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Abstract
Deep fat frying is a food preparation process esteemed by consumers for the pleasurable taste and texture notwithstanding the

major harmful health implications it poses. This study was carried out to characterized secondary oxidation products of thermally
oxidized palm oil and investigates the biochemical toxicity in drosophila melanogaster. Oxidized palm oil generated by intermittent

frying of 800g of sweet potato and milled beans in 2000ml of palm oil was used to formulate feed for D. melanogaster. Secondary
oxidation products of the fried oils were assessed by gas chromatography mass spectrophotometry (GC-MS) technique. Real time-

Polymerase Chain Reaction (RT-PCR) expression of selected antioxidant and neurological mRNA genes [Glucose 6 phosphate dehy-

drogenase (G6PD), Glutathione-s-transferase (GST), Heat shock protein 70A (HSP 70A) and Acetylcholine esterase (AChE)] were
evaluated, in addition to Catalase and Superoxide dismutase (SOD) activities. Furthermore, a 39-day survival assay was determined.

Our results showed the presence of established toxicants in the fried oils but absent in the fresh oil. There was upregulation in the
activities and gene expression of antioxidant enzymes (P<0.05). The survival curve analysis revealed that at the end of the 30th day,
only 5% of the flies in the test group survived as against 50% remaining in the control group. Our results show the adverse effect

of oxidized oil on life span and possible involvement of the nrf2-keap1 pathway in the oxidative toxicity of the secondary oxidation
products.
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Introduction
Palm oil (Elaeis guineensis), is an edible vegetable oil derived

from the mesocarp (reddish pulp) of the fruit of the oil palms with

Nigeria as one of the leading producers in the world [1]. Palm oil

is reported to have overtaken soybean oil in the world’s market
[2]. It is a notable source of cooking oil in various countries, especially in Africa and Asia [3] and has continued to enjoy increased
patronage in recent times as a result of many nutritional values

such as its reportedly being free of trans-fats [4]; richest source
of carotenoids which important roles as biological antioxidants

and high content of vitamin E (tocotrienols) which possess powerful antioxidant property and are capable of inhibiting cholesterol
synthesis [5]. Palm oil is unique in its fatty acid composition as it

is the only cooking oil with approximately equal composition of

saturated (50%) and unsaturated fatty acids (50%) [1]. In the food
industry and culinary practice, the application of heat to edible fats

and oil like frying is one of the major methods used for food pro-

cessing and fried foods have provided culinary delight to people

worldwide for centuries. Formation of volatile organic compounds
such as aldehyde, ketones, dienes and acids during degradation

of edible oil induced by heating has been reported [6]. The oxida-

tive degradation products do not only create unpleasant flavour
or reduce the shelf life of cooking oils, they may also cause health

challenges [7] due to capacity to cause oxidative stress [8] which
has been implicated in the pathogenesis of various degenerative
diseases including cancer [9], Alzheimer disease [10], myocardial

infarction [11], kidney dysfunction [12], diabetes mellitus [13], and
its complications [14].

There is paucity of information on the effects of consumption

of repeatedly used palm oil on gene expression in animal models

such as drosophila melanogaster which has become a better model
organism for research especially since the prevalence of "animal

rights" which have restricted the use of some other animals as research subjects. This present study was carried out to character-
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ized secondary oxidation products of thermally oxidized palm oil
and investigates the biochemical toxicity in D. melanogaster.

Materials and Methods

The palm oil used was purchased from a local processing com-

pany in Ikare, while sweet potatoes and beans were purchased
from Ibaka market, Akungba Akoko, Ondo State. The model organism- Drosophila melanogaster (Harwich strain) was obtained
freely from Dr. A. O. Abolaji of the Department of Biochemistry,
University of Ibadan.
Frying process

Exactly 2000 ml each of fresh soya bean oil were used to fry

800g each of sliced potatoes and milled beans at 150ºC for 30mins
to simulate the conditions for deep frying normally employed in
homes and commercial outlets in Nigeria. The oils were cooled for
5 hours before the frying process was repeated with a fresh batch

of samples for five consecutive days. The samples collected were
subjected to GC-MS analysis.
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were formulated as presented in table while the flies were grouped
based on the diets as shown in table 2.

