J. Patil, R. S. Singhal, and P. R. Kulkarni, “Screening of dif-
ferent hydrocolloids for improving the quality of fried papad,”
European Journal of Lipid Science and Technology, vol. 103,
no. 11, pp. 722-728, 2001.

A. Susanne and S. M. Gauri, “Comparative evaluation of
edible coatings to reduce fat uptake in a deep-fried cereal
product,” Food Research International, vol. 35, no. 5,
pp. 445-458, 2002.

K. R. Parimala and M. L. Sudha, “Effect of hydrocolloids on the
rheological, microscopic, mass transfer characteristics during
frying and quality characteristics of _puri_,” Food Hydrocol-
loids, vol. 27, no. 1, pp. 191-200, 2012.

R. Moreira and A. M. Sereno, “Evaluation of mass transfer
coefficients and volumetric shrinkage during osmotic dehy-
dration of apple using sucrose solutions in static and non-
static conditions,” Journal of Food Engineering, vol. 57, no. 1,
pp. 25-31, 2003.

M. K. Krokida, V. Oreopoulou, Z. B. Maroulis, and
D. Marinos-Kouris, “Deep fat frying of potato strips-quality
issues. An,” International Journal, vol. 19, no. 5, pp. 879-935,
2001.

N. Karimi and R. E. Kenari, “Functionality of coatings with
salep and basil seed gum for deep fried potato strips,” Journal
of the American Oil Chemists' Society, vol. 93, no. 2, pp. 243-
250, 2015.

R. Baixaulij, T. Sanz, A. Salvador, and S. M. Fiszman, “Effect of
the addition of dextrin or dried egg on the rheological and tex-

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

(41]

(42]

[43]

(44]

[45]

[46]

tural properties of batters for fried foods,” Food Hydrocolloids,
vol. 17, no. 3, pp. 305-310, 2003.

N. B. Gol, P. R. Patel, and T. V. R. Rao, “Improvement of qual-
ity and shelf-life of strawberries with edible coatings enriched
with chitosan,” Postharvest Biology and Technology, vol. 85,
pp. 185-195, 2013.

B. Jia, D. Fan, J. Li, Z. Duan, and L. Fan, “Effect of guar gum
with sorbitol coating on the properties and oil absorption of
French fries,” International Journal of Molecular Sciences,
vol. 18, no. 12, p. 2700, 2017.

P. Eleni, A. Kalogianni, and G. Peter, “Smith effect of frying
variables on French fry properties,” International Journal of
Food Science & Technology, vol. 48, pp. 758-770, 2013.

J. Garayo and R. G. Moreira, “Vacuum frying of potato chips,”
Journal of Food Engineering, vol. 55, no. 2, pp. 181-191, 2002.

M. S. Rahman, “Towards prediction of porosity in foods dur-
ing drying: a brief review,” Drying Technology, vol. 19, no. 1,
pp. 1-13, 2001.

C. O. Adetunji, O. B. Fawole, K. A. Arowora et al., “Effects of
edible coatings from Aloe vera gel on quality and postharvest
physiology of Ananas comosus (L.) fruit during ambient stor-
age,” Global Journal of Science Frontier Research Bio-Tech &
Genetics, vol. 12, pp. 39-43, 2012.

A.S. H. Atress, M. M. El-Mogy, H. E. Aboul-Anean, and B. W.
Alsanius, “Improving strawberry fruit storability by edible
coating as a carrier of thymol or calcium chloride,” Journal
of Horticultural Science & Ornamental Plants, vol. 2, pp. 88—
97, 2010.

ISIRI (Iranian National Standardization Organization), Ani-
mal and vegetable fats and oils- determination of acid value
and acidity test method. INSO 4178. 1Ist. Revision, ISIRI
(Iranian National Standardization Organization), 2018.

M. Jouki and N. Khazaei, “Effects of active batter coatings
enriched by quince seed gum and carvacrol microcapsules on
oil uptake and quality loss of nugget during frying,” Journal
of Food Science and Technology, vol. 59, no. 3, pp. 1104-
1113, 2022.

F. Shahidi and Y. Zhong, “Lipid oxidation: measurement
methods,” in Bailey's Industrial Oil and Fat Products, F.
Shahidi, Ed., pp. 357-385, John Wiley & Sons, Inc., Hoboken,
2005.

N. Khazaei, M. Esmaiili, and Z. Emam-Djomeh, “Effect of
active edible coatings made by basil seed gum and thymol
on oil uptake and oxidation in shrimp during deep-fat
frying,” Carbohydrate Polymers, vol. 137, pp. 249-254,
2016.

ISIRI (Iranian National Standardization Organization), Ani-
mal and vegetable fats and oils - determination of peroxide
value - iodometric (visual) endpoint determination. INSO
4179. 2nd Revision, ISIRI (Iranian National Standardization
Organization), 2018.

R. Farhoosh and R. E. Smaeilzadeh Kenari, “Anti-rancidity
effects of sesame and rice bran oils on canola oil during deep
frying,” Journal of the American Oil Chemists' Society, vol. 86,
no. 6, pp. 539-544, 2009.

ISIRI (Iranian National Standardization Organization), Ani-
mal and vegetable fats and oils determination of anisidine
value-test method. INSO 4093. 2nd Revision, 2017.

M. Aminlari, R. Ramezani, and M. H. Khalili, “Production of
protein-coated low-fat potato chips,” Food Science and Tech-
nology International, vol. 11, pp. 177-181, 2004.



10

(47]

(48]

M. Jouki, M. Rabbani, and M. J. Shakouri, “Effects of pectin
and tomato paste as a natural antioxidant on inhibition of lipid
oxidation and production of functional chicken breast sau-
sage,” Food Science and Technology, vol. 40, Supplement 2,
pp. 521-527, 2020.

M. Noshad, B. Nasehi, and A. Anvar, “Evaluating the effect of
active edible coating of quince seed mucilage and green tea
extract on the quality of fried shrimps: physicochemical and
sensory properties,” Nutrition and Food Sciences Research,
vol. 4, pp. 31-36, 2017.

Journal of Food Processing and Preservation



	Thermal Stability and Fat Uptake of Fried Zucchini (Cucurbita pepo) Cuttings Coated with Apricot Gum
	1. Introduction
	2. Material and Methods
	2.1. Material
	2.2. Preparation of Gum Suspensions
	2.3. Sample Preparation and Deep Fat Frying
	2.4. Moisture Content
	2.5. Oil Uptake
	2.6. Frying Yield Calculations
	2.7. Coating Pick-up Calculations
	2.8. Color Analysis
	2.9. Shrinkage Measurements
	2.10. Vitamin C Content
	2.11. Oxidation Analyses
	2.12. Sensory Properties
	2.13. Statistical Analysis

	3. Results and Discussion
	3.1. Moisture Content
	3.2. Oil Uptake
	3.3. Frying Yield
	3.4. Coating Pick-up
	3.5. Color Measurement
	3.6. Shrinkage Measurements
	3.7. Vitamin C Content
	3.8. Oxidation Analyses
	3.9. Sensory Properties

	4. Conclusion
	Data Availability
	Conflicts of Interest
	Acknowledgments



