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Abstract Occurrence of ochratoxin A (OTA) in ground roasted coffee from different brands and types available in
Yaounde and Douala cities was assessed. Based on these data, exposure of the Cameroonian population to OTA through
coffee consumption was estimated. Coffee samples were purchased in hypermarkets and supermarkets of the two selected
cities of Cameroon. OTA was extracted, cleaned-up by immunoaffinity columns, and detected by HPLC-fluorescence
detection. OTA was found in 64.7% of pure Arabica coffee, 75% of pure Robusta coffee, and 62% of Arabica / Robusta
mixture coffee, with OTA levels ranging from 0.3 to 4.9 ug.kg™,0.6 to 18 pg.kg™ and 0.3 to 7.4 pg.kg ™' respectively. Robusta
Coffee brands are the most contaminated, follow by coffee mixture brands and Arabica coffee brands. The daily intake of
OTA is 0.065 ng / kg bw per day. Consumption of OTA from coffee in the cities of Douala and Yaoundé are then very low
compared to that of Europe who is 2-3 ng/kg bw per day. Consumption of OTA from coffee in the cities of Douala and

Yaounde is very low compared to that of Europe, for which the rate is 2-3 ng/kg bw per day.
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1. Introduction

Ochratoxin A (OTA) is a mycotoxin that can be found in
several foodstuffs, such as cereals and derived products,
maize, beer, wine, grape juice, dried vine fruit, dried
grapes, spices, cocoa and coffee. Ochratoxin A presence has
been also detected in lower amounts in meat, eggs and milk
as a product of the carryover of animals fed with
contaminated feedstuffs. Typical target organs of OTA are
kidney and liver; OTA residues have also been found in
significant amount in human milk, during the breastfeeding
period, and in blood as excretion product[1, 17, 18, 19, 23,
24].

This toxin is produced in food by certain species of the
Penicillium and Aspergillus genera[15, 21]; with the latter
being the most frequent producers in coffee.

More recently, the European Food Safety Authority
(EFSA) was asked by the Commission to produce an opinion
aimed at updating the risk assessment on OTA taking into
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account new scientific information. In the opinion, published
in April 2006, EFSA states that OTA is nephrotoxic in all
animals’ species tested and exerts immunotoxic, neuroto xic
and teratogenic effects at high dose levels[8]. The evidences
of the renal toxicity are associated with cellular oxidative
stress. The observed effects are all dose and time dependent.

The World Health Organization/Food and Agricultural
Agriculture Organization Joint Expert Committee on Food
Additives[14] has set in 2007 a Provisional Tolerable
Weekly Intake (PTWTI) of 100 ng/kg bw/week, retaining this
value from previous OTA evaluations[12, 13], whereas the
European Food Safety Authority (EFSA) Scientific Panel on
Contaminants in the Food Chain established a PTWI of 120
ng/kg bw/week[8]. JECFA and EFSA PTWI values
correspond to the Provisional Tolerable Daily Intake (PTDI)
values of 14 and 17ng/kg bw/day, respectively.

Concerning coffee contamination, the European Union
has setthe OTA maximum level for roasted coffee beans and
ground roasted coffee at 5 ng/g, whereas for instant coffee
the limit was established at 10 ng/g[9].

In the Cameroonian market, several kinds of coffee are
available: mainly ground roasted and instant, and the
decaffeinated. Three types of varieties can be found: Arabica,
Robusta and mixture o f both in different proportions.
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The aim of this study was to assess the occurrence of OTA
in coffee from different brands and types available in
Cameroon,and to assess the exposure to OTA through coffee
consumption particularly in the adult population of Yaoundé
and Douala cities.

2. Materiels and Methods

2.1. Sampling

Analyzes have focused on different brands of roasted and
ground coffee found in markets and supermarkets in the
cities of Douala and Yaoundé. Maximum brand of coffee
(Arabica, Robusta and mixture) that are available, whatever
the origin (foreign or local) were purchased. A total of 17
brands of pure Arabica coffee, 16 brands of pure Robusta
coffee and 16 brands of Arabica / Robusta mixture coffee
were found. Three samples (packages of 250 g each), when
available, were taken randomly in six markets and
supermarkets per city. A total of 147 coffee samples were
analyzed.

