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ARTICLE

Determination of aflatoxins in coffee by means of ultra-high 
performance liquid chromatography-fluorescence detector 
and fungi isolation
Mohammad A. Al-Ghouti a, Aisha AlHusainia, Mohammed H. Abu-Dieyeh a, 
Mahmoud Abd Elkhabeerb and Muhammad Masood Alamb

aDepartment of Biological and Environmental Sciences, College of Arts and Sciences, Qatar University, Doha, 
Qatar; bCentral Food Laboratories, Public Health Department, Ministry of Public Health, Doha, Qatar

ABSTRACT
In this study, fourteen coffee samples were collected from local 
markets in Doha, Qatar according to different variables i.e. packed 
or unpacked, beans or powder, roasted or raw bean samples. The 
coffee samples were subjected to both microbiological and chro-
matographical analyses. The microbiological isolation was achieved 
using direct plating of the coffee on malt agar extract and potato 
dextrose agar plates. The chromatographical analytical method was 
conducted using ultra-high-performance liquid chromatography- 
fluorescence detector (UHPLC-FLD) to quantify the contamination 
of four classes of aflatoxins (B1, B2, G1, and G2). In the UHPLC-FLD 
validation process, no interfering peaks were present and the afla-
toxins G1, B1, G2, and B2 were well separated. The R2 or coefficient 
of determination of the calibration plots for all compounds was ≥ 
0.995. The limit of quantitation for all compounds was 2 μg/kg. The 
precision or the relative standard deviation calculated for six repli-
cates of samples spiked at 2 μg/kg were less than 20%, and the limit 
of detection was 0.17 μg/kg, 0.14 μg/kg, 0.12 μg/kg and 0.09 μg/kg 
for Aflatoxins G1, Aflatoxins B1, Aflatoxins G2, and Aflatoxins B2, 
respectively. The average recovery calculated for six replicates of 
samples spiked at 2 μg/kg was from 74.5–80%. The results for the 
chromatographical part showed that there was no contamination 
of aflatoxin in most of the coffee samples collected. Only two 
samples exhibited low concentrations of aflatoxin G, which are 
sample A (4.27 × 10−1 μg/kg) and sample O (1.99 × 10−2 μg/kg). 
Direct plating showed growth of microorganisms, such as 
Aspergillus niger, Mucor sp., Bacillus sp., Fusarium sp., and two 
yeast species. Although some of the isolated species have the 
potential to produce mycotoxins in coffee, they might be in the 
spore phase in the coffee samples and did not germinate.
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1. Introduction

Aflatoxins are groups of chemically similar and belong to hypertoxic secondary metabo-
lites groups that produced by some moulds of the genus Aspergillus section flavi, primarily 
A. flavus and A. parasiticus [1,2]. Aflatoxins are low molecular weight, highly toxic 
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compounds, and can cause both acute and chronic effects for humans [3]. Although only 
four are naturally found in foods, aflatoxins have almost 20 similar compounds that 
belong to a group, which is called the mycotoxins [4]. The common four aflatoxins are 
B family (B1 and B2) and G family (G1, and G2) (Figure 1) in which difuran ring and 
coumarin characterise the aflatoxins. Their molecular weights range from 312 to 346 g/ 
mol. The toxicity of the aflatoxins G family is lower than the B family. However, there is still 
a need to monitor both aflatoxin families in food and feed to protect the health of humans 
[5]. Aflatoxins can be soluble in organic solvents with strong polarity, such as chloroform 
and methanol. They slightly dissolve in water [6]. Aflatoxin B1 is considered the most 
commonly found in food and it is the most toxic. According to International Agency for 
Research on Cancer (IARC) (2002) [7], aflatoxin B1 is classified as carcinogenic belonging to 
Group 1, and other aflatoxins have been classified as possible carcinogens belonging to 
Group 2B due to their carcinogenic and toxic effects [8].

Figure 1. (a) Chemical structure of Aflatoxins of B family (B1 and B2) and G family (G1 and G2) [5]. The 
moiety in blue or red Circle shows the difference between the two groups, and (b) Chemical structure 
of major functional moieties of Aflatoxins [57].
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It has been shown that some products such as wheat, coffee, peppers, dried fruits, milk, 
potatoes, and nuts are infected by the mould Aspergillus that have produced aflatoxin 
compounds [9]. 25% of harvested crops and 60–80% of foods are contaminated or carried 
detectable levels of mycotoxins. Accumulation of fungal toxins in crops is a result of 
growing under stress and/or storing under minimal and insufficient working conditions 
[10]. Other factors such as high temperature, low nitrogen content in the soil, and drought 
enhance toxin accumulation.

