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ABSTRACT

To study the complexation of ochratoxin-A (OTAXbffee in a real environment (in coffee-drink) amith some
coffee constituents able to inter act with the GiEAcaffeine, chlorogenic acid and arginine. Thefemfdrink was
prepared according to the "filter"'method. OTA coexaltion tests were done at 23°C and at 90-100°@gusdst
tube and filter-paper. OTA was extracted with atlmmabl / sodium bicarbonate mixture at 3%, purified the
immunoaffinity column “ochraprep” and quantified BPLC with a fluorimetric detection. The resultygia high
rate of OTA complexation by the constituents ofitbiecoffee-drink was obtained. It depends on tilame of the
coffee drink and the chemical compound. When hetyate of complexation is about 100% with 40 mtaffee-
drinking. After 20 min of heating at 200 ° C, 86.6%pure OTA were degraded against 12.4% of disampee of
the OTA due to the complexation by caffeine, 11d6&to arginine and 6% due to chlorogenic acid. ideer, the
products of complexation or degradation are noed&tble by fluorimetry.

Keywords: Complexation of OTA, drink coffee, caffeine, cldgenic acid, arginine

INTRODUCTION

Ochratoxin A is a mycotoxin which is predominangiyoduced by molds ofspergillusand Penicillium It has
nephrotoxic, teratogenic and immunotoxic propert@shratoxin - A contaminates several food stuffspresence
in coffee was reported for the first time in 1984 [Since then, many studies report concentratianging between
0.4 and 80g.kg" [7, 9, 19, 11, 6, 16, 12, 25]. Contamination levef OTA in coffee can vary by region to origin
[12], climatic conditions and the post - harvesatment used.

During technological treatments of coffee suchoasting and coffee-drinking preparation, some asthave noted
a variation of the initial content of OTA. Much vksr has been published with conflicting results. Samport
substantial reductions [27, 26, 3, 4, 16, 2, 1i#jers report only a slight reduction of OTA contg#, 20].

The coffee bean is rich in protein (10-15%), orgaaxids (mainly chlorogenic acids: 6-10%), alkado{thcluding
caffeine: 1 to 3%) [5]. Dissolved in water (drinkffee) or under the influence of temperature, sahé¢hese
constituents of coffee are susceptible to intervétit the OTA and be degraded and/ or form comerad thus
lead to reduce the initial content of OTA.

The objective of this work was to study the compltéon of OTA by coffee in a real environment (irffee-drink)
and with some coffee constituents that were abliatiy act with the OTA such as caffeine, chlorageacid and
arginine.
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MATERIALS AND METHODS

2.1 Biological Material
The experiments focus on green coffee (arabicaamasta), the roasted and ground coffee, and cdffieé.

2.2 Reagents
Reagents used in the determination of OTA werenaflydical grade: methanol, sodium bicarbonate, phate
buffer (PBS), acetonitrile, glacial acetic acidstdied water, caffeine, chlorogenic acid, and mirgg.

2.3 Equipment

The green coffee samples were roasted in a drustanBRZ type 2 (Probat-Werke) and were ground stoae
mill type Ditting. Laboratory thermostatic oven svased for hot tests. The immunoaffinity columnsh@prep”
were used for the separation and concentration ©A,Cand HPLC (LC - 10ADVP, Shimadzu) for OTA
guantification.

2.4 Coffee roasting

Samples of arabica and robusta coffee were roastéuiee standards: light, medium and dark. Thhktligast was
done at a temperature of 150 °C for 8 min, whileedium roast was done at 150 °C for 10min and k dsast at
150 °C for 13 min.

2.5 Determination of ochratoxin- A in coffee

The official method (method of the European Unidmr) the determination of ochratoxin A was basedtlo
method published by Pittet et al [14] for solubleffee, which is an adaptation of the method dewedopy
Nakajima et al in 1990 [10].

OTA was extracted from 10g of coffee using a salemethanol / sodium bicarbonate at 3% V/M) forBh at
room temperature. After filtration, 10 ml of thetiect were diluted with 30 ml of PBS (phosphateféuét pH 7.3)
and were purified on the immunoaffinity column.

The extract was introduced into the immunoaffiniglumn where there was uptake of OTA by antigertee T
column is then rinsed with PBS to release the pre@ind non specific components. The toxin was élfrem the
column with methanol. The mixture was then evamalainder a stream of nitrogen at 70 °C and thes elats
collected in a beaker, and was dissolved in 1 mholbile phase and was quantified using HPLC.

The operating conditions are as follows: injectloop 100 ml, HPLC column C18 reverse phase, OD® bt
microns with precolumn thermostat at 35°C. The suBs is between 95 to 105 bars. Isocratic flownd./min.
Detection is done by fluorimetry. The excitationwebength is 333 nm and that of emission is 460 Tine retention
time of OTA is approximately 12.6 min.

