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Abstract

Pistachio has high nutritional value and popularity. The susceptibility of pistachio to aflatoxin contamination caused establishing a
monitoring system introduced and implemented by the Ministry of Health in Iran to ensure consumers’ access to safe and hygienic
pistachios. In this research, aflatoxin contamination level in all consignments (7298) exporting to E.U. was examined using HPLC
with fluorescence detection after immunoaffinity column clean up from Nov 2012 to Oct 2018. The average recoveries ranged 78.6%
- 97.6%, with a relative standard deviation for reproducibility below 8.5% and expanded uncertainty of aflatoxin B1 (AFB1) at spiked
levels 1, 4, and 8 ng[g were 0.17, 0.57, 0.89 ng/g, respectively. The results showed that aflatoxin B1 and total (AFT) were detected in
1921 (23.4%) and 1927 cases (23.5%), with the mean values ranging from 2.18 - 4.6 ng/g and 2.8 - 5.1 ng/g during six consecutive years,
respectively. Implementing an effective monitoring system for pistachio nuts could determine consignments contaminated with
aflatoxins. Concerning AFBI, risk assessments recorded for dietary exposure dose, margin of exposure (MOE), Hazard Index (HI),
estimated liver cancer risk, and cancer incidence attributable to dietary ranged 0.0132 - 0.1180 ng/kg.bw/day, 1441 - 12843, 0.21 - 1.84,
0.00071-0.00633 cases/10° population/year, 0.02 - 0.2%, respectively. Identification and rejection of contaminated cargos lead to an
increase in MOE (> 10000), and it also guarantees that pistachio consumption is safe from a toxicology point of view. Due to the
monitoring system, the estimation of liver cancer incidence attributable to dietary AFB1 was reduced (< 0.02%). It indicates that the

consumption of pistachio poses no health risk for Europeans and Iranians.

Keywords: Pistachio, Aflatoxins, Risk Assessment, Dietary Exposure, HPLC

1. Background

Pistachio has a high nutritional value and popularity
among consumers. It is produced approximately 500 to
700 thousand tons per year in different world regions with
warm weather, mainly in Eastern Mediterranean countries
such as Iran, Syria, and Turkey. The largest global produc-
ers/exporters of pistachio are Iran and the United States (1).
Kerman province in Iran, with more than 200,000 hectares
of pistachio cultivated land, approximately half of which
are located in Rafsanjan city, is one of the largest geograph-
ical regions of pistachio production. Most of Iran’s pista-
chios have been exported to other countries, around 20 to
30 metric tons to European Union annually during 2012
-2018 (2). The contamination of pistachio nuts with fun-
gal toxins, especially aflatoxin, is a significant health chal-
lenge that consumers face, creating devastating economic
consequences to producers (3). All varieties of this agro
product are seriously contaminated by aflatoxin. There-

fore, the prediction and control of aflatoxin contamina-
tion in pistachios are challenging issues hard to be man-
aged. It should be mentioned that the mechanism of afla-
toxin contamination is unknown since it is complex and
depends on multifactors (4).

Furthermore, the aflatoxin contamination processes
are considerably varied over some consecutive years. It can
occur during the process of agro-products from storage,
production, processing to trade, which seriously threat-
ens consumption safety. The risk of aflatoxin contamina-
tion in agro-products needs to be assessed to control afla-
toxin contamination, ensure consumer safety, develop pre-
diction, prevent, and identify critical control points (CCPs)
for precise control in practice (4, 5).

AFs are secondary metabolites and polyketides pro-
duced by some Aspergillus species, especially Aspergillus
flavus and Parasitocus. AFs contaminate most foodstuffs,
such as corn, rice, peas, wheat, and tree nuts (6-8). AFs
are carcinogenic, teratogenic, and mutagenic to humans
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and animals (9). Human exposure to AFs contaminants has
been a matter of increased concern over the last decades.
It has been estimated that half of the people worldwide
are exposed to dietary aflatoxins (10). There are four ma-
jor naturally occurring aflatoxins (B1, B2, G1, and G2) in
foodstuff,among which Aflatoxin B1is considered the most
toxic (11). The International Agency for Research on Can-
cer (IARC) classified AFB1 as a Group 1 human carcinogen
(12). The highest rate of aflatoxin contamination in pis-
tachio nuts is associated with aflatoxin B1 (80 -100% con-
tamination) (13). Epidemiological studies on AFs effects re-
veal some evidence that links human diseases to AFs con-
tamination. In this respect, AFs are considered to be cor-
related with liver diseases. The possible role of AFs in hu-
man liver cancer has already been discussed. AFs contam-
ination has been known to induce liver carcinogen [hepa-
tocellular carcinoma (HCC)] in humans and animals. Pre-
vious studies suggest that HCC risk is multiplicatively (0.3
per 10° population) higher for individuals exposed to afla-
toxin and chronic infection with hepatitis B virusthan in-
dividuals who are only exposed to aflatoxin (0.01 per 10°
population). Exposure to AFs via dietary intake could be
regarded as a potentially severe risk (14). Risk assessment
is used to determine the health effects of mycotoxin expo-
sure and guide food regulators to set thresholds for these
chemicals in foodstuffs (15).

