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Abstract

In recent years, there has been a noticeable rise in the importance of snack items in diets, particularly among children and
adolescents who enjoy them socially with friends. Chips, commonly produced through frying, have garnered significant
popularity. This study aimed to assess the quality of fried coconut chips of thickness 0.5 mm and 1.4 mm, made using
both sunflower oil and coconut oil. Deep frying was conducted at 160 °C for both types of oil. The findings indicated that
coconut oil-fried chips, regardless of thickness, exhibited superior sensory attributes (i.e. appearance, colour, crispiness
and flavour). All sensory attributes (except appearance) were rated the highest for coconut oil fried chips. The biochemical
properties of chips fried in both oils were largely similar, yet coconut oil-fried chips displayed slightly better characteris-
tics compared to their counterparts. For instance, the 0.5 mm thick coconut oil-fried chips were noted for their improved
protein content and fat content, leading to a higher overall acceptability of the 0.5 mm thickness.
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Introduction

Deep frying, a widely adopted culinary technique, is com-
monly used to prepare fried foods such as potato chips,
French fries, and extruded snacks [1, 2]. Known for its sim-
plicity and distinct sensory qualities, such as flavour and tex-
ture, deep frying relies on high temperature and swift heat
transfer, making it effective in both domestic and industrial
settings. Fats and oils play essential roles in food prepara-
tion, enhancing flavour, texture, and mouthfeel [3]. Many
investigations ( [4, 5]) have focused on developing novel
technologies to reduce the oil content in fried foods in order
to produce healthier and safer fried foods. Thus, emerging
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alternative frying technologies, including microwave fry-
ing, vacuum frying, microwave-assisted vacuum frying, and
pulsed-spouted microwave vacuum frying, have garnered
significant attention in the domain of food processing [6].
Moreover, deep frying aids in food safety by eliminating
harmful bacteria and enzymes and reducing water content,
thus prolonging food preservation [7]. Typically conducted
at temperatures ranging from 150 to 200 °C, deep frying is a
vital aspect of culinary practices worldwide [8].

Coconut trees, often termed “Tree of Life,” are highly
valued for their versatility [9]. Coconut consists of approxi-
mately 28% inedible shell and 72% edible flesh or endosperm
or kernel. The coconut flesh is rich in fat, carbohydrates,
and moderate protein contents [ 10]. Across various cultures,
fresh coconut kernel is utilized in diverse culinary uses, spe-
cifically, coconut is widely used for its oil, which is signifi-
cant in various recipes and industrial applications. Whether
grated, processed into paste, or used to extract coconut milk,
the kernel finds its way into a multitude of dishes, includ-
ing curries, chutneys, sweets, and more [11]. In addition to
these traditional uses, coconut can be processed into coco-
nut flour, which is derived from the residue remaining after
coconut milk extraction. This flour is widely recognized for
its high fiber and protein content, making it a valuable nutri-
tional ingredient. It contains approximately 600 g of total
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dietary fiber per kilogram, with around 560 g being insol-
uble fiber and 40 g being soluble fiber per kilogram [12].

Several research studies have been conducted to investi-
gate the production processes and quality analysis of chips
derived from coconut, sweet potato, and other similar ingre-
dients. Choosuk et al. [13] have studied the quality changes
of coconut chips during storage at different temperatures of
35, 45 and 55 °C. Drying of the coconut chips was done
using the tray drying method at 60 °C for 20 h [13]. Accord-
ing to the study, coconut chips stored at 55 °C for a pro-
longed period turned brown and had a higher peroxide
value, as well as showed less crispiness [13]. In this study,
rancidity was found to be one of the first characteristics
that are noticeable when dried coconut chips start to lose
their quality [13]. Caetano et al. [14] examined and com-
pared the physicochemical and sensory attributes of sweet
potato chips subjected to various cooking techniques such
as oven-baking, air frying and deep frying methods. They
concluded that oven-baked and air-fried chips exhibited the
lowest levels of fat and moisture, which contributed to an
extended shelf life. Moreover, deep-fried sweet potato chips
demonstrated the highest sensory acceptance and purchase
intent among the evaluators.

