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1. Introduction

Aflatoxins are toxic and carcinogenic mycotoxins found in 
a range of agricultural products, particularly cereals and 
nuts. Of especial concern are potentially high levels of 
these mycotoxins in maize and peanuts, which form part 
of staple diets in many parts of Africa and Asia (Shephard, 
2008). Outbreaks of aflatoxin poisoning (aflatoxicosis) due 
to acute exposure have been reported in recent years in 
both Kenya (Azziz-Baumgartner et al., 2005) and Tanzania 
(Mytox, 2017), and the role of chronic aflatoxin exposure in 
liver cancer (Wild and Gong, 2010) and childhood stunting 
(Khlangwiset et al., 2011) is a major concern, particularly 
in rural subsistence farming populations.

Peanut oil (groundnut oil or arachis oil) is a widely used 
vegetable oil, particularly in Chinese and other Asian 
cooking. It is estimated that domestic consumption in 

China will be 3,117,000 metric tonnes in 2017, while 
India and Myanmar will consume 1,280,000 and 270,000 
tonnes, respectively (Index Mundi, 2017). Other major 
consumers are in sub-Saharan Africa, namely Nigeria, 
Sudan, Tanzania, Burkina Faso and Cameroon. Peanut 
oil is described as having a number of health benefits. Its 
phytosterol and vitamin E contents are reported to carry 
cardiovascular benefits (Peanut Institute, 2017). Safety 
concerns surrounding peanut oil have largely focused on 
possible carryover of the allergenic proteins from the peanut 
into the pressed oil (Crevel et al., 2000; Hourihane et al., 
1997). Although the refining of peanut oil has been shown 
to remove these allergenic proteins, concerns arise with cold 
pressed and artisanal or gourmet oils in which contaminant 
carry-over in particulates or emulsions is possible.

Aflatoxins are oxygenated, polar, lipophobic metabolites 
slightly soluble in water, freely soluble in polar organic 
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solvents, but insoluble in non-polar solvents (IARC, 2002), 
which has led to a general supposition that they are absent 
from vegetable oils (Mahoney and Moleneux, 2010). The 
Cosmetic Ingredient Review Expert Panel (CIREP, 2001) in a 
report on the safety of peanut oil concluded: ‘aflatoxins can 
be produced in stored agricultural crops, such as peanuts, 
but do not partition into the oils, acids or glycerides’ (CIREP, 
2001). However, concerns over the presence of aflatoxin 
contamination in peanut oil were expressed soon after the 
discovery of aflatoxins as major contaminants of peanuts 
(Ling et al., 1968). Nevertheless, little attention has been 
paid to this subject, although there is one report from 
China of a manufacturer being ordered to recall products 
from the market over aflatoxin contamination (UPI, 2011). 
Other researchers have investigated whether local oil 
production from aflatoxin-contaminated peanuts may 
be a safe value-added product in developing countries. 
In a limited experiment, they reported that expressed oil 
contained on average 5% (range 1-12%) of the aflatoxin 
content of the original peanuts (Schwartzbord and Brown, 
2015).

This review was undertaken to draw attention to the 
possible contribution of peanut oil to human aflatoxin 
exposure and to highlight that artisanal production using 
poor quality peanuts not otherwise suitable for human 
consumption, still poses an important issue of food safety.

2.  Peanut oil processing and aflatoxin carry-
over

Peanut oil when pressed has a deep yellow colour, nutty 
aroma and sweet taste, whereas after refining, the colour is 
lighter and the taste neutral. The crude peanut oil contains 
proteins, pigments, gums, phospholipids and suspended 
solid impurities. In general, the refining process consists 
of a number of unit operations (FAO, 1994). In the first 
step, water is used to remove gums. Thereafter, the oil is 
treated with alkali such as sodium hydroxide to neutralise 
and remove free fatty acids and phospholipids. Colour is 
subsequently removed with activated carbon and/or clay 
and finally the oil is deodorised by steam distillation of 
volatile components, such as aldehydes and ketones.

