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Abstract
Clean label products with natural antioxidants have always attracted great attention due to healthy benefits. In this study, the 
stability of palm olein oil with various natural antioxidants (cedarwood, citronella, clove, nutmeg and rosemary oil) during 
the heat treatment was investigated; the acidic value, conjugated diene and triene content, peroxide value, thiobarbituric 
acid reactive substance value and instrumental color of the palm olein oil were analyzed. Sample with nutmeg oil exhibited 
the highest oxidation stability. In addition, the higher the nutmeg oil concentration, the better the prevention of oil oxidation 
during the heat treatment. During the repeated frying with corn extrudate, nutmeg oil concentration of 4 g/kg palm olein 
oil was able to prevent lipid degradation. The acidic and peroxide value of the palm olein oil in the fryer was statistically 
similar to that of the extracted oil from the fried extrudate. Nutmeg oil can be considered as a potential natural antioxidant 
for industrial frying of snack food products.

Keywords Frying · Natural antioxidant · Nutmeg · Palm oil · Snack food

Introduction

One of the most common methods of food cooking is deep 
fat frying [1]. Frying operation provides a desirable fla-
vor and texture to the fried food. However, when the oil 
is repeatedly used at high temperature and in the presence 
of air, the undesirable flavor can be achieved. Due to ther-
mal oxidation, the formations of volatile and non-volatile 
decomposition products are observed and the oil gradually 
deteriorates [2]. Severe decomposition of frying oils com-
promises the fried food quality as well as creates a potential 
hazard to the health of the consumers [3]. Many products of 
oil oxidation such as aldehydes, epoxides, hydroxyketones, 
dicarboxylic and carbonyl compounds are known as inducers 
of tissue injury in several pathological conditions including 
cardiovascular diseases, colon cancer, atherosclerosis, dia-
betes, neurodegenerative diseases and aging [4]. Different 
methods have been applied to food frying for prevention of 

oil oxidation and use of antioxidants is an efficient method. 
Synthetic antioxidants are widely used in food frying due 
to low cost and high stability. However, consumer concern 
regarding food safety has motivated the food producers to 
use natural antioxidants [5]. Various preparations from plant 
source have been applied to food frying including majorana 
extract [6], green tea extract [7], Teucrium polium extract 
[8], raja banana peel extract [9].

Fried snack foods are consumed worldwide due to great 
variety in shape, flavor and texture. In South East Asia, palm 
olein oil is widely used in snack frying due to its low cost 
and high stability against oxidation. In addition, palm olein 
oil has a low melting point (22–24 °C) resulting in no waxy 
or greasy mouth-feel of the fried products [10].

During snack frying, the oil is absorbed by the product 
and thus has a great impact on the product quality [11]. Cur-
rently, natural antioxidant preparations are commercially 
available in the world market. However, little consideration 
has been given to them in snack food frying. The objectives 
of this research were to (i) investigate the effects of com-
mercial natural antioxidants as well as the effects of antioxi-
dant content on the quality of palm olein oil during the heat 
treatment at elevated temperature, (ii) examine the effects of 
commercial natural antioxidant on the quality of palm olein 
oil during the frying of snack food.
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Methods and materials

Materials

Palm olein was provided by Tuong An Vegetable Oil Joint 
Stock Company (Ho Chi Minh City, Vietnam). The peroxide 
value and free fatty acid were 0.01 meq/kg and 0.6 g/kg, 
respectively. Six natural antioxidants and a synthetic anti-
oxidant used in the study are shown in Table 1.

High fiber snack for the frying test was produced from 
87.8% corn meal, 7.5% polydextrose, 4% sugar and 0.7% salt 
(The ratio was calculated on dry weight basis). A twin-screw 
extruder (MPF 80/15 model, APV Baker, Peterborough, The 
United Kingdom) with the average productivity of 300 kg/h 
was used [12]. The extruded products were immediately 
sealed for frying test.

All chemicals used in this study were originated from 
Merck (Darmstadt, Germany) and of the analytical grade.

