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1  |  INTRODUC TION

Coffee is a member of Coffea genus and botanical Rubiaceae family. 
Coffee is a universal most wanted beverage that was consumed for its 
motivating affects caused by caffeine. Many people do not know about 
how the coffee is cultured or processed.1 It is clear that for good quality 
of coffee production, processing of coffee beans is very important, after 
that suitable care needs to be taken for packaging and storage of cof-
fee beans.2 Different methods are used to prepare and consume coffee 
such as espresso, French press, and latte. Coffee beans contain more 
than 1500 chemical components.3 These healthy compounds such as 
chlorogenic acids, caffeine, trigonelline, diterpenes, and tocopherols 

make coffee a beneficial beverage.4,5 When beans of coffee have not 
roasted, they are named green coffee beans.6 Chlorogenic acid that is in 
green coffee beans has many health benefit activity, and in green coffee 
beans, this component is higher compared with roasted coffee beans, 
and it seems that roasting process of coffee beans can decrease amount 
of the chlorogenic acid.7 One of the major water- soluble component 
of coffee is caffeine (1,3,7- trimethylxanthine). Caffeine has psychoac-
tive fragment and antioxidant properties.8 Caffeine can increase men-
tal performance, reduce type 2 diabetes mellitus, decrease incidence 
of cancer, protect against Parkinson ś disease, and protect premature 
neonates from bronchopulmonary dysplasia defect.9- 12 These beans 
can have significant effects on health, including increased wakefulness, 
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Abstract
Background: Mycotoxins are secondary fungal metabolites that are produced by some 
toxigenic fungi on foodstuffs which are poisoning and potentiate for human's health 
hazards.	In	coffee	samples,	ochratoxin	A	and	fungal	contamination	were	examined.
Methods: Immunoaffinity columns were used for treating of all 50 samples from four 
types of coffee, after that high- performance liquid chromatography was used for de-
termining the amount of ochratoxin. For the identification of fungi, all coffee samples 
were cultured in appropriated media.
Results: The	results	showed	that	all	samples	were	contaminated	by	ochratoxin	A	but	
only up to 50% of them had toxins higher than acceptable level as detected in black 
beans (47%), green beans (33.3%), torch (33.3%), and espresso (25%). Black coffee had 
a	higher	mean	concentration	of	ochratoxin	A	than	green	coffee.
Conclusion: Predominant fungi isolated from coffee samples were Aspergillus species. 
Finally, careful monitoring of mycotoxins in coffee samples is essential to improve the 
quality of this favorable beverage in future.
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reduced	pain,	lowered	risk	of	Alzheimer's	and	Parkinson's	disease,	and	
reduced depression.12- 15 Recently, a study investigated that in elderly 
people, coffee consumption might be useful in those with hyperten-
sion, obesity, or diabetes.16 One of the famous and top priority human's 
health hazard is mycotoxins that are produced by specific strains of 
fungi.17 Mycotoxins are secondary toxic fungal metabolites which can 
cause minor- to- severe complications such as leukopenia, immunodefi-
ciency, and even liver cancer.18 One of these mycotoxins is ochratoxin 
A	(OTA).1	Ochratoxin	A	is	the	most	secondary	fungal	compounds	that	is	
mainly produced by the genera of Aspergillus (e.g., Aspergillus ochraceus) 
and Penicillium (e.g., Penicillium verrucosum).19,20	Ochratoxin	A	is	catego-
rized as a human carcinogen and teratogen; it has some toxic compounds 
which has harmful effect on kidney, liver, and immune system.21,22 The 
acceptable	concentration	of	OTA	is	10	μg/kg that is recommended by 
FAO/WHO	 Expert	 Committee	 on	 Food	 Additives.23,24	 As	 these	 se-
rious	effects	of	OTA,	many	attempts	need	to	be	tested	and	adjusted	
for keeping among this mycotoxin below acceptable levels. Currently, 
many	countries	have	documented	maximum	levels	of	OTA	that	can	be	
present in foodstuffs. In European Union (EU), the legal maximum lim-
itation	for	OTA	that	has	determined	in	roasted	and	immediate	coffee	
is 5 and 10 μg/kg, respectively.25	Among	many	food	products,	bever-
ages, including coffee fruits and beans, are highly susceptible and at 
risk of contamination by toxigenic fungi.26	Determination	of	OTA	con-
centration levels can be analyzed by different methods. The most com-
monly	used	methods	are	enzyme-	linked	immunosorbent	assay	(ELISA),	
gas chromatography– mass spectrometry, thin- layer chromatography 
(TLC),	 high-	performance	 liquid	 chromatography	 (HPLC),	 and	 ultra-	
high-	performance	 liquid	 chromatography	 (UHPLC)	with	 fluorescence	
detector	 (FLD).	 It	 is	necessary	 to	use	sensitive,	 rapid,	and	repeatable	
assays	to	detect	the	presence	of	mycotoxins.	Although	using	ELISA	to	
determine	OTA	is	a	rapid	method,	the	procedure	did	not	work	for	some	
foodstuff because of the cross- reactivity with related compounds.27 
Among	these	methods,	HPLC	and	UHPLC	are	commonly	used	for	an-
alyzing	OTA	because	of	their	high	efficiency	and	also	their	detectors	
have	low	limits	of	quantification.	UHPLC-	FLD	provided	a	faster	analysis,	
but	this	method	needs	FLD	that	are	not	available	everywhere.	HPLC	
method provides a high accuracy and sensitivity for rapid analysis of 
mycotoxins in the monitoring of food quality.28	All	of	the	coffee	beans	
in Iran are imported, and there is less information about fungal contam-
ination and mycotoxins level on coffee products. The aim of this study 
was	to	determine	the	concentration	of	OTA	and	deliberate	the	load	of	
fungal	contamination	in	green	and	black	coffee	based	on	HPLC	method	
in Shiraz, Southern Iran.

