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SUMMARY: Akara is cowpea paste which is deep-fried in crude palm oil (CPO; Elaeis guineensis Jacq.) and 
sold as a street finger food in Brazil and Africa. During the food frying oils can form toxic decomposition 
products as total polar compounds (TPC), which can determinate oil degradation. The aim of this study was 
to assess the toxicity of CPO used in akara frying for 25 hours. Changes in the oil were determined by TPC 
quantification and mutagenicity using a Salmonella/microssome assay with Salmonella Typhimurium strains 
TA97, TA98, TA100 and TA102 with and without exogenous metabolic activation. Assuming that 25% TPC 
is the maximum level permitted in frying oils and it ranged from 14.08 to 29.81%, frying palm oil exceeded the 
limit. Nonetheless, no cytotoxic, mutagenic or genotoxic activity were detected in CPO used in the traditional 
akara frying process.
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RESUMEN: Evaluación toxicológica de aceite crudo de palma (Elaeis guineensis Jacq.) usado en fritura de akara 
(tapa de pasta de frijol). Akara es una tapa hecha de pasta de frijol frito en aceite de palma crudo (CPO; Elaeis 
guineensis), que se vende en las calles de Brasil y África. Durante la fritura de alimentos, los aceites pueden 
formar productos de descomposición tóxicos como los compuestos polares totales (TPC), que determinan la 
degradación del aceite. El objetivo de este estudio fue evaluar la toxicidad de CPO utilizado en 25 horas de 
frituras de akara. Los cambios en el aceite se determinaron mediante la cuantificación de TPC y ensayos de 
mutagenicidad en Salmonella/microsomas usando cepas de Salmonella Typhimurium TA97, TA98, TA100 y 
TA102 con y sin activación metabólica exógena. Se asume que el 25% de TPC es el nivel máximo permitido, los 
aceites de fritura oscilaron desde 14,08 hasta 29,81%. Ningún CPO utilizado en el proceso de akara tradicional 
mostró ser citotóxico, ni tener actividad mutagénica o genotóxica.
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1. INTRODUCTION

Palm oil is derived from the fruit of the palm 
tree Elaeis Guineensis Jacq. and is consumed as 
crude palm oil (CPO) in Africa, Southeast Asia and 
Brazil. Unrefined palm oil is orange-red in color and 
contains triglycerides with approximately 50% satu-
rated fatty acids, 40% monounsaturated and 10% 
polyunsaturated fatty acids, along with carotenoids 
and vitamin E (Norhaizan et al., 2013; Sampaio 
et  al., 2013). By fractionation, a liquid fraction 
(palm olein, rich in unsaturated compounds) and a 
solid fraction (palm stearin, rich in saturated com-
pounds) can be obtained and used for different pur-
poses in the food industry (Lin, 2011).

In Brazil, crude palm oil is known as azeite de 
dendê and it is an ingredient in most dishes from 
Bahia, such as moqueca, vatapá, xinxin de galinha, 
caruru, and acarajé (akara) (Almeida et al., 2013; 
Oliveira, 2009). Akara is a paste of cowpea (Vigna 
unguiculata L. Walp) sold as a street finger food and 
it has been described as the most common food prod-
uct containing cowpeas in Africa (Reber et al., 1983) 
and Brazil. It’s also a cultural and touristic Brazilian 
icon made and sold by typically clothed women called 
baianas de acarajé (IPHAN, 2005). In the process 
of making akara, cowpea is split, decorticated and 
macerated into a paste. After seasoning with grated 
onions and salt, akara paste is whipped, shaped into 
balls with a wooden spoon and deep-fried in CPO.

During the frying process, the oil undergoes 
hydrolysis, oxidation and polymerization reac-
tions leading to changes in flavor stability and 
quality, color, and texture of  the fried food and 
its nutritional quality (Dobarganes, 2000a; Saguy 
and Dana, 2003; Velasco et al., 2008). The frying 
temperature and time, type of  heating, frying oil 
composition, oil turnover rate, oxygen content, 
antioxidants and type of  fryer affect the deteriora-
tion of  oil during deep-fat frying (Soriano et al., 
2002). 