Oil heating test

The effects of natural antioxidant preparations on preven-
tion of oil oxidation were evaluated by using oil heating 
test which was performed according to the procedure of 
Chammem et al. [13] with slight modification. Mixture 
of palm olein oil and antioxidant preparation was heated 
at 180 ± 2 °C for 6 h per day for 5 consecutive days in an 
electric fryer (OFE-321F model, Henny Penny Corporation, 
Eaton, The United States). At the end of the daily heating, 
100 mL of oil was collected for analysis of free fatty acid 
content, conjugated dienes and triens, peroxide value, thio-
barbituric acid reactive substances and instrumental color.

Effects of natural antioxidants on the palm olein oil quality 
during the heat treatment

Nutmeg, cedarwood, citronella, clove and rosemary oil 
samples were used as natural antioxidants in the oil heating 

process. For comparison, tocopherol and butylated hydroxy-
toluene (BHT) were also used. Each antioxidant was blended 
with palm olein oil at the concentration of 2 g/kg. The con-
trol sample was performed without antioxidant addition.

Effects of nutmeg oil concentration on the palm olein oil 
quality during the heat treatment

Nutmeg oil was selected to add to palm olein oil at various 
concentrations: 1, 2, 3, 4 and 5 g/kg. The heat treatment 
procedure was similar to that of the previous experiment.

Snack frying test

Effects of nutmeg oil on the palm olein oil quality 
during the snack frying

Nutmeg oil was added to palm olein oil at the concentra-
tion of 4 g/kg. The extrudate was fried with 1 g per 10 g 
of palm olein oil and the frying was performed for 5 min. 
After removal of the extrudate from the fryer, the oil tem-
perature was risen up to 180 °C again in 5 min; 15 frying 
batches were carried out per day for 5 consecutive days and 
the frying process was repeated three times. At the end of the 
daily frying process, 100 mL of oil was collected for analy-
sis of free fatty acid content, conjugated dienes and trienes, 
peroxide value, thiobarbituric acid reactive substances and 
instrumental color.

Chemical analysis

Acidic value of oil was measured by ISO 660 method (ISO, 
2009). The conjugated dienes and conjugated trienes were 
analyzed by the absorbance at 232 and 268 nm, respectively 
according to official method 2.206 of the IUPAC (1987) 
[14]. Peroxide value of oil was determined by ISO 3960 
method (ISO, 2007). The thiobarbituric acid reactive species 
(TBARS) assay was conducted according to the procedure 
previously described [15].

Table 1  Antioxidants used in the present study

Antioxidants Cedarwood Citronella Clove Nutmeg Rosemary Tocopherol Butylated 
hydroxytoluene

Commercial 
name

Cedarwood oil Citronella oil Clove oil Nutmeg oil Rosemary oil dl-α-Tocopherol PUROLAN® 
BHT Food 
Grade

Supplier Vietnam 
Essential Oil 
JSC (Hanoi, 
Vietnam)

Vietnam 
Essential Oil 
JSC (Hanoi, 
Vietnam)

Vietnam 
Essential Oil 
JSC (Hanoi, 
Vietnam)

Vietnam 
Essential Oil 
JSC (Hanoi, 
Vietnam)

Vietnam 
Essential Oil 
JSC (Hanoi, 
Vietnam)

DSM Nutri-
tional Products 
Ltd. (Basel, 
Switzerland)

Lanxess Distri-
bution GmbH 
(Langenfeld, 
Germany)

Main com-
pounds

42.3% himacha-
lene

23.8% geran-
iol. 33.7% 
citronellal

83.3% eugenol 7.3% myristicin 
1.7% safrole

22.5% α-pinene  > 97.5% vita-
min E

99.8% butylated 
hydroxytoluene
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Instrumental color analysis

Color of oil was determined by using Konica Minolta spec-
trophotometer (CR 410 model, Konica Minolta Inc, Osaka, 
Japan). Color data were presented by CIE L*, a*, b* coor-
dinates. Three measurements were taken for each sample 
and averaged [16].

Statistical analysis

All experiments were carried out in triplicate. The experi-
mental results were expressed as means ± standard deviation 
(n = 3). Mean values were considered significantly different 
when the probability was less than 0.05 using multiple range 
test. One-way analysis of variance was conducted by using 
the software Statgraphics Centurion XV (Manugistics Inc., 
Rockville, MD, The United States).