2  |  MATERIAL S

2.1  |  Samples

A	 total	 of	 50	 coffee	 samples	 including	 18	 black	 coffee	 beans,	
8 green coffee beans, 12 coffee espresso powder, and 12 coffee 
torch powder samples from different brands were randomly pur-
chased from supermarkets around Shiraz City, Iran, during 2018.

2.2  |  Methods

2.2.1  |  Fungal	detection	and	load	of	contamination

2.1.1 | Direct plating test
Culture was used for the detection of fungal isolates. Five coffee 
beans and 0.2 g of each coffee powder (5 beans per plate) were inocu-
lated in Sabouraud dextrose agar containing chloramphenicol (SC) and 
SC	with	6%	NaCl	(Sigma	Chemicals,	USA).	For	evaluating	the	load	of	
fungal contamination, 5 g of each coffee samples was added to 45 ml 
of sterile distilled water that contained 0.05% Tween 80. Then, 100 
µl of suspension was inoculated to SC after vortexing for 2 min. The 
plates were incubated at 25℃ for 7 days. The fungal colonies were 
counted, calculated, and reported as colony- forming unit (CFU) per 
gram based on International Commission on Microbiological Safety for 
Foods (ICSMF) protocol. Finally, for identification of fungi's genus, the 
colonies were subcultured.29- 31

2.2.2  |  Analysis	of	OTA	by	HPLC	method

OTA	 standard	 was	 obtained	 from	 Supelco	 (Bellefonte,	 USA).	
Solvents for mobile phase such as sodium chloride, acetic acid gla-
cial, and acetonitrile and all chemicals were of the analytical grade 
(Merck	Darmstadt,	Germany).	A	standard	working	solution	of	OTA	
(100 μg kg−1) was prepared in methanol water (50:50, v/v). Ten grams 
of sample was extracted with 200 ml of 84% acetonitrile in 3 min in 
a blender with low speed. One hundred milliliters of this solution 
was	diluted,	 and	 the	pH	was	adjusted	with	NOH	 (pH	=7.4).	HPLC	
apparatus consisted of a binary pump equipped with microvacuum 
degasser, thermostated autosampler, column compartment, and 
fluorescence	152	detectors	 (model	G1321A).	The	amount	of	 injec-
tion was 20 μl, and the column temperature was deposited at 40℃. 
Detector wavelengths were set at λexc160 and λem of 365 and 
435 nm. For data acquisition and processing, the system was inter-
faced	to	the	computer	(Agilent	ChemStation).

