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Abstract
In this study, the antioxidant activity of soursop flowers extract in delaying palm olein oxidation at frying temperature was assessed. The oil
was supplemented with the extract at concentrations 200–1800 ppm, and stored in the oven at 180 ◦ C for 6 days (4 h heating per day). Palm
olein containing butylated hydroxytoluene (BHT) served as positive control while the same oil without antioxidant (Control) served as negative
one, in order to monitor changes in oils. After each two heating days, oil samples were collected, and their chemical indexes were determined.
Peroxide, para-anisidine, TOTOX, thiobarbituric acid and iodine values were the parameters evaluated. Additionally, the evolution of the fatty acid
composition of each oil sample during the storage was assessed by gas-chromatography using a flame ionization detector (GC/FID). Generally,
palm olein samples containing the natural extract have exhibited the lowest rate of oxidation, and were efficient in limiting the destruction of
unsaturated fatty acids in oil at frying temperature. The order of effectiveness in inhibiting oil oxidation was the following: PO + AnM1800ppm >
PO + AnM1400ppm > PO + AnM1000ppm > PO + An.M600ppm > PO + An.M200ppm > PO + BHT200ppm = Control. From these results, it can be concluded
that soursop flowers are a potent sources of natural antioxidants for stabilization of palm olein.
© 2017 Beijing Academy of Food Sciences. Production and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Keywords: Soursop flowers; Stabilization; Natural antioxidant; Palm olein; Frying; Oxidative stability

1. Introduction

Abbreviations: PO, Palm olein; An.M, Annona muricata; PO + BHT200ppm ,
palm olein supplemented with butylated hydroxytoluene at concentration
200 ppm; PO + An.M, palm olein supplemented with Annona muricata extract;
TOTOX, total oxidation; GC/FID, gas-chromatography coupled to a flame ionization detector.
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Refined Palm olein is intensively used in frying processes [1]
for manufacturing fast foods, due to its good oxidative stability
[2]. The fatty acids of this oil (saturated and unsaturated) were
found to contribute positively on the stability of fried foods flavor [3], compared to other frying oils available in the market
[4]. Despite its good oxidative stability, high processing temperature can lead to the reduction of its quality. It is generally
accepted that oils easily decompose when heated at frying temperature. During the frying process, physicochemical reactions
such as thermooxidation, lipolysis, polymerization, isomerisation or cyclization occur in oil due to elevated temperatures.
Consequently, the oil lost its quality in favour to primary and
secondary oxidation products, which can affect the organoleptic
properties of the fried products [5]. Oxidation products of fatty
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acids lead to off-flavors and odors in the frying bath and fried
products [6]. They are also dangerous for consumers, because
of their implication in many health risks such as, heart diseases,
cancers etc [5].
To encounter the reactive oxidation species, chemically synthesized antioxidants are added in adequate amounts in oils
and fats with the objective to stop the appearance of off-flavors
released during the oxidation of unsaturated fatty acids. Some
examples of these additives are: butylated hydroxytoluene, butylated hydroxyanisole and ter-butylhydroquinone [1]. However,
the use of these synthetic additives is strictly controlled, and
the increment of consumers awareness for food additives and
safety has increased the interest to use natural antioxidants as
alternative to synthetic ones [7]. Additionally, these synthetic
antioxidants have been proven to be less stable at high processing
temperature [8–11].
In previous studies, it has been reported that natural plant
extracts have different degrees of antioxidant properties in fats
and oils [1,11–13]. In these studies, authors have related the
observed activities to the presence in these plants of bioactive
components such as phenolic compounds which are known as
good antioxidants. Soursop tree (leaves, barks and fruits) is used
in natural medicine in the tropics because of its multiple health
benefit effects [14,15]. In many studies, the phytochemical composition and antioxidant potential of leaves, barks and fruits of
this plant have been reported [14,16–18]. Additionally, Womeni
et al. [11] have reported that the methanolic extract of the flowers of this plant is rich in phenolic antioxidants. These authors
found that the total phenolic content of soursop flowers was
51.33 mg/g. The antioxidants detected in the same extract by
high performance liquid chromatography were vanillic acid, caffeic acid, ferulic acid, ellagic acid and quercetine. Womeni et al.
[11] have also proven that this extract is a good radical scavenger
and ferric reducer, and, was efficient as antioxidant in stabilizing
palm olein during 30 days storage at 70 ◦ C. Also, the ability of
natural plant extracts in limiting oil adulteration during frying
or storage at frying temperature have already been demonstrated
[12,19]. Since palm olein is used for frying in different locations
in the world, the knowledge of the potential effects of soursop
flowers extract on its stability during processing at frying temperature will be of very good interest. So, this work was designed
to investigate the effect of different concentrations of soursop
flowers in inhibiting palm olein adulteration during storage at
frying temperature.
2. Material and methods
2.1. Material
The reagents and chemicals used in this study were of analytical grade. They were procured from HiMedia Laboratories
Pvt. Ltd, Sd Fine Chemicals, Mumbai, India and Sigma-Aldrich,
St; Louis, USA. The standards fatty acids methyl esters were
provided by Sigma-Aldrich, St. Louis, USA.
Refined palm olein without additive (antioxidants) was
obtained from SCS/RAFCA Palm Oil Industry Company Ltd,
based at Bafoussam, West-Cameroon. The fresh flowers of