Results and discussion

Effects of natural antioxidants on the palm olein oil 
quality during the heat treatment

Change in oil quality during the heat treatment is described 
in Table 2. The measurement of acidity is a frequently 
used test to assess the oil quality during food frying. Slight 
increase in acidity during the heating was observed for all 
oil samples. It can be suggested that triglyceride hydrolysis 
is not the main reason for the increased acidity since food is 
not present in the heated oil. According to Chammem et al. 
[13], increase in acidic value during the oil heating is mainly 
due to the degradation of secondary products of oil oxidation 
such as alcohols, ketones and aldehydes [17].

At the end of the heating, the acidity of the control sample 
was significantly higher than that of all antioxidant added 
samples. It is clear that addition of antioxidant significantly 
reduced oil deterioration during the heat treatment. Similar 
results are reported when the rosemary extract is added to 
the heated sun flower oil [18].

Although the antioxidant quantity was fixed at 2.0 g/kg 
for all samples, the acidity varied from 0.20 to 0.34% at the 
end of the treatment. The lowest acidity was reported for 
nutmeg oil. The acidity of the oil sample with nutmeg oil 
was 44.4% lower than that of the control. This is an indica-
tion that nutmeg oil can effectively prevent lipid oxidation.

Formation of conjugated dienes and trienes is mainly 
associated to the production of primary oxidation products 
[18]. The polyunsaturated fatty acid oxidation occurs with 
the formation of hydroperoxides. After peroxides have been 
formed, the non-conjugated double bonds presenting in nat-
ural unsaturated lipids immediately suffer a rearrangement 
generating conjugated dienes. When polyunsaturated fatty 

acids containing three or more double bonds undergo oxi-
dation, the conjugation can be extended to include another 
double bond resulting in the formation of conjugated trienes 
[19]. Table 2 shows that the conjugated diene content was 
low at the beginning of the process but tended to increase 
with the increase in heating cycles. Notably, the lowest con-
jugated diene contents at the end of the heat treatment were 
reported for the oil samples with nutmeg and rosemary oil; 
these values were 32.0% and 28.0%, respectively lower than 
that of the control sample. The increase in conjugated diene 
content is proportional to the uptake of oxygen and forma-
tion of peroxides during the early stages of oxidation as well 
as to the degradation rate of linoleic acid [20].

Table 2 presents gradual augmentation of conjugated 
triene content for all samples during the heat treatment. 
According to Guo et  al. [21], as the production rate of 
ketones is higher than their decomposition rate, the con-
jugated triene content continues to increase. At the end of 
the heat treatment, the lowest conjugated triene content was 
reported for the oil sample with nutmeg; this value was 
27.7% lower than that of the control sample which had the 
highest conjugated triene concentration. It can be noted that 
cedarwood oil is not efficient for prevention of the forma-
tion of both conjugated diens and triens since their contents 
were similar to those of the control sample at the end of the 
heat treatment.

Peroxide value is an indicator of primary products of oil 
oxidation [13]. At the beginning of the heating, all oil sam-
ples had similar peroxide value. During the first step of the 
heat treatment (until 18 h), increase in peroxide value was 
observed for all samples. Nevertheless, the lowest maximum 
peroxide value was reported for the sample with nutmeg oil 
and rosemary oil while the control sample and the sample 
with cedarwood oil had the highest value. The lower the 
maximum peroxide value during food frying, the greater the 
delaying effect of oil oxidation and the more effectiveness 
of antioxidant preparation [13]. During the second step of 
the heat treatment (after 18 h), the peroxide value reduced 
sharply for all samples excluding the sample with tocopherol 
the peroxide value of which remained constant. This could 
be attributed to the decomposition of secondary products 
such as aldehydic compounds [22]. It can be noted that the 
sample treated with tocopherol was still in the early stage of 
oil oxidation while the other samples were at the later stage 
of the oxidation process. Similar observation is reported 
when rosemary ethanol extract was added to palm oil dur-
ing the potato frying [21].