Since coffee is one of the products that may contain aflatoxins, many investigations 
have been carried out to assess and identify the presence of mycotoxins such as 
aflatoxins and ochratoxin [11–14]. A study conducted on 30 samples of green coffee 
showed the presence of one genus Aspergillus in 17 samples, with total aflatoxins 
content ranged between 0.76 μg/kg and 8.92 μg/kg [11]. The author also found that 
12 out of 22 ground roasted coffee samples were contaminated with Aspergillus that 
produced aflatoxin, and the concentration ranged from 0.79 μg/kg to 5.08 μg/kg. 
Moreover, Soliman (2002) [11] studied the behaviour and the stability of the toxic 
aflatoxins during roasting. Three methods, namely microwave, oven roasting (150°C, 
15 min), and traditionally roasting (180°C for 10 min) were investigated. The traditional 
roasting method presented the best results around 55.9% of aflatoxin reduction, 
furthermore, decaffeination apparently increased the presence of aflatoxin content, 
and that was justified by the absence of caffeine compound that known to enhance 
the growth of mould and formation of aflatoxins [15]. Nakajima et al. 1997 [12] studied 
the effectiveness of heat treatment on the destruction of aflatoxins in some types of 
coffee beans. The results showed that aflatoxins in contaminated coffee beans were 
degraded by heat treatment.

The regulatory limits of aflatoxins differ among countries and anticipated use. 
Aflatoxins contamination is considered a significant problem for producers. The 
European markets enforce significantly lower limits, specifically 2 μg/kg for aflatoxin B1 
and 4 μg/kg for total aflatoxins for products such as nuts and cereals for human con-
sumption [16,17]. In regard to the regulatory limits of Ochratoxin A, 5 μg/kg has been set 
for roasted coffee beans and ground roasted coffee and 10 μg/kg for soluble coffee [18]. 
However, the total aflatoxins concentration limit (including B1, B2, G1, G2, and M1 forms) 
is 4 ng/g as described by the European Food Safety Authority [19].

In regard to the coffee consumption, daily intake, and the risk assessment of mycotox-
ins, a study conducted in Spain to investigate the effect of coffee processing (i.e. tradi-
tional and soluble Turkish process, coffee maker, and electrical machine,) [20]. 
A deterministic approach was used in various ways of food consumption of adults in 
Spain [20]. The results showed that only 15-acetyldeoxynivalenol, deoxynivalenol, neoso-
laniol, fumonisin B1, and ochratoxin A compounds showed noteworthy differences 
between the methods of coffee preparation.

To protect the consumers from the mycotoxin effects, around 100 countries have set 
mycotoxin regulations for human food as well as animal feed [21]. According to the U.S. 
Food and Drug Administration (FDA) (2002) [22], the concentration of aflatoxins in the 
range of 4–30 μg/kg is allowed in human food, depending on the importing countries. In 
the United States, the maximum limit of aflatoxin in the human food – except for milk is 
20 μg/kg, while in the European Union it is 4 μg/kg [23]. Since that, the European unions 
are considered to have the strictest standards for mycotoxins that have been established 
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for a variety of commodities, including dried fruits, cereals, nuts, spices, milk, and infant 
formulae [24].

In Qatar, there are several surveys on the occurrence of mycotoxins in food products 
available in markets. Al Jabira et al. 2019 [19] estimated the exposure of the population of 
Qatar to ochratoxins, fumonisins, and aflatoxins. Different food samples of grains, cereals, 
dried nuts, and spices were collected from the markets of Doha. The study showed that 
the spices and nut samples were contaminated with aflatoxins (e.g. 371.6 ng/g and 534.15 
ng/g, respectively). Therefore, the study recommended a need for a regular assessment 
and review of the concentration limits of aflatoxins allowed in food products in Qatar. Al- 
Jaal et al. 2019 [25] studied the mycotoxin contamination of food and feed in the Gulf 
Cooperation Council countries (GCC). They highlighted the limitation of the studies 
related to mycotoxins such as aflatoxins globally and in the GCC countries.

Based on the classification that has been done on aflatoxin species by IARC as men-
tioned above, aflatoxin concentration in consumer products has become one of the most 
stringent indicators and measures of food toxicity. Several methods and procedures have 
been developed and adapted for the determination of aflatoxins in various food products 
[26,27]. Since fungi have been widely documented as a contaminant of coffee beans, 
there is a need for isolation and detection of types of fungi that have the potential to grow 
on coffee. Many studies and surveys have been conducted to isolate and determine the 
species of fungi that are present in coffee beans. Noonim et al. 2008 [14] isolated different 
mycotoxin producing fungi by a direct plating method. The harvested fungi of the coffee 
were assessed for the presence of the genus Aspergillus, and the potential of the isolates 
to have any mycotoxin levels. The results showed that the contamination by Aspergillus 
and Rhizopus had a percentage of 25.46% and 38.88%, respectively.

According to Wacoo et al. 2014 [28], different approaches have been reported and 
explored to detect and determine the presence of aflatoxins in food products, such as 
thin-layer chromatography, high-performance liquid chromatography (HPLC), enzyme- 
linked immunosorbent assay, liquid chromatography (LC) with mass spectrometry (MS), 
and others. However, in the GCC countries, chromatographic techniques and immunolo-
gical methods are usually used for mycotoxin analysis. HPLC in combination with fluor-
escence detection is a simple analytical method that minimises the use of solvents and 
less labour-intensive. It is the most widely used and the most common technique for the 
determination of aflatoxins in food and feed [29]. HPLC has been used in various studies 
for the detection of mycotoxins in the GCC countries, and it has managed to achieve a low 
sensitivity [27]. However, due to the advantages of using small particles (smaller than 
2.0 µm) of the stationary phase particles in the ultra-high performance liquid chromato-
graphy (UHPLC), UHPLC is considered as a good alternative to conventional HPLC [30]. LC- 
MS is also considered one of the available detection techniques because of the selectivity, 
universality, and sensitivity. The high cost and matrix effect are the main disadvantages of 
LC-MS.