soursop tree (Annona muricata) were harvested in Dschang,
West-Cameroon in March 2013.
2.2. Methods
2.2.1. Extraction of antioxidants from soursop flowers
The fresh flowers were cleaned and dried in an electric airdried oven at 50 ◦ C for 48 h. They were then grounded and sieved
using a 1 mm diameter sieve. 100 g of the powder was macerated
at room temperature in 800 ml of methanol with regular shaking for 48 h. After filtration using the N◦ 1 Wattman paper, the
residues were again macerated in 400 ml of methanol, in order to
maximize the extraction of phenolic antioxidants. The obtained
filtrate was mixed with the previous one, before eliminating the
solvent on a rotatory evaporator at 40 ◦ C under reduced pressure.
The concentrated extract was stored in the refrigerator at 4 ◦ C
for further analysis.
2.2.2. Samples preparation
The samples were prepared according to the method
described by Iqbal et al. [20]. The concentrated methanolic extract was dissolved in 1 ml of solvent (methanol) and
individually added in 100 g of preheated refined palm olein
without additives (antioxidants) (at 50 ◦ C for 3 h) at five differents concentrations (200, 600, 1000,1400 and 1800 mg/Kg or
ppm). Butylated hydroxytoluene used at its legal concentration
(200 mg/Kg or ppm) [21] served as positive control in order to
compare the preservative property of the extract. Refined palm
olein without additives (antioxidants) and prepared under the
same conditions serve as negative control. It is important to note
that, the concentration of added methanol (1 mL/100 g of oil)
was equal or less than 10 mg/kg (In Europe) and 50 mg/kg (In
Japan), which are the recommended amount of methanol to be
added per kilogramme of oil and other foods as supplement and
additive respectively [22–24]. However, after shaking the oils
for 30 min, they were stored in the oven at 45 ◦ C for 48 h in
order to reduce the amount of the added methanol to a value
less than 10 mg/kg as recommended by the regulations [22–24].
After this storage, oils samples were used for the Schaal oven
test.
2.2.3. Schaal oven test
The method described by Sultana et al. [25] with slight modifications was used. The prepared oil samples were stored in an
electric air-dried oven at 180 ◦ C for 6 consecutive days (4 h heating per day). Oil samples were collected after every two days
and placed in the refrigerator for further analysis. Their stability towards oxidation was evaluated by measuring the primary
and secondary oxidation products. The parameters analyzed are
cited below. The changes in the fatty acid profile of each oil
sample during storage was also evaluated.
2.2.4. Measurement of oxidation indexes
Peroxide value of each oil sample was determined according to the spectrophotometrical IDF standard method, 74A:
1991 [26]; The secondary oxidation products were measured
using thiobarbituric acid and p-anisidine values, as described by
Draper and Hadley [27] and the AOCS official method guide CD
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Data are presented as mean (± SD) (n = 3) (a−e) Means within each row for each parameter with different superscripts are significantly (p < 0.05) different. (A-D) Means within each column for each parameter with
different superscripts are significantly (p < 0.05) different. (Control: Palm olein without antioxidant; PO + BHT 200 ppm: palm olein containing BHT as antioxidant at concentration of 200 ppm; PO + An·M200 : palm
olein supplemented with the extract at concentration of 200 ppm)

2.98 ± 0.89bA
8.13 ± 0.18adB
9.88 ± 0.29cC
0.68 ± 0.00aA
16.98 ± 0.00eB
58.12 ± 0.53fC
97.22 ± 3.74eD
6.02 ± 0.21aA
22.95 ± 1.78deB
74.38 ± 1.14eC
116.98 ± 3.81dD
3.37 ± 0.05bB
8.66 ± 0.02cdC
10.13 ± 0.48cD
0.68 ± 0.00aA
21.02 ± 0.99dB
72.98 ± 3.09eC
103.80 ± 3.71eD
6.02 ± 0.21aA
27.77 ± 1.11dB
90.32 ± 3.47dC
124.06 ± 4.49dD
5.05 ± 0.04aB
8.89 ± 0.21cC
10.26 ± 0.38cC
0.68 ± 0.00aA
25.24 ± 0.00dB
109.84 ± 2.07dC
116.76 ± 1.82dC
6.02 ± 0.21aA
35.35 ± 0.08cB
127.63 ± 2.12cC
137.28 ± 2.59cD
5.17 ± 0.29aB
9.14 ± 0.30cC
11.28 ± 0.05bD
0.68 ± 0.00aA
38.56 ± 0.11cB
103.00 ± 0.00cC
141.66 ± 1.17cD
6.02 ± 0.21aA
48.90 ± 0.70bB
121.29 ± 2.42cC
164.23 ± 2.15bD

PO + An·M1800ppm
PO + An·M1400ppm

2.67 ± 0.10aA
2.67 ± 0.10aA

PO + An·M1000ppm
PO + class=ẍps thinspace>¨ An·M600ppm

2.67 ± 0.10aA

PO + An·M200ppm
PO + BHT200ppm

2.67 ± 0.10aA

Increase in peroxide value (PV) generally reveals the formation of hydroperoxides during oil oxidation. Peroxide value is
measured by researchers working on antioxidants to evaluate the
stage of primary oxidation in lipids [11,13,19,31–33]. The trends
in peroxide value of palm olein samples supplemented with
antioxidants in comparison with control are given in Table 1.
A significant increase (p < 0.05) in PV was registered in all the
samples during the first four days of storage. From the fourth
to the sixth day of heating, the PV of oils samples containing
antioxidants was still increasing while that of the control started
decreasing. The PV of the sample PO + BHT200ppm was significantly lower (p < 0.05) than those of oils enriched with natural
antioxidants. The increase in peroxide value registered in all the
samples during the storage indicates the formation of hydroperoxides. It has been proven that at high processing temperature,
oxidation reactions are easily initiated because, the hydrogens

Control

3.1. Peroxide value

Day

3. Results and discussion

Characteristic

2.2.6. Statistical analysis
Results obtained in this study were subjected to one-way
analysis of variance (ANOVA) with Dunnet and StudentNewman-Keuls tests using Graphpad-InStat version 3.05, to
evaluate the statistical significance of the data. The differences
were significant at probabiliy level less than 5%.