These chemical reactions in frying oil originate 
volatile products, which are partially eliminated 
during frying and new non-volatile compounds 
are also formed (Saguy and Dana, 2003). These 
new compounds have higher polarity and consti-
tute the so-called total polar compounds (TPC), 
which include triglyceride polymers (TGP), triglyc-
eride dimers (TGD), oxidized triglyceride mono-
mers (oxTGM), diglycerides (DG) and free fatty 
acids (FFA) (Dobarganes et al., 2000b). In general, 
fresh refined oils contain total polar compounds 
ranging from 3.2% to 3.8%. It is recommended 
that frying oils which contain more than 24–27% 
TPC should be discarded (Berger, 2005; Saguy and 
Dana, 2003).

Several studies were performed to evaluate the 
mutagenic potential in vegetable oils used in deep 
frying (Fong et al., 1980; Scheutwinkel-Reich et al., 

1981; Taylor et al., 1982; Van Gastel et al., 1984), 
the effects of repeated ingestion of heated palm oil 
by rats (Adam et al., 2009; Farag et al., 2010; Isong 
et al., 1997), and they showed that the fraction of 
polar compounds isolated from the oxidized oils is 
toxic to laboratory animals (Pantzaris, 1998). Besides 
that, the Ames test (Salmonella/microsome assay) is 
a rapid, safe and predictive test for mutagenicity in 
mammals (Claxton et al., 1987; Maron and Ames, 
1983; Carpes et al., 2013), in which Hageman et al. 
(1988) have detected mutagenic activity in polar 
material obtained from deep-frying fats.

The Ames test is a widely used methodology to 
detect mutagenic chemicals (Claxton et al., 1987; 
Maron and Ames, 1983; Carpes et al., 2013), how-
ever, bacteria is less able to repair DNA damage 
than a mammals ability. A macrophage lineage is 
used due to its ability to promote responses involv-
ing oxidative stress. In this way, RAW 264.7 is one 
of the most commonly used for giving the clearest 
results and being extremely sensitive to lipopoly-
saccharide endotoxin from gram-negative bacteria 
such as Salmonella (Claxton et al., 1987; Maron and 
Ames, 1983).

Changes in oil quality during deep frying are 
still a major issue from the health perspective. 
Nevertheless, there are few studies in the literature 
regarding the consequences of  consuming CPO 
deep fried foods. It has been observed that the 
baianas de acarajé sell akara daily for 5h hours 
and continuously reuse the fried palm oil, hence 
this frying oil may have toxic compounds present. 
Therefore, the aim of this work was to evaluate 
CPO mutagenic and genotoxic activities before and 
after 25 hours of  frying akara, and to quantify its 
TPC (%) contents. 

2. MATERIALS AND METHODS

2.1. CPO sample and frying process

30 L of  integral CPO (a mixture of  liquid and 
solid phases) industrialized at Nazaré city (state 
of  Bahia, Brazil) and conditioned in two tinplate 
cans with a capacity of  15 L each were purchased 
at São Joaquim Fair, in Salvador (Bahia). This oil 
was placed in a stainless steel recipient and heated 
up to 45 °C, allowing oil fusion and homogeniza-
tion to be used in frying. At first, 20 mL (time 0) 
of  it were filtered in a glass wool filter, inerted 
with nitrogen gas and stored in an amber bottle at 
−20  °C (Jorge and Gonçalves, 1998) and thawed 
for analysis (initial sample, CPO).