There are challenges for the routine monitoring of the multiple toxins. Certain of these 
challenges, as mentioned by Stroka, & Maragos, 2016 [31], are the need for co-extraction 
of multiple analytes with a wide range of different polarities and the influence of matrix 
components on the results, are independent of the analytical technique used. Even 
though the enormous progress of the mycotoxin analysis, which detects the presence 
of well-known mycotoxins, the detection of conjugated forms, including masked or 
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bound mycotoxins is still a challenge in this regard [32]. Bound toxins can result from 
various chemical transformations and they may not be detected by routine analytical 
techniques. According to Köppen et al. 2010 [33], the chemical transformations of toxins 
are generally caused by the enzymatic conversion or technological treatment of the 
contaminated foodstuff, especially by heat or alkaline pH. During extraction and clean- 
up, the mycotoxin conjugates may be lost because of the difference in polarity compared 
to the parent toxins [33].

Evaluation of aflatoxins levels in different varieties of coffee available in Doha (Qatar) 
market is not comprehensively studied. In this regard, the objectives of this study were to 
(i) culture coffee samples to detect and isolate possible fungal species, and (ii) optimise, 
validate, and analyse the presence of aflatoxins in coffee (beans and powders) using ultra- 
high-performance liquid chromatography-fluorescence detector (UHPLC-FLD).

2. Experimental

2.1. Sample collection

Commercial samples of coffee (beans and powders, sample sizes were 0.25 kg and 
0.50 kg) were purchased from different local markets in Doha. Fourteen coffee samples 
were collected according to different variables i.e. packed or unpacked, beans or powder, 
roasted or raw bean samples. The coffee samples were ground by a blender to obtain fine 
particles. The samples were classified as follows: unpacked raw bean coffee, unpacked 
roasted bean coffee, packed raw bean coffee, packed roasted bean coffee, packed powder 
coffee with cardamom, and packed powder coffee without cardamom. The samples were 
then stored in an icebox and given serial numbers.

2.2. Isolation of fungi from coffee samples

For powder coffee, one gram of the powder was weighed from each package and 
transferred in aseptic conditions to cultures. For coffee bean samples, one piece was 
taken randomly from each bag, weighed separately, and transferred in aseptic condi-
tions to culture plates. Each sample was subjected to both the broth tube and agar 
plate cultures. The tubes contain potato dextrose agar (PDA) or malt extract agar (MEA). 
Three replicates were prepared from each tube or plate culture. The tubes and plates 
were labelled properly and then transferred to an incubator. Cultured PDA and MEA 
plates were incubated for 3–7 days at 25 °C. The fungal growth was observed regularly 
and any sign of growth was reported. In case if the growth appeared on the plates, 
fungi were purified and sub-cultured, incubated for 3–7 days at 25 °C, and then kept in 
a refrigerator for identification. If the growth was reported in broth culture, one millilitre 
of the broth culture was plated onto a Petri plate with PDA and then incubated again 
for 3–7 days at 25°C. All grown fungi were identified based on macroscopic and 
microscopic examinations and using fungal Keys and Atlases. The bag that has been 
reported as ‘with positive growth’ was subjected for a second experimental trial and 
then the number of CFU/1 g coffee was calculated after preparing serial dilutions of 
sterile distilled water.
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2.3. Aflatoxin determination using ultra-high-performance liquid 
chromatography (UHPLC)

The determination of aflatoxins in food samples requires an efficient extraction step. The 
extraction step requires the use of organic polar solvents such as acetonitrile, methanol, 
or acetone mixed with different proportions of water [34]. However, as the detection of 
aflatoxin is based on the immunoassay technique, this would require extraction using 
a mixture of methanol with water (80/20 v/v) as methanol has a less negative effect on 
anti-bodies compared to other organic solvents such as acetone [35].

In the current study, various extraction solvents were studied, including (i) acetonitrile/ 
water (84/16 v/v) and (90/10 v/v), (ii) no modifications, (iii) methanol/water (80/20 v/v) and 
(70/30 v/v), (iv) 1 mL of extract was combined with 1 mL of acetonitrile before the solid 
phase purification step, and (iv) chloroform – 2 mL portions of each extract was evapo-
rated and re-dissolved in acetonitrile/water prior to the solid phase purification step. The 
recovery of this method was in the range of 70–120%. Each sample was extracted with 
each extraction solvent in replicates of 10 for 1 hour on a reciprocating shaker (180 rpm). 
The samples were analysed for aflatoxins by UHPLC using the AOAC method 994.08.