There is a method called quantitative exposure assess-
ment by which scientific data are analyzed so that undesir-
able events can be assessed in terms of their severity and
probability (16). This method is the case to measure the
risks caused by consuming food containing xenobiotics.
Risk assessments are advantageous, providing more effec-
tive risk management strategies. They are mainly associ-
ated with how much food an individual receives in a cer-
tain period and the number of xenobiotics absorbed into
the body. The estimated human exposure to genotoxic car-
cinogens, including AFBI, can be evaluated by different cri-
teria such as tolerated daily intake (TDI), dietary exposure,
and the margin of exposure (MOE), which is regarded as
valid references have been commonly used in this respect
(17).

To control the aflatoxins level, monitoring programs
for AFs in various commodities are strictly scrutinized by
the authorities in many countries and international orga-
nizations. The monitoring system for sampling, analyzing,
and issuing pistachio consignments exported to the E.U.
has been established in Iran by the Ministry of Health to
control hygienic conditions of pistachio cultivation, har-
vesting, and post-harvesting practices. All cultivated and
processed pistachios are evaluated in food control labo-
ratories. The exported shipments to the E.U. are rejected
if their aflatoxin levels exceed the E.U. commission levels

(AFB1= 8 ppb, AFT =10 ppb). Iran is the leading exporter of
pistachios to Europe; therefore, regular monitoring of pis-
tachio nuts is critical to control their safety and minimize
mycotoxins contamination. This paper reports the results
of an extensive survey on aflatoxins occurrence done by
food control labs to monitor the contamination of raw pis-
tachio intended to export to the E.U. from November 2012
to October 2018. This study aimed to investigate the risk
assessment of AFB1 based on dietary exposure, the margin
of exposure (MOE), Hazard index, the overall estimation of
liver cancer risk (cases/100,000 population/year), and the
percentof cancer incidence attributed to dietary AFB1 from
consuming pistachio nuts for European people and inves-
tigate the impact of the monitoring system on these fac-
tors.

2. Methods

2.1. Sample Collection

Sampling was performed from all consignments (7298
pistachio nut samples) by food control inspectors in Ker-
man and Rafsanjan from Nov. 2012 to Oct 2018. A total of
928, 1016, 1343, 1444, 1227, and 1340 samples were analyzed
in 2012-3 (Nov. 2012 - Oct. 2013), 2013 - 4, 2014 - 5, 2015 - 6,
2016 - 7, and 2017 - 8, respectively. The sampling was based
on the E.U. sampling procedures described in Commission
Regulation (E.U.) NO 178/2010 (18). According to the pro-
cess, 100 incremental samples weighing 200 g were ran-
domly taken from each consignment. They were mixed
and then divided into two 10 kg sub-samples. Preparation
of sub-samples for analysis and further analytical exper-
iments were then carried out in Toxicology Labs of Food
Control Laboratories located in Rafsanjan and Kerman.

2.2. Sample Preparation

To minimize the sub-sampling errors in aflatoxin anal-
ysis, a water slurry of pistachio nut samples was prepared.
Thus, 10 L water was added to each 10 kg sub-sample of pis-
tachio nut; then, the mixture was mixed and ground using
a slurry machine for 15 min. once done, 125 g of the slurry
was used as the test portion for analysis (7).

2.3. Chemicals and Reagents

All aflatoxin standards were prepared from Sigma (MO,
USA). High-performance liquid chromatography (HPLC)
grade of methanol and acetonitrile supplied from Caledon
Co. (Caledon laboratories Ltd., Canada). All materials used
in the preparation of phosphate-buffered saline [pH 7.4;
0.20 g KCl, 0.20 g KH2PO4, 1.16 g anhydrous Na,HPO, (or
2.92 g Na,HPO,,12H,0) and 8.0 g NaCl dissolved in 900 ml
water and pH adjusted to 7.4 with 0.1 M HCl or 0.1 M NaOH
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and diluted to 1 L with water] were procured from Merck
Co. (Merck, Darmstadt, Germany).