Nevertheless, the coconut chips sold in markets undergo
a procedure involving osmotic dehydration facilitated by
sucrose, followed by convective drying. The coconut slices,
once osmotically dehydrated, can be dried in a forced hot air
electric dryer at temperatures ranging from 70 to 80 °C for a
duration of 5 to 6 h [15]. The prolonged production time and
the uneven colour on the surface of the chips are significant
drawbacks of the current coconut chips production method.
Our study introduces an innovative approach by employing
a frying method for the preparation of coconut chips, an area
which has not been previously explored in research.

In many regions, the growing consumption of snacks has
integrated fried food into daily diets, particularly among
children and adolescents who enjoy them socially. This
study aims to assess the quality attributes of fried coconut
chips of varying thickness using different frying oils, such
as sunflower oil and coconut oil, contributing to the ongo-
ing exploration of optimal frying practices. By analysing
how different frying oils affect the sensory qualities of coco-
nut chips, such as taste and texture, the study could reveal
new opportunities for product differentiation in the market.

Materials and methods
Experimental materials

The experiment utilized mature coconuts, aged 9-10
months, from West Coast Tall variety sourced from the

ICAR-Central Plantation Crops Research Institute (ICAR-
CPCRI) Farm in Kasaragod, India. Table sugar, Sodium
chloride (NaCl), and concentrated vanilla essence were pro-
cured from the local market in Kasaragod, Kerala, India.
All analyses in the study were performed using analytical
reagent (AR) grade chemicals.

Preparation of fried coconut chips sample

The freshly harvested coconuts underwent a series of pro-
cessing steps utilizing machineries developed at ICAR-
CPCRI. Initially, the dehusker, with a capacity of processing
350 coconuts per hour at 2 horsepower, removed the husk.
The desheller, operating at 0.5 horsepower and capable of
processing up to 150 coconuts per hour, first removed the
shells. This was followed by the testa removal machine, also
operating at 0.5 horsepower, which could handle 100 coco-
nuts per hour to remove the testa. The kernels were then
sliced using an in-house developed multi-commodity slicer,
which could process 60 coconuts per hour with a power
input of 0.5 horsepower. This slicer allowed for slicing the
kernels into 0.5 mm and 1.4 mm thicknesses. After slicing,
the coconut kernels were blanched in hot water at 90-95 °C
for 2 min and carefully patted with tissue paper to remove
any excess water from the surface [16]. Finally, the coconut
slices were subjected to frying.

Frying

Sunflower and coconut oils are commonly used among vari-
ous cooking oils because of their favorable characteristics
on final products [17]. Sharanke and Sivakanthan [18] also
noted that coconut oil underwent fewer positive changes in
the measured parameters during continuous deep frying.
Therefore, coconut chip frying was conducted using coco-
nut oil and sunflower oil. The coconut chip samples were
fully submerged in separate pans, each filled with the cor-
responding oils (coconut oil and sunflower oil). The frying
temperature was maintained at 160 °C, with approximately
500 g of chips fried in 1 L of oil.

Physical analysis
Rehydration ratio

The rehydration ability of coconut chips was evaluated
using a modified version of the method described by Zou et
al. [19]. Around 5 g of fried coconut chip samples were sub-
merged in 250 ml of water in a beaker and allowed to rehy-
drate for 3 h. Once the time elapsed, the rehydrated samples
were removed from the water. Any surface moisture on the
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coconut chips was removed by softly patting them with fil-
ter paper, and then the weight of the samples was measured.

Rehydration ratio(RR) = Mr/Md (1)

where: Mr is rehydrated chips mass (g), Md is chip mass
before rehydration (g).

Hygroscopicity

The moisture absorption capability of coconut chip samples
was examined by analysing their hygroscopic character-
istics, as per the procedure outlined by Tonon et al. [20].
Five grams of coconut chips were accurately measured and
placed in a controlled environment set at 25 °C temperature
and 75.2% humidity. The sample was then sealed within
a desiccator alongside a saturated sodium chloride (NaCl)
solution, which was kept in an incubator to ensure con-
sistent temperature and humidity levels. After a week, the
chips were weighed again, and the results were expressed as
grams of water absorbed per 100 g of dry weight.