2.6 Complexation of OTA in coffee drinks
The coffee drink was prepared according to théetfilmethod. The concentration was 6 g of grourffeedfor 100
ml of water at 90-100 °C.

Depending on the volume of coffee, correspondingceatrations of OTA were prepared to have similaalf
concentration of 17.5 ng.thlin all the mixtures. The volumes of coffee drinual to 10, 20, 30 and 40 ml
respectively were mixed with the OTA content 0f3%2.8, 70.4 and 88 ng.flespectively.

The study of the OTA complexation was done on sampf arabica and robusta coffee. Contaminationdease at
room temperature (with a coffee at 23°C) or he&®8d100 °C) and the mixture was subjected to a amjitiation at
room temperature for 30 min and the OTA was quigatif

It should be noted that during the hot test, OT/Awdded to coffee heated between 90-100C and tktermiwas
kept at this temperature for 10min.

2.7 Thermal stability of OTA: Filter-paper discs of 10 mm of diameter were iegprated with 10 pl of a pure
standard solution of OTA at 200 ng.miSeries of five discs were placed on a cast ippov{ding thermal inertia)
and were heated under real conditions of roastongarninated coffee (200°C for 20 min and 250°CX@rmin).
The sampling times are 5, 10, 15 and 20 min fdstas200°C and 2.5, 5, 7.5 and 10 min for tes5a8fC. A disc
was removed at a specific time and was extracteti ml of HPLC solvent for 20 min. The OTA was again
measured.
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For the tests in the hemolysis test tube, a sawiplienl pure OTA was taken and evaporated to drynester a
current of nitrogen prior to heating. A similar pealure was undertaken using 1 ml of HPLC solvendrgo
analysis.

2.8 Complexation of OTA by the chemical compoundsin a hemolysis test tube, 1 ml of pure OTA at .865
ng.mi* was mixed with 1 ml of a solution of caffeine, afiigenic acid or arginine at the same concentrgfi66.8
ng.mi"). The mixture was evaporated to dryness undeogem stream. The extract was heated to 150 °C-8% 0
min, and 200 °C for 0-20 min, with an interval ofmi. Tests were not done at 250 °C because of lgessi
sublimation of caffeine or degradation of certainl@cules at very high temperatures. The test tobe@ foven is
allowed to get cold and the extract repeated withdf HPLC solvent prior to analysis.

RESULTS AND DISCUSSION

3.1 Complexation of OTA in coffee drink
Before roasting and preparation of the coffee drthe OTA was measured in green coffee to ensateittlis free
from contamination by OTA.

3.1.1 Complexation at 23°C
Table 1 shows the OTA content in the coffee-drifikracontamination and mild agitation.

Table 1: Complexation of OTA in coffee drink at 23C

Coffee volume (ml)

10 | 20| 30| 40
Pure OTA (ng.mf) 35.2| 52.8/ 70.4| 88
Theorical OTA content in the mixture (ng:W| 17.5) 17.5{ 17.5] 17.5
Real OTA content after test (ng: Ml 17.2| 17.0{ 17.4| 17.3

OTA content in the mixture shows that whatevervbkime of coffee, almost all of the initial OTA (B7ng.mt%)
was found when the contamination is done at 23°C.

OTA was not complexed by the constituents of coffeek at 23°C.

3.1.2. OTA Complexation under heating condition

The trials included roasted arabica coffee witleéhdegrees of roasting: light, medium and dark.figuze 1 and 2
show the degree of complexation of OTA by the aralasind robusta coffees, respectively, at 90-108€i=nding
on the volume of coffee.
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Figure 1: OTA complexation by the arabica coffee irhot condition

572
Pelagia Research Library



Pauline Mounjouenpouet al Asian J. Plant Sci. Res,, 2012, 2 (5):570-576

100 ——N
J ——  J
2 r
©
c 90
=
s —e— Light roasting
2L 80
=3 —m— Medium roasting
o
: 70 Dark roasting
|_
@]
60
0 10 20 30 40 50
Coffee volume (ml)

Figure 2: OTA Complexation by the robusta coffee irhot condition

When heated, components of Arabica and Robusteenfére very reactive in presence of OTA whatelver t
degree of roasting. The complexation of OTA by ¢gheemponents was an increasing function of thermelof
coffee used. It reaches a value of about 100% 4@timL of coffee drink. For a given volume of coffélee rate of
OTA complexation was identical whatever the typeassting except for relatively small volumes (10 mhere
there was a difference in the degree of OTA comgiler. With such volume, the rate of complexatioasw
depended on the type of coffee and roasting pro@éssminimum rate of OTA complexation was obtaiméth the
light roast of Arabica coffee. It was 68.6% again8i8%with Robusta. This difference was due totingsin the
same condition, robusta coffee gets more roastad Anabica.