Based on pure solubility considerations, peanut oil would 
not be expected to contain aflatoxins. However, in practice 
there is a carry-over of aflatoxins from contaminated nuts 
into the resultant crude oil. Some studies of peanut oil 
extraction showed that extracted oil had contamination 
levels of around 15 to 35% of the initial level in the 
contaminated peanut (Basappa and Sreenivasamurthy, 
1977; Parker and Melnick, 1966). Another study found a 
lower average of 5% (range 1-12%) carry-over from roasted 
peanuts (Schwartzbord and Brown, 2015). Based on a 
study in reject almonds, it was found that after solvent 
(hexane) extraction of the nuts, the aflatoxin levels in oils 

did not correlate well with the levels in the starting material 
(Mahoney and Moleneux, 2010). The authors concluded 
that aflatoxin levels in the oil are more a function of oil 
quality (degree of oxidation) and of the extraction method. 
Nevertheless, the majority of the initial contamination in 
peanuts is retained in the peanut meal and subsequent 
alkali refining, washing and bleaching of the oil effectively 
removes aflatoxin from oil (Ji et al., 2016; Parker and 
Melnick, 1966; WHO, 2016).

The mechanism of aflatoxin carry-over from raw peanuts 
into crude oil has not been studied. Nevertheless, some 
information can be inferred from the limited experimental 
evidence and knowledge of the other impurities and their 
elimination from crude oil. The removal of 65-70% of 
the toxin by centrifugation would indicate a substantial 
portion is present in suspended solids (Basappa and 
Sreenivasamurthy, 1977). Other possibilities are its 
presence in colloidal material or in association with other 
polar compounds present in the newly pressed oil. During 
the refining process, it is readily envisaged that aflatoxin 
could be partially removed during degumming, could react 
with alkali (such as the opening of its lactone ring) and be 
removed with the subsequent washing out of the free fatty 
acids or finally removed by the activated carbon or clay 
used for decolourisation.

3. Toxicology

The safety of peanut oil has been considered from the 
aspect of the oil itself (as pure refined oil) (CIREP, 2001) 
and as an aflatoxin-contaminated unrefined product 
(Fong and Tong, 1981; Fong et al., 1980). In the report 
by the Cosmetic Ingredient Review Expert Panel, this 
distinction is clearly noted (CIREP, 2001). Their review 
on the published literature of the safety of cosmetic grade 
peanut oil, which like edible grade peanut oil, is a refined 
product, concludes that refined peanut oil is generally 
safe in cosmetic formulations. However, the oil does have 
the property of enhancing the skin absorption of other 
compounds whose safe use may have been predicated on 
their non-absorption by skin. The Panel further noted that 
reports of allergenicity of peanut oil might generally relate 
to unrefined or cold-pressed oil.

Peanut oil is widely used in domestic cooking in Asia due 
to its nutritional content, pleasant flavour and cooking 
quality. A small study of randomly selected peanut oils in 
Hong Kong showed aflatoxin B1 (AFB1) levels as high as 
150 µg/kg accompanied by mutagenic activity as measured 
in the Ames mutagenicity assay (Fong et al., 1980). The 
authors reported that both aflatoxin levels and mutagenicity 
activities decreased significantly after ‘repeated cooking’ 
involving frying of traditional local foods. They postulated 
that the decrease was due to the high frying temperature 
and some moisture entering the oil during the repeated 
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cooking process. Concern regarding the high aflatoxin 
levels in peanut oil in Hong Kong was further addressed in 
a long-term (22 months) feeding study in Sprague-Dawley 
rats (Fong and Ton, 1981). Peanut oils sourced from the 
local market and containing on average 110 µg/kg AFB1 
were incorporated into the diet at a level of 5.5%. Liver 
changes observed at autopsy were interpreted as suggestive 
of a ‘definite hazard’ in the local population. Peanut oil 
intake in Hong Kong was estimated at 50-60 g per person 
per day. Based on the observed AFB1 contamination levels 
of 15 to 150 µg/kg, this would equate to daily exposures of 
0.85 to 8.5 µg or 13-133 ng/kg body weight per day, levels 
similar to those found in areas of high risk for primary liver 
cancer (Fong and Ton, 1981).