The preparation of akara was performed by a 
baiana de acarajé according to her traditional prac-
tice. 5 kg of crude mass of akara were bought daily 
from her traditional source at the same fair. Frying 
was always performed outdoors. First the raw mass 
was placed in an aluminum pan and seasoned with 
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grated onions and salt, then whipped and shaped 
into balls (60–80 g each) with a wooden spoon. 
Then, 5 L of CPO in an enameled pan were heated 
for 12 minutes in the presence of an onion (baiana’s 
traditional practice – an intention of making the 
oil quality lasts longer the oil quality longer during 
frying). Subsequently, 5 of those balls were succes-
sively added to the oil and deep-fried during approx-
imately 6 minutes, with some intervals in which the 
oil remained with only the onion, while the baiana 
whipped the mass again, and a total of 110 akaras/
day was obtained – simulating akara’s average quan-
tity at the baiana’s point of sale (Rogerio, 2010).

The total frying time per day was 5 intermittent 
hours and the frying process was performed on 5 
consecutive days – totaling 25 hours. The temper-
ature ranged from 143 to 188 °C in the beginning 
(day 1) and 159–178 °C in the end (day 5). 

Every frying day began with 5 L in the enam-
eled pan. On day 1, only fresh oil was used, and on 
subsequent days a mixture of  the previous day’s 
oil (used oil) was made with fresh oil. The oil turn-
over was performed daily with 2 L at the most. On 
days 1 and 2 only fresh CPO was added, and on the 
other days, the replacement was made with a mix-
ture of  fresh plus used oil, according to the baiana’s 
techniques.

Then, at the end of each frying day, the oil was 
left undisturbed in a pan with a lid, at room temper-
ature, until the food waste settled, and was filtered 
afterwards, stored until the next frying day and the 
same procedure was repeated over four subsequent 
days, for a total time of 25 hours. At the end of each 
day and the frying process (25 hours), a new aliquot 
of 20 mL was filtered in a glass wool filter, obtaining 
the last sample (FPO of frying) and the others for 
TPC (%) content analysis. 

2.2. Total Polar compounds 

Total polar compound (TPC) content was deter-
mined gravimetrically according to a mini column 
method described previously, with slight modifica-
tions (Dobarganes et al., 2000b). In brief, approxi-
mately 0.5 g of crude palm oil were dissolved in the 
elution solvent and introduced into a glass column 
filled with a silica gel slurry and elution solvent. 
This elution solvent was a mixture of light petro-
leum (b.p. 40–60 °C) and diethyl ether 94:6 (v:v). 
A chromatographic glass column with an internal 
diameter of 1 mm and a length of 15 mm, contain-
ing 5 g of silica gel (with a particle size 0.063–0.200 
mm and 70–230 mesh) adjusted to a water content 
of 5% was used. Non-polar compounds were eluted 
with 60 mL of elution solvent and the polar com-
pound fraction was eluted with 50 mL diethyl ether. 
A dropping funnel was used and the flow rate was 
adjusted to approximately 1.5 mL·min−1. Solvent 
was removed by rotary evaporation and the flask 

was flushed with a stream of nitrogen to ensure dry-
ness. The completeness of fractionation was evalu-
ated by analytical thin-layer chromatography (TLC) 
with an elution system of petroleum ether:diethyl 
ether:acetic acid (70:40:1; v:v:v). 

The reported data of TPC were obtained from 
duplicate measurements of each sample and expressed 
in terms of the mean and standard error (SE). A 
regression analysis was also applied to these data.

2.3. Salmonella/microsome assay

The mutagenic evaluation of CPO and FPO 
was performed by the pre-incubation method 
of Salmonella/microssome assay as described by 
Maron and Ames (1983), with slight modifications 
(Mortelmans and Zeiger, 2000). Briefly, 100 μL of 
different concentrations of CPO or FPO (all dilu-
tions were in DMSO) and 100 μL of stationary 
growth cultures of Salmonella Typhimurium strains 
TA97, TA98, TA100, and TA102 were added to 500 
μL of 0.2 M of a sodium phosphate buffer (pH 7.4) 
or to 500 μL of an S9 mix. After pre-incubation of 
the mixture at 37 °C for 30 min, 2 mL of top agar 
were added to it and the contents poured onto a 
minimal glucose agar plate. The plates were incu-
bated at 37 °C and the numbers of His+ were scored 
after 72 h. Each assay (in triplicate) was repeated 
twice to confirm the results.