2.2.3  |  Sample	treatment	and	purification

In accordance with the Institute of Standards and Industrial Research 
of Iran (ISIRI no. 9238, 2011), 5 grams of the ground coffee samples, 
1	g	NaCl,	and	20	cc	methanol	(80%)	were	blended	and	homogenized	
for 3 min by using a warring blender (Model MX1050XTX). The mix-
ture was filtered with Whatman filter paper, and then, 10ml of the fil-
trated solution was added to 40ml of phosphate- buffered saline (PBS). 
Then, the solution was centrifuged (1372 g, 15 min) and filtered again. 
For	 purification	 of	OTA	 from	 coffee	 samples,	 50	ml	 of	 the	 filtrated	
solution	was	passed	through	the	IAC	column	(Libios)	at	a	flow	rate	of	
1 ml min−1.	Then,	OTA	was	eluted	with	1.5ml	of	methanol	acetic	acid	
(98:2) from the column and collected in a glass vial, and 1.5 ml of ster-
ile,	deionized	water	was	added.	As	a	final	point,	for	injection	into	the	
HPLC,	100	μl of the eluted solution was used.32
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2.2.4  |  Validation	and	quality	assurance	method

For	 the	OTA,	calibration	curve	was	built	with	concentrations	of	
0.5, 2, 5, 10, 30 μg kg−1.	The	 limits	of	detection	 (LOD)	and	 lim-
its	of	quantification	(LOQ)	were	established	by	using	the	signal-	
to- noise approach, described as per the concentration, resulting 
in	a	signal-	to-	noise	ratio	of	approximately	3:1	for	LOD	and	10:1	
for	 LOQ.	 Twenty-	five	 grams	 of	 different	 OTA-	free	 coffee	 sam-
ples	was	spiked	with	OTA	at	the	levels	of	1,	5,	and	20	μg kg−1 for 
accuracy	 of	 the	method	 applied.	 All	 the	 tests	were	 done	 three	
times, and then, the recovery and standard deviation (SD) were 
calculated.32,33

2.2.5  |  Quality	Control

By internal quality control, the precision and exactness of the meth-
ods	were	confirmed.	For	this	purpose,	OTA	retrievals	were	recorded	
by analyzing a blank sample and spiked at 5 μg kg−1	 for	OTA.	The	
recovery	rate	for	OTA	was	93	μg kg−1.	The	OTA	level	was	corrected,	
according	to	the	recovery	value.	The	LOD	and	LOQ	for	OTA	were	
1 μg kg−1. For calculating method linearity, the measurement of de-
termination	 (R2)	was	 used.	A	 sequence	of	working	 standard	 solu-
tions was prepared. Calibration curves were created by distinctly 
conspiracy area against concentration. R2 values were considered 
using the regression equations. In Iran, the acceptable concentration 
of	OTA	is	2	μg kg−1.

2.3  |  Statistical Analysis

Normal	 distribution	 of	 toxin	 contents,	 means,	 standard	 error	 and	
variances were calculated by the SPSS software (Statistical Package 
for the Social Sciences). Chi- square test was used for the determina-
tion of statistical significance of means differences. p value <0.05 
was considered as significant.

3  |  RESULT

After	 the	optimization	of	 the	analytical	 conditions,	 the	 linearity	 in	
the working standard solutions of five concentration levels after 
triplicate and duplicate injections for each concentration level was 
analyzed,	and	finally,	0.9991	and	0.9997	were	reliable	for	OTA,	re-
spectively. (Figure 1, Table 1).