2.4. Apparatus

Liquid chromatography (LC) analysis was performed
using areverse-phase HPLC system (Dionex, Sunnyvale, Cal-
ifornia L.P,, USA) equipped with a Gilson-Workstation (GX-
271 Aspec Gilson, USA), vacuum degasser (Ultimate-3000,
Dionex, Sunnyvale, California L.P., USA), temperature-
controlled oven (Ultimate-3000, Dionex, Sunnyvale, Cal-
ifornia L.P, USA), and fluorescence detector (R.E. 2000,
Dionex, Sunnyvale, California L.P., USA). The Dionex LC col-
umn was Ci18, 250 X 4.6 mm, 5 um. The Aflatest im-
munoaffinity columns were purchased from Vicam (M.A,,
USA).

2.5. Standard Solutions

When standard solutions of each aflatoxin were
prepared, their concentration was determined using a
UV-Visible Spectrophotometer (Varian, CARY 100, USA)
through AOAC method No. 971.22 (AOAC 2000) applying
the following formula:

A x MW x 1000 x CF
C

Where A is the absorbance measured at 365 nm, MW is
the molecular weight of aflatoxin; CF is the correction fac-
tor for spectrophotometer and C molar absorptivity of afla-
toxin.

These standards were used to prepare mixed standards
containing 40 ng/mL AFs (B1, G1 =16 ng/g; B2, G2 = 4 ng/g).
The working standard solution was prepared by diluting
mixed standards with methanol and water by pipetting ap-
propriate volumes into a set of 20 mL calibrated volumet-
ric flasks and diluting to volume. Concentrations of afla-
toxins Bl and G1 were 0.025, 0.05, 0.1, 0.2, 0.4, 0.8, 1.6, 2.4
ng/mL and B2 and G2 were 0.00625, 0.0125, 0.025, 0.05, 0.1,
0.2, 0.4, 0.6 ng/mL, respectively. An eight-point calibration
curve was built for each type of aflatoxin.

Concentration (ﬂ) =
mL

2.6. Extraction and Clean Up

Aflatoxin content of samples was analyzed using the
official method AOAC No. 999.07 with minor modifi-
cations (19). Pistachio nut slurries were extracted with
methanol/water/hexane (300 mL/75 mL/100 mL), after
which the extract was filtered through MN 619 de fil-
ter paper. After filtration, 3.1 mL of extract was diluted
with 9.9 mL deionized water then mixed with 8 mL air
in the workstation. To clean up the diluted extract, aflat-
est immunoaffinity columns were used. First, 5 mL phos-
phate buffer saline was passed through the column by a
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workstation-cleaned needle. Then, 12.6 mL of the diluted
filtrate was passed through the aflatest column at a flow
rate of ca. one drop/s. The column was washed with 15 ml
water and dried, applying a slight vacuum. Finally, afla-
toxin was eluted with methanol through the following pro-
cedure. At first, 0.5 mL methanol was added to the column,
which passed by gravity. After 1 min, the second portion of
0.75 mL methanol was applied and collected. The elute was
diluted with 1.75 mL of deionized water, after which 100uL
was injected into HPLC (13).

2.7. Chromatographic Conditions

The post-column bromination with KobraCell (Coring
System, Germany) is used to perform Reversed-phase LC
determination of aflatoxins. A flow rate, fluorescence
detection at wavelength, and emission wavelength were
0.8 mL/min, 365 nm, and 435 nm, respectively. The col-
umn temperature was 36°C. Retention times for aflatox-
ins G2, G1, B2, and B1 were 10, 11.63, 13.6, and 15.06 min,
respectively. The isocratic mobile phase was the water-
acetonitrile-methanol solution and a ratio of 60: 20: 30
(v[v|v), containing 120 mg/L KBr and 350 uL HNO3 4M.

2.8. Calibration Graph

The calibration graph, prepared using the working so-
lutions, covered the ranges stated in section 2.5. It was
constructed before the analysis to check the pilot for lin-
earity (r* = 0.999), and it later was used to quantify afla-
toxin. If the sample contained no toxin within the calibra-
tion range, a more appropriate calibration graph was pre-
pared or diluted so that an aflatoxin concentration could
be suitable for the calibration graph. Limit of detection
(LOD)and quantification (LOQ) of the HPLC were estimated
by making a calibration curve according to the following
equations:

LOD = 3 x (%)

LOD = 10 x (5)
S
Where o is the standard deviation of the response or
standard deviation of y-intercepts, s is the slope of the cal-
ibration curve.