2.2. Coffee Drink Preparation

The coffee drink was prepared according to the "filter"
method. The concentration was 6 g of ground coffee for 100
ml o f water at 90-100°C.

2.3. OTA Quantification

The official method (method of the European Union) for
the determination of ochratoxin A was based on the method
published by Pittetetal in 1996[26] forsoluble coffee, which
is an adaptation of the method developed by Nakajima et al
in 1990[22].

OTA was extracted from 10g of coffee using a solvent
(methanol / sodium bicarbonate at 3% V/M) for 30 min at
room temperature.

After filtration, 10 ml of the extract were diluted with 30
ml of PBS phosphate buffer at pH 7.3) and were purified on
the immunoaffinity column. The extract was introduced into
the immunoaffinity column where there was uptake of OTA
by antigens. The column is then rinsed with PBS to release
the foreign and non specific components. The toxin was
eluted fromthe column with methanol.

The mixture was then evaporated under a stream of
nitrogen at 70°C and the elute was collected in a beaker, and
was dissolved in 1 ml of mobile phase and was quantified
using HPLC.

The operating conditions are as follows: injection loop
100 ml, HPLC column C18 reverse phase, ODS 1 to 5
microns with precolumn thermostat at 35°C. The pressure is
between 95to 105 bars. Isocratic flow is 1mL/min. Detection
is done by fluorimetry. The excitation wavelength is 333 nm
and that of emission is 460 nm. The retention time of OTA is
approximately 12.6 min.

3. Results and Discussion

3.1. Distribution of Samples by City

Table 1 below shows the distribution of coffee samples
and coffee brand by city. Analyzes were conducted on 49
coffee brands of roasted and ground coffee, i.e. 147 coffee
samples (74 samples in Douala and 73 samples in Yaoundé).
It comes to 17 brands of pure Arabica coffee (7 of
Cameroonian origin marks and 10 marks of foreign origin),
16 pure Robusta coffee brands (7 Cameroonian brands and 9
foreign brands) and 16 Arabica / Robusta mixture brands (7
of Cameroonian origin marks and 9 foreign brands).

Table 1. Distribution of samples by city

City of City of

Brand Dmf]a]a Yaot)llndé
Pure Robusta Local 12 9
coffee Foreign 12 15
. Local 10 11
Pure Arabica coffee Forcign s 15
Arabica/Robusta Local 10 11
mixture Foreign 15 12
Total 74 73

3.2. OTA Occurrence in Ground Roasted Coffee

3.2.1. OTA in Ground Roasted Coffee

Out of 51 samples of ground roasted coffee of pure
Arabica, 33 were positive, ie., 64.7% of the samples
presented contamination values above the LOD of the
method (Table 2). The positive levels ranged from 0.3 to
49ug.kg": value which is below the limit set by the
European Union (5 ppm). The mean concentration of
positive samples was 1.76 pg.kg ™.

Table 2. OTA content on of pure Arabica coffee brand

Arabica Coffee OTA contentin ground

Brand code Origin roasted coffee (ugkg™)
1 Foreign 48+04
2 Foreign nd
3 Foreign 1.8+0.5
4 Foreign 13+0.1
5 Foreign 03+09
6 Foreign nd
7 Foreign nd
8 Foreign 08+0.6
9 Foreign 0.6+0.6
10 Foreign nd
11 Local 23+02
12 Local 1.1+03
13 Local 08 +0.1
14 Local 49+1.1
15 Local nd
16 Local 0.7+00
17 Local nd

Pure Robusta coffee samples had much larger OTA
content (Table 3): the values found were between <LOD to
18 pgkg'. Seventy five percent of samples showed
contamination by OTA (values above the LOD of the
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method), and fifty percent of positive samples had OTA
levels above the limit set.

