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a b s t r a c t

A liquid–liquid extraction based high performance liquid chromatography-fluorescence method has been
proposed for the quantitation of naturally producing aflatoxins in nuts and nut based products. Aflatoxins
extraction from nuts and nut products was involved methanol – water extraction, immunoaffinity col-
umn cleanup followed by post column derivatization technique. The gel contents of monoclonal antibody
of the column are very specific to the toxins of interest, which makes the extraction experiment rapid,
simple, highly specific and sensitive. Additionally, the improve concentration of toxins from complex nuts
and nut product matrices helps to reduced chromatography interference and lower limit of detection. The
proposed method was authenticated to evaluate the performance in terms of linearity of the calibration,
limit of detection, recovery, run-to-run (repeatability) and day-to-day precision (reproducibility). Good
quality parameters with LOD between 0.003 and 0.007 ppb, recovery from 89 to 98%, linearity in the
range of 0.02 to 100 ppb (r2 > 0.989) and precisions with RSDs were achieved below 4.5% at concentration
level of 1.0 and 30.0 ppb. The developed method was effectively used to the analysis of aflatoxins (AFB1,

AFB2, AFG1, and AFG2) in twenty nuts and nut products and were found up to 120.1 ng/mL AFB1 and
11.2 ppb AFB2 in few of the samples.
� 2019 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Aflatoxins (AFs) are toxic chemicals that are generated by a
variety of fungi and responsible for variety of food contamination
(Paterson and Lima, 2010). AFs, which are naturally grow in the
food, are AFB1, AFB2, AFG1, and AFG2 (Iqbal et al., 2011). The main
fungi, Aspergillus, Aspergillus flavus and Aspergillus nominus are pri-
marily responsible for producing these mycotoxins in the food and
food products (El-Nagerabi et al., 2013; Hepsag et al., 2014).
Among the various food stuffs, AFs have commonly been found
to contaminate various dry fruits, such as, peanuts, almond etc.
(Leong et al., 2010). In addition, the nuts and nut products is con-
sumed not only as raw or roasted, but also for a number of nut
products including peanut butter and peanut flour as well as few
other products. All these food products also very sensitive to AFs
contamination due to harvest, curing, transportation and storage.
Because during the harvesting of dry food stuffs, the random trop-
ical conditions including high temperatures, moisture, unseasonal
rainfalls, monsoons, and floods help to fungal growth of AFs
(Trucksess and Scott, 2008). All these tropical conditions are
beyond the control limit of human, so the AFs contamination
chances are very high. However, the inexperienced harvesting pro-
cedures, inadequate knowledge of storing, marketing and lack of
ideal transport contribute profoundly to fungal growth and
upsurge the risk of AFs contamination (Bhat and Vasanthi, 2003)
and that can be control by proper handling the aforementioned
man made risk factors.

The ingestion of these AFs polluted foods directly or from indi-
rect ingesting of foods earlier exposed with AFs are the primary
pathway of AFs exposure in human body. The exposure of AFB1
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and mixture of AFs in human body can cause cancer since they are
consider as group 1 carcinogen and it has been proved by IARC
Health (World Health Organization, 2002; Marchese et al., 2018).
The order of toxicological level of AFs can be expressed as AFB1 >
AFG1 > AFB2 > AFG2 (Erkmen and Bozoglu, 2008). However, most
importantly the level of AFs in contaminated foods could not be
decrease by home cooking using microwave or conventional gas
oven cookery (Midio et al., 2001). Therefore, it is almost impossible
to remove the contaminated AFs from dry fruits and their products
as they need very low level of heating process before consumed.
Consequently, to avoid any AFs exposure and their vital adverse
consequence towards humanity, it is highly demanded to develop
a simple, sensitive and quantitative monitoring procedure to ana-
lyze AFs levels in dry fruits and fruit products.