2.9. Quality Assurance

Validated methods were used to evaluate the reliability
of results, and internal and external quality control exper-
iments were performed. Regarding internal quality con-
trol, itwas verified that the methods were accurate and pre-
cise. Therefore, recoveries of aflatoxins B1, B2, G1, and G2
were recorded by analyzing a blank pistachio nut sample



DiniAetal.

spiked at four ng/g for aflatoxins B1 and G1 and one ng/g
for aflatoxins B2 and G2. Based on the recovery values, afla-
toxin levels were corrected. Expanded uncertainties (k =2,
95% confidence) were evaluated to indicate measurement
uncertainties. Main sources of uncertainty were consid-
ered for this study: volumetric operations, weighing, pu-
rity of standards and reference materials, multi-point cal-
ibration (linear regression), and recovery. Samples were
analyzed at concentrations of 1, 4, and 8 ng/g to evaluate
the uncertainty in high-performance liquid chromatogra-
phy. Uncertainty values are given in Table 1. Concerning
external quality control, Food Control Labs regularly par-
ticipated in proficiency testing of the Food Analysis Perfor-
mance Assessment Scheme (FAPAS) in the U.K,, obtaining a
consistently satisfactory Z-score (-2 < Z score < +2).

2.10. Risk Assessment of Exposure to Aflatoxins Bl via Consump-
tion of Pistachio Nuts
2.10.1. Exposure Estimation

The dietary exposure or estimated dietary intake (EDI)
was calculated for pistachio nuts consumers according
to following equation: Dietary exposure = [Contamina-
tion level AFBlyean or max (NG/kg) X daily pistachio intake
(kg/day)]/Average body weight (kg).

The EDI was calculated using the mean or maximum
contamination level of AFB1 in pistachio nuts for each year
are shown inTable 2, daily pistachio intake, and the average
body weight. Italy is considered a country with the highest
daily consumption in the E.U,, estimated at 0.52 and 2.05
g/person/day in all populations and those who consumed
the specific pistachio productin 2016, respectively (20). For
Iranians, this figure is 0.82 g/person/day (20, 21). The aver-
age body weight of 70 kg for adults was applied (22, 23).

2.10.2. Risk Characterization

The MOE proposed by the European Food Safety Au-
thority (EFSA) and Population risk for primary liver can-
cer proposed by the Joint Expert Committee (WHO/FAO) on
Food Additives (JECFA) were used to estimate risk assess-
ment.

EFSA has proposed the MOE approach for the compari-
son of estimated risk between compounds and their mag-
nitude. The MOE;is the ratio of benchmark dose lower con-
fidence limit 10% (BMDL10), obtained from animal toxicol-
ogy studies to the estimated human exposure level. Its val-
ues were calculated as a ratio between the toxicological
reference (BMDL) and the exposure where BMDLI1O (rat) =
170 ng/kg.bw/day (17). It is commonly used in the human
health risk assessment, which only indicates a level of con-
cern, and its amount less than 10000 would be considered
of concern from the public health point of view. MOE was
calculated according to the following equation (24):

MOE — BMDLg
FExposure Dose

Population risk for primary liver cancer attributable to
aflatoxin consumption through pistachio nuts was calcu-
lated according to the following equation (24): Population
risk [[(cancers|year)[10°] population] = Dietary exposure X
Carcinogenic potency

Carcinogenic potency is estimated based on the syner-
gistic HCC effects of AFB1 and hepatitis B virus (HBV) infec-
tion. HCCrisk for individuals exposed to both aflatoxin and
chronic infection with HBV is 0.562 cancer/year/10° popu-
lation per 1 ng/kg.bw/day which according to the Centers
for Disease Control and Prevention (CDC) of Iran and the
E.U,, the overall prevalence rate of HBV was 1.5% and 0.9%,
respectively (25, 26). It was estimated at 0.049 cancers
cases|/year/10° population per 1 ng/kg.bw/day in individu-
alswho are only exposed to aflatoxin (27). The carcinogenic
potency was calculated according to the following equa-
tions (24):

Carcinogenic potency for EU

= (0.562 x 0.009) 4 (0.049 x 0.991)

Carcinogenicpotency for IR

= (0.562 x 0.015) + (0.049 x 0.985)

2.11. Hazard Index (HI)

According to the below-mentioned formula, the Haz-
ard Index was obtained by dividing the EDI by TD50 of
AFBI (3.2ug/kg bw/day), divided by an uncertainty factor of
50,000. TD50 is a dose that induces tumors in half of the
tested animals (28).