Table 3. OTA content of pure Robusta brand

Robusta Coffee Origin OTA contentin groul:d
brand code roasted coffee (ug.kg™)
18 Foreign 13+09
19 Foreign 08+1.0
20 Foreign nd
21 Foreign 63+0.7
22 Foreign 08 +0.8
23 Foreign nd
24 Foreign 57+03
25 Foreign nd
26 Foreign 11.8+1.0
27 Local 37+08
28 Local 18.0+1.1
29 Local 12+02
30 Local 23403
31 Local nd
32 Local 15.1+£09
33 Local 78+14

Samples of Arabica and Robusta mixture coffee show
62% of OTA contamination (Table 4). Levels are between
the limit of detection of the method and 7.4 pg.kg']. Twenty
percent of positive samples had OTA levels above the limit
set.

Table 4. OTA content of Arabica/Robusta mixture coffee brand

Mixture coffee Origin OTA contentin groul:d
brand code roasted coffee (ngkg™)
34 Foreign 12+06
35 Foreign 08+00
36 Foreign nd
37 Foreign nd
38 Foreign 09+05
39 Foreign 0.7+02
40 Foreign nd
41 Foreign 03 +0.1
42 Foreign 57+02
43 Local nd
44 Local 18+1.0
45 Local 2.1+08
46 Local nd
47 Local 74 +0.1
48 Local 06+0.2
49 Local nd

The dry processing (Robusta coffee) showed significant
contamination by OTA. The level of contamination showed

significant variation depending on country of origin. This
difference can be attributed to climatic conditions,
post-harvest treatments, or roasting conditions used by
roasters[29, 16, 3, 4, 27].

Similar studies were made in many others countries[30, 2,
7]. Van der Stegen et al[30] screened OTA levels in
different kinds of coffee in eight European countries
(Belgium, Finland, France, Germany, Italy, the Netherlands,
Switzerland and the United Kingdom), and OTA levels in
roasted coffee ranged from0.5 to 8.2 ng/g. The European
Commission[10] studied the dietary intake of OTA through
several foodstuffs by the population of Denmark, Finland,
France, Germany, Norway, Sweden, the Netherlands, The
United Kingdom, Italy, Greece, Spain, and Portugal. Each
country provided food contamination and consumption data.
OTA levels in roasted coffee reached 13.1ng/g. However, in
the other studies done by individual countries (Brazil,
Canada, Denmark, Germany, Hungary, Japan, Spain, United
Kingdom, United States), OTA occurrence in commercial
roasted coffee was different for each case and varied from 7
to 100%, whereas OTA levels varied from 0.1to 17 ng/g, as
showed in the compilation of Codex Alimentarius
Commission[5]. Thus, our results concerning coffee
contamination remain within the ranges of contamination
detected in Spain and in other countries.

3.3. OTA Occurrence in Different Ground Coffee Brands

99 out of 147 samples of forty nine different brands
presented OTA concentrations above the LOD of the method
(<0.03 pg.kg'l). Positive samples ranged from 0.3 to 4.9
ng.kg”! with Arabica coffee brand, 0.8 to 18.0 pg.kg™ with
Robusta coffee brand and 0.3 to 7.4 pg.kg™” with coffee
mixture brand. Robusta Coffee brands are the most
contaminated, follow by coffee mixture brands, and Arabica
coffee brands. Different OTA values that surpassed the limit
set by the European Union (5 ppm) are respectively 6 of 16
Robusta brands, 2 of 16 mixture brands, and 0 of 17 Arabica
brands. Arabica coffee brands are the less contaminated by
OTA

For the same type of coffee (Arabica or mixture), no
significant differences were found among brands neither
among coffee origins (local or foreign). Concerning Robusta
coffee, OTA level depend to coffee origin: Robusta coffee
from Cameroon is more contaminated than Robusta coffee of
foreign origin. Average concentrations are respectively equal
t0 9.6 and 6.3 pg.kg™”' (Table 5).

