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Abstract

This study aimed to assess the health risk from aflatoxins (AF) in nuts commercialized in Riyadh, Kingdom of Saudi Arabia (KSA), across two
seasons (summer 2016 to winter 2017). Nut samples including pistachios, walnuts, cashews, and almonds, were analyzed using high-performance
liquid chromatography (HPLC) with fluorescence detection. For samples collected in summer, the highest ranges were found in pistachios
(0.35-7.13 pg/kg), walnuts (0.50-4.39 pg/kg), cashews (0.21-1.40 pg/kg) and almonds (0.05-1.04 pg/kg). AFs were detected in 30 (67%) of
the summer samples, with a mean concentration of 1.00 % 1.25 pg/kg. For samples collected in winter, the highest ranges were found in pistachios
(0.26-10.76 p.g/kg), cashews (0.16-2.08 wg/kg), almonds (0.25-1.56 pg/kg), and walnuts (0.27-1.14 pg/kg). AFs were detected in 39 (100%) of
the winter samples, with a mean concentration of 1.05 & 1.66 pwg/kg. All the samples analyzed had AF levels below the Saudi regulatory limit
of 20 wg/kg. However, estimation of the margin of exposure and risk of hepatocellular carcinoma (HCC) revealed that pistachio and walnut,
particularly in summer, may pose health risks to consumers. Further, the total AF content of three samples exceeded the limit stated in European
regulations.
© 2018 Elsevier Masson SAS. All rights reserved.
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Résumé

Ce travail a pour but d’évaluer les risques sanitaires liés aux aflatoxines (AFs) contenues dans les fruits a coque commercialisés dans la région de
Riyadh, Royaume d’ Arabie Saoudite, au cours de deux saisons (ét€ 2016 et hiver 2017). Les échantillons de fruits a coque comprenant des pistaches,
des noix de Grenoble, des noix de cajou et des amandes, ont été analysés par technique de chromatographie liquide a haute performance (HPLC)
avec détection par fluorescence. Les échantillons récoltés en été donnaient les taux les plus élevés d’aflatoxines dans les pistaches (0,35-7,13 pg/kg),
les noix de Grenoble (0,50-4,39 wg/kg), les noix de cajou (0,21-1,40 pg/kg) et les amandes (0,05-1,04 wg/kg). Les AFs ont pu étre détectées
dans 30 échantillons d’été (67 %) avec une concentration moyenne de 1,00 £ 1,25 g/kg. Parmi les échantillons d’hiver les concentrations les plus
élevées se rencontraient dans les pistaches (0,26-10,76 pg/kg), les noix de cajou (0,16-2,08 g/kg), les amandes (0,25-1,56 pg/kg) et les noix de
Grenoble (0,27-1,14 pg/kg). Les AFs furent détectées dans 39 (100 %) échantillons d’hiver a une concentration moyenne de 1,05 £ 1,66 pg/kg.
Tous les échantillons analysés avaient des taux d’AFs inférieurs aux taux de 20 pg/kg 1également reconnu en Arabie Saoudite. Cependant la prise
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en compte des marges d’exposition et du risque de carcinome hépatocellullaire (HCC) révelent que la consommation de pistaches et de noix de
Grenoble, plus particulierement en été, peut exposer a des problemes sanitaires. Par ailleurs le contenu total en AFs de 3 échantillons dépasse les

limites de la 1égislation européenne.
© 2018 Elsevier Masson SAS. Tous droits réservés.
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1. Introduction

Nuts have a high nutritional value, with 60-70% oil and
17% protein, and they contain substantial amounts of pheno-
lic compounds, fatty acids, amino acids and antioxidants. Nut
consumption reduces the risk of cardiovascular disease, gall-
stones, obesity and weight gain, and possibly reduces the risk
of diabetes mellitus among women [1,2]. Nevertheless, nuts are
cultivated in hot and humid regions and are therefore exposed
to toxigenic fungi and aflatoxin (AF) production [3.4]. In KSA,
nuts are used in many foods and drinks, such as morning tea and
fruit salad. The most commonly consumed nuts are almonds,
pistachios, cashews and walnuts. In KSA, 16 M kg of nuts
are consumed each year (Customs Department of the Ministry
of Finance). These nuts are imported from multiple countries,
including Iran, China, Syria, Turkey, USA, India, Sudan and
Egypt [5].