Secondary products of oil oxidation can be estimated by 
the 2-thiobarbituric acid test [4]. No statistical difference in 
malonaldehyde content among all samples (p > 0.05) was 
observed at the beginning of the heat treatment whereas 
the malonaldehyde content gradually increased as the 
heating time increased due to oxidative degradation of the 
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palm olein. At the end of the heat treatment, the malonal-
dehyde content was reduced in the order: control > cedar-
wood > clove > citronella > rosemary > BHT = tocoph-
erol > nutmeg. Notably, all oil samples with different 
antioxidant preparations had a lower malonaldehyde content 
than the control sample (p < 0.05) due to higher resistance 
towards generation of oxidative products.

Particularly, the malonaldehyde content of the sample 
with nutmeg oil was 55.8% lower than that of the control 
sample. Reduction in malonaldehyde content is also reported 
when the extracts of pomegranate (Punica granatum L.) 
peel, oregano and rosemary are separately blended with 
palm oil during deep-fat frying [23].

Colors are an important physical indicator of oil quality. 
Changes in the instrumental color of the oil samples during 
the heat treatment are reflected in Table 2. At the beginning 
of the heating, the color of the oil samples was slightly dif-
ferent since the antioxidant preparations used in this study 
had various colors. At the end of the heat treatment, the 
L* and a* values of all samples were decreased while the 
b* value was increased. According to Lalas [24], reduction 
in lightness is due to the formation of dimmers, trimer and 
tetramers through oxidative and thermal reactions. Moreo-
ver, the darkening of oil color is due to the oxidation of 
phenolic antioxidants in the oil during the heating [25]. 
However, the L* value of samples with citronella, cedar-
wood oil and BHT was more reduced than that with nutmeg, 
tocopherol, clove and rosemary oil. The intensity of yellow 
color was increased throughout the heating process due to 
the generation of carotenoids and xanthophylls in the palm 
olein oil [18]. In addition, the terpenoid in citronella would 
shift colors upon oxidation by heat treatment [26].

Effects of nutmeg concentration on the palm olein 
oil quality during the heat treatment

The effects of nutmeg oil concentration on the palm olein 
oil quality during the heat treatment are shown in Table 3. 
During the treatment time, the acidity content of all samples 
was gradually increased. The higher the concentration of 
nutmeg oil, the lower the acidity of palm olein oil at the 
end of the heat treatment. According to Matulyte et al. [27], 
the major components in the nutmeg oil are the myristicin, 
safrole, α-pinene, β-pinene and sabinene which have strong 
antioxidant activity.

The conjugated dienes and trienes content of all sam-
ples gradually increased from 0 to 30 h of the heat treat-
ment (Table 3). As the nutmeg concentration in the blended 
oil was increased, the formation of conjugated dienes and 
trienes was significantly decreased. The lowest conjugated 
trienes contents were reported for the sample of 4 and 5 g/kg 
and these values were 37.5% and 61.1%, respectively lower 
than that of the control sample. According to Adiani et al. 

[28], both myristicin and safrole in nutmeg oil are stable 
even at high temperature and that effectively decelerates the 
formation of conjugated dienes and trienes during the heat 
treatment.

Table 3 also shows that the initial peroxide value of all 
samples was insignificantly different (p > 0.05). When the 
nutmeg oil concentration varied from 0 to 2 g/kg palm olein 
oil, the peroxide value increased during the early stage of the 
heat treatment and then reduced at the later stage. Neverthe-
less, the maximum peroxide value of the control samples 
was 1.9 and 2.2 times higher than that of the sample with 1 
and 2 g/kg nutmeg oil with palm olein oil, respectively. In 
addition, as the nutmeg oil concentration increased from 3 
to 5 g/kg palm olein oil, gradual increase in peroxide value 
was clearly observed and degradation of hydroperoxides was 
therefore not predominant during the heat treatment. It can 
be inferred that the higher the nutmeg oil concentration, the 
better the prevention of oil oxidation. However, at the end 
of the heat treatment, the peroxide value of from 2 to 5 g/kg 
samples was statistically similar. Similar results are observed 
when palm oil is blended with nutmeg oil during the high 
temperature storage [29].