Many analytical methodologies have been reported for the anal-
ysis and control of AFs in various environmental and agricultural
fields (Iqbal et al., 2011; Sani et al., 2010). In our previous research
we have analyzed and reported the AFs levels in non-alcoholic beer
samples of various brands (Khan et al., 2013). Among the dry fruits,
nuts and nuts product are the commodities, which shows highest
risk of AFs contamination and serious health hazards (Francisco
das Chagas et al., 2000). Hence, in the present research work AFs
contamination levels in various nuts and nut-based products gath-
ered from retail market (Riyadh, Saudi Arabia) has been analyzed
and their respective contamination levels were determined. The
contamination levels were found to be high for the analyzed sam-
ples may be due to hot climate of Saudi Arabia (Trucksess and
Scott, 2008).
2. Experimental

2.1. Chemicals and material

HPLC status solvents were used during the experiments and
were procured from Chemical Company (BDH, Poole, England).
Formic acid was obtained from Panreac chemicals (Barcelona,
Spain). Milli-Q water purification system of Millipore (Bedford,
MA, USA) was used for water purification. Standard of aflatoxins
were acquired from Fermentek Chemical Company (Jerusalem,
Israel). The chemical structures of the studied AFs are shown in
Fig. 1. Stock solutions of individual AFB1, AFB2, AFG1, and AFG2 of
concentration 1000 ng/mL were made in acetonitrile (ACN) fol-
lowed by proper dilution for further experiments. Standard solu-
tions of aflatoxins of different concentration levels (0.005–
100 ng/mL) were prepared by weight for the construction of cali-
bration plots. All the standards and real samples were filtered
through a PVDF (polyvinyl difluoride) syringe filter, 0.22 mm before
injecting to the system.
2.2. Instrumentation

A mixing blender with a one-liter container was bought from
local electronic market and a vacuum manifold manufactured by
Agilent Technologies (Santa Clara, CA, USA) were used during the
experiment. Alfaprep� immunoaffinity column (R-Biopharm
Rhone Ltd, Glassgow, Scottland) was used for solvent extraction
and cleanup. The chromatographic separations of AFs were
performed on Agilent 1100 series HPLC system equipped with an
isocratic pump (model G1310A), a degasser (G1379A), an auto-
sampler (G1313A), a column oven (G1316A) and a fluorescence
detector (G1321A) manufactured by Agilent Technologies. A
Zorbax� 5 mm Eclipse-XDB-C18 80 Å of dimension 150 � 4.6 mm
column (obtained from Agilent Technologies) was used to
perform the chromatographic separations of AFs. Post-column
derivatizations of the target compounds were performed with
electrochemically produced bromine in Cobra cell using Coring
System Diagnostics GmbH (Gernsheim, Germany) using a polyte-
trafluoroethylene reaction tubing of i.d. 340 � 0.5 mm.

2.3. Sample collection

Twenty cereals, nuts and their derivatives were analyzed for
AFs determination. Fig. 2 shows few examples of analyzed nuts
and nuts product samples. Each samples of about 250 g for packed
and 500 g for unpacked were purchased arbitrarily from retail mar-
kets, groceries and supermarkets in Riyadh province of Saudi Ara-
bia between January 2018 to August 2018. The samples were
transferred to the research laboratory using an insulated container
until analyzed. All food samples were grounded using mixing blen-
der to prepare a uniform particle size and were stowed inside a
refrigerator with a glass container until further analysis.

2.4. Working solution preparation

Stock standards of aflatoxins mix was diluted to obtain final
concentration of 100 ng/mL for individuals AFB1, AFB2, AFG1, and
AFG2. The dilution was made using analytical grade methanol.
The intermediate mixture solution was used to prepare a series
of working standards of concentration 0.005, 0.02, 0.2, 1.0, 5.0,
20.0, 50.0 and 100 ng/mL. All these solutions were freshly prepared
in optimized mobile phase which was comprising of water and
methanol (30:70, v/v).