EDI
_ TDso

~ 50000

2.12. Statistical Analysis

The normality of data was checked by using the
Kolmogorov-Smirnov test. According to the normality test,
data distribution was not normal; therefore, the differ-
ence between AFB1 and AFT contamination levels in dif-
ferent years was compared using Kruskal-Wallis H non-
parametric tests. Statistical analysis was performed using
IBM-SPSS (version 25), and values of P < 0.05 were consid-
ered statistically significant. The graph is drawn in Excel
software (version 2013).
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Table 1. Performance Characteristics of the HPLC Method for AFs Analysis

" Expanded Uncertainty (ng/g)
spike Level Average P
Year No. AFType LOD (ng/g) LOQ (ng/g) P (nglg) Recove: B ® RSDR (%)
58 Y Spiked Level 1 Spiked Level 4 Spiked Level 8
(ngfg) (nglg) (nglg)
B 0.078 026 4.0 7950 410 0.083 0273 0.430
Nov. 2012 - Oct. B2 0.032 on 1.0 85.60 240 0.072 0.090 0.120
1o
2083
G1 0.078 026 4.0 9254 275 0125 0302 0.580
G2 0.032 on 1.0 8522 350 0.068 0.121 0137
BI 0.078 026 4.0 78.60 330 0.067 0220 0346
Nov. 2013 - Oct. B2 0.032 on 1.0 85.20 330 0.098 0123 0166
145
2014
G1 0.078 026 4.0 9130 220 0100 0242 0.464
G2 0.032 on 1.0 87.40 1.90 0.037 0.065 0.074
B 0.070 023 4.0 91.03 6.20 0.126 0.413 0.651
Nov. 2014 - B2 0.020 0.07 1.0 86.80 310 0.092 0116 0156
12
Oct. 2015 o
G1 0.070 023 4.0 97.60 2.40 0.109 0264 0.507
G2 0.020 0.07 1.0 80.76 4.90 0.095 0.169 0.192
B 0.066 022 4.0 86.76 7.80 0.159 0.519 0.819
Nov. 2015 - Oct. B2 0.033 on 1.0 82.69 6.50 0194 0243 0326
132
2016 3
G1 0.066 022 4.0 98.74 5.60 0.255 0.615 1182
G2 0.033 0.11 1.0 80.45 6.90 0.133 0.238 0.270
B 0.066 022 4.0 86.91 6.20 0.126 0.413 0.651
Nov. 2016 - B2 0.033 on 1.0 89.11 6.50 0194 0243 0326
14
Oct. 2017 6
G1 0.066 022 4.0 96.07 6.40 0.292 0703 1351
G2 0.033 0.11 1.0 92.09 210 0.041 0.072 0.082
B 0.066 022 4.0 87.06 850 0173 0566 0.892
Nov. 2017- Oct. B2 0.033 on 1.0 93.57 4.90 0146 0183 0246
165
2018
G1 0.066 022 4.0 92.92 4.96 0226 0.545 1.047
G2 0.033 0.11 1.0 86.75 7.20 0.139 0.248 0.282

Abbreviations: LOD, limit of detection; LOQ, limit of quantification; RSDR, relative standard deviation for reproducibility.

3. Results

Internal quality validation parameters such as LOD,
LOQ, and recovery percentage are shown in Table 1. The
Limitation range was 0.066 - 0.078 ng/g and 0.02 - 0.033
ng/g for aflatoxins B1 & Gl and B2 & G2, respectively. These
parameters were acceptable, implying that the generated
data and good performance at low statutory limits are re-
liable. The accuracy and precision of the used analytical
method were investigated by calculating the average re-
covery and relative standard deviation for reproducibility
(RSDR). The average recoveries of the spiked blank samples
with four ng/g for aflatoxin B1 and Gland one ng/g for afla-
toxin B2 and G2 were 78.6% - 97.6% with RSDR below 8.5%,
which were within the acceptable range set by the Euro-
pean commission No. 401/2006.

The incidence and distribution of AFs in pistachio for
export to the E.U. 2012 - 2018 are detailed in Table 2. Ac-
cording to previous studies, the most prevalent aflatoxin
in analyzed pistachio nuts was AFB1, accounting for more
than 86% of the total, followed by B2, G1, and G2. The latter
was detected only in seven samples (7, 13). The mean con-
tamination level of AFT and AFB1 for all samples was 4.07 £
20.98 ng/gand 3.64 +18.92 ng/g in 14590 sub-samples, ana-
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lyzed during the years 2012 - 2018, respectively. No aflatoxin
contamination (AFT < LOD) was detected in 60.4% of all
analyzed samples (8810); however, AFB1 and AFT exceeded
the acceptable level set by the E.U. in 789 (5.47%) and 853
(5.84%) sub-samples, respectively. The median contamina-
tion level of samples was < LOD, and the mean occurrence
level for AFB1 and AFT was lower than the maximum toler-
able limits according to the E.U. and Iran standard regula-
tions (AFB1 = 8, AFT =10 ng|g). There was a significant dif-
ference in the average concentration of AFT at years 2012 -
3, 2013 - 4, and 2017 - 8 with the years 2014 - 5, 2015 - 6, and
2016 - 7 (Table 2). The highest and lowest mean and maxi-
mum contamination level was observed in2016-7and 2012
- 3, respectively. With the increase in the average level of
contamination, the percentage of rejected cargoes rose in
the range of 5.08 - 10.67%, with the highest and lowest re-
jections in 2014 - 5 and 2017 - 8, respectively. Regarding au-
thorized consignment, the mean aflatoxin contamination
level was drastically reduced after removing cargoes with
AFs content exceeding the E.U. and Iran standard levels.