Fresh oil diet

Fried oil diet

Corn Meal

276.29

276.29

Sucrose

82.88

82.88

Yeast, Brewers

p-Hydroxybenzoic Acid,
Methyl Ester
Oil

Agar

Thermally oxidized palm oil used to fry bean
cake

A Hewlett Packard HP 6890 Series gas chromatograph coupled

with a Hewlett Packard 5973 mass spectroscopy detector (GC/MS)

system was used. A HP"5 MS capillary column (30 m length, 0.25

11.24
10.00

Feed + thermally oxidized palm oil from
bean cake

BPO

of secondary oil oxidation products

10.00

2.72

Commercial diet

TBPO

Chromatographic and mass spectrophotometry determination

11.24

500.54

Diets

Control (Unheated) palm oil

Table 1: Grouping of oil based on treatment.

2.72

166.05

Group of animals

CPO

Heated palm oil

500.54

50.29

Table 2: Composition of feed diet fed to drosophila.

Treatment

HPO

166.05

Soybean Fiber

Group of oil

Thermally oxidized palm oil used to fry sweet
potato chips

50.29

Glucose

GC (CONTROL)

SPO

Amount in diet (g/kg)

Ingredient

TPPO

FPO

Feed + thermally oxidized palm oil from
potato chips
Feed + fresh palm oil

Table 3: Drosophila grouping based on diet.

Animal treatment

The flies were allowed to mate in vials monitored under a regu-

lated temperature until the eggs metamorphosed into young adult

fruit flies under a natural photoperiod of about 12 hours light and

12 hours dark daily for the period of administration of the feed
composition.

Flies were collected and separated into experimental groups

mm i.d., 0.25 µm film thickness) was used for the GC system. The

(based on experimental diets) in seven vials of 20 flies each (in

lium was used as carrier gas. The injection volume was 2µL. Ioniza-

feed contamination and overpopulation due to emergence of new

temperature program was set up from 50°C to 250°C at 4°C/min,
both the injector and detector temperatures were 280°C and Hetion energy EI of 70 eV was used for mass spectroscopy detector,

three replicates) and the flies were allowed to eat freely.

The flies were transferred every 3 to 5 days in order to prevent

flies.

with a source temperature of 150°C, scan range 50-300 amu and

Longevity assay

Feed formulation

divided into seven vials containing 20 flies each. A 39-days longev-

scan rate 1s-1. The mass spectra were compared with the NIST/
EPA/NIH Mass Spectral Library 2.0 [15].

A modified semi synthetic diets (Sigma Aldrich diet for flies)

containing the fresh palm oil as well as the thermoxidized oils

Drosophila melanogaster (both gender) of 1 to 3 days old were

ity assay was carried out, in order to determine the effect of toxicity
of the oxidized oil on Drosophila melanogaster’s life span.
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The longevity assay consists of three replicates of the test and

control groups in vials containing 20 flies each. The formulated

diet was change once a week. The longevity assay was determined
by recording the number of live and dead flies daily. At the end of
the 39-days, the data was analyzed and plotted as number of death
[16].

Enzyme assay
•

•

•

Preparation of sample for biochemical assays: 20 flies
(of both genders) were placed on the formulated diets
for 6hrs, 24hrs and 2 weeks. At the end of the treatment
period, flies were anaesthetized on ice, weighed, and homogenized in 0.1 M phosphate buffer, pH 7.0 (ratio of 1
mg:10 mL), and centrifuged at 4000 g for 10 min at 40C in
a Biofuge 13 (Baxter Scientific Products, Germany). The
supernatant was separated from the pellet into labeled
Eppendorf tubes, and used for the determination of the
activities of superoxide dismutase (SOD) and catalase
(CAT).