Aroclor 1254-induced rat liver S9 fraction 
was purchased from Molecular Toxicology Inc. 
(Moltox™, USA). The metabolic activation mix-
ture (S9 mix) was prepared according to Maron and 
Ames (1983) and used as described earlier (Aiub 
et al., 2003). The criterion for a positive mutagenic 
response was the number of reverting colonies in the 
test assay amounting to at least twice the number 
of spontaneous reverting (Mutagenic Index, MI≥2) 
(Maron and Ames, 1983).

The mutagenic response was considered positive 
when the number of revertant colonies in the test 
was at least twice the number of spontaneous rever-
tants and no cytotoxicity was detected (survival rates 
<70%). Significant statistical differences between 
negative and tested concentrations under the same 
experimental conditions were verified by statistical 
analysis (Student t-test, p≤0.05) (Stankevicins et al., 
2008).

2.4. Survival experiments

To determine the citotoxic effect of  CPO and 
FPO, samples from the pre-incubation assay mix-
ture in the Salmonella/microssome assay were 
diluted in 0.9 % NaCl (w/v) to obtain a suspension 
containing 2×102 cells·mL−1. An aliquot of  100 
μL of  this suspension was poured onto a nutrient 
agar plate. The plates were incubated at 37 °C for 
24 h and colonies were counted. Citotoxicity was 
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considered positive when the cell survival rate was 
<70% of  the rate observed for the negative control 
(Aiub et al., 2003). 

2.5. RAW 264.7 cell culture

A murine macrophage cell line was used from 
a culture at confluence and was incubated in an 
atmosphere of 5% CO2, at a temperature of 37 
°C. Cell detachment was carried out mechani-
cally by scraping. After that the suspension was 
centrifuged at 5000 rpm for 5 min and cells were 
re-suspended in Modified Eagle Medium (MEM) 
Ca2+, 1.8 mM (Gibco®) supplemented with 10% 
fetal bovine serum, 1.76 g·L−1 of NaHCO3, 0.88 
g.L−1 of pyruvate, 22 mg·L−1 of aspartic acid and 
17 mg·L−1 of L-serine. Cell viability was determined 
after trypan blue staining and the cells were plated 
on 24-well plates at a density of 2×105 cells/well and 
then incubated for 24 h.

2.6. Micronucleus assay

The micronucleus assay was performed as pre-
viously described (Aiub et al., 2011), with modifi-
cations. Cells were treated with 100 μL of various 
dilutions of CPO or FPO in DMSO, corresponding 
to 10% of the total volume of each well and then 
the plates were incubated for 24 h. After this period, 
the medium was removed from the wells, cells were 
washed with 1 mL of MEM Ca2+, 1.8 mM and re-
incubated, and after that with 1 mL of MEM Ca2+, 
1.8 mM, supplemented with fetal bovine serum for 24 
h in an atmosphere of  5% CO2. N-methyl-N-nitro-
N-nitrosoguanidine (MNNG) 0.5 μM was used as 
positive control. The medium was then replaced 
with cold Carnoy’s fixative (3 parts methanol to 1 of 
part glacial acetic acid) for 15 min. Fixed cells were 
washed with McIlvaine buffer (21 g·L−1 of citric acid 
and 36 g·L−1 of Na2HPO4, pH 7.0) for 2 minutes and 
left to dry at room temperature. Afterwards, the cells 
were stained with  4’-6-diamidino-2-phenylindole 
(DAPI) (0.2 μg·mL−1), dissolved in McIlvaine buf-
fer for 40 min. Then, the cells were washed twice 
with McIlvaine buffer and left to dry again at room 
temperature.