Table 1
Changes in peroxide, p-anisidine and TOTOX values of RBD palm olein during 6 days storage at 180 ◦ C.

2.2.5.2. Gas chromatography. The analysis of the fatty acid
methyl esters was made on an Agilent gas chromatograph (Agilent Technologies, Palo Alto, CA, USA, N◦ of serie 7890A),
using a flame ionization detector, and a DB-225 capillary column
(30 m x 0.25 m of film thickness). Initially, the temperature
of the column was maintained at 160 ◦ C for 2 min. After, it
increases to 220 ◦ C (5 ◦ C/min) and was finally maintained at
220 ◦ C for 10 min. The mobile phase was nitrogen, and its flow
rate was 1.5 mL/min. The temperature of the detector and injector were respectively 250 and 230 ◦ C. The fatty acids were
identified by comparing their retention times to that of standards
fatty acids methyl esters, analyzed under the same conditions.

2.67 ± 0.10aA

2.2.5. Effect of the extract on the fatty acid profile of oil
during the storage
2.2.5.1. Fatty acid methyl esters preparation. Fatty acid methyl
esters (FAMEs) of stabilized and control palm olein samples
were prepared by transesterification using 2% sulphuric acid in
methanol [30]. The FAMEs were extracted into ethyl acetate
and thoroughly washed with water to make them free of acid,
and dried over anhydrous sodium sulphate. The dried esters
were analyzed in a gas-chromatograph using a flame ionization
detector (GC/FID).

2.67 ± 0.10aA

18–90 [28] respectively. The iodine value was also evaluated by
the AOCS official method, but the CD 1–25 (AOCS, 2003). The
total oxidation (TOTOX) of different treatments was calculated
from their peroxide and p-anisidine values using the following
equation: TOTOX = 2PV + AV [29].
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2.67 ± 0.10aA
2.89 ± 0.28bA
7.87 ± 0.35aB
9.83 ± 0.38cC
0.68 ± 0.00aA
15.49 ± 1.26eB
55.71 ± 1.77fC
96.07 ± 2.53eD
6.02 ± 0.21aA
21.28 ± 1.82eB
71.47 ± 2.47eC
115.74 ± 3.12dD
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1.02 ± 0.08abB
1.43 ± 0.00aC
2.00 ± 0.03bD
58.06 ± 0.01aA
57.73 ± 0.02aB
57.39 ± 0.03bC
56.97 ± 0.06bD
10.55 ± 0.01aA
10.29 ± 0.04acB
9.99 ± 0.00aC
9.75 ± 0.04aD

1.19 ± 0.00aB
1.50 ± 0.11aC
2.47 ± 0.03aD
58.06 ± 0.01aA
57.73 ± 0.05aB
57.21 ± 0.05aC
56.67 ± 0.06aD
10.55 ± 0.01aA
10.24 ± 0.01aB
9.94 ± 0.08aC
9.65 ± 0.06aD
Linoleic acid profile (%)

Iodine value (g I2 /100 g)

0
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6
0
2
4
6
0
2
4
6
TBA value (ppm)

Data are presented as mean (± SD) (n = 3) (a−d) Means within each row for the same parameter with different superscripts are significantly (p < 0.05) different. (A-D) Means within each column for the same parameter
with different superscripts are significantly (p < 0.05) different. (Control: Palm olein without antioxidant; PO + BHT 200 ppm: palm olein containing BHT as antioxidant at concentration of 200 ppm; PO + An·M200 :
palm olein supplemented with the extract at concentration of 200 ppm)

0.81 ± 0.01aA
0.81 ± 0.02cA
1.07 ± 0.05bB
1.13 ± 0.00dB
58.06 ± 0.01aA
58.04 ± 0.02bA
57.38 ± 0.01bB
57.24 ± 0.01dC
10.55 ± 0.01aA
10.56 ± 0.04dA
10.28 ± 0.08cB
10.13 ± 0.00cC
0.84 ± 0.07bcA
1.00 ± 0.03bB
1.09 ± 0.09dB
58.06 ± 0.01aA
57.94 ± 0.12bA
57.74 ± 0.01dB
57.54 ± 0.02cC
10.55 ± 0.01aA
10.51 ± 0.05dA
10.29 ± 0.09cB
10.17 ± 0.04cB
0.91 ± 0.05bA
1.28 ± 0.11aB
1.43 ± 0.04cC
58.06 ± 0.01aA
57.95 ± 0.06bA
57.68 ± 0.06dB
57.15 ± 0.00bC
10.55 ± 0.01aA
10.47 ± 0.01bdB
10.28 ± 0.04cC
9.98 ± 0.08bD