2.5. Extraction and cleanup

AOAC Official Method 999.31 was followed for extraction and
clean-up of AFs from nuts and nut products samples (Trucksess
et al., 1991). The reported method involves methanol – water
extraction, immunoaffinity column (Alfaprep�, R-Biopharm Rhone
Ltd, Glassgow, Scottland) cleanup and post column derivatization.
Briefly the method could be explained as, in a blender jar 25 g of
nuts and nut products sample was weighed then 5 g of sodium
chloride and 125 ml of extraction solvent (70: 30, methanol:
water; v/v) were added and blend exactly for 2 min at high speed
followed by filter through the fluted filter paper. Pipette 15 ml of
the aliquot of filtrate in a conical flask and add 30 ml of water with
vigorous shaken and filtered through Whatman glass microfiber
filter (GF/A, 125 mm, England). Take 15 ml of this diluted filtrate
and pass it through the affinity column for the cleanup procedure
with some external pressure at a good flow rate of 2–3 ml/min.
Wash the affinity column with 20 ml Milli-Q water and allow to
dry by pushing air through it. AFs bound to the particular antibody
of the affinity column were eluted passing methanol (1 ml)
through the affinity column and procured in HPLC vials. Two min-
utes wait time was adapted for passing methanol in order to
release the toxins from the antibodies that are present inside the
affinity column. Then elute was diluted with 1 ml of Milli-Q water
and stored at 5 �C until HPLC analysis was performed.

2.6. Chromatographic separations

A mixture of methanol and water was isocratically delivered
through the analytical column (Zorbax� 5 mm Eclipse-XDB-C18

80 Å) and the optimum separation was accomplished with a binary
mixture of mobile phase comprising 70:30 (methanol: water; v/v)
and the flow rate was set at 1.2 ml/min. The fluorescence detector
parameters including excitation (kex) and emission (kem) were
fixed to the wavelength of 362 nm and 455 nm, respectively. The
total run time of the analysis was 10 min and the peak retention
were obtained at around 4.8, 5.7, 6.5 and 7.9 min. AFB1, AFB2,
AFG1, and AFG2 were identified on the basis of retention times



Fig. 1. The chemical structures of the studied AFs.

Fig. 2. A Few analyzed nuts and nuts product samples.
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which were 4.8, 5.7, 6.5 and 7.9 min, respectively. The column
temperature was maintained at 60 �C during the experiment for
achieving the faster separation with low column backpressure.
The sample injection volume to the HPLC system was 75 mL.

The quality parameters including linear range, sensitivity,
percent recovery and precision of the described method were
established before the AFs analysis in real samples. Eight-point cal-
ibration graph was plotted to investigate the linearity over the
range of AFs concentration 0.005 to 100 ng/mL and the coefficient
of determination (r2) was found to be greater than 0.989 for each
AFs. The limit of detection (LOD) and limits of quantification
(LOQ) of the analytical assay were determined by spiked AFs to
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the blank samples based on S/N ratio of 3:1 and 10:1, respectively.
The recovery studies were performed by analysis five typical sam-
ples spiked with AFB1, AFB2, AFG1, and AFG2 mixture at two differ-
ent levels of 1.0 and 30 ng/mL and the percent recoveries were
calculated using the formula,

%recovery¼ measuredconcentrationforspikedsample=spikedconcentrationð Þ
�100

The run-to-run (repeatability) and day-to-day precision (repro-
ducibility) of the current method was evaluated by five-replicated
measurement of spiked samples at concentrations level of 1.0 and
30 ng/mL of the AFs on the same day and five consecutive days and
were articulated in terms of relative standard deviation (RSD).