SOD Activity Determination: An aliquot of 20 samples
and of 25.1M phosphate buffer pH 7.8 was transferred
to separate wells of a clear flat-bottom 96-well plate and
the reaction started by the addition of 30µl of freshly prepared 0.3nM adrenaline to the mixture which was quickly mixed by inversion. The reference cuvette contained
25µl of phosphate buffer 30µl of substrate (adrenaline)
and 20µl of water. The increase in absorbance at 480nm
was monitored every 30seconds for 150seconds.
Catalase activity determination: 1ml of the supernatant was mixed with 49ml distilled water to give a 1 in
50 dilution of the tissue homogenate. The assay mixture
contained 4ml of H2O2 (800μmoles) solution and 5ml of
phosphate buffer and mixed with the reaction mixture by
a gentle swirling motion. The reaction was run at room
temperature. 1 ml portion of the reaction mixture was
withdrawn and blown into 2ml dichromate/acetic acid
reagent at 60seconds intervals. The H2O2 contents of the
withdrawn sample were determined by taking the absorbance at 570nm.

Procedure for gene expression
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Agarose gel electrophoresis (VWR Scientific Products model

300) was used to allow the genes expressed themselves along the
column of the well on the gel.

The gel was removed from the electrophoretic tank and then

placed on the photophoresis machine (Fotodyne Incorporated) for
visualization and therefore analyzed using the DNA ladder in the
first lane as a guide [17].
Target
gene

FORWARD 5’-3’

REVERSE 5’-3’

GapDH

GTCTCACCCCATTCTACCGC

AGTTTGGCTACTCCAACCGC

GST

CGTGGAGGTAAACACTCGGG

GTTTTGCCGTATTTGGACACC

Ache

G6PD

HSP70A

CGCGGACTAATAGCCCCAAG

TCATCTTCGTCTTTGCCCCG

GCTATGCCCGTTCCATGCT GCGTCCGTCATATCTGCCG
AATTGAGACCGCTGGAGGTG

GACAGATCGAAGGTGCCCAA

Table 4: List of PCR Primer for Drosophila Target Genes

Result

Figure 1: Changes in catalase activity in D. melanogaster at 6hrs,
48hrs and 2 weeks of feeding.

Briefly, the anesthetized animals were placed in trizol reagent

and homogenized. Chloroform was added for phase separation, allowing collection of the aqueous phase containing RNA. Centrifu-

gation (Abbott 10117429-3) was done at 3000 rpm for 15 min.
and the aqueous phase was carefully transferred to a fresh tube

where equal volume of 100% iso-amyl propanol was added to precipitate the RNA.

The RNA was converted to cDNA, by adding sequentially: Buf-

fer, nuclease free water, the primers, dNTPs and then transcriptase
to the RNA solution in the eppendorf tube. The solution was then

loaded into the thermocycler (PCR machine Labnet International

Figure 2: Changes in SOD activity in D melanogaster at 6hrs,
48hrs and 2 weeks of feeding.

Inc.) to run at 42°C for one hour in order to amplify the cDNA.
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Figure 3: Expression of (a) AChE, (b) GST, (c) G6PD and (d) HSP 70A gene expressions in D. melanogaster
placed on diets containing used and unused palm oil.

Statistical analysis
The obtained data were expressed as mean ± standard error

of mean (SEM), analysis of variance (ANOVA), followed by Tukey's

multiple comparisons test, was used to detect any significant
diﬀerences among means. Statistical analysis was performed us-

ing GraphPad prism 7.04 software (GraphPad Software, San Diego,
CA, USA).

Relative expression of each protein within groups; *p < 0.05 vs.

GC group, **p < 0.01 vs. GC group, ***p < 0.001 vs. GC group; #p <

0.05 vs. FPO group, ##p < 0.01 vs. FPO group, ###p < 0.001 vs. FPO
group; $p < 0.05 vs. TBPO group, $$p < 0.01 vs. TBPO group, $$p <
0.001 vs. TBPO group.