2.4. Reagents and chemicals

Aflatoxin mix 4- solution stock solution with B1 20.94 mg/L, G1 20.91 mg/L, B2 20.87 mg/L, 
and G2 20.93 mg/L concentration was supplied by Sigma-Aldrich. Acetonitrile solvent (for 
HPLC, gradient grade) was supplied by Sigma-Aldrich. It has a purity of ≥ 99.9% and is 
used to prepare acetonitrile 10% (Acetonitrile: deionised water (1:9)). Methanol solvent for 
HPLC, gradient grade) was supplied by Sigma-Aldrich that has a purity ≥ 99.9% and used 
to prepare the 80% (Methanol/DIW) for extraction of aflatoxins as well as in elution 
(100%). The n-hexane (for residue analysis) was provided by Merck. Trifluoroacetic acid 
(for HPLC) that has Purity 99.0% was supplied by Sigma-Aldrich. EASI-EXTRACT® Aflatoxin 
columns were supplied by R-Biopharm AG and were used for the clean-up process. 
Phosphate buffer saline tablets were provided by Sigma and were used to prepare the 
phosphate buffer used in the experiment. Deionised water was obtained by using Milli-Q® 
Integral Water Purification System. The mobile phase was prepared by volume using the 
previously mentioned solvents; acetonitrile: deionised water: methanol (18:64:18 v/v/v).

2.5. Standards preparation

Aflatoxin mix 4-solution stock solution to prepare intermediate standards, spiking standards, 
and calibration standards. A spiking standard of 1 mg/L was prepared by adding 500 µL of 
the stock solution in acetonitrile solvent 100%. An intermediate standard of 1 µg/L was 
prepared by adding 1 mL of 1 mg/L previously prepared standard in 9 mL of 100% 
Acetonitrile. Calibration standards of 1, 2.5, 5, 10, 25, 50, and 100 µg/L were prepared using 
the intermediate standard. Since the prepared standards are not derivatives, a derivatisation 
step is necessary to make the fluorescence detector able to detect them. To prepare the 
100 µg/L and 50 µg/L, 200 µL and 100 µL, respectively, were added into acetonitrile solvent to 
have a final volume of 1 mL. To prepare 25 µg/L from 100 µg/L, a volume of 150 µL required 
into 10% acetonitrile. Derivatisation of the standards was carried out by adding 200 µL of 
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each one into tubes and then evaporating using TurboVap® LV, then adding the derivatised 
solution (200 µL of n-hexane, 50 µL TFA, and 1.95 mL of 10% acetonitrile).

2.5.1. Extraction of aflatoxins G1, B1, G2, and B2
Aflatoxin compounds were extracted by mixing a known quantity of (5 g) homogenised 
coffee samples in a centrifuge tube 50 mL with extraction solvent 80% (MeOH/DIW), then 
by shaking for 2 minutes using VM-100 Mini Vortex Mixer. The solution was then 
centrifuged at 10000 rpm for 10 minutes. Specific volume (8 mL) of supernatant was 
transferred using a pipette to a beaker filled with 50 mL of phosphate buffer to adjust the 
pH of the sample to be 7.40.

2.5.2. Clean-up
Clean-up of toxins from interfering compounds present in the matrix (coffee) was done by 
using EASI-EXTRACT® Aflatoxin Immunoaffinity columns that contain antibodies specific 
to hold the aflatoxin compounds in the column. The column was activated after adjusting 
on a vacuum manifold by adding 15 mL phosphate buffer without allowing the column to 
dry. The solution prepared in the beaker was poured into the column. Aflatoxin com-
pounds remain on the surface of the column without interfering compounds. After the 
whole sample passed the column, deionised water (20 mL) was added to washing the 
column and the column was then dried.

2.5.3. Elution
The column that contains the aflatoxins inside was eluted using 1.5 mL of 100% methanol 
solvent HPLC grade into a glass tube. The tube was transferred to TurboVap® LV to 
evaporate the solvent for 30 minutes using N2 gas with 99.9995% purity at 60°C.

2.5.4. Derivatisation
After evaporation, the tube was checked to be fully dried, 200 µL of hexane (HPLC grade, 
Purity = 95.0%), and 50 µL of trifluoroacetic acid (Purity 99.0%), UV-Spectroscopic grade 
(TFA) were added to reconstitute the residue. Then, the mixture was shaken for 30 seconds 
using VXR basic Vibrax® – IKA and let the tube for 5 minutes. After that, 1950 µL of 10% 
acetonitrile was added to the mixture and being shaken by a vortex.

Using a syringe and Filters PVDF (0.22 µm), an enough amount of the residues down 
the hexane layer was transferred to the UHPLC vial. Then, the vial was injected into the 
UHPLC instrument Agilent 1290 infinity series. The aflatoxin compounds were detected 
with fluorescence detector based on their fluorescence properties and the results were 
quantified by the UHPLC instrument Agilent 1290 infinity series with column WATERS 
NOVA PACK C18, 4 µm, 3.9 × 150 mm or equivalents, and fluorescence detector. This is 
a validated in-house method and accredited to be fit with the matrix and target analytes 
in this study, in which linearity, precision, limit of detection (LOD), limit of quantification 
(LOQ), and recovery were considered.