The calculated dietary exposure to AFB1, based on the
mean and maximum contamination levels, is shown in Ta-
ble 3. The dietary exposure for all European populations
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Table 2. Occurrence of AFs in Pistachio Nuts Samples Exported from Iran to the E.U. During Years 2012 - 2018 *

All consignment ng|g (ppb) AF Contamination (%) AFC ination of Authorized C
AFs (ngfg) .
Consignment AF b
Year No. Type < LOD LOD-5 5-8 8-20 > 20 Rejection
: YP! Mean Median Max (%) Mean Max
AFT (ng|g)
< LOD LOD- 10-15 15-20 > 20
10
Bl 178 < LODa 1819 68.91 25.81 0.92 216 221 614 0.23 7.4
Nov. B2 015 < LoD 171 86.31 1315 0.16 038 0.00 0.02 22
2012-
oct. 928 G1 0.06 < LoD 375 98.22 151 0.00 016 o1 0.00 18
2013
G2 0.00 < 10D 42 99.73 0.27 0.00 0.00 0.00 0.00 0.0
Total 1.98 < 10D 197.6 68.86 2737 0.54 0.65 2559 0.26 9.4
A
B 238 < LoD 3457 66.28 2535 2.07 272 3.58 9.27 038 7.93
ab
B2 0.26 < 10D 1025 8211 16.23 0.60 015 0.91 0.03 2.86
Nov. G1 0.05 < 10D 253 97.68 2.07 0.00 015 0.10 0.01 3.07
2013- 992
Oct. G2 0.00 < LoD 28 99.80 0.20 0.00 0.00 0.00 0.00 0.00
2014
Total 2.67 < LoD 384.2 66.99 27.92 126 0.50 333 0.42 8.61
A
B1 3.76 <10oD 3403 64.23 27.55 163 2.42 416 10.67 0.43 7.76
bed
B2 037 < LoD 1461 78.50 19.76 0.87 0.64 023 0.03 0.77
Nov. Gl 0.3 < LoD 2321 96.71 2.80 0.08 015 0.26 0.01 129
2014- 1321
Oct. G2 0.02 <10oD 263 99.32 0.61 0.00 0.04 0.04 0.00 0.20
2015
Total 438 < 10D 367.7 64.08 29.45 1.02 0.83 4.62 0.47 8.69
B
B 3.94 o.1cd 4503 48.83 4351 151 247 3.67 1057 0.41 7.81
Nov. B2 037 < 10D 52.6 77.45 20.69 0.69 0.82 034 0.02 145
2015-
Oct. 1457 Gl 0.03 < LoD 25.0 95.88 4.02 0.07 0.00 0.03 0.01 321
2016
G2 0.00 < LoD 3.0 99.62 038 0.00 0.00 0.00 0.00 0.04
Total 434 0.1B 478.9 48.83 4530 110 0.86 3.91 0.44 832
B 4.02 < 10D 432 50.93 40.00 165 315 427 9.76 035 7.98
d
B2 0.41 < 10D 525 76.29 2157 0.97 0.85 032 0.02 0.71
Nov. G1 0.02 < 10D 7.65 95.73 415 012 0.00 0.00 0.00 0.65
2016- a0
Oct. G2 0.00 < 10D 071 99.64 036 0.00 0.00 0.00 0.00 0.08
2017
Total 445 < LoD 479.8 50.93 4222 137 0.93 456 038 8.46
B
Bl 257 < LoD 4226 67.58 27.75 0.63 144 2.62 5.08 015 6.64
abc
B2 0.26 <1OoD 36.2 8434 13.96 0.63 0.92 015 0.01 0.86
Nov. Gl 0.03 < LoD 50.6 97.61 225 o1 0.00 0.04 0.01 534
2017- 157
Oct. G2 0.00 < LoD 17 9956 0.44 0.00 0.00 0.00 0.00 o1
2018
Total 2.87 <1OD 458.8 67.21 28.89 0.44 0.59 2.87 017 714
AB

Abbreviation: LOD, limit of detection.
2 Different lowercase and uppercase letter in the column indicate a significant difference (P < 0.05) between the average contamination of AFB1 and AFT, respectively.