4. Analytical methods

The analytical methods used for determination of 
aflatoxins in peanut oil are all modifications of methods 
used for cereals and peanuts (Shephard, 2009) and like 
these, have followed the advances in analytical science 
and chromatography achieved since the discovery of the 
aflatoxins. At issue in peanut oil analysis are matrix effects 
due to the nature of peanut oil, namely a high content of 
lipids (both monounsaturated and saturated fatty acids) 
and pigments. Developed methods need to address this 
type of sample matrix, but once suitable sample extracts 
have been obtained, the same chromatographic separation, 
detection and quantification techniques can be applied.

Thin-layer chromatography

The original analytical methods for peanuts were based 
on thin-layer chromatography (TLC) following suitable 
sample clean-up, a technique still in use in some developing 
countries (Shephard, 2009). An early TLC method for oil 
samples involved double-development of the TLC plate 
after direct spotting of the oil sample (Hagan and Tietjen, 
1975). The lipid components were moved to the top of the 
plate with anhydrous diethyl ether or benzene/hexane, 
after which the plate was dried and developed in the same 
direction with toluene/ethyl acetate/formic acid or benzene/
acetic acid. Other authors have described dissolution of the 
oil in hexane (Miller et al., 1985) or the extraction of the 
oil with chloroform and water (Fong et al., 1980) prior to 
application to a silica column for clean-up with solvents 
ether, toluene and chloroform before eventual elution with 
chloroform/methanol and quantification by TLC, either on 
plate (Miller et al., 1985) or spectrophotometrically after 
scraping the AFB1 band from the plate (Fong et al., 1980).

High-performance liquid chromatography

Determination of AFB1, aflatoxin B2 (AFB2), aflatoxin 
G1 (AFG1) and aflatoxin G2 (AFG2) by suitable solvent 
extraction, clean-up on immunoaffinity column (IAC) and 

reversed-phase high-performance liquid chromatography 
(HPLC) with post-column bromine derivatization and 
fluorescence detection has been validated for a range of 
matrices including maize, peanuts, peanut butter, pistachios, 
paprika and figs (AOAC official methods 991.31 and 999.07) 
(AOAC, 2016). However, application of these extraction 
conditions to peanut oil resulted in high recoveries (>130%) 
(Bao et al., 2010). In order to achieve an acceptable method 
performance, sample size was reduced to 5 g (from 25 
g) since oil is relatively homogeneous, methanol:water 
(55:45, v/v) was used as extraction solvent to minimise 
the amount of oil partitioning into the extraction solvent, 
a centrifugation step was added to remove residual oil 
and the IAC wash solvent was changed from water to 
methanol:water (10:90, v/v) to remove interferences that 
were not eluted with pure water (Bao et al., 2010). This 
method, using IAC clean-up and either postcolumn UV 
photochemical derivatization or bromine derivatisation 
by Kobra cell, was then subjected to a collaborative study 
involving fifteen laboratories testing peanut oil samples 
spiked at levels 2, 4 and 20 µg/kg total aflatoxin (in ratio 
1:0.25:0.5:0.25 for AFB1, AFB2, AFG1 and AFG2) (Bao et 
al., 2012). Recoveries for all four analogues over the three 
concentration levels ranged 80-94%, within-laboratory 
repeatability ranged 3.24-11.4%, between laboratory 
reproducibility ranged 7.36-13.22% and Horwitz ratio 
(HorRat) ranged 0.18-0.3. The method was accepted as 
AOAC Official Method 2013.05 (Bao et al., 2013).

The determination of aflatoxins by HPLC has widely utilised 
flourometric detectors or, more recently, mass spectrometry 
(Shephard, 2009). However, a limited number of authors 
have described methods based on HPLC but using UV 
detection at the wavelength of maximum absorbance 
around 360 nm. The TLC method of Miller et al. (1985) 
also described the use of HPLC with a UV detector for 
quantification. Although their HPLC method was validated 
for recovery at 5 µg/kg AFB1 in spiked sunflower oil, the 
authors noted that for AFB1 levels less than 100 µg/kg in 
crude peanut oil, TLC was appropriate but that for the 
HPLC method, further unspecified sample clean-up was 
required to remove artefact peaks. In this regard, it is clear 
that the successful use of UV detection is dependent on the 
efficiency of sample purification and on the sensitivity of 
the instrument. A more recent investigation of aflatoxins in 
milk, eggs and meat reported limits of detection by UV and 
fluorescence to be 0.1 µg/kg and 0.05 µg/kg, respectively 
(Herzallah, 2009). Sample clean-up was performed on 
normal phase cyanopropyl solid phase extraction cartridges.