3. Results and discussion

3.1. Optimization of chromatography-fluorescence parameters

The higher separation efficiency, higher sensitivity and accuracy
of the HPLC using fluorescence detection has already made the
method most suitable and frequently used technique in analytical
chemistry for aflatoxins identification. In the current study, the
proposed immunoaffinity column cleanup technology and high-
performance liquid chromatography-fluorescence (HPLC-FL)
detection method enabled simultaneous quantitation of AFB1,
AFB2, AFG1, and AFG2 aflatoxins. The detection of AFs was per-
formed by set the fluorescence detector to an excitation wave-
length at 362 nm (kex) and emission at 455 nm (kem). Fig. 3
shows the HPLC-FL chromatogram of standard sample of AFs
(20 ng/mL). A reversed phase C18 column was successfully
employed for the separation of target AFs and optimum separation
was achieved with mixture of binary mobile phase of methanol/
water (70/30, v/v) by delivered at isocratic elution mode. The flow
rate has effect on the separation of target analyte, so it was opti-
mized and 1.2 ml/min was chosen for further experiments. The
fully porous particles of the column with highest loading of the
analyte was offered the excellent peak intensity and resolutions.
All four AFs were separated in 8 min and the baseline was achieved
after this indicating that the 10 min of analysis time is sufficient for
Fig. 3. HPLC-FL chromatograms of aflatoxins standard of 20 ng/mL. The fluorescence
the analysis. Very sharp and symmetrical peaks were observed and
no interfering peaks due to co-existing metabolites were noticed in
the same retention window of the chromatogram confirming good
selectivity of the applied method. The appearance of peak
sequence were according to the degree of polarity of AFs (Abdel-
Azeem et al., 2015). The peaks were eluted at retention time 4.8,
5.7, 6.5 and 7.9 min and were identified as AFB1, AFB2, AFG1, and
AFG2, respectively (Fig. 3). The mobile phase compositions were
showed strong effect both on retention time and peak intensity.
In order to get interference free separation for quantitative analysis
of AFs at very low level, appropriate eluent was flushed through
the HPLC column repeatedly to remove if any remaining matrices
retained in the column while stripping out the real samples.
3.2. Performance of the analytical method

Prior to the sample analysis for AFs determination, the
developed method was evaluated in terms of different quality
parameters including linearity, LOD, LOQ, precision (run-to-run
and day-to-day). All the obtained values of validation parameters
are enlisted in Table 1.

To check the linear range of the proposed HPLC-FL method, an
eight-point calibration curve was constructed using the concentra-
tion 0.005, 0.02, 0.2, 1.0, 5.0, 20.0, 50.0 and 100 ng/mL, which
reveals excellent linearity for all four AFs. The linearity for AFs
analysis was found to be in the range of 0.02–100 ng/mL with
regression coefficient (r2) greater than 0.993 for each AF. The deter-
minations of all the AFs were performed by comparing peak area
with standard calibration curve.

The LOD and LOQ values for the proposed method were found
to be in the range of 0.003–0.007 ng/mL and 0.011–0.022 ng/mL
for all the analyzed AFs, respectively. These LOD and LOQ results
are closer to those previously reported paper using the IAC tech-
niques (Mably et al., 2005; Nakajima et al., 1999). The repeatability
(run-to-run precision) of the applied method was evaluated by car-
ried out five replicates extraction each at two concentration levels
of 1.0 and 30.0 ng/mL AFs mixture. However, the reproducibility
(day-to-day precision) of the described method was evaluated by
performing 15 replicates extraction of the same solutions
detector conditions: 362 nm (kex) and 455 nm (kem), injection volume 75 mL.



Table 1
Linear regression data, LOD, LOQ, and precision of AFs by proposed method.