AFs (B1, B2, G1, and G1) are metabolites of Aspergillus
flavus and A. parasiticus secreted in food cereals and feedstuff.
The presence of AFs in food can lead to serious health problems,
including food poisoning and liver cancer [6]. Moreover, acute
toxicity from aflatoxicosis can result in death. In 2004, in eastern
Kenya, there was an outbreak of aflatoxicosis (314 cases) caused
by the consumption of contaminated food; 68% of these patients
died as a result [39].

A literature survey identified only a limited number of reports
on the occurrence of AFs in dried food and nuts in the KSA. The
reported incidence of AF contamination ranges from below the
limit of detection to highly contaminated. These studies were
conducted in multiple cities, including the holy city of Makkah
and Al-Dawadmi. AFs were found in chestnut (20-60 pg/kg)
and peanut and sunflower seeds (1.7-8.5 pg/kg). Of 264 sam-
ples analyzed, AFs were detected in 70 (at 1.0-110 pg/kg)
[5,7-9], whereas Alhussaini [10] reported 20 samples free of
mycotoxin. These studies suggest the importance of continuous
monitoring of AFs in nuts in the KSA. The Joint FAO/WHO
Expert Committee on Food Additives and the European Food
Safety Authority recommended use of the margin of exposure
(MOE) approach to determine the risk of genotoxic and car-
cinogenic substances such as AF. In our study we aimed to
assess the occurrence of AF in cashews, pistachios, almonds
and walnuts, which are widely sold in Riyadh, and accord-
ingly to determine dietary exposure and risk of hepatocellular
carcinoma (HCC).

2. Materials and methods
2.1. Sampling

A total of 84 nut samples were randomly collected over two
years from different supermarkets and grocery shops in Riyadh.
These samples were taken to the laboratory and stored at —20 °C
before analysis. Of the samples, 45 were cashew nuts [n=11],
pistachio nuts (n=11), almond nuts (n = 11) and walnuts (n=12)
collected in the summer season (May 2016). The remaining 39
samples (cashew nuts, n = 10; pistachio nuts, n =9; almond nuts,
n=11; and walnuts, n=9) were collected in the winter season
(January 2017).

2.2. Extraction

AFs were extracted using AOAC [11] official method 970.45
(BF method) as described previously [12]. Briefly, 5 g of sample
and 2 g sodium sulphate were placed in a blender jar. 100 mL of
extraction solvent (methanol:water [55:45, v/v]) was then added
to the jar, which was securely stoppered and blended at medium
speed for 3min. The extract was filtered through filter paper
and 25 mL of the filtrate was transferred to a separation fun-
nel, to which 20 mL of hexane was added. The contents were
gently shaken and the upper hexane layer discarded. 25 mL of
chloroform was added to the separation funnel and the contents
were gently shaken and left to stand. The entire lower layer
was transferred into a conical flask. Extraction with chloroform
was repeated. The combined extract was then concentrated to
approximately 2 mL using a vacuum rotary evaporator at 60 °C
and then transferred into a screw-capped borosilicate vial and
evaporated to dryness on a hotplate at 80 °C.

2.3. Derivatization

For derivatization, 150 pL of trifluoroacetic acid was added
to the dry film which was left for 30 min in a dark environment.
For HPLC analysis, 850 L of acetonitrile:water (1:9 v/v) was
added to the film.