Other extraction and clean-up methods that have been 
utilised include solid phase extraction (SPE) (Wei et al., 
2015), cloud point extraction (Lv and Yang, 2013) and 
QuEChERS (quick, easy, cheap, effective, rugged and safe) 
(Zhao et al., 2017). This last method is an extraction and 
clean-up procedure originally developed for pesticides in 
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fruits and vegetables, but now more generally applied as 
an universal method for other food matrices and other 
organic analytes (Bruzzoniti et al., 2014). The QuEChERS 
method was developed for the determination of sixteen 
mycotoxins by HPLC-MS/MS. Oil samples were extracted 
with acetonitrile and octadecylsilica (C18) was selected as 
the QuEChERS sorbent in preference to neutral alumina 
or primary secondary amine silicas, which produced low 
recoveries. Satisfactory validation criteria were achieved 
with recoveries between 72.8 and 105.8% and relative 
standard deviations of less than 7%. A SPE method using an 
in-house developed molecularly imprinted polymer (MIP) 
as the solid phase was developed and used to clean-up a 
range of samples, including peanut oil, which was extracted 
with hexane and acetone/water (Wei et al., 2015). This later 
solvent mixture was applied to the SPE cartridge and finally 
the aflatoxins were determined by conventional HPLC with 
fluorescence detection. Recoveries were 92-94% and RSDs 
3.8-5.5% for spiked peanut oil. Lv and Yang (2013) applied 
cloud point clean-up and concentration using nonionic 
surfactant Triton X-114 to determine AFB1 and AFB2 in 
peanut oil following extraction with methanol/water and 
IAC clean-up. The authors reported recoveries between 
90.1-96.2% and relative standard deviations of equal or less 
than 5.1%. Although the authors state that the cloud point 
method provides greater enrichment, the recoveries of the 
developed method would appear to be strongly influenced 
by pH of the cloud point step. The final quantification 
was by ultra-high performance liquid chromatography 
with fluorescence detection but with an elution gradient 
requiring a long 30 min run time.

Other analytical methods (non-chromatographic)

The feasibilities of some non-chromatographic analytical 
methods have been demonstrated in spiked peanut oil 
samples, but not compared with HPLC results or applied in 
market surveys. Terahertz time-domain spectroscopy was 
investigated as a nondestructive method for determination 
of AFB1 in peanut oil (Chen and Xie, 2014). Quantitative 
models were built using selected frequencies and the 
application of chemometric methods such as stepwise 
multiple linear regression. Based on the precision of the 
calibration measurements, the method showed promise 
as a nondestructive tool, but lacks application to and 
method comparison with real samples. A fluorescence 
probe based on an anti-AFB1 antibody conjugated to rare 
earth doped upconversion nanoparticles was demonstrated 
for determination of AFB1 in peanut oil (Sun et al., 2016). 
The probe was shown to be highly selective, with a limit of 
detection as low as 0.2 ng/mL and range of 0.2 to 100 ng/
ml. Recoveries from spiked peanut oil samples extracted 
with methanol/water ranged between 90.1 and 113.4%.