3. Results and discussion

Coffee is considered as the second most routinely consumed drink after water. It has been 
grown in more than 70 countries [36,37]. The minerals and biologically active substances 
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in coffee are health-promoting properties that are linked to its antioxidant content. It was 
shown an increase of 169 million bags (bag equals 60 kg) of the world’s coffee production 
in 2018; representing 38% of Robusta and 61% of Arabica. 80% of the world’s coffee 
consumption corresponds to roasted coffee [38]. Qatar, along with the Gulf Cooperation 
Council (GCC), is set to reach 50% of the world’s total coffee consumption, and it is 
considered one of the world’s growing coffee markets. The number of coffee cafes in 
Doha has greatly increased in recent years. It has been suggested that once the coffee 
beans are roasted, various physical and chemical changes take place such as the internal 
structure of beans changes, water content, density, and colour [38]. This would affect the 
aflatoxins content in coffee. In this study, the samples, therefore, were classified as follows: 
unpacked raw bean coffee, unpacked roasted bean coffee, packed raw bean coffee, 
packed roasted bean coffee, packed powder coffee with cardamom, and packed powder 
coffee without cardamom.

3.1. UHPLC validation process

HPLC has been used in various studies for the detection of aflatoxins in food and 
managed to achieve a low sensitivity [27]. However, due to the advantages of using 
small particles (smaller than 2.0 µm) of the stationary phase particles, higher peak 
capacity, resolution, and sensitivity in the UHPLC, UHPLC is considered as a good alter-
native to conventional HPLC [30]. Validation of the UHPLC method was carried out based 
on the limit of detection, precision, linearity, selectivity, accuracy, and limit of quantifica-
tion, and recovery. In the UHPLC validation process, no interfering peaks were observed 
and the aflatoxins G1, B1, G2, and B2 were separated in 20 min total run time. The R2 or 
coefficient of determination of the calibration plots for all compounds was ≥ 0.995. The 
limit of quantitation (LOQ) for all compounds was 2 μg/kg. The precision or the relative 
standard deviation (RSD%) calculated for six replicates of samples spiked at LOQ (2 μg/kg) 
was less than 20%, and the limit of detection (LOD) was 0.17 μg/kg, 0.14 μg/kg, 0.12 μg/kg 
and 0.09 μg/kg for Aflatoxins G1, Aflatoxins B1, Aflatoxins G2, and Aflatoxins B2, respec-
tively. The average recovery calculated for six replicates of samples spiked at LOQ (2 μg/ 
kg) was from 74.5–80% for aflatoxins as shown in Table 1.

Based on the previous studies, aflatoxins determination in coffee and foodstuffs has 
focused on the simultaneous determination of various toxins with the aim of reducing the 
time and cost of analysis. However, the differences in the physicochemical properties of 
aflatoxins make it quite difficult to find an optimal extraction condition. Here, in this study, 

Table 1. Analytical and performance characteristics of the aflatoxins determination method.

Analytes
Expected 
(μg/kg)

Run 1 
(μg/kg)

Run 2 
(μg/kg)

Run 3 
(μg/kg)

Run 4 
(μg/kg)

Run 5 
(μg/kg)

Run 6 
(μg/kg)

Mean 
(μg/kg)

Recovery 
(%)

Standard 
Deviation 

(SD)
RSD 
(%)

LOD 
(3*SD)

Aflatoxins 
G1

2.00 1.61 1.45 1.59 1.56 1.57 1.56 1.55 77.5 0.06 3.54 0.17

Aflatoxins 
B1

2.00 1.53 1.40 1.51 1.49 1.50 1.48 1.49 74.5 0.05 3.15 0.14

Aflatoxins 
G2

2.00 1.57 1.53 1.60 1.63 1.64 1.60 1.60 80.0 0.04 2.59 0.12

Aflatoxins 
B2

2.00 1.52 1.45 1.53 1.52 1.53 1.49 1.51 75.5 0.03 2.04 0.09
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this problem has been overcome by using UHPLC – FLD. The method has been validated 
in a wide range of concentrations and satisfactory recovery results for all analytes were 
obtained. The RSD values were between 2.04% and 3.54%, which demonstrates the 
precision of the analytical procedure.

Afsah-Hejri et al. 2011 [39] studied the optimisation of HPLC conditions for quantitative 
analysis of aflatoxins (B1, B2, G1, and G2) in contaminated peanut. Results showed that the 
detection value of target aflatoxins was affected by the HPLC variables such as tempera-
ture, flow rate, and the mobile phase. The study also showed that the mobile phase 
composition of (acetonitrile/H2O/MeOH: 8/54/38) at 24°C and a flow rate of 0.4 mL/min 
were the best quantification results for aflatoxins determination compared to two other 
conditions. The mobile phase compositions were (acetonitrile/H2O/MeOH: 23/54/23) at 
28–32°C and a flow rate of 1 mL/min, and (acetonitrile/H2O/MeOH: 17/54/29) at 30°C and 
a flow rate of 1 mL/min.