Table 5. Occurrence of OTAin different coffee brands

Matrix Brand Samples Positive Positive con centrJaﬁon Mean concel?ltraﬁon
sam ples range (ugkg’) (ngkg™)

Pure Arabica Local 21 15 07-49 28
coffee Foreign 30 18 03-438 2.5
Pure Robusta Local 21 18 12-18.0 9.6
coffee Foreign 27 18 08—-11.8 6.3
Arabica/ Robusta Local 21 12 06-74 40
Mixture Foreign 27 18 03-57 30
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3.4. OTA Content in Coffee Drink

In general, an increase in OTA content in beverages is
observed compared to that of roasted and ground coffee
(Table 6). The average extraction rate of 107% was obtained
with samples that are contaminated with OTA (content
above LOD).

Table 6. OTA content in coffee drink

Coffee OTA content OTA OTA
brand in roasted and contentin extraction
code ground coffee | coffee drink rate
1 48+04 2.1+£05 43.7%
2 nd nd /
3 18+0.5 36+02 200.0%
4 13+0.1 18+04 138.4%
5 03+09 nd /
6 nd nd /
7 nd nd /
8 08 +0.6 12+00 150.0%
9 06+06 nd /
10 nd nd /
11 23+02 39+09 169.5%
12 1.1+£03 06=+02 54.5%
13 0.8 £0.1 nd /
14 49 +1.1 33+1.1 67.3%
15 nd nd /
16 0.7+00 nd /
17 nd nd /
18 13+£09 09+03 69.2%
19 08+1.0 nd /
20 nd nd /
21 63 +£0.7 59+09 93.6%
22 08+08 nd /
23 nd nd /
24 57+03 63+06 110.5%
25 nd nd /
26 11.8+1.0 13.0+1.1 110.1%
27 37+08 23+05 62.1%
28 18.0+1.1 20.1+0.7 111.6%
29 12+02 32+00 266.6%
30 23+03 14 +0.1 60,8%
31 nd nd /
32 15.1£09 16.7+0.8 110.5%
33 78+14 8.0+0.7 102.5%
34 12+£06 1.1+06 91.6%
35 08+0.0 nd /
36 nd nd /
37 nd nd /
38 09 £0.5 05+0.0 55,5%
39 07+02 nd /
40 nd nd /
41 03 +0.1 nd /
42 27+02 10+03 37.0%
43 nd nd /
44 18+1.0 13+00 72,2%
45 21+08 30+07 142 .8%
46 nd nd /
47 28+0.1 39+12 1392%
48 06+02 nd /
49 nd nd /

These results are similar to those found by many scientists
who observe an extraction rate up to 132% in the coffee

beverage[28, 27, 29].

Considering the fact that the official method for OTA
determination in roasted coffee recommends extraction at
room temperature and the drink is hot-prepared, there is a
problem of OTA extraction in roasted coffee.

To better understand this phenomenon, Mounjouenpou et
al.[20] studied the extraction of OTA in roasted coffee,
depending on the temperature and time of extraction. It came
out that the optimum couple time - temperature for the OTA
extraction is 50min - 60°C. Improved extraction rate up to
300% is observed.

3.5. Assessment of the Exposure to OTA by through
Coffee

The average OTA contamination of coffee drinks from
different brands are 0.73pgkg” for pure Arabica coffee
brands, 4.61ug.kg™ for pure Robusta coffee brands and
0.57ug.kg™" for Arabica / Robusta mixtures brands.

Cameroonian coffee consumption is estimated at 1ml/day
(source FAO/Cameroon).

Given the average body weight of an adult who is 70 kg
and maximum OTA contamination level obtained with
coffee beverage brands from pure Robusta coffee (4.61
ng.kg™), the daily intake of OTA is 0.065 ng / kg bw per day.
This value represents 1.3% of the TDI (Tolerable Daily
Intake) defined by 'the Scientific Committee on Food of the
European Commission (5Sng/kg bw per day) and 0.4% of
“WHO Committee of Experts on Food Additives (14 ng/ kg
bw per day) (FAO/WHO, 2001; Commission of the
European Communities, Directorate General XXIV, 1998).