0.93 ± 0.09bAB
0.99 ± 0.02bB
1.00 ± 0.04dB
58.06 ± 0.01aA
57.86 ± 0.13abAB
57.72 ± 0.03dB
57.02 ± 0.12bC
10.55 ± 0.01aA
10.39 ± 0.05bcB
10.31 ± 0.05cB
9.85 ± 0.11abC
0.96 ± 0.03bB
1.31 ± 0.12aC
1.41 ± 0.10cC
58.06 ± 0.01aA
57.98 ± 0.03bA
57.51 ± 0.01cB
57.17 ± 0.12bdC
10.55 ± 0.01aA
10.46 ± 0.07bdB
10.19 ± 0.06bC
9.88 ± 0.02bD

PO + An·M1400ppm

0.81 ± 0.01aA
0.81 ± 0.01aA

PO + An·M1000ppm
PO + An·M600ppm

0.81 ± 0.01aA
0.81 ± 0.01aA
0.81 ± 0.01aA
0.81 ± 0.01aA

PO + An.M200ppm
PO + BHT200ppm
Control

During oxidation of lipids, products formed at the primary
stage can be converted, depending on the processing or storage
temperature, into secondary oxidation products, especially 2alkenals and 2,4-dienals, which can be measured using anisidine
test [1]. The secondary oxidation state of stabilized and control
palm olein samples stored at frying temperature for 6 days is
presented in Table 1. A relative increase in p-anisidine value
was registered in all the samples. Control and PO + BHT200ppm
exhibited the highest secondary oxidation states during storage.
The oxidation state of these two samples was not statistically different (p > 0.05), but higher (p < 0.001) than that of palm olein
samples enriched with soursop extract as preservative. The highest p-anisidine value in control and PO + BHT200ppm indicates
high alteration. The lack of antioxidant in the control sample, and
the thermal instability of BHT might explain the observed alterations [8,10]. Oil samples containing different concentrations of
soursop flowers were relatively resistant to secondary oxidation.
Antioxidant compounds of this extract might be responsible for
this resistance. In fact, Womeni et al. [11] have demonstrated that
the total phenolic content of soursop flowers methanolic extract

Day

3.2. p-anisidine value

Characteristic

with weakest bonds on the carbon of unsaturated fatty acids are
removed, leading to free radicals (alkyl radicals), which can react
with molecular oxygen to form peroxyl radicals. These radicals
are relatively unstable, and can remove the allylic hydrogen from
another fatty acid to form hydroperoxides [34]. The significant
decrease in PV observed in the control sample might be the sign
of its higher alteration compared to the other oil samples, due to
the breakdown of hydroperoxides into secondary products [35]
or into other radicals like alkoxy and hydroxy [34]. The relative increase in PV of stabilized palm olein samples could be
attributed to their low secondary oxidation, due to the presence
of antioxidants. It should be noted that the peroxide value is
not a proper indicator for evaluation of oil quality changes during frying, due to the rapid decomposition of hydroperoxides at
high temperature. However, it can be an indicator of oil instability if the secondary oxidation products are also measured. This
will help to check if these peroxides are decomposed in favour
to secondary oxidation products. We cannot directly conclude
from these results on the good stability of oil supplemented with
antioxidants, because low peroxide value can be related to good
or bad oil quality. Furthermore, high processing temperature can
also significantly influence the antioxidant, causing a loss in its
activity due to thermal decomposition [8]. However, this plant
extract has already been proven in our previous work that it is
stable at high processing temperatures and can serve as source
of natural antioxidants for delaying peroxide formation in palm
olein during 30 days storage at 70 ◦ C [11]. These results are in
line with those of Che Man and Tan [19], who noticed similar effects in palm olein supplemented with natural extracts of
oleoresin rosemary and sage during frying of potatoes chips.
Raza et al. [12] showed that, methanol extracts of Althea rosea,
Chemopodium album, Fumaria indica and Cichorium intybus
were efficient in limiting peroxide formation in sunflower oil
during storage for 60 min at frying temperature.

PO + An·M1800ppm
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Table 2
Changes in TBA, iodine values and linoleic acid content of RBD palm olein during 6 days storage at 180 ◦ C.
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Table 3
Fatty acid profile of palm olein supplemented with soursop flowers extract (Annona muricata) during the storage at frying temperature.
Fatty acid composition (wt%)
Storage time (Days)

Palm olein sample

C14:0

C16:0

C16:1

C18:0

C18:1

C18:2

0

OP
OP
OP + BHT200
OP + An.M 200
OP + An.M 600
OP + An.M 1000
OP + An.M 1400
OP + An.M 1800
OP
OP + BHT200
OP + An.M 200
OP + An.M 600
OP + An.M 1000
OP + An.M 1400
OP + An.M 1800
OP
OP + BHT200
OP + An.M 200
OP + An.M 600
OP + An.M 1000
OP + An.M 1400
OP + An.M 1800

0.75 ± 0.03
0.73 ± 0.00a
0.76 ± 0.04a
0.73 ± 0.00a
0.72 ± 0.01a
0.75 ± 0.03a
0.77 ± 0.05a
0.77 ± 0.07a
0.75 ± 0.02a
0.74 ± 0.02a
0.76 ± 0.04a
0.73 ± 0.00a
0.73 ± 0.00a
0.75 ± 0.03a
0.79 ± 0.07a
0.74 ± 0.00a
0.73 ± 0.00a
0.72 ± 0.02a
0.72 ± 0.02a
0.77 ± 0.05a
0.75 ± 0.02a
0.75 ± 0.01a