Biochemical analysis
Proximate composition

The proximate composition of coconut chips prepared with
various frying oils was analyzed using standard methods
outlined in the official AOAC (2005) protocols, including
determination of moisture content (method AOAC 925.09),
ash content (method AOAC 938.08), total carbohydrate
content (method AOAC 44.130), protein content (method
AOAC 955.04), and fat content (method AOAC 920.58).

Total phenol content (TPC)

Based on the methodology described by Seneviratne et al.
[21] the total phenolic content was determined using the
Folin—Ciocalteau (FC) reagent using a spectrophotometric
technique and the results were presented in milligrams of
gallic acid equivalent phenol per 100 gram of extract (mg
GAE/100 g).

Antioxidant potential by Ferric reducing antioxidant power
(FRAP) and 2,2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH)
methods

FRAP was conducted following the methodology outlined
by Benzie and Strain, while the DPPH assay was performed
as per the procedure detailed by Brand-Williams et al. [22]

Sensory evaluation

A sensory evaluation of the samples was conducted by
11 panelists. Standard sensory protocols were carried out.
Samples quality attributes were appearance, colour, crispi-
ness, flavor and overall acceptability as per 9 point Hedonic
scale [23]. Each chip sample was stored individually in
plastic dishes, labeled with a unique number for easy iden-
tification. Prior to tasting the next sample, panelists were
given drinking water to cleanse their palates.

Statistical analysis

Three replicates were utilized for conducting all experi-
ments, with all parameters expressed as average + standard
deviation (SD). The influence of different frying oil and
slice thicknesses was analyzed using a two-factorial, com-
pletely randomized design, employing the ICAR statistical
analysis Web Agri Stat Package 2.0.

Results and discussion
Physical properties

Table 1 presents the physical attributes of fried coconut
chips manufactured using coconut oil and sunflower oil at
two distinct thicknesses. Maintaining an appropriate rehy-
dration ratio and hygroscopicity is crucial for the longev-
ity of fried food products [24]. Our study findings indicate
that fried coconut chips produced using both coconut oil
and sunflower oil demonstrated similar physical characteris-
tics. However, despite their comparable physical attributes,
coconut oil-fried chips exhibited superior rehydration ratio
and hygroscopicity. The rehydration ratio of a dehydrated
product assesses its ability to regain its original moisture
content after rehydration [25]. The 0.5 mm and 1.4 mm

Table 1 Physical properties of Treatment Sample ID Physical properties

coconut chips using different 0.5 mm 14 mm

frying oils ) Rehydration ratio  Hygroscopicity ~ Rehydration ratio  Hygroscop-

*CO-Coconut oil & SO-Sun- (%) (%) (%) icity (%)

dower ot ; The different Le;tigs Ti o 1.57£0.00 3254006°  1.56+0019  2.36+029%
T2 SO 1.51+0.02% 5.54+0.14° 1.40+0.00" 2.71+0.04

nificant effect at level of 0.05
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Table 2 Proximate composition of fried coconut chips using different frying oils -0.5 mm thickness
Treatment Sample ID Biochemical analysis

(°C) Moisture (w.b., %) Ash (%) Total carbohydrate (%) Protein (%) Fat (%)
T1 co 2.72£0.10" 0.71£0.02° 28.55+1.007 3.62+0.04° 45.73+1.23
T2 SO 2.73+0.15%¢ 0.78 +0.02° 23.24+0.16% 3.01+0.13¢ 44.80+0.22°
*CO-Coconut oil & SO-Sunflower oil; The different letters in the columns indicates a significant effect at level of 0.05
Table 3 Proximate composition of fried coconut chips using different frying oils -1.4 mm thickness
Treatment Sample ID Biochemical analysis

(°C) Moisture (w.b. %) Ash (%) Total carbohydrate (%) Protein (%) Fat (%)
Tl co 3.37+£0.22% 0.94+0.07° 25.944 19 5.05+0.9° 47.75+1.23
T2 SO 3.56+0.12% 0.96+0.02%f 22.92+0.52" 4.87+0.9° 44.57+0.50°

*CO-Coconut oil & SO-Sunflower oil; The different letters in the columns indicates a significant effect at level of 0.05

thick samples fried in coconut oil displayed the highest
rehydration ratio (1.57% and 1.56%). Dewada et al. [26]
noted a negative correlation between the rehydration ratio
of dried potato slices and the dehydration ratio of the dried
sample, along with a positive correlation with the oil con-
tent of deep-fried chips. It is presumed that reduced rehy-
dration ratios may be the result of structural damages that
occurr during the dehydration process.