2.4. Separation and quantification

Separation was performed using an HPLC apparatus (Perkin
Elmer, USA) consisting of a fluorescence detector, binary
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analytical pump, vacuum degasser and auto-sampler equipped
with a 100-pL loop. A reverse-phase C18 (150 mm x 4.6 mm
i.d and 5 pm particle size) chromatographic column was used.
Excitation and emission wavelengths were set at 360 and
440 nm, respectively, using the super high sensitivity mode
in the fluorescence detector. The isocratic mobile phase was
water:methanol:acetonitrile (60:20:20, v/v/v), settorun at a flow
rate of 1 mL/min.

For quantification, we used standard concentrations of AFB1,
AFG1, AFB2 and AFG2 at 0.98, 0.88,0.31, and 0.32 pg mL ™,
respectively, obtained from Supelco. After derivatization, the AF
standard concentrations used for calibration were adjusted to:
0.0198, 0.0594, 0.099 and 0.198 ng 20 pL~! for AFG1;0.0176,
0.0528, 0.088 and 0.176 ng 20 wL~! for AFB1; 0.0064, 0.0192,
0.032 and 0.064ng 20 pL~! for AFG2; and 0.0062, 0.0186,
0.031 and 0.062 ng 20 pL~! for AFB2.

The limit of detection (LOD) was calculated in Microsoft
Excel according to the International Council for Harmonisation
(ICH) Guidelines using the following equation:

LOD = 3.3 x Standarddeviationofresponse/slopeofregressionline

2.5. Assessment of chronic exposure and cancer risk

The daily intake of AF in nuts and the associated HCC risk
were calculated as previously described [6]. The average nut
consumption was reported by the Arab Center for Nutrition as
20 g per person per day with the average body weight per person
being taken as 60kg. The percentage prevalence of hepatitis
B virus (HBV) was found to be 8.3% [13]. This was used to
assess the cancer risk for the total population in the Riyadh
region of 5,839,672 in 2015, as documented by the General
Authority for Statistics, KSA. The HCC risk was estimated to
be 0.01/10°/year/ng AFB;/kg body weight for HBV-negative
subjects and 0.3/10°/year/ng AFB;/kg body weight for HBV-
positive subjects [14].

Dietaryexposure = [mean consumption (g)

x concentration (pg/kg)]/body weight (kg).

The MOE is the ratio between the benchmark dose lower
confidence limit causing a 10% proliferation in tumor formation
in the Fisher rat (BMDL (), and the average exposure dose [ 15].
Benford et al. estimated the BMLD( of developing HCC as
250 ng/kg bw/day for AFB1 [16].

(MOE = BMDL/totalintake)

3. Statistical analysis

Statistical analysis was performed using Microsoft Excel ver-
sion 2013. Average concentrations and standard deviations were
calculated for all parameters. Significance differences were cal-
culated using Student’s #-test. Differences between seasons and
parameters were declared if the P-value was < 0.05.

4. Results
4.1. Aflatoxin analysis

The AFs were extracted using an approved protocol ([11]
AOAC official method 970.45, BF method) for AFs in peanuts
and peanut products and were then separated and quantified by
HPLC with fluorescence detection. The correlation coefficient
(linear regression) was equal to 1 for each AF standard. The
LOD of each AF was equal to 0.008, 0.005, 0.002 and 0.002 ng
20 ML_I for AFG1, AFB1, AFG2 and AFB2, respectively.

4.2. Incidence and levels of aflatoxin in nut samples in
summer

Of the 45 nut samples analyzed, AF was detected in 30 (67%).
The mean concentration was 1.00 £ 1.25 pg/kg with a range of
0.05-7.13 pg/kg and median of 4.33 pg/kg. Thus, no samples
(0%) had total AF levels above the Saudi limit (20 wg/kg) but 2
samples (4.4%) had levels higher than the European Commis-
sion limit (4 pg/kg). The results showed that AFs are prevalent
in nuts sold in Riyadh. Table 1 gives the minimum, maximum,
average, median and standard deviation values for AFB1, AFG1,
AFB2, AFG2 and total AF.