Changes in the malonaldehyde content are also presented 
in Table 3. As the treatment time increased, the malonal-
dehyde content of all samples gradually increased. As the 
nutmeg oil concentration increased from 0 to 5 g/kg, the 
malonaldehyde content at the end of the heat treatment sig-
nificantly (p < 0.05) decreased. Similarly, Kaur et al. [15] 
reports that increase in carotenoid or γ-tocopherol content 
in soybean oil also reduced the malonaldehyde content when 
the treated oil samples were preserved at 60 °C.

Changes in the oil color are shown in Table 3. The L* 
and a* values of all oil samples decreased during the heating 
process while the b* value increased. Although the nutmeg 
oil concentration in the samples was different, their differ-
ence in instrumental color was minor at the end of the heat 
treatment.

Effects of nutmeg oil on the palm olein oil quality 
during the extrudate frying

Table 4 presents the quality of palm olein oil during the 
extrudate frying. The acidity was gradually increased for the 
both samples. According to Erickson [30] during the frying 
of food with high moisture content, triglyceride hydrolysis is 
mainly responsible for the increased acidity. Similar increase 
in acidity is also reported when rosemary extract was added 
to sunflower oil for potato frying [18]. At the end of the 5th 
day, the acidity of the control sample was 62.5% higher than 
that of the nutmeg oil added sample. During the extrudate 
frying, nutmeg oil strongly retards lipolysis due to sabinene 
components including terpenes groups which are main anti-
oxidants in nutmeg oil [31].
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In this experiment, the obtained fried snack was sampled 
and immediately used for oil extraction; the acidity of the 
extracted oil was insignificantly different to that of the oil in 
the fryer (p > 0.05).

Table 4 also showed that the conjugated diene and triene 
contents were gradually increased from day 0 to day 5. At 
the end of the extrudate frying, the conjugated diene and 
triene contents of nutmeg added sample was 22.2% and 
41.6%, respectively lower than that of the control sample. 

Similarly, Jaswir et al. [32] reports that palm olein oil with 
rosemary or sage extract has significantly lower conjugated 
diene and triene content than the control sample during 
potato frying.

Changes in peroxide value of the control sample were 
divided into two stages while only one stage was recorded 
for the nutmeg oil added sample. The peroxide value of the 
control sample was increased from day 0 to day 3 which was 
the end of the first stage; then it came to the second stage 

Table 3  Effects of nutmeg oil content in palm olein oil during the heat treatment

The data are the mean values ± standard deviation (n = 3). Values with different lowercase letters in the same column are significantly different 
(p < 0.05). Values with different uppercase letters in the same row are significantly different (p < 0.05)

Palm olein oil characteristics Time (h) Nutmeg oil content (g nutmeg oil/kg palm olein oil)

0 1 2 3 4 5

Free fatty acid content (%) 0 0.04 ± 0.01aAB 0.04 ± 0.01aA 0.04 ± 0.00aAB 0.04 ± 0.01aAB 0.04 ± 0.00aAB 0.05 ± 0.01aB

6 0.11 ± 0.00bD 0.08 ± 0.00bC 0.06 ± 0.01bB 0.06 ± 0.01bB 0.05 ± 0.01abA 0.05 ± 0.01aA

12 0.17 ± 0.00cE 0.09 ± 0.01cD 0.08 ± 0.01cC 0.07 ± 0.01bBC 0.06 ± 0.01bAB 0.05 ± 0.01aA

18 0.21 ± 0.01dD 0.13 ± 0.01dC 0.11 ± 0.01dB 0.10 ± 0.01cAB 0.09 ± 0.01cA 0.09 ± 0.02bA

24 0.27 ± 0.01eE 0.19 ± 0.01eD 0.16 ± 0.01eC 0.16 ± 0.01dC 0.14 ± 0.01dB 0.12 ± 0.01cA

30 0.35 ± 0.01fD 0.26 ± 0.01fC 0.19 ± 0.01fB 0.20 ± 0.01eB 0.18 ± 0.01eA 0.17 ± 0.01dA

Conjugated
dienes (µmol/mg sample)

0 0.03 ± 0.01aB 0.03 ± 0.01aA 0.03 ± 0.00aAB 0.03 ± 0.00aAB 0.03 ± 0.00aAB 0.03 ± 0.00aAB