The chip samples fried in sunflower oil demonstrated
the highest levels of hygroscopicity among all samples,
regardless of thickness, registering at 5.54% for the 0.5 mm
thickness and 2.71% for the 1.4 mm thickness. Excessive
hygroscopicity can result in issues such as clumping, sticki-
ness, and accelerated spoilage due to excessive moisture
absorption, thus compromising the product’s quality and
appeal [27]. In contrast, the hygroscopicity value of samples
prepared using coconut oil was significantly lower (p < 0.05)
compared to that of the sunflower oil-fried samples. A low
hygroscopicity in dried food products indicates their abil-
ity to resist moisture absorption from the surrounding envi-
ronment. Pravitha et al. [28] compared the hygroscopicity
of dehydrated coconut chips sample treated with different
osmotic agents such as coconut sugar, jaggery and sucrose.
Jaggery-treated samples exhibited the highest hygroscop-
icity, followed by those treated with coconut sugar, while
the samples treated with sucrose showed the lowest value.
Jaggery’s hygroscopic characteristics are largely due to the
presence of reducing sugars, dextrose, and minerals.

Proximate composition

Tables 2 and 3 display the proximate composition of fried
coconut chips at thicknesses of 0.5 mm and 1.4 mm, respec-
tively. The moisture content of fried coconut chip samples
showed similar ranges for both those fried in sunflower
oil and coconut oil. This suggests that moisture from the
food, combined with high frying temperatures, acceler-
ates the hydrolysis process of oils [29]. Prolonged expo-
sure of oil to high temperatures promotes the modification

of polyunsaturated fatty acids, particularly those contain-
ing two or three double bonds. Free fatty acids, along with
low molecular weight acidic byproducts generated from fat
oxidation, facilitate the hydrolysis process, particularly in
the presence of steam during frying [30]. Specifically, the
moisture content of coconut oil-fried and sunflower oil-
fried samples at a thickness of 0.5 mm was approximately
2.72% and 2.73%, respectively. The presence of steam dur-
ing frying contributes to the formation of free fatty acids
and low molecular weight acidic compounds through lipid
oxidation, thereby enhancing the hydrolysis process [31].
Additionally, the 1.4 mm sample exhibited slightly higher
moisture retention compared to the 0.5 mm sample (3.37%
for coconut oil-fried samples and 3.56% for sunflower oil-
fried samples). Yang et al. [32] investigated the microstruc-
ture and water absorption capacity of three types of fried
potato chips to elucidate their structure, texture, and shelf
life. They concluded that higher porosity correlates with
increased moisture absorption capacity in potato chips.

Ash content in food refers to the residue left behind
after burning off the organic components [33]. Assessing
ash content is crucial in food analysis as it helps to evalu-
ate nutritional composition and overall quality [34]. High
ash content may suggest the presence of mineral-rich ingre-
dients or contamination, while low ash content could be
attributed to the reduction caused by the evaporation of vol-
atile compounds from the food products [35]. In this study,
the ash content of 0.5 mm coconut chip samples fried in
coconut oil and sunflower oil exhibited similar values with
no significant difference, at 0.71% and 0.78%, respectively.
Conversely, the ash content of the 1.4 mm samples showed
slightly higher levels (0.94% for coconut oil-fried samples
and 0.96% for sunflower oil-fried samples). Yaseen et al.
[36] conducted a study on the chemical composition of fried
potato chips and observed the highest ash content (3.11%)
at 180 °C for 4 min. Pravitha et al. [37] investigated the
quality of jaggery infused osmo-dehydrated coconut chips.
The study revealed that jaggery chips displayed a higher ash
content compared to the sugar-osmosed chips.
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Carbohydrates serve as the body’s primary energy source
[38]. With their rich carbohydrate content, coconut chips
offer a quick energy boost, making them ideal for pre- or
post-workout snacks or for refueling during physical activ-
ity. Samples of coconut chips, fried in coconut oil at thick-
nesses of 0.5 mm and 1.4 mm, showed the highest total
carbohydrate content (28.55% and 25.94%, respectively).
Conversely, the high unsaturated fatty acid content in sun-
flower oil leads to hydrolysis and oxidation under moisture
and heat, diminishing the nutritional quality of fried chips
[39]. Elmoneim et al. [40] conducted a study on banana
chips and noted a substantial increase in carbohydrate con-
tent during frying and baking, by approximately 500% and
400%, respectively. In a study [37], coconut chips osmosed
with jaggery and refined sugar showed an increase in carbo-
hydrate content as compared to dry kernels. The increased
carbohydrate level was predominantly a result of the
osmotic dehydration process.