In the past decade, aptamers have begun to be successfully 
developed as chemically synthesised recognition probes 

(Bunka and Stockley, 2006). These are single stranded 
oligonucleotides that show strong chemical stability and 
that once identified, can be chemically synthesised at 
relatively low cost. An aptamer that recognises AFB1 has 
been isolated and then incorporated in a dipstick assay with 
a fluorescence signal response. This has been shown to have 
a cut-off as low as 0.3 µg/kg in maize (Shim et al., 2014), 
but has not been applied to peanut oil. Ma and co-workers 
(2015) have developed an aptamer-based fluorescence probe 
with high affinity and specificity for AFB2. The method 
utilises magnetic nanoparticles for isolating the target AFB2 
and was tested on spiked peanut oil samples, which were 
extracted with methanol/water, the extract dried down and 
the residue re-dissolved in buffer. Given that AFB2 is not 
the major aflatoxin analogue, it may be supposed that it was 
chosen for convenience to show method performance rather 
than to prepare the method for practical peanut oil analysis. 
The developed method was linear over a wide range (up 
to 1,800 ng/l) and gave recoveries ranging between 94.0 
and 101.6% for samples spiked between 10 and 800 ng/l.

In general, there has been little research on analytical 
methods for aflatoxins in peanut or other vegetable 
oils. However, other mycotoxins, such zearalenone and 
deoxynivalenol are known to occur in products such as 
wheat germ oil (Gimenez et al., 2013). There is thus a 
need to develop methods for these matrices and similar 
analytical approaches could be considered. As shown by 
the chromatographic methods reviewed above, provided 
the toxins can be suitably extracted, the conventional 
methods for aflatoxin achieve good results and it should 
prove possible to use ELISA or lateral flow methods as rapid 
screening tools to ensure safety of marketed oils.

5. Occurrence

Surveys of aflatoxin in peanut oil and the data they present 
are extremely limited. Table 1 summarises available 
information, mostly from the developing world. The lack 
of data is possibly indicative of the misconception that 
aflatoxins do not occur in peanut oil or that when refined 
oils have been occasionally checked, very low levels if any 
have been found. Most analytical inspection is performed in 
the developed world, where refined oils would be expected 
to predominate in the market, whereas the limited data in 
Table 1 and other studies (Fong et al., 1980; Ling et al., 1968; 
Schartzbord and Brown, 2015) indicate that it is the crude or 
unrefined artisanal oils in the developing market place that 
are a cause for concern. Clearly the quality of the peanut raw 
material is of fundamental importance in the quality of a 
crude oil and this may explain the very different results from 
two surveys of Sudanese oil (Elzupir et al., 2010; Idris et al., 
2010). Aflatoxin levels in peanuts in Sudan have been shown 
to depend on the agricultural area and are mediated by 
insect damage, storage conditions and rain-fed or irrigated 
crop production (Shephard, 2003). In their survey of three 
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Table 1. Survey of aflatoxin contamination in peanut oils.1

Country – Region/oil type Toxin No. 
Samples

% 
Positive

Mean  
(µg/kg)

Maximum 
(µg/kg)

LOD  
(µg/kg)

Method Reference

Austria AFB1 2 0 – ND 0.05 – WHO GEMS
China – Huantai County AFB1 12 2 100 3.7 3 22.9 0.1 ELISA Sun et al., 2011

– Huaian City AFB1 10 2 100 1.6 3 9.1 0.1 (20% confirmed by 
HPLC)

– Fusui County AFB1 17 2 100 52.3 3 114.4 0.1
China – Fusui County AFB1 30 66.7 7.8±3.2 4 52.5 ≤0.1 ‘immunoaffinity method’ Wang et al., 2001
China – Shijiazhuang, Baoding 

& Tangshan areas, Hebei 
Province

AFB1 31 48.4 – 2.72 0.05 HPLC-MS/MS Yang et al., 2011

AFB2 31 19.4 – 0.36 0.02
AFG1 31 9.7 – 0.02 0.09
AFG2 31 0 – ND 0.04

China5 AFB1 – – – 18.5 – – Zhao et al., 2011
AFB2 – – – 4.4 –
AFG1 – – – 0.5 –

Germany AFB1 4 0 – ND 0.5 – WHO GEMS
AFT 4 0 – ND 0.5 –

Nigeria – Crude oil AFB1 1 100 – 98 – TLC Abalaka and 
Elegbede, 1982

– Refined oil AFB1 1 100 – 9 –
Nigeria – Crude oil AFB1 3 100 20.5 26.1 – TLC Abalaka, 1984