6 0.08 ± 0.01bD 0.07 ± 0.00bCD 0.07 ± 0.01bC 0.06 ± 0.01bB 0.05 ± 0.00bAB 0.05 ± 0.01bA

12 0.08 ± 0.01bB 0.08 ± 0.01cB 0.08 ± 0.01cB 0.08 ± 0.01cAB 0.07 ± 0.01cAB 0.07 ± 0.01cA

18 0.13 ± 0.01cC 0.13 ± 0.01dC 0.11 ± 0.01dB 0.10 ± 0.01dB 0.09 ± 0.00dA 0.10 ± 0.01dAB

24 0.19 ± 0.01dD 0.17 ± 0.01eC 0.13 ± 0.00eB 0.13 ± 0.00eB 0.11 ± 0.01eA 0.11 ± 0.01eA

30 0.24 ± 0.01eD 0.22 ± 0.01fC 0.17 ± 0.01fB 0.16 ± 0.01fAB 0.15 ± 0.01fA 0.15 ± 0.00fA

Conjugated
trienes (µmol/mg sample)

0 0.01 ± 0.00aA 0.01 ± 0.00aA 0.01 ± 0.00aA 0.01 ± 0.00aA 0.01 ± 0.00aA 0.01 ± 0.01aA

6 0.05 ± 0.00bA 0.04 ± 0.00bB 0.03 ± 0.00bC 0.03 ± 0.01bC 0.02 ± 0.01aD 0.02 ± 0.00bD

12 0.08 ± 0.00cA 0.06 ± 0.00cB 0.04 ± 0.00cC 0.05 ± 0.01cD 0.03 ± 0.00bE 0.03 ± 0.01bF

18 0.10 ± 0.01dA 0.08 ± 0.01dB 0.06 ± 0.00dC 0.08 ± 0.00dB 0.04 ± 0.01cD 0.05 ± 0.01cD

24 0.15 ± 0.01eA 0.12 ± 0.01eB 0.09 ± 0.00eC 0.09 ± 0.01dC 0.07 ± 0.00dD 0.07 ± 0.00dD

30 0.18 ± 0.01fA 0.15 ± 0.01fB 0.13 ± 0.00fC 0.10 ± 0.01eD 0.08 ± 0.00eE 0.07 ± 0.01dE

Peroxide value
(meq oxygen/kg oil)

0 1.62 ± 0.01aA 1.60 ± 0.1aA 1.52 ± 0.19aA 1.66 ± 0.04aA 1.58 ± 0.04aA 1.61 ± 0.07aA

6 4.90 ± 0.05bD 4.12 ± 0.49bC 3.84 ± 0.16bBC 3.36 ± 0.47bB 2.64 ± 0.06bA 2.68 ± 0.04bA

12 13.17 ± 0.20cC 8.81 ± 0.73cB 4.52 ± 0.98bA 4.16 ± 0.04cA 3.71 ± 0.33cA 3.62 ± 0.45cA

18 25.33 ± 0.86fD 14.32 ± 0.8fC 7.57 ± 0.62cB 7.78 ± 0.42dB 5.43 ± 0.42dA 5.76 ± 0.04dA

24 21.47 ± 0.35eD 12.65 ± 0.69eC 11.30 ± 0.75eB 8.68 ± 0.08eA 7.95 ± 0.41eA 7.85 ± 0.94eA

30 19.31 ± 0.79dC 10.09 ± 1.03dB 8.93 ± 0.43fA 8.90 ± 0.14eA 8.60 ± 0.20fA 8.48 ± 0.45eA

Malonaldehyde
(meq/kg oil)

0 0.37 ± 0.01aB 0.36 ± 0.00aA 0.36 ± 0.00aA 0.37 ± 0.00aB 0.36 ± 0.00aA 0.36 ± 0.00aA

6 0.50 ± 0.01bD 0.40 ± 0.01bC 0.38 ± 0.00bB 0.37 ± 0.00aA 0.37 ± 0.00bA 0.37 ± 0.00bA

12 0.70 ± 0.01cD 0.41 ± 0.00cC 0.42 ± 0.01cC 0.39 ± 0.00bA 0.40 ± 0.00cB 0.39 ± 0.00cA