Figure 4a: GC-MS chromatogram and components identified in
unheated palm oil (CPO).
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Figure 4b: GC-MS chromatogram and components identified in

thermally oxidized palm oil used to fry bean cake (BPO)

Figure 5: 39-day survival curve analysis of fruit flies exposed to
thermally oxidized palm oil diets.

Discussion
The GC-MS analysis of fresh, heated oils at 150oC for 30mins

and fried oils obtained from beans cake and sweet potato at 150oC
for 30mins are presented in Figure 4a-d.
•

Figure 4c: GC-MS chromatogram and components identified in

thermally oxidized palm oil used to fry sweet potato (SPO).

Figure 4d: GC-MS chromatogram and components identified

in heated palm oil at 150ºC for 30 mins (HPO).

Heated Palm oil: During heating, reactions such as oxidation, hydrolysis, polymerization and isomerization
occurs leading to the generation of some fatty acid derivative compounds not present in fresh palm oil such
as Cyclopentadecanone, oxime, Oleoyl chloride, Cis-1,2cyclododecanediol, Hexadecanoic acid, 2-hydroxyl(hydroxymethyl) ethyl ester and lot more. Moreover,
there is significant reduction in the level of saturated
palmitic acid and monounsaturated oleic acid. The polyunsaturated linoleic acid and linolenic acid present in the
fresh oil has been degraded to a large extent due to the
heating condition. Some of the saturated fatty acid such
as palmitic acid has probably undergone primary oxidation to produce fatty acid derivative such as Hexadecanoic
acid, 2-hydroxyl-(hydroxymethyl) ethyl ester and Palmitic
acid, 2-hydroxyethyl ester. While monounsaturated oleic
acid produce 9-Octadecenoic acid (Z)-2,3-dihydroxypropyl ester. The level of palmitoleic acid increased in the
heated palm oil as compared to the fresh oil, this might
result from the oxidation of palmitic acid present predominantly in fresh palm oil. Furthermore, some cyclic
compounds were generated in the heated oil such as Cyclopentadecanone, oxime, Cis-1,2-cyclododecanediol and
[1,1-bicyclopropyl]-2-octanoic acid, 2-hexyl-methyl ester.
These compounds may result from the reaction within or
between triacylglycerol radicals generated during oxidation. Choe and Min [18] stated that the formation of cyclic
compounds in frying oil depends on the degree of unsaturation and the frying temperature while Tompkins and
Perkins [19] reported that the formation of cyclic mono-
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•

•

mers and polymers increases as the amount of linolenic acid
increased. Hence, it can be deduced that most of the cyclic
compounds generated in the heated oil are from oleic, linoleic
and linolenic acid present in the fresh palm oil.

Fried Bean cake oil: n-Hexatriacontanoic acid, a saturated
fatty acid with 36-carbon long carboxylic acid have the predominant percentage in the bean cake fried palm oil. This
might have occurred largely due to polymerization reaction
taking place during the frying process which might result due
to hydrolysis of some triacylglyerol due to the presence of the
moisture in the bean cake. The formation of trans fatty acid
was also noted in the bean cake fried palm oil. The formation
of trans fatty acids is as a result of isomerization reaction that
occurred during the frying process. The 9-octadecenoic acid,
(E) generated during the frying process is trans unsaturated
fatty acids, an isomer of oleic acid that is present in the fresh
palm oil sample. It was also noted that the level of palmitic
acid, oleic acid, steric acid, linoleic acid present in the fresh
palm oil greatly reduced due to frying condition and the fried
product.
Fried Sweet potato oil: n-Hexadecanoic acid (also known
as palmitic acid) was the predominant fatty acid present in
the oil sample after use. This indicated that the level of degradation of oil sample was minimal due to the fried product
as compared with bean cake. However, the level of monounsaturated oleic acid reduced slightly due to oxidation reaction
during the frying process. The formation of trans fatty acid
was also noted namely 9-Octadecenoic, (E). This occurred due
to isomerization reaction during frying. Some primary oxidation products were generated during the frying process such
as Hexadecenoic,2-hydroxy-1-(hydroxymethy) ethylester, and
15-hydroxypentadecenoic acid.