Removal percentage of consignment with AFs contamination exceeding the E.U. (AFB1 < 8, AFT < 10) using the monitoring system.

and those who consumed the specific pistachio product  estvaluesare 0.76 and 1.84, respectively. This figure is more
was in the range of 0.013 - 0.03 (ng/kg.bw/day) and 0.052  than one only for European people who consumed the spe-
- 0.118 (ng/kg.bw/day), respectively. Iranians dietary expo- cific pistachio products, indicating health concerns. The
sure was 0.021 - 0.049 (ng/kg - bw/day). This value is re- MOE derived from dietary exposure was used for perform-
duced from 6.1 to 14.8 times after removing cargoes with ing the risk assessment (Table 3). This indicator was be-
the AFs contamination exceeding the European limit. This ~ tween 1441 and 12843 for the whole consignment in all six
amount increased in the range of 0.3-1.98 (ng/kg-bw/day)  years. MOE'’s level based on BMDL10 was less than 10000
in consignment rejected using a monitoring system. for Iranian and European people who consumed the spe-
cific pistachio products, indicating a high health concern.

Table 3 presents HI values for the mean exposure to . )
It increased to more than 14478 after removing the con-

AFB1 for Iranian and European consumers which the high-

6 Iran | Pharm Res. 2022; 21(1):e123951.
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taminated consignment leading to cargo rejection using
the monitoring system, resulting in no concern about pis-
tachio consumption from the public health point of view.
MOE measured according to the max and mean AF contam-
ination in Rejected consignment was reported to be signif-
icantly less than 10000, indicating a high risk for human
consumption. The HI values more than one also confirm
this. Such cargos need serious measures to regain their
safety criteria via sorting and other similar policies for afla-
toxin contamination (4).

As shown in Table 3, the estimated liver cancer risk
from dietary exposure to AFB1, based on the mean contam-
ination, was 71 X 10® - 633 x 10°. Based on the maximum
contamination exposure, liver cancer risk ranged from 72
X 10® to 70 X 10°2 cancers[100,000 population/year, con-
tributing to 0.02 - 0.2% and 2.12 - 22.86% of the liver can-
cer incidence attributable to dietary AFB1. This range was
reduced to below 0.02% after removing contaminated car-
goes by the monitoring system.

4. Discussion

The susceptibility of pistachio nuts to AFs contamina-
tion has been identified (21, 31). Factors such as fruiting,
harvesting, transport, and storage may impact pistachio
contamination rate. Infection of pistachio with the fungus
during ripening may result in its contamination with afla-
toxin. It forms as pistachios undergo early split and me-
chanical damage caused by biotic and abiotic factors. Fun-
gal contamination, aflatoxin production, and their inci-
dence are mainly affected by temperature, relative humid-
ity, and the moisture content of pistachio as it is produced
and processed during stages. Most factors influencing the
growth of Aspergillus and pistachio contamination with
aflatoxin can be controlled by implementing good agricul-
tural practice (GAP) in the orchards and hazard analysis
and critical control point principles in processing plants
and post-harvesting stages (32). However, some climatic
factors such as temperature, humidity, and the extent of
rainfall during cultivation, especially in a period of ripen-
ing and harvest from August through November, are not
controllable (33, 34). Despite controlling factors affecting
aflatoxin production, fluctuations in its contamination
level have been observed due to climate change and its dif-
ferences in various geographical areas (35-37). Therefore,
monitoring mycotoxins has been conducted since 1999 to
minimize aflatoxin contamination in pistachio through-
out the country, implemented by the Iranian industrial re-
search and standard institute (ISIRI) and Iranian food drug
administration (IFDA). As shown in Figure 1, the contami-
nationrate caused by AFB1and its maximum level observed

in cargoes has reduced since 1999.According to the previ-
ous study, the mean contamination level of AFB1decreased
from 5.7 ng/g to 1.99 ng|g during 2002 - 2011 (7, 13). The re-
sults also revealed that the declining contamination trend
continued up to 2012 - 2014.0verall, the mean contamina-
tion experienced a fluctuation in 6 years, beginning from
Nov. 2012 ending in Oct. 2018. From Nov. 2012 to Oct. 2018,
approximately 94% of examined samples had AFB1contam-
ination rate within the acceptable E.U. and Iran limit with
an average of 1.78 - 4.02ng|g.