To determine the mitotic index and number 
of micronucleated cells, as well as percentages of 
necrotic and apoptotic cells, 1000 cells per concen-
tration were analyzed in a fluorescence microscope 
(Reichert Univar) at an excitation wavelength of 
350nm. This experiment was conducted in quin-
tuplicate. The data were analyzed using a one-way 
ANOVA and the Tukey-Kramer multiple comparison 
test. Results were considered to be statistically signifi-
cant at p<0.05 (Aiub et al., 2011, Carpes et al., 2013). 
GraphPad Instat® software, version 3.01 (GraphPad 
Software, Inc., USA) was used for all analyses.

3. RESULTS AND DISCUSSION

3.1. Mutagenic activity

There was no significant (p>0.05) increase in the 
number of reverting colonies at any of the tested 
concentrations of CPO and FPO over the respective 
negative control plates in all four tested strains, both 
with or without the S9 mix (Tables 1 and 2).

3.2. Micronucleus evaluation

The results from the assay with CPO and FPO 
are presented in Table 3. Both samples did not 
induce micronuclei formation, apoptosis or necrosis 
on macrophage cells. Moreover, they did not induce 
an increase in mitotic division. There was no signifi-
cant difference between the results obtained with the 
oils sampled before and after frying (p<0.05).

3.3. Total Polar compounds 

TPC contents increased linearly with frying 
time with high correlation coefficients (R2=0.96; 
TPC=15.24+0.6 time) (Table 4). After 25 hours of 
heating, the oil showed around 29% polar com-
pounds, above the established limit in most of the 
current regulation regarding the discharging of fry-
ing oils and fats for human consumption (Berger, 
2005; Saguy and Dana, 2003). It was observed that 
the values were higher from 15 h of frying (Table 4), 
due to the greater heating time and replenishment 
with reused oil.

Crude palm oil is largely used in Brazilian cuisine 
and it is essential in akara deep frying. The latter is 
now regarded as one of Brazil’s immaterial national 
treasures (IPHAN, 2005) and a cultural and tour-
istic icon in the city of Salvador (Bahia, Brazil). 
During deep-frying, the high temperatures used in 
the presence of oxygen and water induced impor-
tant chemical changes in the palm oil, inevitably 
reducing its shelf  life and directly affecting its nutri-
tional characteristics (Matthäus, 2007). Therefore, 
it is necessary to carry out toxicological studies 
to determine the security of the CPO used in this 
process.

No mutagenic or citotoxic activity were detected in 
the CPO used in the traditional akara  frying process 
in all tested strains (Tables 1 and 2). Furthermore, 
it was observed that CPO did not induce genotoxic 
potential in the micronucleus assay in macrophages 
(Table 3). These results were contrary to the expected 
ones since the TPC content in the analyzed frying oil 
sample (25 h) exceeded the considered safe limit for 
health (Table 4) (Berger, 2005). Nevertheless, some 
researches had found no mutagenic activity in deep-
frying oils (Scheutwinkel-Reich et al., 1981; Taylor 
et al., 1982; Van Gestel et al., 1984), and only Fong 
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et al. (1980) had observed mutagenicity in peanut 
oil, however it had been correlated to an aflatoxin 
B1 contamination in the oil. 

As already mentioned, TPC include TGP, TGD, 
oxTGM, DG, and FFA (Dobarganes et al., 2000b). 
As DG is measured as a fraction of  TPC, it may 
be misleading to use TPC in judging oil qua lity. 
The higher amounts of  total polar compounds in 
palm oils are mainly due to a higher level of  DG 
contents (4.0–7.5%) compared to other vegetable 
oils (2–3%) (Berger, 2005; DeMarco et al., 2007). 
Otherwise, the CPO processing in Bahia displays 

high FFA %, a consequence of  the poor condi-
tion of  the oil extraction (Almeida et al., 2013). 
Thus TPC elevation in samples (CPO and FPO) 
may be due to the predominance of  such frac-
tions which are not associated with the toxicity of 
heated oils (González-Munõz et al., 1998; Morita 
et al., 2008). 