4.3. Incidence and levels of aflatoxin in nut samples in
winter

AF was detected in the range of 0.16—10.76 pg/kg in all sam-
ples analyzed. The mean concentration was 1.05 £ 1.66 ng/kg
with a median of 0.69 pg/kg. Thus, only one sample
(10.76 pg/kg — 2.6%) had total AF level higher than the Euro-
pean Commission limit. Table 2 gives the full results for AFB1,
AFG1, AFB2, AFG2 and total AF.

4.4. Aflatoxin in nuts across the two seasons

Of the 84 nut samples analyzed, AF was detected in 69 (82%).
The mean concentration was 1.03 = 1.49 pg/kg with a range of
0.05-10.76 pg/kg and a median of 0.69 pg/kg. Thus, no sam-
ple containing AF was above the Saudi limit, but three samples
(3.6%) had levels higher than the European Commission limit.
AFB1 was the most abundant toxin, with an average concentra-
tion of 0.64 4= 20.68 pg/kg. Of 49 samples containing AFB1, 3
samples had levels higher than 2 p.g/kg [adopted by the European
Union [ 17] as the permitted level for AFB1in 2010], followed by
AFB2 with a mean concentration of 0.55 £ 1.25 ng/kg, AFG2
(mean: 0.51 pg/kg), and AFGI1 (mean: 0.29 pg/kg).

4.5. Incidence and levels of aflatoxin in different nut types
in summer

Table 2 shows the distribution of AFs in the different nut
types. The order of overall mean contamination is pistachio nuts
(1.77 £2.39 pg/kg) >walnuts ~ (1.35 £ 1.13 pg/kg) > cashews
(0.63 = 0.41 pg/kg) > almonds (0.55 +0.34 pg/kg). It is note-
worthy that the AF concentration in pistachio and walnuts was
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Table 1
Distribution and levels of AFs (ug/kg) in nut samples (n =45) from Riyadh, Saudi Arabia (summer, 2016).

Statistic AFG1 AFBI AFG2 AFB2 Total aflatoxin
Number of samples with AFs detected 14 23 23 8 30
% contamination 31 51 51 18 67
Minimum value 0.05 0.14 0.23 0.07 0.05
Maximum value 0.61 4.28 1.11 2.29 7.13
Average value 0.26 0.73 0.56 0.43 1.00
Median value 0.21 0.33 0.56 0.18 0.73
SD 0.17 1.11 0.22 0.75 1.25
AF: aflatoxins.
Table 2
Distribution and levels of AFs (g/kg) in nut samples (n =39) from Riyadh, Saudi Arabia (winter, 2017).
Statistic AFG1 AFBI AFG2 AFB2 Total aflatoxin
Number of samples with AFs detected 13 26 36 8 39
% contamination 33 67 92 21 100
Minimum value 0.09 0.16 0.13 0.07 0.16
Maximum value 0.70 6.01 1.76 4.76 10.76
Average value 0.32 0.55 0.47 0.68 1.05
Median value 0.27 0.25 0.39 0.10 0.69
SD 0.19 1.13 0.35 1.65 1.66
AF: aflatoxins.
Table 3
Aflatoxin levels (pg/kg) in samples of nuts imported into Riyadh, KSA, with individual focus on type (summer, 2016).
Nut type n AFB1 AFG1 AFB2 AFG2 Total AF

nc Range nc Range nc Range nc Range nc Range
Cashews 11 8 0.14-0.49 7 0.10-0.30 2 0.07-0.11 7 0.23-0.79 11 0.21-1.40
Pistachios 11 5 0.33-4.28 2 0.26-0.61 1 2.29 5 0.35-1.11 7 0.35-7.13
Almonds 11 2 0.21-0.46 2 0.05-0.11 - - 4 0.52-0.76 6 0.05-1.04
Walnuts 12 8 0.27-3.85 3 0.27-0.54 5 0.17-0.21 7 0.50-0.83 9 0.50-4.39

KSA: Kingdom of Saudi Arabia; AF: aflatoxins; n: total number of analyzed samples; nc: number of contaminated samples.

slightly higher than in cashew nuts and almonds. Thus, a sample
of walnuts and other pistachio nuts had an AF content higher
than the EU permissible limit while the remainder of samples
were below the Saudi and EU regulatory limits (Table 3).