Compared with the similar research done by Yazdan-
panah (38), these findings suggest a lower level of contam-
ination. It should be noted that the mean level of con-
tamination during Nov. 2013 - Oct. 2017, based on the cur-
rent study, was more significant than the level suggested
by Dini et al. in the years 2009 - 2011 (13). Despite increas-
ing pistachio contamination levels from Nov. 2013 to Oct.
2017, there was a decreasing trend of contamination in ex-
ported pistachio cargoes in the Nov. 2017- Oct. 2018

In the previous study, the TDI of AFB1 was calculated
at 0.11 - 0.19 ng/kg.bw/day by Kuiper-Goodman (39). The
dietary exposure based on the mean contamination lev-
els of AFB1 for pistachio nuts in all consignment ranged
from 0.013 to 0.118 ng/kg.bw/day, none of which exceeded
TDL. This criterion was higher (2 - 12 times) than TDI for all
groups and years in rejected consignment using a mon-
itoring system, which perfectly shows the importance of
sorting and removing contaminated pistachio cargos.

The calculated values for MOE under 10,000 indicate
that the level of AFB1 exposure concerns from a public
health perspective. It could be considered a reasonable pri-
ority for risk management measures to reduce exposure in
humans. The results obtained from the risk assessment of
all consignments exporting to the E.U. indicated that the
MOE value was below 10000 in those European and Iranian
consuming pistachio products in years with a mean con-
tamination level of more than 2.25 ng/g. As a result of the
monitoring system, it reached above 14478 in unrejected
orauthorized consignments and remained within the haz-
ardousrange forrejected ones. This indicates that the max-
imum level for AFB1 set by the E.U. commission is proper,
leading to lower public health concerns (40).

Despite the high level of contamination in rejected car-
goes and low MOE value, cancer incidence attributable to
pistachio consumption was in the range of 0.48-3.43% due
to pistachios’ low per capita consumption. Thus, the es-
timated liver cancer risk from consumption of pistachio
nuts was reduced by nearly 10 times using the monitoring
system. The results suggest that consumption of autho-
rized pistachio consignment poses no noticeable health
risk of mycotoxins residues for European and Iranian con-
sumers. The findings were in line with the research done

Iran | Pharm Res. 2022; 21(1):e123951.
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Figure 1. The present study compared the AFBI contamination level in Iran’s Pistachio nuts with published in previous comprehensive surveys from 1999 to 2011(7, 13, 38).

by Taghizade et al. on different varieties of Iranian pista-
chio. They showed that Hazard Index is lower than 1 for
Iranian consumers (21). Although Cancer incidence asso-
ciated with pistachio consumption, based on mean con-
tamination in rejected cargoes, can enhance by 3.43%, and
it may reach 22.86% if the consignments with a maximum
level of aflatoxin contamination are consumed. Therefore
amonitoring system to reduce AFs to an acceptable limit is
necessary.

Since HI is more than one in rejected consignments,
and the MOE is less than 10,000, so the consumption of
these shipments endangers consumers’ health. Therefore,
eliminating these cargoes or reducing the amount of afla-
toxin in them is necessary to minimize health risks and
the financial burden on health care. A lot of researchers
have tried to find ways to reduce AFin contaminated crops.
Recently these AF management strategies have been re-
viewed by Yazdanpanah and Eslamizad (4), Stoev 41), and
Gnonlonfinetal. (42). Although several physical and chem-
ical techniques have been proposed to lower AF, most are
not considered safe or suitable for human consumption.
Among such techniques, physical methods, including me-
chanical and electronic sorting and roasting, can be ap-
plied. Moreover, chemical treatments whit ozone, H,0,,
lemon extract, citric acid, the salt solution can also be used
for AF detoxification in pistachio (24, 41, 43).

4.1. Conclusions

Incidence of AFs level showed that the mean contam-
ination of AFB1 and AFT was below the maximum limit

Iran | Pharm Res. 2022; 21(1):e123951.

recommended by the European Commission regulations.
Also, aflatoxin contamination levels in 95% of analyzed
samples comply with the legislated limit. The risk assess-
ment results showed that the MOE value for those Euro-
peans who consume the specific pistachio products would
be of concern from the public health point of view. In
the light of the monitoring system, rejection of aflatoxin-
contaminated consignments increased the MOE and HI
value to more than 10000 and less than 1, respectively, re-
sulting in lower population risk in primary liver cancer
caused by AFB1 contamination. Risk assessment in rejected
consignments showed that the consumption of these ship-
ments endangers consumers’ health. Therefore, eliminat-
ing these cargoes or reducing the amount of aflatoxin
in them is necessary to minimize health risks and the fi-
nancial burden on health care. The monitoring system’s
performance indicates that the consumption of pistachio
nuts poses no health risk for European and Iranian con-
sumers.
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