18 0.75 ± 0.00dD 0.44 ± 0.00dC 0.43 ± 0.00dB 0.40 ± 0.00cA 0.40 ± 0.00cA 0.40 ± 0.01dA

24 0.90 ± 0.01eE 0.48 ± 0.00eD 0.46 ± 0.00eC 0.41 ± 0.00dB 0.40 ± 0.00cA 0.40 ± 0.00dA

30 1.11 ± 0.00fE 0.53 ± 0.00fD 0.49 ± 0.00fC 0.42 ± 0.00eB 0.41 ± 0.00dA 0.41 ± 0.00eA

Color L* 0 86.02 ± 0.01aA 86.31 ± 0.12aB 86.71 ± 0.01aCD 86.64 ± 0.01aC 86.77 ± 0.01aD 86.72 ± 0.02aCD

30 78.45 ± 0.03fA 79.08 ± 0.09fB 79.33 ± 0.02fC 79.29 ± 0.01eC 80.39 ± 0.12eD 81.96 ± 0.03eE

a* 0  − 1.89 ± 0.01aA  − 1.71 ± 0.05aC  − 1.87 ± 0.01aA  − 1.82 ± 0.01aB  − 1.72 ± 0.01aC  − 1.78 ± 0.01aD

30  − 4.01 ± 0.01fA  − 4.15 ± 0.01fB  − 3.91 ± 0.01fC  − 3.60 ± 0.01fD  − 3.59 ± 0.02eD  − 3.53 ± 0.02fE

b* 0 6.76 ± 0.08aB 6.62 ± 0.05aA 6.83 ± 0.02aBC 6.92 ± 0.10aC 7.16 ± 0.03aD 7.13 ± 0.09aD

30 14.66 ± 0.10fA 14.68 ± 0.09fA 14.86 ± 0.07fB 15.07 ± 0.08fC 15.16 ± 0.12eC 15.36 ± 0.02fD
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when the peroxide value was gradually decreased by the 
end of the frying test. Whereas, the peroxide value of the 
nutmeg oil added sample was gradually increased from the 
beginning to the end of the frying test. Notably, the maxi-
mum peroxide value of the control sample was 76.1% higher 
than that of the nutmeg oil added sample. In the 32 h potato 
frying, Che Man and Jaswir [33] reports that the addition 
of rosemary extract at a percentage of 0.4% prevents the 
increase in peroxide value which was reduced by 37% in 
comparison with that of the control. In the present study, the 
peroxide value of the extracted oil from the fried snack was 
statistically similar to that of the fried oil (p > 0.05).

During the extrudate frying, the malonaldehyde content 
in the oil was gradually increased from day 0 to day 5 for 
both the control and nutmeg oil added sample. At the end 
of the frying, the malonaldehyde content of the palm olein 

oil sample added with nutmeg oil was reduced by 40.7% 
compared to that of the control sample. Similar observation 
is reported when oleoresin rosemary and sage extract are 
added to palm olein oil during the potato frying process [34].

Slight change in color was recorded during the repeated 
frying process. The brightness of oil (L*) was decreased 
from 86.0 to 84.3 for the control while that was reduced from 
86.8 to 85.9 for the nutmeg oil added sample. Likewise, the 
redness (a*) was decreased from − 1.9 to − 4.1 and from 
− 1.7 to − 3.6 for the control and nutmeg oil added sample, 
respectively. However, the yellowness (b*) was increased 
from 6.8 to 16.5 for the control while it was raised from 
7.2 to 14.5 for the nutmeg oil added sample at the end of 
the frying. This may be due to the accumulation of non-
volatile decomposed compounds such as oxidized triacylg-
lycerols and free fatty acid. In addition, the darkening of oils 

Table 4  Effects of nutmeg oil 
on the stability of palm olein 
oil during the extrudate frying 
for 15 batches per day and for 5 
consecutive days

The data are the mean values ± standard deviation (n = 3). Values with different lowercase letters in the 
same row are significantly different (p < 0.05). Values with different uppercase letters in the same column 
are significantly different (p < 0.05)