More	information	about	the	quantity	of	OTA	in	the	coffee	sam-
ples	 is	 demonstrated	 in	 Table	 2.	 Among	 50	 samples,	 all	 of	 them	
were	contaminated	with	OTA,	 in	which	40%	of	these	samples	had	
more	OTA	than	standard	 levels	of	 this	 toxin	 (2	μg kg−1).	According	
to Table 2, the mean concentration of this toxin was higher in the 
black bean samples. There was no significant difference in amount 
of	OTA	in	four	types	of	coffee	samples	(p- value =0.69). There were 

different genus of molds that isolated from coffee samples. In our 
study, 3 samples of black bean (17.6%), 7 samples of torch coffee 
(59.8%), 4 samples of espresso (33.3%), and 6 samples of green bean 
(66.6%) had fungal contamination in which Penicillium spp were the 
most fungal genus isolated from all coffee type except green bean. 
(Table 3). The fungal species identified from the culture medium in all 
samples included the following: Aspergillus flavus 2 (10%), Aspergillus 
niger 4 (20%), Penicillium spp 12 (60%), Cladosporium spp 1 (5%), and 
Aspergillus fumigatus 1 (5%). There was no significant difference 
between	amount	of	OTA	and	culture	result	 in	four	types	of	coffee	
samples (p- value =0.14). Out of the 50 coffee samples, 20 (40%) 
samples	 had	 fungal	 contamination.	 Among	 samples	 with	 positive	
fungal culture, only 4 (22.2%) samples contaminated with more than 
the	allowed	OTA	level.

3.1  |  Load of fungal spore

The lowest loads of fungal contamination in coffee bean samples 
were 33 CFU/gr and seen in Cladosporium spp and the highest fungal 
contamination was 134 CFU/gr and belonged to Penicillium spp. In 
coffee powder samples, the lowest load of fungal contamination was 
35 CFU/gr (Aspergillus spp) and highest load of fungal contamination 
was 99 CFU/gr (Penicillium spp), in which all spore levels were below 
the standard level of food safety (10,000 CFU/gr- ICSMF). There was 
no	significant	difference	between	amount	of	OTA	and	four	types	of	
coffee (p- value =0.69).

F I G U R E  1 Standard	curve	of	ochratoxin	A

TA B L E  1 Validation	parameters	for	the	HPLC	determination	of	
OTA

Validation parameters OTA

LOD	(μg kg−1) 0.47

LOQ	(μg kg−1) 1.23

Correlation coefficient (R2) 0.9968

Recovery (%) 83.7– 99.6

RSD (%, n = 20) 1.64

RME (%, n = 20) 2.6
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4  |  DISCUSSION

Nowadays,	drinking	coffee	became	one	of	the	most	popular	habits	
in	the	world.	Arabica	coffee	and	Robusta	coffee	are	the	two	main	of	
coffee type which was farmed around the world that included 98% 
of the world coffee production.34 More than 450 million cups of cof-
fee are drunk in the United States every day.35 In Iran, a developing 
country, coffee is one of the highly demanded products after water 
and	tea.	All	of	the	coffee	products	are	imported	to	Iran,	so	they	can	
be contaminated with toxigenic fungi during pre-  or post- harvesting, 
storage, processing, and packing stages.36 Mycotoxins are obvious 
contaminants in foodstuffs, and occurrence of mycotoxins is world-
wide. These toxic substances are responsible for a big challenge in 
food safety, and also, economies and agricultural organization of the 
developing countries were affected a lot by these toxins, and every 
year, they suffered a huge damage.37	A	successful	detection	method	
for mycotoxin concentration should be sensitive, flexible, and spe-
cific, and the results must be relevant and easy to analyze; nowa-
days,	many	methods	such	as	TLC,	ELISA,	and	HPLC	were	used	 for	
achieving	a	reliable	result.	Among	these	methods,	HPLC	was	more	
suitable for the determination of mycotoxin concentration com-
pared with other methods.38	According	to	previous	studies,	OTA	is	
a powerful toxin that causes kidney damage in animals.39,40 The in 
vivo	 study	 in	 pig	 showed	 that	OTA	has	 ability	 to	 cause	mycotoxic	
nephropathy and expressed major effect in proximal tubules in pig 
kidneys.41	Although	all	coffee	samples	were	contaminated	with	OTA	
but	only	up	to	50%	of	samples	had	OTA	higher	than	hazardous	range.	
In 47% of black beans, 33.3% of green bean, 33.3% of Torch and 25% 