AFB2 3 100 16.4 18.1 –
AFG1 3 100 15.9 18.5 –
AFG2 3 100 11.8 13.2 –

– Refined oil AFB1 3 33.3 – 6.6 –
AFB2 3 0 – ND –
AFG1 3 0 – ND –
AFG2 3 33.3 – 4.8 –

Portugal AFB1 5 0 – ND 0.27 – WHO GEMS

Senegal – Diourbel 1997 AFB1 30 6 ~80 59.1±20.7 – – HPLC-UV Diop et al., 2000
AFB2 ~65 14.1±6.1 – –
AFG1 ~40 8.9±2.8 – –
AFG2 0 ND – –

– Kaolack 1997 AFB1 ~80 26.8±10.4 – –
AFB2 ~30 5.3±0.4 – –
AFG1 ~40 18.4±3.0 – –
AFG2 ~3 6.8±2.0 – –

– Diourbel 1998 AFB1 30 6 ~80 23.6±7.2 – –
AFB2 ~60 15.7±4.3 – –
AFG1 ~30 14.2±2.2 – –
AFG2 ~25 6.1±1.8 – –

– Kaolack 1998 AFB1 ~100 41.6±15.3 – –
AFB2 ~80 13.5±4.9 – –
AFG1 ~50 7.4±2.5 – –
AFG2 ~30 1.7±0.8 – –

Singapore AFB1 2 50 – 0.17 0.05 – WHO GEMS
AFT 2 50 – 0.07 0.02 –

South Africa AFB1 1 100 – 212 – TLC; HPLC-UV Miller et al., 1985
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counties in China, Wang et al. (2001) showed the influence 
of production area and commented that in Fusui County, 
an area of high liver cancer, the local peanut oil was the 
second most important source of aflatoxin exposure after 
maize consumption. In terms of the general surveys where 
peanut oil is obtained from the local market or shops, some 
authors did not record whether they are testing refined 
or unrefined oils. A further challenge in reviewing the 
literature was the grouping together of various types of 
cooking oil under the heading vegetable, plant or edible 
oil and not distinguishing between the different types.

Apart from manuscripts detailing a survey of contaminated 
peanut oils, some authors have reported the use of 
naturally contaminated oil during method development 
and application or used in toxicity assessments. Bao et 
al. (2010) in developing their HPLC method tested two 
samples from China positive for AFB1 at 6.0 and 8.5 µg/kg. 
For the collaborative study of this method they used 
donated Chinese oils thoroughly mixed to provide naturally 
contaminated samples (AFB1 10.70 µg/kg; AFB2 1.73 µg/kg; 
AFG1 0.62 µg/kg; AFG2 0.11 µg/kg) (Bao et al., 2012). Zhao 
et al. (2017) demonstrated the utility of their HPLC-MS/MS 
method with QuEChERS clean-up in a small survey and 
showed contamination in both peanut and soybean oil with 
maximum levels for AFB1, AFB2 and AFG1 of 11.0 µg/kg, 

4.56 µg/kg and 0.59 µg/kg, respectively. Wei et al. (2015) 
tested their method based on MIP solid phase extraction 
and HPLC by analysis of four peanut oils purchased in 
the local market in Zhaoqing, China, but did not detect 
any AFB1 (LOD 0.05 µg/kg). In assessing the effects of 
repeated cooking on the mutagenicity of contaminated 
peanut oil, Fong et al. (1980) obtained three samples from 
the local Hong Kong market with AFB1 levels of 98, 114 
and 150 µg/kg. The long term (22 months) feeding study in 
Sprague-Dawley rats was conducted using a homogeneous 
mixture of three naturally contaminated oils purchased in 
local markets in Hong Kong, China (Fong and Ton, 1981). 
AFB1 levels in these oils were 98, 110 and 125 µg/kg. 
Investigations into local oil purification in Haiti used two 
oil samples expressed from local peanuts, namely a low 
contamination of total aflatoxins at 19 µg/kg (pressed from 
peanuts containing 1,160 µg/kg) and a high contamination 
of 185 µg/kg (pressed from peanuts containing 18,200 µg/kg) 
(Schwartzbord and Brown, 2015).