37.65 ± 0.06
37.81 ± 0.00a
37.78 ± 0.05a
37.68 ± 0.05a
37.68 ± 0.05a
37.70 ± 0.10a
37.73 ± 0.16a
37.62 ± 0.04a
37.97 ± 0.09a
37.88 ± 0.03ab
37.91 ± 0.02ab
37.81 ± 0.03bc
37.86 ± 0.01b
37.75 ± 0.02c
38.21 ± 0.04d
38.31 ± 0.06a
38.05 ± 0.05b
37.99 ± 0.03c
38.07 ± 0.04b
37.98 ± 0.06c
37.85 ± 0.02d
37.99 ± 0.00c

0.15 ± 0.00
0.14 ± 0.00a
0.16 ± 0.02a
0.13 ± 0.01a
0.11 ± 0.01a
0.15 ± 0.01a
0.36 ± 0.30a
0.12 ± 0.00a
0.24 ± 0.01a
0.23 ± 0.04a
0.15 ± 0.00b
0.13 ± 0.00b
0.14 ± 0.00b
0.33 ± 0.07c
0.15 ± 0.01b
0.14 ± 0.01a
0.17 ± 0.03a
0.25 ± 0.21a
0.18 ± 0.06a
0.49 ± 0.23b
0.14 ± 0.00a
0.14 ± 0.00a

4.78 ± 0.03
4.71 ± 0.07a
4.77 ± 0.03a
4.78 ± 0.06a
4.85 ± 0.15a
4.78 ± 0.01a
4.80 ± 0.05a
4.77 ± 0.05a
4.84 ± 0.09a
4.78 ± 0.00a
4.79 ± 0.02a
4.81 ± 0.04a
4.77 ± 0.00a
4.82 ± 0.06a
4.86 ± 0.04a
4.84 ± 0.05a
4.86 ± 0.09a
4.84 ± 0.08a
4.90 ± 0.10a
4.87 ± 0.06a
4.79 ± 0.06a
4.81 ± 0.03a

46.09 ± 0.02
46.34 ± 0.08a
46.21 ± 0.08a
46.19 ± 0.07a
46.23 ± 0.02a
46.11 ± 0.02a
45.80 ± 0.30b
46.13 ± 0.13a
46.23 ± 0.10a
46.34 ± 0.02b
46.18 ± 0.10c
46.18 ± 0.05c
46.19 ± 0.01c
46.04 ± 0.08c
45.68 ± 0.17d
46.28 ± 0.04a
46.40 ± 0.03d
46.29 ± 0.13ac
46.25 ± 0.01a
45.89 ± 0.03b
46.26 ± 0.10ac
46.15 ± 0.00c

10.55 ± 0.01
10.24 ± 0.01a
10.29 ± 0.04a
10.46 ± 0.07bc
10.39 ± 0.05b
10.47 ± 0.01c
10.51 ± 0.05c
10.56 ± 0.04c
9.94 ± 0.08a
9.99 ± 0.00a
10.19 ± 0.06b
10.31 ± 0.05c
10.28 ± 0.04c
10.29 ± 0.09c
10.28 ± 0.08c
9.65 ± 0.06a
9.75 ± 0.04a
9.88 ± 0.02b
9.85 ± 0.11ab
9.98 ± 0.08b
10.17 ± 0.04c
10.13 ± 0.00c

2

4

6

Data are presented as mean (± SD) (n = 3) (a−d) Means within each column, for each day with different superscripts are significantly (p < 0.05) different

is 51.33 mg GAE/g. They have also detected the presence of
vanillic acid, caffeic acid, ferulic acid, ellagic acid and quercetine in this extract. These are phenolic antioxidants, famous for
their good antioxidant activities. It has also been shown that
this extract is a powerful radical scavenger due to its ability of
the antioxidants present to donate their hydrogen atom. They
might stabilize free radical formed in palm olein through similar mechanism of action. Hence, this extract was the best in
preventing secondary oxidation in palm olein than BHT. The
fact that BHT could be less stable at high processing temperatures than the extract has also been already proven by Womeni
et al. [11] using Rancimat test. This is also supported by the
finding Chang et al. [8] and Thorat et al. [10] who showed BHT
and BHA are not stables at high processing temperature. These
results are also supported by those of Iqbal and Bhanger [36]
and Iqbal et al. [20] which showed that methanol extract of
garlic and pomegranate respectively are more stable at 185 ◦ C
than BHA. The results of p-anisidine confirm the fact that peroxide value only, cannot help to confirm the oxidative status
of oil at frying temperature, because of the rapid conversion
the peroxides formed into secondary oxidation products. The
lower peroxide value of PO + BHT200ppm was then the consequence of the high decomposition of hydroperoxides. Results of
these investigations show that the extract of Annona muricata
can reduce primary and secondary oxidation formation in palm
olein sored at frying temperature. Similar results were obtained
with different plant extracts in the same or different oil systems
[12,19].