4.6. Incidence and levels of aflatoxin in different nut types
in winter

The distribution of AFs in the different nut types is shown
in Table 4. The order of mean contamination is as follows: pis-
tachio nuts (1.85 4 3.36 pg/kg) > cashews (1.02 +0.74 pg/kg)
almonds > (0.75 £ 0.35 pg/kg) > walnuts  (0.65 +0.27 ng/kg).
For the pistachio nuts, one sample had an AF level exceeding
the EU limit. AFs detected in other nut samples were found to
be below the Saudi and EU regulatory limits (Table 4).

4.7. Incidence and levels of aflatoxin in different nut types
across the two seasons

For the distribution of AFs in the different nut types
the order of mean contamination across the two periods
of analysis was: pistachio nuts (1.86 £2.97 pg/kg) > walnuts

(1.16 £0.95 pg/kg) > cashews
(0.67 £0.36 png/kg).

(0.83 £0.62 pg/kg) > almonds

4.8. Chronic exposure and cancer risk

HCC risk and chronic exposure to AFs in different types
of nuts for the Riyadh population across two seasons are pre-
sented in Table 5. Clearly, pistachio nuts and walnuts may pose
some health hazards to the average consumer, particularly HBV
carriers. Conversely, cashews and almonds do not pose health
problems to the average consumer.

Fig. 1 shows the MOE. The closer the value was to 600 or over,
the safer the exposure level, and vice versa [16,18]. Although
the MOE is not an absolute quantity it gives an adequate indi-
cation of the level of concern. It is known that larger MOEs
mean safer chronic exposure and vice versa. In 2005, the EFSA
suggested that an MOE of 10,000 or more was representative of
the limit of safe exposure; however, along with the International
Life Sciences Institute, European Branch and WHO, the EFSA
recommended setting special MOE levels [ 18]. Accordingly, the
MOE of AFB; was taken as ranging from 100 to 600, based on
the study by Wogan et al. (1974) [16.40].
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Table 4
Aflatoxin levels (pg/kg) in samples of nuts imported into Riyadh, KSA, with focus on individual type (winter, 2017).
Nut type n AFBI AFG1 AFB2 AFG2 Total AF

nc Range nc Range nc Range nc Range nc Range

Cashews 10 7 0.16-0.89 2 0.40-0.55 - - 9 0.17-1.76 10 0.16-2.08
Pistachios 9 8 0.18-6.01 4 0.09-0.70 1 4.76 7 0.13-0.57 9 0.26-10.76
Almonds 11 5 0.19-0.69 3 0.18-0.43 4 0.09-0.12 11 0.25-0.87 11 0.25-1.56
Walnuts 9 6 0.18-0.24 4 0.11-0.27 3 0.07-0.09 9 0.2-0.79 9 0.27-1.14

KSA: Kingdom of Saudi Arabia; AF: aflatoxins; n: total number of analyzed samples; nc: number of contaminated samples.

Table 5

Estimated daily intake (EDI) (ng/kg bw/day) and risk in terms of HCC cases attributed to aflatoxin in different types of nuts for the total population of Riyadh, KSA,

over two seasons (summer 2016 to winter 2017).

