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Review Article

ABSTRACT

The present study was aimed at determining the distribution of ochratoxin A (OTA) in different
types of coffee using short review and analysis. Mycotoxins have undoubtedly presented a global
challenge to human health since the earliest times, and this threat will mainly increase as the
demand for the available food supply increases in response to the growth of the world population.
The most important naturally occurring mycotoxins in human food are aflatoxin, ochratoxin,
deoxynivalenol, zearalenone and fumonisin. OTA is the most prevalent and toxic and is produced
by both Aspergillus and Penicillium. Coffee production has high socio-economic importance in
most African countries. However, postharvest treatment and storage conditions represent optimal
environments for the occurrence of fungi responsible for mycotoxins production in coffee beans.
Preliminary data revealed the wild diversity of coffee beans with the presence of other fungal
genera such as Mucor, Cladosporium, Fusarium, Wallemia and Acremonium. In addition, the
authors found the production ability of A. niger, A. carbonarius and A. ochraceus to produce
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throughout the world.

Ochratoxin-A at concentrations of 0.31, 5.07 and 13.08 pg.kg™"'. The outcome of this short review
can be used for the building of a risk evaluation procedure aiming to provide specific actions to
reduce the exposure to OTA in coffee beans and to improve the exchange of coffee products

Keywords: OTA, aspergillus diversity; coffee; cameroon.

1. GENERALITIES ON COFFEE

Coffee is one of the raw materials mostly
exchanged throughout the world which occupies
an important place in terms of amount and value
in the culture of agricultural rent products [1].
This sector provides employment of about 100
million people, and 25 million are involved in
cultivation and harvesting [2]. On average, the
world harvest is about 8.9 M tons (2015 — 2016)
(Table 1). South American countries provide
almost half of this amount and the largest
producers are Brazil, followed by Vietnam and
Colombia [3]. In Africa, Cameroon is among the
countries having an important part in the collee
market [3]. Even if the coffee branch is rapidly
increasing, some problems can be noticed in its
development, such as a fall in world prices, a fall
of incomes, low production yields and dilJculties
of farmers in appropriating novel or recent
production techniques. The consumption of
coffee per capita has been constant for the last
two decades and, industrial countries consume
about 75% of world coffee [1,3]. Moreover, coffee

Coffee Production Stages
From Field to Cup
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Final Products

Brewing Coffee
Beans

has a great potential quality which strongly
depends on the tree variety, cultural conditions,
seasons, geographic origin, and agronomic
knowledge of farmers. This potential can be
improved or lost during the postharvest
operations [4,5]. The processing technology of
coffee is too long (as described in Fig. 1) and
requires a primary process of handling. In
addition, there is treatment through dry and/or
wet routes as well as storage and transportation
[6,7]. During postharvest treatments,
fermentation participates in the development of
the organoleptic properties and merchantable
qualities of the products obtained [8]. Therefore,
the absence postharvest treatment of coffee
beans can lead to the apparition of some
microbial activities with a negative effect on the
health status of the consumer and significant
economic losses [2]. Fungi producing mycotoxins
are the main microbial group incriminated. The
European Union is the major destination for
collee produced in Cameroon and OTA coupled
with aflatoxin B1 (AFB1), are the most monitored
and controlled mycotoxins.
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Fig. 1. Diagram showing stages of coffee [9]
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Table 1. The global production of coffee

Crop year 2013-2014 2014-2015 2015-2016
Coffee variety

Arabica 90 540* 85239 85814
Robusta 61 564 61410 62 179
World total 152 105 146 648 147 994
Africa

Ethiopia 6527 6625 6700
Uganda 3633 3744 4000
Ivory Coast 2107 1750 1900
Tanzania 809 728 875
Kenya 838 675 760
Cameroon 404 483 570
Madagascar 584 500 449
Congo, DR 347 335 335
Rwanda 258 238 278
Burundi 163 248 274
Togo 135 185 200
Guinea 101 147 177
Others 299 255 312
Total 16 205 16 005 16 831
Asia & Oceania

Vietnam 27 610 26 500 27 500
Indonesia 10 300 9935 11525
India 5075 5450 5833
Papua New Guinea 835 798 712
Philippines 593 603 605
Laos 550 506 520
Thailand 638 497 500
Yemen 185 150 130
Others 117 154 102
Total 45903 44 592 47 428
Mexico & Central America

Honduras 4 568 5400 5400
Guatemala 3439 3310 3400
Mexico 3916 3591 2 800
Nicaragua 1941 1898 2100
Costa Rica 1444 1408 1492
El Salvador 525 698 565
Dominican Republic 425 397 400
Haiti 345 343 342
Panama 113 106 107
Cuba 107 101 100
Others 32 34 33
Total 16 856 17 287 16 739
South America