3.3. TOTOX value
Total oxidation (TOTOX) of palm olein samples supplemented with antioxidants in comparison with control is shown in
Table 1. Generally, a significant increase in total oxidation was
registered in all the samples during the experiment. Palm olein
(control) and PO + BHT200ppm were more oxidized than oil samples stabilized with natural antioxidants. This is because their
TOTOX values were higher than those of oil samples containing
the extract. As previously mentioned, the lack of antioxidants
in control might explain its high oxidation state, while that of
PO + BHT200ppm could be due to its thermal instability at high
temperature as proven by Chang et al. [8] and Thorat et al.
[10]. The lower oxidation state of palm olein containing natural
antioxidants might be the consequence of the action of antioxidants compounds presents in this extract, as reported by Womeni
et al. [11]. It is also seen in Table 1 that the effect of the extract
was increasing with the concentration; because at high concentration of extract (1000–1800 ppm), the total oxidation was very
low. Similar results were observed by Iqbal and Bhanger [36]
and Iqbal et al. [20] who have respectively demonstrated that the
protective effect of garlic and pomegranate extract towards the
oxidation of sunflower oil was increasing with their concentration. Results of this study, showing that natural plants extracts
can significantly reduce the alteration of oils at frying temperature are in accordance with those reported in the litterature
[19,32].
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3.4. Thiobarbituric acid value
Thiobarbituric acid value is the condensation reaction
between thiobarbituric acid and malonaldehyde, which are the
most predominant product of the secondary oxidation of fatty
acids in food lipids. Therefore, it is considered as a good chemical criterion to check the oxidative state of fresh oils and fats
[37]. Variations in TBA values of palm olein samples are presented in Table 2. The highest TBA values were depicted in
the Control and PO + BHT200ppm while those of palm olein
samples containing plant extract as preservative were relatively
stable. This suggests that, the accumulation of malondialdehyde in palm olein samples stabilized with the natural extract
was lower than those of control and PO + BHT200ppm . This
indicates the efficiency of the extract in limiting secondary oxidation in palm olein at frying temperature. This is also the
proof that, soursop flowers antioxidants have good stability at
high temperature. As previously mentioned, the good stability of oil samples supplemented with the extracts compared
to control and OP + BHT200ppm might be attributed to the phenolic antioxidants present in this extract [11]. For palm olein
sample supplemented with BHT, the thermal instability of this
compound might be responsible of the rapid accumulation of
malondialdehyde, while, the lack of antioxidant might explain
this accumulation in control. This result is in accordance with
the finding of Che Man and Tan [19], who demonstrated that the
extract of oleoresin rosemary and sage were more efficient than
BHT and BHA in delaying malondialdehyde formation in palm
olein during frying of potatoes chips.
3.5. Iodine value
This parameter is generally used to have an idea of the degree
of unsaturation of oils and fats. Its decrement is consistent with
the destruction of unsaturated fatty acids, when oil becomes
oxidized [38]. Changes in iodine value of different oil samples
during the storage at frying temperature are presented in Table 2.
The iodine value decreased in almost all the samples during storage. The highest rate of decrement was registered in control and
PO + BHT200ppm while that of oil samples containing Annona
muricata extract was the lowest. A significant change in the
iodine value of the control and PO + BHT200ppm compared to
oil containing the extract as antioxidants indicates that the oxidation rate of unsaturated fatty acids is elevated, probably due
to the absence of antioxidants in the control and to the thermal
instability of BHT which might have completely lost its activity at this processing temperature. Consequently, oil becomes
unprotected and abandoned for free radical actions. The lowest
changes in iodine value in oil containing natural antioxidants
compared to control and PO + BHT200ppm is an indication of
the low destruction of their unsaturated fatty acids, due to the
ability of antioxidant molecules presents to limit the deteriorative effect of free radicals, by donating hydrogen atoms for
their stabilization. Therefore, the changes in iodine value makes
soursop extract to be most effective in protecting unsaturated
fatty acids of palm olein from oxidation compared to BHT. The
same observations were made in palm olein by Che man and

Tan [19] with the extract of oleoresin and sage during frying of
potato chips. However, these results were contradictory to those
found by Raza et al. [12] in sunflower oil using the methanolic
extract of Chemopodium album, Althea rosea, Fumaria indica
and Cichorium intybus during an accelerated storage of 60 min
at frying temperature. These authors demonstrated that BHT
was more efficient in delaying unsaturated fatty acids destruction than natural plant extracts. Processing time and conditions
might be responsible of these differences.
3.6. Effects of soursop extract on the fatty acid profile of
palm olein
The action of Annona muricata extract on the fatty acid
composition of palm olein samples is given in Table 3. No significant variations were found in the amount of myristic (C14:0),
palmitic acid (C16:0), palmitoleic acid (C16:1), stearic acid
(C18:0) and oleic acid (C18:1) acids profile during the storage time at 180 ◦ C. However, a significant decrease (p < 0.05)
in linoleic acid percent was registered (summarized in Table 2).
Initially, the linoleic acid amount in unheated palm olein was
10.55% (Table 2). This initial percentage decreased gradually with storage, and the higher decrement rate was depicted
in control and PO + BHT200ppm . This decrement was less in
oil samples containing the natural extract. At the sixth day,
the percentages in linoleic acid were 9.65%, 9.75%, 9.88%,
9.85%, 9.98%, 10.17% and 10.13% respectively in PO (control), PO + BHT200ppm , PO + An·M200ppm , PO + An·M600ppm ,
PO + An.M1000ppm , PO +An.M1400ppm and PO + An.M1800ppm
(Table 2). It is clear that, the effect of the extract in protecting linoleic acid from oxidative degradation was concentration
dependent. The decrement in linoleic acid percent observed
during the storage could be attributed to its oxidation. From
Table 2, It can be observed that the linoleic acid percent in oil
samples containing the natural extracts was higher than that
of PO + BHT200ppm and control at the 6th day, demonstrating
that linoleic acid alteration was retarded by the extracts, at
all concentrations. These outputs are in accordance with those
reported by Che man and Tan [19], which registered a similar
decrease in linoleic acid of palm olein containing oleoresin rosemary and sage extracts as natural antioxidants. Their results also
showed that these natural extracts were most efficient in retarding linoleic acid oxidation (decrease in its percentage) than BHA
at the last frying day. The efficacy and good thermal stability of
annona muricata antioxidants might explain its good protective
effect, while, the lack of antioxidant and instability of BHT at
high temperature respectively can explain their loss in linoleic
acid. However, the loss of linoleic acid observed in this study
was most important than that obtained in our previous work
with the same oil and extract [11]. The difference in processing
temperature might explain these variations.
4. Conclusion
From these results, it is reasonable to say that methanolic
extract of soursop flowers is a potent source of antioxidants
which can be used to improve the stability of palm olein dur-