Sakin et al., 2018 [40] validated and determined the concentration of aflatoxins and 
ochratoxin A in Sürk cheese samples by the HPLC-FD system. It was shown that no 
interfering peaks were detected and the separation of aflatoxins and ochratoxin A were 
in less than 11 min total run time. The LODs for aflatoxins were in the range of 0.035 μg/ 
kg – 0.061 μg/kg, whereas the LOQs ranged from 0.10 to 0.17 μg/kg. The average 
recoveries were between 74.3 and 102.3%.

Bessaire et al., 2019 [18] developed and validated LC-MS/MS method to study the 
occurrence of mycotoxins in coffee. The results revealed that the samples were contami-
nated with a maximum level at 1.2 μg/kg of Aflatoxin B1. Ochratoxin A, Fumonisin B2, 
Sterigmatocystin, Beauvericin, and Enniatin A were found with maximum levels at 12.2 
μg/kg, 76.3 μg/kg, 19.8 μg/kg, 4.4 μg/kg and 1.7 μg/kg, respectively.

Aflatoxin (AFG1) was only detected in two samples with low concentrations; namely 
samples A and O with 4.27 × 10−1 μg/kg and 1.99 × 10−2 μg/kg; respectively, as shown in 
Figure 2. The reason behind that can be explained as that the aflatoxins in coffee products 
that were sampled might be reduced during the soluble coffee manufacturing as 
explained by Soliman (2002) [11]. Moreover, roasting is an effective way for the destruc-
tion of aflatoxins and results showed that roasting methods caused reductions in four 
types of aflatoxins, however, aflatoxin B1 showed a persistence towards the heat, followed 
by aflatoxin G2, then aflatoxin B2, while aflatoxin G2 was sensitive and unstable to the 
heat [11]. Among the three methods, the traditional roasting showed the highest 

Figure 2. UHPLC-FLD chromatogram of sample A (4.27 x 10−1μg/kg aflatoxin G1 (AFLA.G1)).
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destruction efficiency (55.9%) followed by oven roasting (47.8%) and then microwave 
roasting (42.2%) [11]. In another study, electrical roasting at 200°C achieved 93–99% 
destruction of aflatoxins [41]. In the present study, 11 out of 14 tested samples were 
already roasted and so a high concentration of aflatoxins was not detected in most of the 
tested samples. Similar to our findings, 17 samples out of 30 were shown to be infected 
with A. flavus but their concentrations of aflatoxins were low, which had a range of 
0.76–8.92 μg/kg using HPLC [11].

It was shown the roasting process may induce chemical reactions and; therefore, 
examining the quality of coffee beans and powder through biochemical composition 
and properties are of importance. For instance, high acid levels, proteins, and amino 
acids in coffee beans are correlated with high quality of coffee [41]. The major 
compounds in coffee Arabica seeds are 48–60% dry matter polysaccharides, 13–17% 
dry matter lipids, 11–15% dry matter proteins, 7–11% dry matter sucrose, and 5–8% 
dry matter chlorogenic acids [42]. Other investigators such as Hasan (1999) [43] and 
Pluyer et al. 1987 [44] confirmed that the roasting process is considered as an 
effective in the destruction of aflatoxins. The reason might also be related to the 
sugar content. During the roasting process, the sucrose content of the coffee was 
reduced from 7% to 0% as reported by Hasan (1999) [43]. Many investigators have 
demonstrated that aflatoxin production occurs only when there are high levels of 
carbohydrates in the media [11]. As a result, the loss of carbohydrates during roasting 
may account for the decrease in aflatoxin production. An investigation was conducted 
to study the concentration of aflatoxins in nuts and dried fruits in Morocco [45] using 
immunoaffinity clean-up with LC-FLD. The results showed that the highest aflatoxins 
concentration (aflatoxins B1) was found in one walnut sample that had 
a concentration of 2500 μg/kg, and one pistachio sample, which had a concentration 
of 1430 μg/kg. Moreover, fruits of dried figs were analysed for the detection of 
aflatoxins. Around 5% of the fig samples, the aflatoxins were detected. Aflatoxin B1 
was contaminated in one sample and had concentrations of 0.28 μg/kg. Other 
samples were detected with aflatoxin G1 that ranged from 0.28 μg/kg – 32.9 μg/kg. 
According to the limit set by the European legislation, around 15% of the dried figs 
examined during the study had exceeded the maximum limit (4 μg/kg). It was also 
revealed species that are responsible for the production of aflatoxins become more 
common when they have the chance to grow in their favourable conditions, which is 
mainly high sugar content [45].

Sample A, which was contaminated with Aflatoxin G1, had a concentration of 
4.27 × 10−1 μg/kg, and it was packed roasted coffee beans. A survey that was conducted 
by Nakajima et al. 1997 [12] to determine the concentration of selected mycotoxins in 
commercial coffee bean using HPLC linked with immunoaffinity chromatography. One of 
the detected mycotoxins was aflatoxin B1. It was mentioned that HPLC uses fluorometric 
analysis for mycotoxins in coffee beans might give interfering fluorescent peaks that may 
prevent the detection at low concentrations. Since that, the immunoaffinity column was 
introduced in the clean-up stage and their results revealed no interfering peaks, and the 
detection even was at a low concentration of aflatoxin B1 [46–48]. The study of Nakajima 
et al. 1997 [12] showed that 14 out of 47 samples of African and Asian imported beans 
were contaminated by aflatoxin B1 in a concentration that had a range of 2–32.9 ng/kg; 
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however, all samples from the central and South American countries were not contami-
nated with mycotoxins [12].