The occurrence data for aflatoxins in peanut oil clearly 
indicate that the commercial refined oils generally marketed 
in developed economies are largely free of meaningful levels 
of aflatoxin, but that aflatoxin contamination is a problem 
in less well developed markets.

Table 1.  Continued.

Country – Region/oil type Toxin No. 
Samples

% 
Positive

Mean  
(µg/kg)

Maximum 
(µg/kg)

LOD  
(µg/kg)

Method Reference

Sudan – Khartoum, Gazira & 
North Kordofan States

HPLC-Fl Idris et al., 2010

– Unrefined AFB1
7 8 12.5 – 0.2 0.1

– Partially refined AFB1
7 18 0 – – 0.1

– Refined AFB1
7 2 0 – – 0.1

Sudan – Khartoum State AFB1 21 52.4 16.3 36.1 0.8 HPLC-Fl Elzupir et al., 
2010

AFB2 21 66.7 1.0 3.6 1.5
AFG1 21 95.2 12.9 64.1 0.4
AFG2 21 90.5 11.6 60.7 0.09
AFT 21 100 32.0 100.0 –

Taiwan AFB1 60 40 20.1 8 70 – TLC Ling et al., 1968

1 AFB1, AFB2, AFG1, AFG2 = aflatoxin B1, B2, G1 and G2, respectively; AFT = total aflatoxin (AFB1+AFB2+AFG1+AFG2); LOD = limit of detection; ND = 
not detected; ‘–’ = not reported.
2 Plant oil (mostly peanut and soy).
3 Median values.
4 Standard error of mean.
5 As reported in Yang et al., 2011.
6 Total number of samples collected in each year.
7 No AFB2, AFG1 or AFG2 detected at LOD 0.1 µg/kg.
8 Mean of positive samples.
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6. Detoxification

Commercial processes such as alkaline refining generally 
remove impurities such as gums, colour bodies, metal 
ions, free fatty acids and solids (suspended meal fines), 
but require investment in process equipment and have 
been evaluated on production of oils that are acceptable to 
consumers, rather than being directed at reducing aflatoxin 
levels. Ji et al. (2016) evaluated safety of the product after 
alkaline oil refining had reduced the AFB1 levels. Based 
on the Ames test and the viability of HepG2 cells, the 
processed oil was found to be of acceptable quality. Alkaline 
electrolysed water, which has cost and energy efficiencies, 
was investigated as a variation on the conventional alkaline 
process and found to similarly reduce AFB1 levels (Fan et 
al., 2013).

Interest has recently been shown in the use of UV-
irradiation as a detoxifying agent for peanut oil. Liu et 
al. (2011) studied the effect of various AFB1 levels, 
radiation intensity and duration of irradiation in a static 
photodegradation reactor and showed that under optimum 
conditions, AFB1 can be effectively degraded and that the 
initial mutagenic activity of the oil as measured by the 
Ames test is also lost. The degradation kinetics follows 
first-order kinetics, the half-life being independent of initial 
concentration, but decreases from 11.38 min to 5.57 min as 
the UV intensity is increased from 200 to 800 µW/cm2. The 
utility of UV-irradiation to detoxify AFB1-contaminated 
peanut oil was also demonstrated in a circulating thin film 
photodegradation reactor with a significant drop in AFB1 
level (86% in 10 min) and in mutagenic activity as measured 
in the Ames test and in the cell viability of HepG2 cells 
(Diao et al., 2015). A putative degradation pathway for AFB1 
under UV radiation has been proposed by Mao et al. (2016). 
Based on Ultra Performance Liquid Chromatography-
Thermo-Quadrupole Exactive Focus mass spectrometry, 
the authors proposed the breaking of the lactone ring of 
AFB1 followed by substitution and addition reactions with 
amino-compounds to form two main reaction products of 
molecular masses of 339 and 226 Da.