One unique characteristic of crude palm oil is 
its high content of carotenoids and tocopherols. 
Carotenoids, which impart to CPO its distinctive 
orange-red color, together with tocopherols and 
tocotrienols contribute to stability. A research made 

TABLE 1. Mutagenic evaluation of crude palm oil before akara frying (CPO) in strains TA97, TA98, TA100 and 
TA102 of S. Typhimurium in the presence and absence of metabolic activation (S9)

−S9 +S9

Strain CPO Mean±SDa M.Ib %Survivalc Mean±SDa M.Ib % Survivalc

TA97 0 132±22 1.0 100 107±14 1.0 100

1:128 138±38 1.0 97 130±19 1.2 100

1:64 134±11 1.0 90 114±9 1.1 100

1:32 115±14 0.9 91 119±15 1.1 100

1:16 123±28 0.9 90 134±11 1.2 100

1:8 158±66 1.2 89 118±6 1.1 100

PC 483±62 3.7 100 1016±418 9.5 100

TA98 0 27±4 1.0 100 42±3 1.0 100

1:128 22±2 0.8 100 42±4 1.0 92

1:64 21±3 0.8 100 45±8 1.1 100

1:32 20±3 0.8 100 37±4 0.9 90

1:16 22±12 0.8 100 56±5 1.3 100

1:8 31±11 1.1 100 64±6 1.5 100

PC 145±5 5.4 90 224±16 5.3 86

TA100 0 70±8 1.0 100 186±25 1.0 100

1:128 68±40 1.0 100 189±17 1.0 100

1:64 68±47 1.0 100 190±12 1.0 100

1:32 86±4 1.2 100 216±5 1.2 99

1:16 99±13 1.4 100 221±1 1.2 100

1:8 65±9 0.9 99 231±11 1.2 100

PC 444±6 6.0 100 2304±153 12.4 100

TA102 0 345±64 1.0 100 315±31 1.0 100

1:128 356±45 1.0 83 431±88 1.4 100

1:64 301±15 0.9 84 374±23 1.2 100

1:32 337±18 1.0 79 332±74 1.1 100

1:16 312±10 0.9 88 297±4 0.9 92

1:8 295±39 0.9 87 416±23 1.3 87

PC 2207±286 6.4 89 1016±103 3.2 100

aNumber or revertant colonies per plate: mean values and standard deviation (SD) of at least three experiments; bMI: 
Mutagenic index: number of His+ induced in the sample/number of spontaneous His+ in the negative control; cSurvival 
calculated in relation to the negative control. Concentration 0 refers to the negative control (solvent): 100 μL of DMSO. 
The doses of the posi  tive controls (PC) per plate in the absence of S9 mix were 0.5 μg of 4-nitroquinoline-1-oxide to TA97 
and TA98; 1.0 μg of Sodic Azide to TA100 and 0.5 μg of Mitomicin C to TA102. The doses p  er plate of the positive 
controls in the presence of S9 mix were 1μg of 2-Aminoantracen to TA97 and TA100 and 20 μg of Benzo[α]piren to TA98 
and TA102. Cytotoxicity was detected when survival rates <70%.
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by our group demonstrated that the mean of caro-
tenes in the industrial CPO processed in Bahia were 
526.77 μg·g−1 (Almeida et al., 2013) and this carot-
enoid value is extremely high when compared to 
other oils: sunflower (8.5±0.7 mg·L−1) and extra vir-
gin olive oil (11.0±0.3 mg·L−1) (Andreu-Sevilla et al., 
2008). On the other hand, CPO contains unusually 
high levels of tocotrienols (Norhaizan et al., 2013; 
Berger, 2005). Most other common vegetable oils 
have negligible contents of tocotrienols (Lin, 2011). 
In CPO, the presence of these antioxidants seems to 
offer some oxidative protection to the oil through 
a mechanism in which they are oxidized prior to 

triglycerides (Lin, 2011). Together with CPO consti-
tution factors, the baiana de acarajé practice of heat-
ing oil in the presence of a whole onion considerably 
preserves the oil quality with a significant reduc-
tion in the levels of lipid peroxidation indicators as 
well as a reduction in tocoferol loss (Oyewole and 
Olayinka, 2007).