In the present study, no aflatoxins were detected in sample C (packed powder with 
cardamom). This could be explained as it showed that the addition of cardamom could 
cause an inhibition in fungal growth. But in a study conducted by Bokhari (2007) [47] 
showed that the occurrence of aflatoxins in Arabic coffee beans, detection of aflatoxin B1 
was at a minimum of 2.10 μg/kg, and the maximum was 219 μg/kg. Out of forty-eight 
samples collected from markets in Jeddah, 15 samples were positive results for aflatoxins. 
The results showed and represented a health risk, especially those of Arabic coffee beans 
that were prepared with light roasting that does not have a good efficiency for the 
destruction of mycotoxins. Three out of 47 samples in that study were imported from 
Brazil with Arabica type of beans. No detection for aflatoxin B1 in the three samples, 
although fungi species were isolated (with Aspergillus flavus as a common fungus) and all 
are known to be responsible for aflatoxin production [47].

3.2. Isolation of fungi from coffee samples

It has been shown that coffee beans could be exposed to a range of microbial contami-
nants during cultivation, harvesting, processing, transportation, and storage. In addition, 
drying in the long term under the sun contributes to microbiological challenges [38]. 
Table 2 shows the list of microorganisms isolated from the studied samples. A species of 
yeast (species 1) grew in beans as well as powder samples. Yeast sp. 2 (Figure 3) was found 
in the packed roasted, unpacked raw beans, packed powder with cardamom, and packed 

Table 2. List of microorganisms (Bacteria and Fungi) isolated from different coffee samples collected 
from the local Doha market.

Sample 
Label Description

Aflatoxin detection 
(Chemical detection) Microorganism (microbiological detection)

A Packed roasted beans – 1 + (AFG1) ND
B Packed roasted beans – 2 ND Yeast sp. 1
C Packed roasted powder with  

cardamom – 1
ND Yeast sp. 1

D Packed roasted powder with  
cardamom – 2

ND Aspergillus niger 
Yeast sp. 2

E Packed roasted powder with  
cardamom – 3

ND Aspergillus sp. 
Yeast sp. 2

F Packed roasted powder – 1 ND Yeast sp. 2
G Packed roasted powder −2 ND ND
H Packed roasted powder – 3 ND Yeast sp. 1
I Unpacked raw beans – 1 ND Aspergillus niger 

Mucor sp.- 
Bacillus sp. – 
Fusarium sp.

J Unpacked raw beans – 2 ND Aspergillus niger 
Rhizopus sp. 
Yeast sp. 1

K Unpacked raw beans – 3 ND Aspergillus niger
O Unpacked roasted beans – 1 + (AFG1) Aspergillus niger
P Unpacked roasted beans – 2 ND Aspergillus niger 

Bacillus sp.
R Unpacked roasted beans – 3 ND Aspergillus niger

ND: Not detected.
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powder without cardamom. Another isolate was Mucor sp. (Table 2, Figure 3) found in 
unpacked raw beans. The most common and repeated mould was A. niger (Table 2 and 
Figure 3). All detected fungal species in the present study coincide with other published 
studies. A study was conducted by Abera et al. 2015 [49] to assess the associations of 
mycoflora in the seed of coffee. The study showed isolations of fungal species, which 
belonged to the genera Fusarium, Aspergillus, Penicillium, and Mucor by agar plating 
technique [49]. It was shown that during different phases of development from harvesting 
to the storage phase, the contamination of the coffee cherries and beans or the colonisa-
tion by these microbes occurred. It was also concluded that a considerably lower patho-
gen association in the case of coffee beans processed by parchment and surface 
disinfection. The best explanations could be due to the parchment of beans that protect 
from the invasion of fungi. Moreover, the parchment is dead tissue and relatively com-
posed of dry sclerenchymatous tissues that prevent the diffusion of gases such as CO2, O2, 
and H2O, which help in the germination of fungi.

In the present study, Aspergillus niger grew and isolated from many samples (Table 2; 
Figure 3). Eight samples out of fourteen were contaminated by Aspergillus niger. Most of 
the eight samples were whole beans. Aspergillus niger has been reported as a mycotoxin 
producer on dried coffee bean samples (Coffea arabica) in Thailand [50]. In the latter 
study, a total of 50 samples was plated onto dichloran 18% glycerol agar plates and malt 
extract agar with and without surface sterilisation. It was observed that a diversity of black 
Aspergilli in coffee beans including A. niger, A. carbonarius, A. tubingensis, A. foetidus, 
A. aculeatinus and A. sclerotiicarbonarius were present. Moreover, the study showed 
a higher incidence of A. niger in Arabica coffee and related taxa, while in Robusta coffee, 

Figure 3. Pictures of microorganisms isolated from the studied samples of coffee. (a) colonies of 
Aspergillus niger, (b) Mucor sp. Fusarium and yeast sp. 2., (c) Fusarium and yeast sp. 1 colonies, (d) 
Colonies of Aspergillus niger group and Fusarium sp.
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A. niger was one of the dominant species [50]. In another study, Nakajima et al. 1997 [12] 
found that after examination of the mycoflora of green coffee beans, members of the 
A. niger group were prominent. The authors reported that a group of mycotoxin, which is 
ochratoxin A was produced by A. foetidus that is one of the A. niger groups.