Acetylcholinesterase (AchE) is an important cholinesterase en-

zyme present in the neuromuscular junctions and cholinergic synapses in the CNS. It terminates the signal transmission by hydro-

lyzing acetylcholine (ACh), a neurotransmitter that conducts nerve
impulses across neuromuscular junctions in the nervous system of

vertebrates as well as insects [20]. Therefore AChE is considered
as a key enzyme in detecting the neurotoxicity. Akinyemi., et al.

[21] reported that exposure of D. melanogaster to oxidative stress
lead to up-regulation of AChE genes. Pertubation in the expression
or activity of AChE could lead to decrease in cellular metabolism,

disturb metabolic and nervous activity and lead to ionic refluxes
and differential membrane permeability in addition to increase
lipid peroxidation. The result obtained in this study is in line with

previous studies as there was overexpression of this gene in the

test groups especially TPPO and TBPO compared to the control
group as at 2 weeks of feeding.
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Heat shock proteins (HSPs) have been associated with a number

of cytoprotective functions, including the protection of stable proteins [22], chaperoning and folding of nascent polypeptides [23],
and degradation of aggregated proteins [24]. As a general rule the

more severe the stress, the greater the expression of HSPs in the

cells. At 2weeks, an obvious significant increase in the expression
of HSP 70 was observed in the test groups compared to the control,
especially TBPO.

The high expression of g-6-p-d may be due to thermal oxida-

tion as a result of re-using these heated oils for frying which may

generate more free radicals that are harmful to tissues [25]. Over

expression of glucose-6-phosphate dehydrogenase in drosophila
melanogaster and consequent increase in the ability to synthesize

NADPH would enhance resistance to oxidative stress and extend
the lifespan of the flies.

Figure 3b revealed that Glutathione s-transferase is highly ex-

pressed in the TBPO and TPPO compared with FPO after 2 weeks

of feeding. Mazari [26] reported that overexpression of Drosophila
melanogaster GSTE7 protects female flies from initial acute toxic

effects of phenethyl isothiocyanate (PEITC). The significant lin-

ear correlation among the antioxidative genes investigated in this
study suggest that these genes are co-regulated by a common fac-

tor, probably by an antioxidant response element (ARE) regulatory

region in the promoter region [27] in response to oxidative stress
induced by the secondary oxidative products produced during the
frying process.

Figure 2a and 2b, clearly shows that there is a significant in-

crease in the sod and catalase activities in the test groups com-

pared with the control. However, the increase in the TBPO is higher

compared with other groups. SOD thus functions to protect cells
and mitochondria from free radical damage due to superoxide [28].

Observing the activities of catalase in the group of Drosophila melanogaster at two weeks, it is clearly seen that there is significant

increase in the TBPO and TPPO groups compared with the control.
Ageing is a slow process characterized by progression at cellular,

tissue and organ level during the fag end of an organism’s life. It
results in gradual functional decline and decrease the adaptability

of an organism [29]. It is known that free radicals play an important

role in ageing and age-associated diseases [29]. This is because ac-

cumulation of free radicals from thermally oxidized oil diet tends to
overwhelm the body antioxidant defense systems leading to damage to biomolecules. When the unrepaired damage accumulates,

it put at risk the homeostasis of the organism, consequently pro-

voking ageing and death. This study revealed that consumption of
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TBPO diet (Figure 5) led to high death rate of the flies (less than

5%), and this trend increases significantly as the study proceeds,
this might possibly be due to the fact that overheated fats are toxic,
if fed to the animals.

Conclusion

It is therefore concluded that repeated frying of palm oil at el-

evated temperature generates toxic secondary oxidation products

which has potentials to induce oxidative stress and consequently
reduced the life span of the flies.
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