Aflatoxins Range (ng/mL) Regression line Correlation coefficients (r2) LODa (ng/mL) LOQb (ng/mL) Precisionc (RSD, %)

Slope Intercept run-to-run day-to-day

AFB1 0.02–100.0 11.22 50.33 0.997 0.005 0.016 2.9 4.0
AFB2 0.02–100.0 8.16 2.93 0.998 0.003 0.011 2.7 4.5
AFG1 0.02–100.0 24.60 56.92 0.999 0.007 0.022 3.1 3.9
AFG2 0.02–100.0 12.60 2.08 0.989 0.004 0.014 2.5 4.2

a S/N = 3/1;
b S/N = 10/1;
c n = 5.
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(1.0 and 30.0 ng/mL AFs mixture) across three consecutive days
with five replicates for each AFs mixture per day. Excellent
repeatability and reproducibility were obtained with RSDs below
4.5% in all cases. This indicates that the results are satisfactory
and the method can be successfully applied for the accurate and
routine analysis of AFs in nuts and nut products.

3.3. Analysis of AFs in nuts and nut products

The optimized HPLC-FL method was authinticat6ted by quan-
tify AFB1, AFB2, AFG1, and AFG2 in the variety of nuts and nut prod-
ucts. Twenty cereals, nuts and their derivatives were analyzed and
the obtained levels in the analyzed food samples have been shown
in Table 2. The efficiency of the methanol – water extraction,
immunoaffinity column (Alfaprep�, R-Biopharm Rhone Ltd, Glass-
gow, Scottland) cleanup and post column derivatization technique
was evaluated by standard addition quantification method. During
this, two non-fortified and four fortified real samples were ana-
lyzed in triplicate for each samples. The recoveries of AFs were
found to be in the range of 89–98%. It was observed that the chro-
matograms of non-spiked and spiked nuts and nuts products sam-
ples indicating complete separation from other detectable
constituents at the chosen wavelength. The levels of AFs were var-
ied in each samples. Among all the analyzed samples, AFB2 and
AFB1 were present in most of the nuts and nut products, and
AFG2 and AFG1 were rarely found in the samples. In nuts samples,
Table 2
Aflatoxins level in nuts and nut product samples ± SD (ng/g) and estimated recovery rate

Sample code Samples name AFB1 ± SD (% R)

Sample 1 Pistachio 0.59 ± 0.09 (97)
Sample 2 Natural pistachio flavor 0.86 ± 0.11 (95)
Sample 3 Almonds 0.47 ± 0.06 (98)
Sample 4 Almonds – (97)
Sample 5 Broad beans 0.26 ± 0.05 (93)
Sample 6 Broad beans – (98)
Sample 7 Broad beans 120.1 ± 0. 22 (93)
Sample 8 Almonds 0.12 ± 0.02 (98)
Sample 9 Almonds 0.56 ± 0.07 (97)
Sample 10 White almonds 0.77 ± 0.10 (98)
Sample 11 Almonds – (97)
Sample 12 Walnuts – (95)
Sample 13 Pistachio – (95)
Sample 14 Almonds – (97)
Sample 15 White almonds – (92)
Sample 16 Walnuts – (89)
Sample 17 Walnuts – (92)
Sample 18 Peanut 68.0 ± 0.23 (97)
Sample 19 Peanut butter 54.0 ± 0.20 (96)
Sample 20 Peanut butter 96.0 ± 0.29 (98)
Total of each AFs 341.73
*Mean of each AFs 31.07
**Total AFs 376.35

* Mean of each AFs in detected samples; ** Total of AFB1, AFB2, AFG1 and AFG2 in the de
the highest concentrations of AFB1 and AFB2 were found in sample
7 (broad beans) of 120.1 ng/g and 11.2 ng/g, respectively. Only
AFB1 was found at second highest level for the analyzed nuts of
68 ng/g (Sample 18). The levels of AFG1 were found only in two
samples with the quantity of 0.46 ng/g (Sample 2) and 0.23 ng/g
(Sample 3), where AFG2 was detected with the amount 0.11 ng/g
and 0.1 ng/g in walnut (Sample 12) and almond sample (Sample
14), respectively.