Palm olein oil characteristics Time Palm olein oil without 
antioxidant

Palm olein oil with 
nutmeg oil (4 g/kg)

Free fatty acid content
(%)

Day 0 0.04 ± 0.00a,A 0.04 ± 0.00a,A

Day 1 0.14 ± 0.01a,B 0.08 ± 0.01b,B

Day 2 0.20 ± 0.01a,C 0.11 ± 0.01b,C

Day 3 0.24 ± 0.01a,D 0.15 ± 0.01b,D

Day 4 0.30 ± 0.01a,E 0.16 ± 0.01b,E

Day 5 0.39 ± 0.02a,F 0.24 ± 0.01b,F

Conjugated dienes (µmol/mg sample) Day 0 0.03 ± 0.01a,A 0.03 ± 0.00a,A

Day 1 0.09 ± 0.01a,B 0.07 ± 0.01b,B

Day 2 0.12 ± 0.01a,C 0.10 ± 0.01b,C

Day 3 0.13 ± 0.01a,C 0.11 ± 0.01b,C

Day 4 0.24 ± 0.01a,D 0.15 ± 0.01b,D

Day 5 0.27 ± 0.02a,E 0.21 ± 0.01b,E

Conjugated trienes (µmol/mg sample) Day 0 0.01 ± 0.00a,A 0.01 ± 0.00a,A

Day 1 0.06 ± 0.00a,B 0.03 ± 0.01b,B

Day 2 0.08 ± 0.01a,C 0.04 ± 0.01b,BC

Day 3 0.11 ± 0.01a,D 0.05 ± 0.01b,C

Day 4 0.11 ± 0.01a,D 0.05 ± 0.01b,C

Day 5 0.12 ± 0.02a,D 0.07 ± 0.01b,D

Peroxide value
(meq oxygen/kg oil)

Day 0 1.62 ± 0.01a,A 1.58 ± 0.04a,A

Day 1 8.98 ± 0.20a,B 6.26 ± 0.37b,B

Day 2 16.07 ± 0.18a,C 8.88 ± 0.19b,C

Day 3 26.23 ± 0.38a,D 10.37 ± 0.51b,D

Day 4 22.45 ± 1.06a,E 11.86 ± 0.35b,E

Day 5 21.20 ± 0.68a,F 14.89 ± 0.31b,F

Malonaldehyde (meq/kg oil) Day 0 0.37 ± 0.00a,A 0.36 ± 0.00b,A

Day 1 0.45 ± 0.00a,B 0.38 ± 0.00b,B

Day 2 0.63 ± 0.03a,C 0.41 ± 0.00b,C

Day 3 0.70 ± 0.00a,D 0.52 ± 0.00b,D

Day 4 0.88 ± 0.00a,E 0.56 ± 0.01b,E

Day 5 1.03 ± 0.00a,F 0.61 ± 0.01b,F
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is partly due to the absorption of color from the fried food 
[35]. Similar color changes in lightness (L*) and chromatic 
coordinates (a* and b*) are also reported when palm olein 
oil with BHT or ascorbyl palmitate is repeatedly fried with 
churros at 180 °C [36].

Conclusions

In this study, various natural antioxidants were used to 
enhance the oxidative stability of the palm olein oil during 
the heat treatment. Citronella, nutmeg, clove and rosemary 
oil preparations significantly retarded the formation of con-
jugated dienes and trienes as well as primary and secondary 
oxidation products of palm olein oil. Notably, addition of 
nutmeg oil to palm olein oil resulted in the best oxidation 
stability among the tested natural antioxidant preparations. 
The higher the nutmeg oil concentration, the better the 
prevention of oil oxidation during the heat treatment. The 
nutmeg oil concentration of 4 g/kg palm olein oil was able 
to maintain oxidation stability of palm olein oil when the 
extrudate was daily fried for 15 batches and for 5 consecu-
tive days. The quality of palm olein oil in the fryer and the 
quality of extracted palm olein oil from the fried extrudate 
was insignificantly different. Further studies are required to 
understand the mechanism by which phenolics compounds 
in nutmeg oil inhibit or retard the oxidative process during 
the snack frying with palm olein oil.
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