Cashews Pistachios Almonds Walnuts
Summer (2016)
EDI 0.21 0.59 0.18 0.45
HCC cases in HBsAg+/10° individuals 0.063 0.177 0.054 0.135
HCC cases in HBsAg—/10° individuals 0.002 0.006 0.002 0.005
HCC cases in total HBsAg+ population 0.305 0.858 0.262 0.654
HCC cases in total HBsAg— population 0.112 0.316 0.096 0.241
HCC cases in total population 0.418 1.174 0.358 0.895
Winter (2017)
EDI 0.34 0.62 0.25 0.22
HCC cases in HBsAg+/10° individuals 0.102 0.186 0.075 0.066
HCC cases in HBsAg—/10° individuals 0.003 0.006 0.003 0.002
HCC cases in total HBsAg+ population 0.494 0.902 0.364 0.320
HCC cases in total HBsAg— population 0.182 0.332 0.134 0.118
HCC cases in total population 0.676 1.234 0.497 0.438
KSA: Kingdom of Saudi Arabia
1400 The incidence of AF and seasonal effects in general showed a
weak correlation (P >0.05). This might be because the summer
1200 temperature in Riyadh is high, while the relative humidity of
1000 the atmosphere is low. In winter, the opposite is true. The most
w 800 suitable environment for the growth of Aspergillus species and
o . . . . .
Z o the secretion of AF is relatively high moisture and temperature.
100 Seasonal effects might be more evident in a more longitudinal
survey study. However, it is noteworthy that the AF concen-
- tration in walnuts in summer was significantly higher than in
o winter (P <0.05). These levels found in walnuts are slightly
Cashews Pistachios Almonds Walnuts . . .
lower than those reported previously in the holy city of Makkah
W Summer M Winter

Fig. 1. Margin of exposure (MOE) for developing hepatocellular carcinoma,
based on a BMLDj level of 250 ng/kg bw/day for total aflatoxin in different
types of nuts commercialized in Riyadh, Kingdom of Saudi Arabia, across two
seasons (summer 2016 to winter 2017). The closer the value to 600 or above,
the safer the exposure level, and vice versa.

5. Discussion

The present investigation demonstrated that the level of AFB1
in the samples for the two seasons was higher than other AFs,
without significant correlation (P>0.05). This is not unex-
pected, since it is well known that it is the most commonly found
in nature. Its toxicity is irrefutable as it can be metabolized by
the cytochrome P450 enzymes to form 8,9 epoxide. This species
causes DNA damage and hence liver cancer [19-21].

by Al Tawila et al. (2013). These differences might be due to
the local environment or source of the samples. It is also lower
than concentrations reported in China, Malaysia and Morocco
[22,23,41], but comparable to those reported in Turkey, Pakistan
and Qatar [24-27].

Pistachio has been shown to have a higher mean concentra-
tion of AF than other nuts, although no significant correlation has
been reported (P > 0.05). AF incidence in pistachio is consistent
with previous reports for AFs in commercially sold pistachio
nuts in the holy city of Makkah, Pakistan, Spain, Qatar, Iran
and Turkey [5,25,27-31,42], but lower than the level reported
in Morocco and Pakistan [22,32]. The AF levels detected in
cashew and almond nuts were found to be consistent with earlier
reports of AFs in cashew and almond nuts in Saudi Arabia, Alge-
ria, Turkey, Pakistan, Qatar, Benin and Brazil [5,25,27,33-37],
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but lower than the levels reported in Pakistan and Sierra Leone
[32,38].

Nuts are stored in distribution centres in Riyadh at room tem-
perature while walnuts are kept refrigeratoed. These conditions
could affect toxin levels in imported nuts. However, the present
study suggests that Aspergillus in walnut and pistachio is able to
grow during transportation and storage, as well as in the climatic
conditions prevailing in the Riyadh region.

6. Conclusion

This study examined the dietary exposure and cancer risk
attributed to AFs for four different types of nuts (walnuts,
almonds, cashews and pistachios) in the Riyadh region, KSA.
The samples were collected across two seasons (summer, 2016
and winter, 2017). Statistical analysis showed that the evidence
for a seasonal effect is very limited. Percentage contamination
was up to 82% for the samples analyzed. The AF content of pis-
tachio nuts was slightly higher than that of the other nut samples.
Although no samples contained AF at concentrations higher than
the acceptable limit stipulated in the Saudi regulations, the con-
sumption of pistachio nuts and walnuts contaminated with AF
may represent health risks for the average overall consumer.
Nonetheless, the MOE was found to be higher than 600 for
almonds, cashews nuts and walnuts collected in winter, indi-
cating safe exposure. We recommend further studies addressing
mycotoxin exposure in the KSA.
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