of	espresso,	the	amount	of	OTA	was	higher	than	standard.	Previous	
study	showed	that	OTA	levels	decrease	during	the	roasting	process	
of coffee beans.42 Several studies have demonstrated that some my-
cotoxins such as aflatoxins in contaminated coffee beans have to be 
degraded by heat treatment,43 but on the other hand, it is known that 
OTA	preserved	a	certain	stability	during	most	thermal	food	process-
ing stage.44 In accordance with this result, roasting process in black 
coffee bean has no effect in decreasing mycotoxin compared with 
green	coffee	samples.	According	to	our	knowledge,	there	was	no	in-
formation	about	OTA	 level	 in	coffee	beans	 in	 Iran.	Further	studies	
need	in	order	to	confirm	our	findings.	However,	in	our	study,	100%	
of	samples	were	contaminated	with	OTA	(0.48–	2.69).	Noonim	et	al	in	
Thailand reported that out of 64 coffee bean samples analyzed, 98% 
of	samples	were	contaminated	with	OTA	in	levels	of	<0.6– 5.5 μg kg−1 
(Arabica)	and	1–	27	μg kg−1 (Robusta).45 Vaclavik ‘s et al in the United 
States and Viegas et al in Brazil reported that 36% and 64.3% of sam-
ples were contaminated, respectively.25,46 The potential to contami-
nate the coffee beans depends on several factors such as species 
of fungi, storage, transportation, and processing stages. Producing 
toxin in Aspergillus spp should be under special conditions.47 In 
some samples, although the fungal growth but mycotoxin was not 
detected, and also in some samples mycotoxin was detected with-
out fungal growing, these results obtained by comparison of fungal 
growth and mycotoxin production. Mycotoxin could be produced 
during processing in samples that have less fungal contamination but 
high	toxin.	Also,	some	kind	of	Aspergillus species are non- toxicogenic 
and could not produce any mycotoxin after growing. On the other 
hand, if the conditions are not desirable, the fungi may be removed 
but the toxins will mostly remain. In our study, the genus Aspergillus, 
Penicillium, Cladosporium were detected as fungal contamination. 
Aspergillus spp were predominant species for fungal contamination 
which is known as a major cause of mycotoxigenic fungi. The most 
load	of	fungal	contamination	was	in	torch	coffee.	According	to	stand-
ard level of food safety (10,000 CFU/gr- ICSMF), fungal contamina-
tion in our samples was at permissible level of food safety.

5  |  CONCLUSIONS

The	 focus	 of	 this	 study	was	 to	 compare	 the	 levels	 of	OTA	 in	 dif-
ferent brands of coffee samples. Recently, consumption of coffee 
is common among Iranian people. In our study, all of the coffee 
samples	 were	 contaminated	 in	 low	 level	 of	 OTA;	 therefore,	 the	
standardization of coffee processing and quality control criteria 
are	 recommended.	Also,	 level	 of	 toxicity	will	 increase	 by	 continu-
ous daily consumption of coffee because of the capability of this 

Samples type No. of samples ≥2 μg kg−1 <2 μg kg−1 Mean (range) ± SD

Black bean 18 11 (47%) 7 (52/9%) 4.3 (0.81– 15.7) ±3.71

Green bean 8 2 (33/3%) 6 (66/7%) 1.32 (0.48– 2.69) ±0.96

Espresso 12 3 (25%) 9 (75%) 3.4 (1.29– 7.55) ±2.8

Torch 12 4 (33/3%) 8 (66/7%) 1.68 (0.84– 2.04) ±0.31

TA B L E  2 Concentration	of	OTA	in	
coffee samples

TA B L E  3 The	frequency	of	fungal	species	contamination	in	
coffee samples

Coffee type

Culture results

Species (n)Negative Positive

Black bean 3 15 Aspergillus	niger	(1)

Penicillium (2)

Green seed 6 2 A.flavi	complex	(1)

Aspergillus	niger	(3)

Penicillium (2)

Espresso 4 8 Penicillium (3)

Cladosporium (1)

Torch 7 5 A.flavi	complex	(1)

Aspergillus	fumigatus	(1)

Penicillium (5)
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toxin to accumulate in human body. Finally, coffee is imported in our 
country so it is suggested that adequate controls and monitoring on 
transferring, packaging, and maintenance process of this product are 
needed. The results of such studies can be useful for coffee cus-
tomer that these beverage were safe, and the concentration of toxin 
in coffee was below standard level and not harmful for their healthy.
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