Brazil 55 050 51 116 48 423
Colombia 12124 13333 14 009
Peru 4 338 2883 3301
Ecuador 666 644 644
Venezuela 805 651 500
Bolivia 128 106 89
Others 30 31 30
Total 73 141 68 764 66 997

* In thousand 60 kg bags; Source: Adapted from ICO [3] (2016)
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2. OCHRATOXINS (OTA) IN COFFEE
2.1 Legislation

OTA (lllustrated in Fig. 2) is classified in Group
2B by the International Agency for Research on
Cancer as a possible human carcinogen, which
has raised important concerns about human
exposure to this mycotoxin [10]. In addition, OTA
absence is one indicator of the safety criteria
required for international trade of collee because
of its deleterious effects on humans’ health
status, such as teratogenic, immunotoxic,
nephrotoxic and carcinogenic effects [10,11,12].
Therefore, the limits tolerable for OTA in
foodstuffs, especially for food products with a
higher risk of OTA occurrence, including coffee
beans, were established by several countries
[10,13]. This mycotoxin is naturally produced by
several species belonging to the Penicillium and
Aspergillus genera. Moreover, researchers
reported that among these microorganisms,
Aspergillus  species such as Aspergillus
carbonarius, A. niger and A. ochraceus are the
most widely OTA producers in tropical and semi-
tropical coffee plantations, while Penicillium
species such as P. verruculosum, P.
brevicompactum, P. crustosum, P. olsonii and P.
oxalicum are usually found in temperate regions
[7,14,15].

@\/CLOZH T [ i
T (0]

H CH,

Cl

Fig. 2. Chemical structure of OTA

These fungi species are able to grow in different
abiotic conditions, on different plants, and so
contamination of several food crops with OTA
can occur in the world. These plants or human
foods include meat products as a result of
contamination of animal feed, cereals, dried vine
fruit, beer, wine, cocoa, as well as coffee. OTA is
toxic to animals and the principal effect being
reported is nephrotoxicity. The human health
risks associated to OTA have been evaluated
and discussed at both European and
international levels by the European Commission
Scientific Committee on Food (SCF) and the
Joint FAO/WHO Expert Committee on Food
Additives (JECFA), who have established
acceptable intakes of OTA from several foods
[13,16,17]. These tolerable values have been
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used in several countries worldwide as a basis
for regulation of OTA in some foods. EFSA
adopted on April 4, 2006, at the request of the
European Commission, that the tolerable weekly
intake of OTA is 0.12 ug/kg body weight [9]. The
main contributors to OTA exposure are cereals
and cereal products. Wine, coffee and beer are
also important contributors to human exposure to
OTA. Dried vine fruits and grape juice also
contribute to a significant portion of OTA
exposure to certain vulnerable consumer groups,
such as children. The OTA content of coffee as
reported for some products (Table 2) depends
mainly on the fungal flora present as well as on
the OTA content of coffee beans, a raw material
for which OTA content has not been sufficiently
studied scientifically in recent decades [9]. Thus,
the appropriateness of setting a maximum level
for OTA or revising existing maximum levels in
coffee, particularly in coffee beans, should be
considered in the light of recent scientific data.

Several studies have elucidated the relationship
between frequency, toxigenic potential of mold
species belonging to previous genera and the
postharvest treatments of coffee [18]. However,
there is not sufficient information concerning the
mechanism of contamination by mycotoxin-
producing fungi, particularly Aspergillus species
[19].

2.2 Distribution

Nowadays, the three major species of mould that
produce OTA are Penicilllum verrucosum,
Aspergillus ochraceus and Aspergillus
carbonarius. They mainly differ in physiology and
microbiota, which in turn affects the variety of
foods in which these moulds are most commonly
found. For example, A. carbonarius grows
optimally at 32-35°C and dried wine fruits such
as raisins and wine constitute the major habitat.
On the other hand, the major habitat of P.
verrucosum is cereal crops in the cool and
temperate climates of northern Europe and
America [10]. Consequently, OTA is mainly found
in cereal products such as flour-based foods. It is
also found in commodities such as cheese and
meat products from animals that eat cereals as a
major dietary component. In contrast, A.
ochraceus is most found in dried and stored
foods, such as smoked and salted dried fish,
chick peas, nuts, pepper, soya beans and dried
fruit. It has been reported infrequently in green
coffee beans. A. ochraceus is commonly present
at low levels and rarely causes spoilage. lIts
presence may not be a good indicator of
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significant OTA contamination (JECFA, 2001). isolated from foods in warm climates. Similarly,
Finally, Aspergillus niger is often found in OTA occurrence in coffee is widely associated
association with A. carbonarius is commonly with geographical zones and coffee processing.