In peanut butter the AFs, AFB1 were found in high contamina-
tion levels of 96.0 ng/g (Sample 20) and 54 ng/g (Sample 19), while
the AFB2 were found to be 17.6 ng/g (Sample 20) and 2 ng/g (Sam-
ple 19). No other AFs were detected in the nuts product samples.
The average quantity of AFB1, AFB2, AFG1, and AFG2 in the detected
samples were 31.07, 2.41, 0.35 and 0.11 ng/g, respectively. Fig. 4
shows the typical chromatograms for broad beans (Sample 7),
AFs-negative almond (sample 11) and white almond (sample 15)
using 362 nm (kex) and 455 nm (kem). No detectable matrix peaks
were observed in the chromatogram at the same retention time
indicating interference free analysis of AFs. Additionally, the chro-
matogram of the raw nuts extract shows very weak signals in the
respective retention time of each standard AFs.

The recoveries of the analyzed AFs were obtained from the lin-
ear regression equation using slope of the added quantity versus
the measured amount. The recoveries were found in the range of
89 to 98%. During the sample preparation step, the contradictory
peak areas were recorded that comes for the sample matrices
s (%).

AFB2 ± SD (%R) AFG1 ± SD (%R) AFG2 ± SD (%R)

0.13 ± 0.03 (93) – (90) – (92)
0.13 ± 0.03 (91) 0.46 ± 0.07 (95) – (90)
0.11 ± 0.02 (94) 0.23 ± 0.04 (97) – (90)
– (89) – (90) – (91)
0.92 ± 0.09 (95) – (89) – (94)
0.21 ± 0.04 (97) – (94) – (94)
11.20 ± 0.10 (98) – (97) – (91)
0.83 ± 0.06 (90) – (95) – (91)
0.12 ± 0.04 (92) – (95) – (93)
0.14 ± 0.02 (95) – (94) – (90)
0.11 ± 0.03 (89) – (94) – (90)
0.11 ± 0.02 (90) – (95) 0.11 ± 0.02 (96)
0.12 ± 0.03 (92) – (92) – (92)
– (93) – (92) 0.10 ± 0.01 (97)
– (97) – (91) – (93)
– (92) – (94) – (90)
– (97) – (94) – (90)
– (93) – (90) – (93)
2.0 ± 0.10 (95) – (97) – (93)
17.6 ± 0.11 (90) – (92) – (93)
33.72 0.69 0.21
2.41 0.35 0.11

tected samples.



Fig. 4. HPLC-FL chromatograms of aflatoxins in naturally occurring broad bean (sample 7); AFs-negative almond (sample 11) and white almond (sample 15). The fluorescence
detector conditions: 362 nm (kex) and 455 nm (kem), injection volume 75 mL.
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and the peaks were compared with the resulting chromatogram
found for the remaining matrices. The area of contrasting peak
was found to be higher than those obtained in the chromatogram
demonstrating the high efficiency of immunoaffinity cleaning up.
4. Conclusion

A simple, efficient and remarkably sensitive liquid–liquid
extraction based HPLC-FL detection method was developed to
identify and determine AFB1, AFB2, AFG1, and AFG2 levels in nuts
and nut products sold in Riyadh intended to human consumption.
The developed HPLC-FL method involving methanol – water
extraction, immunoaffinity column cleanup and post column
derivatization. The extraction method showed excellent recovery
for AFs even at trace levels and in the real sample of nuts and
nut products the reveries were found to be 89–98%. Other quality
parameters, such as, the LOD and LOQ values for the proposed
method were in the range of 0.003 to 0.022 ng/mL for all the ana-
lyzed AFs. Twenty nuts and nut products were analyzed, and most
of the sample shows contamination of AFB1 with highest level
120.1 ng/g (sample 7). The validation parameters of the proposed
immunoaffinity cleanup and HPLC-FL approves that the method
is highly sensitive, selective and reliable for AFs determination.
The reported results in this research could be used to carry out
an introductory risk assessment on AFs through nuts and nut prod-
ucts consumption. The results also indicate that the awareness of
using AFs to the concerning people is necessary to provide healthy
and AFs free foods.
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