T.D. Fabrice et al. / Food Science and Human Wellness 6 (2017) 187–194

ing storage at frying temperature. This extract was efficient in
delaying primary and secondary oxidation products formation in
palm olein, than BHT. It was also most efficient in limiting unsaturated fatty acids destruction during the treatment. Its activity
increases with the concentration. Hence, the agro material tested
can be a viable source of natural antioxidants for stabilization
of oils and fats. However, it is recommended to investigate on
the toxicity of this extract before their application in vegetable
oils and functional foods.
Formatting of funding sources
This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.
Conﬂict of interest
None
Acknowledgment
The authors would like to thank the Ministry of External
Affairs and the Department of Science and Technology, Government of India, who, through the Federation of Indian Chambers
of Commerce financed the realization of parts of this work in
India, under the CV Raman International Fellowship for African
Researchers in India 2013.
Special thanks go to the World Academy of Science and the
Council for Scientific and Industrial Research, Government of
India for facilitating the completion of this project through the
TWAS-CSIR Sandwich Fellowship for Postgraduate Research
2014.
References
[1] Y.B. Che Man, I. Jaswir, Effect of rosemary and sage extracts on frying
performance of Refined, Bleached and Deodorized palm olein during deepfat frying, Food Chem. 69 (3) (2000) 301–307.
[2] S. Nallusamy, The role of palm oil in the snack food industry, in: International Palm Oil Trade Fair and Seminar, November 21–24, 2006, Kuala
Lumpur, 2006.
[3] C. Rayner, M. Rowney, P. Zeglinski, Composition and quality of deepFat frying oil from fast food outlets in victoria, Food. Aust. 50 (2) (1998)
88–91.
[4] U. Bracco, A. Dieffenbacher, L. Kolarovic, Frying performance of palm
oil liquid fractions, J. Am. Oil. Chem. Soc. 58 (6) (1981) 6–12.
[5] N.K. Andrikopoulos, N. Kalogeropoulos, A. Falorea, I.M.N. Barbagianni,
Performance of virgin olive oil and vegetable shortening during domestic
deep-frying and pan-frying of potatoes, Int. J. Food. Sci. Tech. 37 (2) (2002)
177–190.
[6] S. Lin, C.C. Akoh, A.E. Reynolds, Recovery of used frying oils with adsorbent combinations: refrying and subsequent oil replenishment, Food. Res.
Int. 34 (2001) 159–166.
[7] D. Krishnaiah, R. Sarbatly, R. Nithyanandam, A review of the antioxidant
potential of medicinal plant species, Food Bioprod. Process. 89 (2011)
1–17.
[8] S.S. Chang, B. Ostric-Matijasevic, O.A.L. Hsieh, L.H. Cheng, Natural
antioxidants from rosemary and sage, J. Food. Sci. 42 (1977) 1102–1106.
[9] A.A. Hamama, W.W. Nawar, Thermal decomposition of some phenolic
antioxidants, J. Agric. Food Chem. 39 (6) (1991) 1063–1069.
[10] I.D. Thorat, D.D. Jagtap, D. Mohapatia, D.C. Joshi, R.F. Sutar, S.S. Kapdi,
Antioxidants their properties, uses in foods products and their legal implications, IJFS 2 (2013) 81–104.