Table 2. Maximum levels (ng/g) for ochratoxin A in foods [9]

Coffee products Maximum level

1. Roasted coffee beans and ground roasted coffee, excluding soluble (instant) 5
coffee

2. Soluble (instant) coffee 10
3. Green coffee, dried fruit other than dried vine fruit, cocoa and cocoa products /

Table 3. OTA contents of the different samples of coffee analyzed

Site Processing Type of Processing OTA (ng/kg)

technique coffee step 2017 2018

Bafoussam DP A I 4.6 3,1

I 0,1 nd

R I 8,8 1,8

I 0,6 nd

WP A Il 0,7 1,3

11 nd nd

Dschang DP A I 41 0,6

I nd nd

R I 7,3 4,8

I 0,1 0,8

WP A Il 1,6 0,8

I nd 0,3

Bafia DP R I 7.9 47

1 0,7 0,3

Batouri DP R I 12,7 3,3

11 0,7 0,5

DP: dry process; WP: wet process; A: arabica; R: robusta; I: dry cherries; Il: dry parchment; Ill: green coffee
beans; n.d.: not determined

Fig. 3. DGGE profiles of PCR amplicons of the domain D1 of 28S rDNA that represent the fungi
biodiversity in of coffee. Markers (1, 2); Bfss: Bafoussam; Dsch: Dschang; Baf: Bafia; Bat:
Batouri. The position of bands is indicated by numbers that correspond to species of fungi

[20]
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2.3 Geographical Distribution of OTA in
Coffee

Ochratoxin A (OTA) contamination is commonly
associated with several food matrices such as
cereals, dried fruits, wine, cocoa, and coffee.
Authors mentioned that cereals and derived
products (more than 50%) are a major source of
human OTA exposure, while wine and coffee
take second and third place with a contribution of
about 13% and 10% respectively. [17]. OTA has
been found in coffee sourced from all over the
world [21]. The presence of OTA in coffee was
preliminary reported by Levi [22] and in other
coffee products such as green coffee beans [23,
24], roasted coffee [22], and instant coffee [25,
26]. In addition, Pérez de Obanos et al. [27]
detected the presence of OTA in brewed coffee.
The main OTA-producing species in coffee
beans belong to the genera Aspergillus Section
Circumdati and Section Nigri [28, 29]. Many
Aspergillus species produce OTA in coffee such
as A. ochraceus [29-33], A. niger [30, 32], A.
carbonarius [30, 33, 34], A. sulphureus [31], A.
sclerotiorum [31], and A. westerdijkiae [31, 32],
but the most studied species are Asperqgillus
niger, A. carbonarius and A. ochraceus [14].
These three species have been identified in 408
coffee samples from four regions of Brazil and
their distribution depended on stage of
maturation and geographic site [30]. From all
samples analyzed, 872 isolates of A. ochraceus,
A. niger, and A. carbonarius were obtained. A.
niger was the most prevalent species (63%) and
3% of them produced OTA. A. ochraceus and A.
carbonarius were also identified with a
prevalence of 31 and 6% respectively. About
75% of A. ochraceus and 77% A. carbonarius
isolated produced OTA. This observation showed
that OTA production capacity is strain, time and
matrix-dependent. According to variation in
geographical site, researchers reported that OTA
detection in coffee beans is more prevalent in
Thailand than in Brazil [34, 30]. Moreover,
Alvindia and Guzman [15] in Philippine
mentioned that A. niger was the dominant
species compared to A. ochraceus and genus
Penicillium had a 16% share in the total fungal
flora of coffee beans. In Cameroon, data from
coffee samples collected from different
geographical zones illustrated the fungal diversity
with the geographical zone characterized by the
number and position of bands (Fig. 3) [20]. OTA
detection tests on the same collected samples
revealed that geographic site and period
significantly influenced the OTA content of coffee
samples (Table 3). This study also mentioned
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that variation in environmental and storage
conditions significantly contributed to increasing
the level of OTA. Sequencing of gene-encoding
28S RNA revealed the occurrence of several
fungal species belonging to the genera
Aspergillus, Penicillium, Mucor, Cladosporium,
Fusarium, Wallemia... Among the Aspergillus
genus, A. fumigatis, A. -carbonarius, A.
ochraceus and A. niger were identified and OTA
quantification tests showed that A. ochraceus
was the most producer followed by A. cabonarius
and A. niger with an average production of 13.08,
507 and 0.31 pg.kg’ respectively after 20
days.