Consumption of OTA from coffee in the cities of Douala
and Yaoundé¢ are very low compared to that of Europe who
is 2-3 ng/kg bw per day[11, 25].

Consumption of OTA from coffee in the cities of Douala
and Yaounde is very low compared to that of Europe, for
which the value is 2-3 ng/kg bw per day[11, 25]. Robusta
coffee consumers are more exposed than other consumers.

REFERENCES

[1] BreraC, Caputi R, Miraglia M, Iavicoli I, Salerno A, Carelli
G (2002). Exposure assessment to my cotoxins in workplaces:
aflatoxins and ochratoxin A occurrence in airborne dusts and
human sera. Microchemical Journal, 73, 167-173.

[2] Brera CF, Debegnach B, De Santis E, lafrate E, Pannunzi C,
Berdini E, Prantera E, Gregori M, Miraglia (2011).
Ochratoxin A in cocoa and chocolate products from the
Italian market: Occurrence and exposure assessment. Food
Control, 22: 1663 — 1667.

[3] Bucheli P, Kanchanomai C, Meyer I, Pittet A (2000).
Development of ochratoxin A during robusta (Coffee
canefora) coffee cherry drying Journal of agricultural and
food chemistry, 48 (4): 1358-1362.

[4] Bucheli P, Taniwaki MH (2002), Review research on the
origin, and on the impact of post-harvest handling and



(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

International Journal of Food Science and Nutrition Engineering 2013, 3(3): 35-39

manufacturing on the presence of ochratoxin A in coffee.
Food additive and contaminant. 19 (7): 655-665.

Codex Alimentarius Commission. (2008). Discussion paper
on ochratoxin A in coffee. The Hague: Joint FAO/WHO Food
Standards Programme. Codex Committee on Con taminants in
Foods. Second session.

Commission of the European Communities, Directorate
General XXIV (1998) Scientific Committee on food.

Coronel M B, Marin S, Cano G, Ramos AJ, Sanchis V (2011).
Ochratoxin A in Spanish retail ground roasted coffee:

Occurrence and assessment of the exposure in Catalonia,
Food control, 22: 414 — 419.

EFSA (European Food Safety Authority). (2006). Opinion of
the scientific panel on contaminants in the food chain on a

request from the commission related to ochratoxin A in food
(Question no EFSA-Q-2005-154). The EFSA Journal, 365.

European Commission. (2006). Commission regulation (EC)
No 1881/2006 of 19 December 2006 setting maximum levels
for certain contaminants in foodstuffs. Official Journal of the
European Union, L, 364, 5-24.

European Commission, Directorate-General Health and
Consumer Protection. (2002). Assessment of dietary intake of
ochratoxin A by the population of EU member states.
Scientific Cooperation Task Reports. Task 3.2.7.

FAO/WHO, 2001, Fifty-sixth meeting: Evaluation of certain
my cotoxins that contaminate food. Geneva, Switzerland, 6-15
February 2001.

JECFA (Joint FAO/WHO Expert Committee on Food
Additives). (1996). Ochratoxin A. In 44th meeting.
Toxicological evaluation of certain food additives and
contaminants (pp. 363_376). Geneva: WHO, Series 35.

JECFA (Joint FAO/WHO Expert Committee on Food
Additives). (2001). Ochratoxin A. In Safety evaluation of
certain mycotoxins in food (pp. 281-416). Geneva:
IPCSWHO, Series 47.

JECFA (Joint FAO/WHO Expert Committee on Food
Additives). (2007). Evaluation of certain food additives and
contaminants. In 68th report of the Joint FAO/WHO Expert
Committee on food additives (pp. 208). Geneva: WHO,
Technical report series no 947.

Joosten HM, Goetz J, Pittet A, Schellenberg M, Bucheli P
(2001), Production of ochratoxin A by Aspergillus
carbonarius on coffee cherries. International journal of food
microbiology, 65 (1): 39-44.