The use of adsorbents to sequester aflatoxin has been 
commented on by some authors. Mahoney and Molyneux 
(2010) suggested Florisil as adsorbent, whereas Fuller’s 
earth used in conjunction with a filter press has been 
demonstrated in a pilot plant in India to remove 85% of 
the aflatoxin (Basappa and Sreenivasamurthy, 1979). A 
biological method based on enzymes from organisms with 
GRAS status has also been tested and found to be effective 
in aflatoxin detoxification without influencing flavour, 
acid value and peroxide values (Yiben et al., 1998). It is 
important that any proposed method for aflatoxin removal 
do not remove desirable compounds or unduly influence 
the physical or organoleptic properties of the oil (Mahoney 
and Molyneux, 2010). Indeed, it has been suggested that 

alkaline refining removes the toasted peanut taste, which 
some communities regard as a desirable flavour for cooking 
(Ling et al., 1968).

As discussed above, it is necessary to stress that the 
aflatoxin contamination of peanut oil results from the use 
of poor quality contaminated peanuts. Hence the best 
‘detoxification’ is the use of high quality raw material or to 
lower the aflatoxin levels in contaminated peanuts prior 
to oil extraction by conventional means, such as blanching 
and sorting.

7. Conclusions

The high polarity and lipophobicity of aflatoxins have led 
to the perception that plant- and nut-derived oils are free of 
aflatoxins. This is strengthened by limited sample analysis 
of refined oils in developed countries. The above review 
clearly indicates that the oil quality with respect to aflatoxin 
depends on the quality of the raw material peanuts and on 
the refining process. In developed market economies, the 
use of high quality peanuts and industrial refining produces 
a quality and aflatoxin safe product. Limited analysis of these 
high quality peanut oils further strengthens the perception 
of uncontaminated oil. However, these conditions are not 
met in developing countries, where highly contaminated 
peanuts may be the raw material for a locally produced 
artisanal oil. Surveys in these countries indicate that 
contaminated oils are frequently sold in local markets and 
one article has commented that the organoleptic properties 
of unrefined oil are desirable in some communities (Ling et 
al., 1968). Furthermore, the concept of aflatoxin-free peanut 
oil leads to suggestions that expression of oil is a useful 
decontamination procedure for contaminated peanuts. 
Whereas oil production does partition less aflatoxin into the 
oil, the fate in undeveloped markets of the peanut cake with 
its concentrated aflatoxin content needs to be considered 
and the resultant oil cannot automatically be considered 
as a safe food ingredient. A further irony of the situation is 
that whereas the analytical capability to address the issue 
mostly resides in the laboratories of developed countries, 
which may not require oil analysis, the countries of the 
developing world, which require safety monitoring to a 
greater extent, in fact mostly lack the facilities to achieve 
this. Based on the results of this review, it is clear that local 
oils in developing markets need to be monitored in order 
to protect consumers from this generally ignored food 
safety issue. This suggests that there is a need to formulate 
maximum limits for aflatoxins in peanut oil consumed in 
developing countries.

Validated analytical methods have been developed to 
monitor aflatoxin contamination of peanut oils. These are 
commonly based on HPLC separation and quantification 
after appropriate clean-up of an extract. Although TLC has 
been superseded by instrumental methods in laboratories 
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of developed countries, it is still a technique used in 
some developing countries and published methods for 
peanut oil analysis do exist. The recently developed non-
chromatographic methods show promise but have yet to be 
tested on market samples and to find application outside 
the confines of the laboratories that developed them. This 
trend of academic development of rapid methods without 
field application or commercial utilisation has been recently 
noted (Shephard, 2016).

Another aspect of aflatoxin determination is the well-
researched fact that sampling of peanuts (and other solid 
matrices) is problematic due to the nonhomogeneous 
distribution of the mycotoxin in the kernels, which 
necessitates large sample sizes and introduces considerable 
uncertainties in the final analytical result. This aspect of 
peanut oil analysis has not received any research, but given 
the liquid nature of the analytical matrix, uncertainties due 
to sampling may be far less. A similar situation pertains to 
milk, where the aflatoxin contamination may be considered 
to be reasonably homogeneous and most of the uncertainty 
in the determination probably relates to the analytical 
variability (JECFA, 2001). It may thus be foreseen that 
aflatoxin determination of products in small local or rural 
markets may be possible using rapid test kits or dipsticks 
and a relatively small oil sample size.
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