193

[11] H.M. Womeni, F. Tonfack Djikeng, N.S.S.P. Iruku, M.S.L. Karuna, R.B.N.
Prasad, M. Linder, Valorization of soursop flowers (Annona muricata L) as
potent source of natural antioxidants for stabilization of palm olein during
accelerated storage, Food. Sci. Nutr. 4 (6) (2016) 1–9.
[12] S.A. Raza, A. Rashid, J. William, A. Razzaq, Evaluation of oxidative
stability of sunflower oil at frying temperature in presence of butylated
hydroxytoluene and methanolic extracts of medicinally important plants of
Pakistan, IFRJ 21 (1) (2014) 331–334.
[13] H.M. Womeni, D.F. Tonfack, B. Tiencheu, M. Linder, Antioxidant potential
of methanolic extracts and powders of some Cameroonian spices during
accelerated storage of soybean oil, Adv. Biol. Chem. 3 (2013) 304–313.
[14] S. Olakunle, O. Onyechi, O. James, Toxicity, anti-lipid peroxidation, invitro
and invivo evaluation of antioxidant activity of Annona muricata ethanol
stem bark extract, AJLS 2 (5) (2014) 271–277.
[15] C.T. Rosalinda, O.M. Carmelita, Z.M.L.W. Rikkamae, G.G. Alicia, Characterization of the leaf extract of Annona muricata and larvicidal activity
against Aedes aegypti, Time J. Biol. Sci. Tech. 2 (3) (2014) 33–40.
[16] C. Vijayameena, G. Subhashini, M. Loganayagi, B. Ramesh, Phytochemical screening and assessment of antibacterial activity for the bioactive
compounds in Annona muricata, Int. J. Curr. Microbiol. Appl. Sci. 2 (1)
(2013) 1–8.
[17] V.C. George, N.D.R. Kumar, V. Rajkumar, P.K. Suresh, R.A. Kumar, Quantitative assessment of the relative antineoplastic potential of the n-butanolic
leaf extract of Annona muricata Linn. in normal and immortalized human
cell lines, Asian. Pac. J. Cancer. Prev. 13 (2) (2012) 699–704.
[18] M.N. Abubacker, T. Deepalakshmi, Antioxidant and antibacterial activity
of (Annona muricata L.) leaf aqueous extract, Int. J. Plant. Sci. 7 (2) (2012)
301–306.
[19] Y.B. Che Man, C.P. Tan, Effects of natural and synthetic antioxidants on
changes in refined, bleached, and deodorized palm olein during deep-fat
frying of potato chips, J. Am. Oil. Chem. Soc. 76 (3) (1999) 331–339.
[20] S. Iqbal, S. Haleem, M. Akhtar, M. Zia-ul-Haq, J. Akbar, Efficiency of
pomegranate peel extracts in stabilization if sunflower oil under accelerated
conditions, Food. Res. Int. 41 (2) (2008) 194–200.
[21] P.D. Duh, Y.Y. Tu, G.C. Yen, Antioxidant activity of aqueous extract of
Harng Jyur (Chrsanthemum morifolium Ramat), Food. Sci. Technol. 32
(5) (1999) 269–277.
[22] D. Mundkinajeddu, A. Agarwal, Residual methanol in botanical dietary
ingredients − perspectives of a manufacturer, HerbalEGram 11 (2014).
[23] European Parliament and the Council of the European Union, Directive
2009/32/EC, 2009.
[24] Japan External Trade Organization, Specifications and Standards for Foods,
Food Additives, Etc. Under the Food Sanitation Act, 2010.
[25] B. Sultana, A. Farooq, R.A. Muhammad, A.S.C. Shahzad, Antioxydant
potential of extracts from different agrowastes: stabilization of corn oil,
Grasas Aceites 59 (3) (2008) 205–217.
[26] International Dairy Federation (IDF), International IDF Standard 74A,
1991, Brussels, Belgium.
[27] H.H. Draper, M. Hadley, Malondialdehyde determination as index of lipid
peroxidation, Methods Enzymol. 186 (1990) 421–431.
[28] American Oil Chemist’s Society, Official Methods and Recommended
Practices of the American Oil Chemist’s Society. Methods Cd 8–53, Cd
18–90, Cd 19–90, 5th ed., American Oil Chemist’s Society, Champaign,
IL, USA, 2003.
[29] F. Shahidi, U.N. Wanasundara, Methods for measuring oxidative stability
in edible oils, in: C.C. Akoh, D.B. Min (Eds.), Food Lipids: Chemistry,
Nutrition and Biotechnology, CRC Press, New York, 2008, pp. 387–388.
[30] W.W. Christie, Preparation of ester derivatives of fatty acids for chromatographic analysis, in: W.W. Christie (Ed.), Advances in Lipid Methodology
− Two, Oily Press, Dundee, Scotland, 1993, pp. 69–111.
[31] F. Anwar, H.M.A. Qayyum, A.L. Hussain, S. Iqbal, Antioxidant activity of 100% and 80% methanol extracts from barley seeds (Hordeum
vulgare L.): stabilization of sunflower oil, Grasas Aceites 61 (3) (2010)
237–243.
[32] K.L. Nyam, M.M. Wong, K. Long, C.P. Tan, Oxidative stability of sunflower oils supplemented with kenaf seeds extract, roselle seeds extract
and roselle extract, respectively under accelerated storage, Int. Food. Res.
J. 20 (2) (2013) 695–701.

194

T.D. Fabrice et al. / Food Science and Human Wellness 6 (2017) 187–194

[33] W.S.C. Mei, A. Ismail, N.M. Esa, G.A. Akowuah, H.C. Wai, Y.H. Seng,
The effectiveness of rambutan (Nephelium lappaceum L.) extract in stabilization of sunflower oil under accelerated conditions, Antioxidants 3 (2)
(2014) 371–386.
[34] E. Choe, D.B. Min, Chemistry of Deep-fat frying oils, J. Food Sci. 0 (0)
(2007) R1–R10.
[35] E.G. Perkins, Formation of non volatiles decomposition products in heated
fats and oils, Food. Technol. 21 (2007) (1967) 125–130.

[36] S. Iqbal, M.I. Bhanger, Stabilization of sunflower oil by garlic extract during
accelerated storage, Food. Chem. 100 (1) (2007) 246–254.
[37] S. Lalas, Quality and Stability Characterization of Moringa Oleifera Seed
Oil, Lincolnshire and Humberside University, England, UK, 1998 (Ph.D
thesis.
[38] M. Tynek, Z. Hazuka, R. Pawlowicz, M. Dudek, Changes in the frying
medium during deep-frying of food rich in proteins and carbohydrates, J.
Food. Lipids. 8 (4) (2001) 251–261.