4. CONCLUSIONS

In despite of its high TPC levels, no cytotoxic, 
mutagenic or genotoxic activities were detected in 
the crude palm oil used in the traditional akara 

TABLE 2. Mutagenic evaluation of crude palm oil after akara frying (FPO) in strains TA97, TA98, TA100 
and TA102 of S. Typhimurium in the presence and absence of metabolic activation (S9)

−S9 +S9

Strain FPO Mean±SDa M.Ib %Survivalc Mean±SDa M.Ib % Survivalc

TA97 0 341±41 1.0 100 202±8 1.0 100

1:128 321±91 0.9 100 238±7 1.2 100

1:64 319±42 0.9 100 116±22 0.6 100

1:32 335±15 1.0 100 265±37 1.3 100

1:16 238±47 0.7 100 287±22 1.4 100

1:8 233±59 0.7 95 240±6 1.2 100

PC 2162±499 6.3 70 2388±399 11.8 78

TA98 0 19±3 1.0 100 51±4 1.0 100

1:128 25±4 1.3 100 59±5 1.1 100

1:64 35±5 1.9 100 52±0 1.0 100

1:32 29±2 1.5 97 65±3 1.3 100

1:16 31±8 1.6 76 53±6 1.0 100

1:8 13±3 0.7 100 69±1 1.3 100

PC 322±146 17.3 94 239±12 4.7 82

TA100 0 115±15 1.0 100 221±9 1.0 100

1:128 109±8 1.0 100 228±14 1.0 100

1:64 137±13 1.2 100 242±31 1.1 100

1:32 118±15 1.0 100 266±20 1.2 100

1:16 108±1 0.9 100 281±30 1.3 100

1:8 111±12 1.0 100 260±0 1.2 100

PC 593±214 5.2 86 986±61 4.5 85

TA102 0 341±41 1.0 100 483±87 1.0 100

1:128 374±7 1.1 88 599±63 1.2 100

1:64 336±30 1.0 90 639±26 1.3 100

1:32 287±18 0.8 90 383±49 0.8 100

1:16 264±9 0.8 100 911±64 1.9 100

1:8 267±4 0.8 100 859±33 1.8 100

PC 2163±499 6.3 75 1747±260 3.6 81

aNumber or revertant colonies per plate: mean values and standard deviation (SD) of at least three experiments; 
bMI: Mutagenic index: number of His+ induced in the sample/number of spontaneous His+ in the negative control; 
cSurvival calculated in relation to the negative control. Concentration 0 refers to the negative control (solvent): 100 μL 
of DMSO. The doses of the positive controls (PC) per plate in the absence of S9 mix were 0.5 μg of 4-nitroquinoline-
1-oxide to TA97 and TA98; 1.0 μg of Sodic Azide to TA100 and 0.5 μg of Mitomicin C to TA102. The doses per 
plate of the positive controls in the presence of S9 mix were 1 μg of 2-Aminoantracen to TA97 and TA100 and 20 μg 
of Benzo[α]piren to TA98 and TA102. Cytotoxicity was detected when survival rates <70%.
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frying process. This may be due to the CPO natural 
antioxidant content and akara frying practices such 
as the addition of an onion to the frying oil, and 
fresh oil replacement at the beginning. Therefore, 
the CPO used in akara deep-frying do not offer toxi-
cological risks to consumers. 
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