It is observed that all raw or green coffee beans – wherever the origin of the beans – 
showed colonies of A. niger. Batista et al. 2003 [51] studied the presence of Aspergillus and 
other species before and after surface sterilisation on processed green coffee beans in Brazil 
(Coffea Arabica) as well as the mycotoxigenic potentials of these species. The authors 
reported that the contamination by Aspergillus species was 96% of 45 samples from 11 
localities [51].

Although the presence of fungi in the coffee beans affects the quality in terms of flavour 
and aroma and could be harmful to consumers at certain concentrations, finding fungi in 
coffee beans does not always mean they produce mycotoxins. Moreover, the results 
obtained showed that there are spores of fungi in coffee and these spores do not produce 
mycotoxins until they germinate and have a favourable condition for mycotoxin production. 
The results of the mould infection of this study agree with the findings of Abdel-Hafez & El- 
Maghraby (1992) [52] and Shivaramaiah & Raghunathan (1989) [53] who reported that there 
are dominated flora species such as A. ochraceus, A. flavus, and A. niger as well as Penicillium 
spp. of coffee beans. It is common to say that potentially mycotoxigenic fungi are associated 
with stored coffee beans, but there is little indication that coffee, in general, supports the 
production of mycotoxins. According to Kabak (2016) [54], it was revealed that on the outer 
surface or inside the cavity of the fruit, toxigenic fungi could grow and produce aflatoxins 
even if no damage happens on the skin. In fact, there are critical periods of aflatoxins 
formation, and one of them is when the fruit shrivels and falls on the ground and soil. It was 
reported by Accinelli et al. 2008 [55] that the concentration of aflatoxins in the soil is in the 
range of 1.9 nmol/kg – 881.4 nmol/kg soil. The aflatoxins can be taken up by the plants since 
they can be transported from the root to the fruits [56]. Clay minerals that are found in the 
soil can isolate aflatoxins, which can be easily adsorbed onto a type of clay mineral called 
smectite [57]. It was suggested by Deng & Szczerba (2011) [58] that the electrostatic 
attraction in the aflatoxin B1 played a vital role in the bonding to smectite. The two 
functional groups in aflatoxin may be chemically bonded to the surface of smectite. As 
shown in Figure 1(b), aflatoxin compounds have a five-carbon ring with two adjacent 
carbonyls and two furan rings relating to toxicity, a highly substituted coumarin relating 
to carcinogenicity, in addition to organic lactone and a phenyl group [59]. The carbonyl 
groups, which are rich in excess electrons, cause of the interaction with electron-deficient or 
positively charged species as discussed in Kang et al. 2016 [59] study and this may explain 
the contamination of coffee beans as a result of the contaminated soil.

4. Conclusion

This investigation was done to determine the presence of aflatoxins in coffee samples using 
UHPLC and by culturing of coffee samples to isolate possible fungal species. The method 
optimisation and validation revealed that the UHPLC-FLD method provided acceptable 
relative standard deviation and recovery for aflatoxins determination. The RSD (%) was 
3.54, 3.15, 2.59, and 2.04 for the aflatoxins G1, B1, G2, and B2, respectively. The LOD (μg/kg) 
was 0.17, 0.14, 0.12, and 0.09 for the aflatoxins G1, B1, G2, and B2, respectively. The average 
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recovery of the aflatoxins G1, B1, G2, and B2 was 77.5, 74.5, 80.0, and 75.5, respectively. The 
analytical method that was based on UHPLC-FLD showed that most of the coffee samples 
are free from aflatoxins except for two samples with a very low concentration.

The dominant fungal genera associated with the coffee samples were Aspergillus niger, 
Mucor sp. Bacillus sp. and yeast species. Eight samples out of fourteen were contaminated by 
Aspergillus niger. Most of the eight samples were whole beans. 11 out of 14 tested samples 
were already roasted and so a high concentration of aflatoxins was not detected in most of 
the tested samples. It was concluded that the presence of these moulds does not mean the 
presence of mycotoxins in the samples as these moulds might not have the potential to 
produce mycotoxins. A very weak correlation was observed between the growth of the 
microorganisms (the level of coffee contaminated by total fungi) and the concentration of 
aflatoxins present, which do not essentially indicate an aflatoxin-contaminated sample. This 
study showed that the implemented method is an appropriate method for aflatoxins 
determination in coffee (beans and powder), and can be recommended for routine analysis 
envisioned for inspections or monitoring programs of aflatoxins in coffee and other food.
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