3. CONCLUSION

The risk that ochratoxin A (OTA) generates for
consumer health has led the sanitary authorities
of the European Union to establish maximum
allowable limits for several agricultural
commodities, particularly coffee. Real-time PCR
and conventional PCR have been used in
research laboratories to detect ochratoxin A
producing by Aspergillus in coffee samples, to
obtain information on the epidemiology and
ecology of ochratoxigenic species or to acquire
basic information on gene expression. Simplicity,
sensitivity, and specificity of analysis are
remaining challenges.  Furthermore, OTA
biosynthesis is poorly understood relative to the
synthesis pathways of other economically
important mycotoxins.

ACKNOWLEDGEMENTS

This work was supported by the Biotechnology
laboratory of the University Institute of
Technology of the University of Ngaoundéré
which spared no effort for the realization of this
work.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES
1. Paterson R, Russell M, Lima N, Taniwaki
H. Coffee, mycotoxins and climate
change. Food Research International.
2014;1-15.

Hameed A, Syed AH, Suleria HAR.
Coffee  bean-related”  agroecological
factors affecting the coffee." Co-evolution



10.

11.

12.

13.

Nganou and Nodem; AFSJ, 20(9): 37-44, 2021; Article no.AFSJ.71752

of secondary metabolites. Reference
Series in Phytochemistry. Springer;2018.
ICO (International Coffee Organization),
Annual Review 2012/2013, London, UK,
2014.
Available:http://www.ico.org/news/annual
_review.asp.

Barel M. Qualité du Cacao. L'impact du
Traitement Post Recolte, Edition Quae,
Versailles, France ;2013.

Saltini R, Akkerman R, Frosch S.
Optimizing chocolate production through
traceability: a review of the influence of
farming practices on cocoa bean quality,
Food Control. 2013;(29): 167-187.
Taniwaki MH. An update on
ochratoxigenic fungi and ochratoxin A in
coffee. Advances in food mycology.
2006;189-202.

Leitdo AL. Occurrence of ochratoxin A in
coffee: Threads and solutions—A mini-
review. Beverages. 2019;5(2):36.

Schwan RF, Wheals AE. “The
microbiology of cocoa fermentation and
its role in chocolate quality,” Critical
Reviews in Food Science and Nutrition.
2004;(44):205-221.

Verstraete, F. European Union Legislation
on mycotoxins in food and feed. Overview
of the decision-making process and

recent and future  developments.
Mycotoxins: Detection methods,
management, public health and

agricultural trade. 2008;77-99.

Khaneghah AM, Fakhri Y, Abdi L, Coppa
CFSC, Franco LT, de Oliveira CAF. The
concentration and prevalence  of
ochratoxin A in coffee and coffee-based
products: A global systematic review,
meta-analysis and  meta-regression.
Fungal Biology. 2019;123(8): 611-617.
Pfohl-Leszkowicz A, Petkova-Bocharova
T, Chernozemsky IN, Castegnaro M.
“‘Balkan endemic nephropathy and
associated urinary tract tumours: a review
on etiological causes and the potential
role of mycotoxins,” Food Additives and
Contaminants. 2002;(19): 282-302.
Pfohl-Leszkowicz A, Manderville RA.
Ochratoxin A: an overview on toxicity and
carcinogenicity in animals and humans,
Molecular Nutriton & Food Research.
2007;(51):61-99.

EC (European Commission), Commission
regulation (EC) No. 1881/2006 of 19
december 2006 setting maximum levels
for certain contaminants in foodstulls,

43

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Ollcial Journal of Union.
2006;(L364):5—-24.

Noonim P, Mahakarnchanakul W, Nielsen
KF, Samson RA. Isolation, identification
and toxigenic potential of ochratoxin A-
producing Aspergillus species from coffee
beans grown in two regions of Thailand.
International Journal of Food
Microbiology. 2008;(128):197—-202.
Nganou ND, Durand N, Tatsadjieu NL,
Metayer |, Montet D, Mbofung CMF.
Fungal flora and ochratoxin A associated
with coffee in Cameroon. Microbiology
Research Journal International. 2014;1-
17.

FAO/WHO, Fifty-sixth meeting: evaluation
of certain mycotoxins that contaminate
food, WHO, Geneva, Switzerland; 2001.
Miraglia M, Brera C. ‘Assessment of
dietary intake of ochratoxin A by the
population of EU member states’,
SCOOP/Task 3.2.7, European Union,
Brussels.