Coconut chips with elevated protein levels can enhance
the overall nutritional value of the snack, rendering it a more
balanced food choice. Samples of thicknesses 0.5 mm and
1.4 mm fried in coconut oil exhibited the highest protein
content (3.62% and 5.05%, respectively). Coconut oil has
higher saturated fat content and a lower proportion of poly-
unsaturated fats compared to sunflower oil. Saturated fats
are less prone to oxidation during high-temperature fry-
ing, which may contribute to better preservation of protein
content [41]. Nunes and Tavares [42] noted that thermal
treatment of protein can reduce its quality and lead to the
degradation of certain amino acids. Conversely, samples
of thicknesses 0.5 mm and 1.4 mm fried in sunflower oil
displayed the lowest protein content (3.01% and 4.87%).
Mohammed et al. [43] suggested coating chips with protein
and investigating the type of protein and storage duration’s
impact on the final product’s quality. Potato slices were
blanched, dipped in solutions containing sodium caseinate,
whey protein concentrate, or egg white, and deep-fried in
corn oil and hydrogenated oil. The study found that protein-
coated chips exhibited reduced oil absorption and increased
protein content.

Fat plays a vital role in shaping the flavor and texture of
coconut chips. Coconut itself is renowned for being a rich
source of healthy fats, primarily medium-chain triglycerides
(MCTs), which are associated with various health benefits
such as improved heart health and enhanced metabolism
[44]. The fat content of coconut chip samples fried in both
coconut oil and sunflower oil fell within a comparable
range. It may be due to the comparable capacity of both
oils to absorb into the coconut chips during frying. Specifi-
cally, samples fried at thicknesses of 0.5 mm and 1.4 mm in
coconut oil exhibited fat contents of 45.73% and 47.75%,
respectively, while those fried in sunflower oil displayed

@ Springer

Table 4 Biochemical parameters of fried coconut chips using different
frying oils (0.5 mm thickness) — phenol and antioxidant

Treatment Sam- Total phenol Antioxidant
ple  (mggallicacid DPPH (%) FRAP (mg
ID equivalent / trolox equiv-
100 g) alent /100 g)
T1 CO 0.043+£7.07%  63.35+0.00° 0.001 +0.00
T2 SO 0.04+0.00"  64.7+0.59°  0.002+3.53

*CO-Coconut oil & SO-Sunflower oil ; The different letters in the
columns indicates a significant effect at level of 0.05

Table 5 Biochemical parameters of fried coconut chips using different
frying oils (1.4 mm thickness) — phenol and antioxidantf

Treatment Sam-  Total phenol Antioxidant
pleID (mg gallicacid  DPPH (%) FRAP
equivalent / (mg trolox
100 g) equiva-
lent /100 g)
Tl CO  0.04x7.1° 63.35+0.0°  0.001+0.0°
T2 SO 0.045+0.0° 64.7+0.6°  0.002+3.5°

*CO-Coconut oil & SO-Sunflower oil ; The different letters in the
columns indicates a significant effect at level of 0.05

fat contents of 44.8% and 44.57%, respectively. Aida et
al. [45] conducted a study aiming to reduce the fat con-
tent of fried banana chips using a sugar solution. Banana
slices were dipped in sugar solutions of varying concentra-
tions (4 g, 8 g, and 12 g) and then fried at 180 °C for 5 min.
The study found that as the sugar concentration increased,
the fat percentage decreased to 0.66%, 0.63%, and 0.54%,
respectively.