Heilman W, Rehfeldt AG, Rotzoll F (1999). Behaviour and
reduction of ochratoxin A in green coffee beans in response to
various processing methods. European food research
technology, 209: 297-300.

Micco C, Ambruzzi A, Miraglia M, Brera C, Onori R.,
Benelli L (1991). Contamination of human milk by
ochratoxin A. InMycotoxins Endemic Nephropathy and
Urinary Tract Tumours, Vol. 115 (pp. 105-108). IARC
Science Publication.

(18]

(19]

(20]

[21]

(23]

[24]

(27]

[30]

39

Micco C, Miraglia M, Brera C, Corneli S, Ambruzzi A (1995).
Evaluation of Ochratoxin A level in human milk in Italy.
Food Additives and Contaminants, 12(3), 351-354.

Miraglia M, de Dominicis A, Brera C, Corneli S, Cava E,
Menghetti E, Miraglia M (1995). Ochratoxin A levels in
human milk and related food samples: an exposure
assessment. Natural Toxins, 3, 436-444.

Mounjouenpou P, Durand N, Guyot B, Guiraud PJ (2007).
Effect of operating conditions on Ochratoxin A extraction in
roasted coffee. Food additive and contaminant 7: 730-734.

Mounjouenpou P, Gueule D, Fontana-Tachon A, Guyot B,
Tondje PR, Guiraud JP (2008). Filamentous fungi producing
ochratoxin A during cocoa processing in Cameroon.
International Journal of Food Microbiology, 128, 234-241.

Nakajima M, Terada H, Hisada K, Tsubouchi H, Yamamoto
K, Uda T, Itoh Y, Kawamura O, Ueno Y (1990).
Determination of Ochratoxin A in coffee beans and coffee
products by monoclonal antibody affinity chromatography.
Food and agricultural immunology, 2: 189-195.

Palli D, MiragliaM, Saieva C, M asalaG, CavaE, ColatostiM
(1999). Serum levels of ochratoxin A in healthy adults in
Tuscany: correlation with individual characteristics and

between repeat measurements. Cancer Epidemiology,
Biomarkers & Prevention, 8(3), 265-269.

Pfohl-Leszkowicz A, Castegnaro M 1999, 1’Ochratoxine A.
Les mycotoxines dans 1’alimentation: Evolution et gestion

des risques. Pfohl- leszkowicz a., editor, lavoisier.: paris,
france. Pp. 249-277.

Pitt JI. (2001), The importance of Ochratoxin A in foods:
Report on the 56" meeting of JECFA. In 19" ASIC coffee
conference, Trieste, Italy. 14-18 May.

Pittet A, Tonare D, Huggett A, Viani R, 1996, Liquid
Chromatographic determination of ochratoxin a in pure
adulterated soluble coffee using an immunoaffinitty column

cleanup procedure. Journal of agricultural and food
chemistry, 44: 3564-3569.

Suarez-Quiroz ML, De Louise B, Gonzales-Rios O, Barel M,
Guyot B, Schorr-Galindo S, Guiraud JP (2005). The impact of
roasting on the Ochratoxin A content of coffee. International
Jjournal of science and technology, 40, 605-611.

Studer-Rohr I, Dietrich DR, Schlatter J, Schlatter C (1995)
the occurence of ochratoxin A in coffee. Food and chemical
toxicology, 33 (5): 341-355.

Tsubouchi H, Yamamoto K, Hisada K, Sakabe Y, Udagawa S
(1987). Effect of roasting on ochratoxin A level in green
coffee beans inoculated with Aspergillus ochraceus.
Mycopathologia, 97: 111-115.

Van der Stegen G, Jorissen U, Pittet A, Saccon M, Stiner W,
Vincenzi M (1997). Screening of European coffee final

products for occurrence of ochratoxin A (OTA). Food
Additives & Contaminants: Part A, 14(3), 211-216.



	1. Introduction
	2. Materiels and Methods
	3. Results and Discussion