Available: https://
ec.europa.eu/food/sites/food/files/safety/d
ocs/cs_ contaminants _
catalogue_ochratoxin_ task_3-2-7_en.pdf.
2002 [accessed 28 April 2021].

European

Vilela M, Pereira VM, Schwan F.
Molecular ecology and polyphasic
characterization of the microbiota
associated with semi-dry processed
coffee  (Coffea  arabica L.), Food

Microbiology, 2010;(27):1128-35.

Duris D, Mburu JK, Durand N, Clarke R,
Frank JM, Guyot B. Ochratoxin A
contamination of coffee batches from
Kenya in relation to cultivation methods
and post-harvest processing treatments,
Food Additives & Contaminants: Part A.
2010;(27):836—-841.

El Sheikha A, Nganou D. Molecular
characterization of ochratoxigenic fungal
flora as an innovative tool to certify collee
origin. In Molecular Techniques in Food
Biology: Safety, Biotechnology. 2018;47-
69.

Aish JL, Rippon EH, Barlow T, Hattersley
SJ. Ochratoxin A. Mycotoxins in food:
detection and control. 2004;307-338.
Batista LR, Chalfoun SM, Silva CF, Cirillo
M, Varga EA, Schwan RF. Ochratoxin A
in coffee beans (Coffea arabica L.)
processed by dry and wet methods. Food
Control. 2009;20(9):784-790.

Pardo E, Marin S, Ramos AJ, Sanchis V.
Occurrence of Ochratoxigenic Fungi and



24.

25.

26.

27.

28.

29.

Nganou and Nodem; AFSJ, 20(9): 37-44, 2021; Article no.AFSJ.71752

Ochratoxin A in Green Coffee from
Different Origins. Food Science and
Technology International. 2004;10(1):45-
49,

Bucheli P, Taniwaki MH. Research on the
origin, and on the impact of post-harvest
handling and manufacturing on the
presence of ochratoxin A in coffee, Food
Additives & Contaminants. 2002;19(7):
655-665.

Udomkun P, Wiredu AN, Nagle M, Mller
J, Vanlauwe B. Mycotoxins in Sub-
Saharan Africa: Present situation, socio-
economic impact, awareness, and
outlook. Food Control. 2017;72: 110-122.
Lombaert GA, Pellaers P, Chettiar M,
Lavalee D, Scott PM, Lau BP. Survey of
Canadian retail coffees for ochratoxin A.
Food Additives & Contaminants.
2002;(19):869-877.

Pérez de Obanos A, Gonzalez-Pefias E,
Lopez de Cerain A. Influence of roasting
and brew preparation on the ochratoxin A
content in coffee infusion. Food Additives
& Contaminants. 2005;22:463—-471.
Vecchio A, Mineo V, Planeta D.
Ochratoxin A in instant coffee in ltaly.
Food Control. 2012;28(2):220-223.
Taniwaki MH. An update on
ochratoxigenic fungi and ochratoxin A in
coffee. Advances in food mycology.
2006;189-202.

30.

31.

32.

33.

34.

Taniwaki MH, Pitt JI, Teixeira AA,
lamanaka BT. The source of ochratoxin A
in Brazilian coffee and its formation

in relation to processing
methods.  International  Journal  of
Food Microbiology. 2003;(82):173—
179

Batista LR, Chalfoun SM, Silva CF, Cirillo
M, Varga EA, Schwan RF. Ochratoxin A
in coffee beans (Coffea arabica L.)
processed by dry and wet methods. Food
Control. 2009;(20):784—790.

Gil-Serna  J, Patifio B, Cortés L,
Gonzalez-Jaén MT, Vazquez C.
Mechanisms involved in reduction of

ochratoxin A produced by Aspergillus
westerdijkiae using Debaryomyces
hansenii CYC 1244. International Journal
of Food Microbiology. 2011;(151):113—
118.

Frisvad JC, Frank JM, Houbraken JAMP,
Kuijpers AFA, Samson RA. New
ochratoxin A producing species of
Aspergillus section Circumdati. Studies in
Mycology. 2004;(50):23—43.

Perrone G, Susca A, Cozzi G, Ehrlich K,
Varga J, Frisvad JC, Meijer M, Noonim P,
Mahakarnchanakul W, Samson RA.
Biodiversity of Aspergillus species in

some important agricultural products.
Studies in  Mycology. 2007;59:53—
66.

© 2021 Nganou and Nodem; This is an Open Access article distributed under the terms of the Creative Commons Afttribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle4.com/review-history/71752

44