Total polyphenolic content and antioxidant activity

The results of the total phenolic content and antioxidant
activity for fried coconut chip samples at two different
thicknesses (0.5 mm and 1.4 mm) are outlined in Tables 4
and 5. The polyphenolic content of all samples fell within a
similar range. Specifically, the polyphenolic content of the
0.5 mm samples fried in both coconut oil and sunflower oil
was observed to be 0.043 mg gallic acid/100 g and 0.04 mg
gallic acid/100 g, respectively. In a study by Habarakada et
al. [39], it was found that the polyphenolic content of coco-
nut and palm oil used for frying potatoes slightly increased,
while that of sunflower oil decreased. Similarly, the 1.4 mm
samples fried in coconut oil and sunflower oil exhibited a
phenolic content of 0.04 mg gallic acid/100 g and 0.045 mg
gallic acid/100 g, respectively. Karakaya and Simsek [46]
investigated changes in total polyphenol content during
deep fat frying using different oils and found that the total
polyphenol content remained unchanged in corn oil, soy-
bean oil, and olive oil. It is noted that thermal processing
may cause polyphenol losses due to oxidation and leaching
of water-soluble phenolics. However, high temperatures can
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Fig. 1 Sensory scores of coconut chips sample prepared from coconut oil (CO) and sunflower oil (SO)

deactivate peroxidases, which have pro-oxidant properties,
potentially enhancing antioxidant activity [47]. However, in
a study by Alonso et al. [48] reported that repeated frying
operations in virgin olive oil for the preparation of French
fries resulted in a significant reduction in the total antioxi-
dant activity of the extracted phenolic compounds.

The 0.5 mm and 1.4 mm samples fried in sunflower oil
exhibited the highest DPPH scavenging activity (64.7%).
Yu et al. [49] examined the physicochemical and oxidative
stability of frying oils during the frying of potato chips and
observed a decrease in DPPH scavenging activity in pure
olive oil and vegetable shortening after frying. Addition-
ally, Liu and Lin [50] noted a significant decrease in DPPH
radical scavenging activity during boiling. It was observed
that there was very slight variation in FRAP value between
the 0.5 mm and 1.4 mm samples fried in both sunflower oil
and coconut oil, with the FRAP value ranging from 0.001 to
0.002 mg trolox/100 g. Pravitha et al. [16] found that coco-
nut chips treated with various osmotic agents differed in
product quality. Notably, samples containing coconut sugar
exhibited the highest DPPH scavenging activity (26.20%),
followed closely by those treated with jaggery (24.49%).

Sensory analysis

All samples were considered acceptable because each attri-
bute score for the individual samples was above six (Fig. 1).
Coconut chips prepared from sunflower oil were observed
to be more visually appealing than those from coconut oil.
However, coconut chips samples fried in coconut oil were
highly appreciated for their colour, crispness, and flavour.

The overall acceptability (including all sensory parameters)
was maximum for coconut chips fried in coconut oil with a
mean value of 8.2 (liked very much) and the minimum for
coconut chips fried in sunflower oil with a mean value of 7.
So, coconut chips prepared from coconut oil offered a nutri-
tional and organoleptically acceptable product.

Conclusion

Based on the results obtained, both coconut oil and sun-
flower oil demonstrate suitability for the preparation of
coconut chip samples. However, it’s noteworthy that the bio-
chemical composition of the fried samples varies depending
on the type of oil used for frying. The biochemical prop-
erties of the chips fried in both oils were generally com-
parable; however, the chips fried in coconut oil exhibited
slightly superior biochemical characteristics compared to
those fried in sunflower oil. A slightly higher content of car-
bohydrates, proteins, and fats was observed in the samples
prepared using coconut oil. Sensory evaluation showed that,
the overall acceptability (including all sensory parameters)
was maximum for coconut chips prepared from coconut oil
with a mean value of 8.2 (liked very much). Based on this
finding, it can be concluded that coconut oil is more suit-
able than sunflower oil for the preparation of coconut chips.
Nevertheless, future research could include a storage study
on fried coconut chips samples to determine their shelf life
when using different frying oils.
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