Our results showed that thermal treatment has gadton the content levels of ochratoxin A. Befb®88, it was
thought that OTA was completely destroyed duringstmg. Since then, many works were published with
conflicting results. None reported high destructamiter roasting [25, 4, 17], while others reportyon slight
reduction after coffee the roasting of naturallyadificially contaminated coffee [23, 19]. Theeaif degradation of
OTA during roasting was also a function of theigitontent of OTA and the severity of the treatingpplied [2,

15, 17]. During coffee roasting, there was the fation of brown compounds such as melanoidins dudditlard
reactions. These compounds, highly reactive, wdiddresponsible for the OTA complexation observede T
intensity of the formation of these brown produsta function of the degree of roasting: this expgahe low rate

of complexation observed with light roasted coffdeen the volume is small (10ml).

3.2. OTA Complexation in artificial milieu

Coffee is a very complex environment where theeesaveral molecules that can interact with OTAsTisithe case
of caffeine, chlorogenic acid and arginine. Heatiesgts of these compounds in the presence of OTAmade in
order to establish the degree of involvement ofheaiter in the complexation of OTA observed durouifee
roasting. Each product of interest was mixed witlirepOTA and heated under real conditions of rogstin
contaminated coffee (200 ° C for 20 min and 250 fo€10 min). Before the OTA contamination with see
chemicals, thermal stability of pure OTA was red#d in the context of finding the product of coewation of
OTA in hot condition described by Suarez-QuiroaldgP1].

3.2.1. Thermal stability of pure OTA

Tests on the thermal stability of OTA were madeseweral types of media: paper - filters (Whatmapepapaper
glass fiber) and glass tubes hemolysis. Figuresd34dashow the kinetics of thermal degradation aepOTA on
filter papers and glass tube hemolysis respectively

Results of the different kinetic obtained showetinaar degradation of OTA with increasing temperaturhe
kinetics of destruction of OTA has a single phdserder kinetics).

On the filter - paper (Figure 3), the slopes oledinvere -0.03 min-1 at 200 °C and -0.10 Tt 250 °C. OTA
concentrations obtained were better correlated eatth other at 200 °C than at 250 °C. Similar tesumére found
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by De Louise [2] and Suarez-Quiroz [21] as parthefir research. They found slopes -0.02 frét 200 °C and -
0.09 min' at 250 °C.

It should be noted that the blank tests showedtti®apaper filters released cellulosic substandesnvheated. The
chromatograms obtained have several spurious ghaksome with that of OTA. This is why the samstdewere
repeated in glass tubes in order to identify pdssdlegradation products or OTA complexation prosluthe glass
tubes are inert even at very high temperatures.

Time (min)
0 ‘ ‘ ‘
10 20
¢ 200C
-0,5 - m 250C
3]
O y =-0,0265x
g R?=0,99
-1 N
y =-0,1009x
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-1,5
Figure 3: Kinetics of thermal degradation of pure OT'A on paper - filter
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Figure 4: Kinetics of thermal degradation of pure OT'A in the glass tube hemolysis

In the glass tube, the degradation kinetics of QWias different from that obtained on paper (FigureDegradation
is faster than on the filter - paper because tlw@kstants obtained was larger (-0.05 min-1 at 2G0f€-0.40 min-1
at 250 °C). In the glass tube, the degradationtwiae faster at 200°C and 4 times faster than Z50The effect of
the matrix was very important in the degradatiorOdfA under hot condition. The different chromatogsadidn’t
show any new peak. This leads us to say that tlyeadation products of OTA under hot conditions weod
detectable by fluorimetry. The additional peak dibsd by Suarez-Quiroz et al [21] could come frdm filter
paper which released cellulose substances at bigpdratures. For future tests, only the glass tuhéde used
because of their thermal inertia.

3.2.2. OTA Complexation by chemical compounds

3.2.2.1 OTA Complexation at 150 ° C

Several samples, each containing 1 ml of a soluifgoure OTA at 165.8 ng.mland 1 ml of caffeine, chlorogenic
acid or arginine at the same concentration (1658ni) were well mixed in a test tube. The mixture was
evaporated to dry under a stream of nitrogen aatelefor 5 to 25 min. Table 2 shows the OTA comaliex after
heating at 150 °C with a solution of caffeine, chigenic acid or arginine to 165.8 ng:ml
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Table 2: Complexation of OTA by caffeine, chlorogeie acid and arginine at 150°C.

0 min| 5 min| 10 min| 15 min| 20 min| 25 min
OTA- caffeine (ng.rrﬁ) 158.8| 152.5| 158.2 | 154.0| 152.8| 154.9
OTA- Chlorogenic acid 156.0| 143.7| 155.4 | 149.9 | 151.0| 149.§
OTA-arginine 165.5 165.2| 1554 151.7 | 160.4| 155.3

In the presence of caffeine, chlorogenic acid agirgme, the concentration of OTA found remains aimo
unchanged, compared to the control unheated (O neirgrdless of the heating time.

At moderate temperature, there is no OTA complerably caffeine, chlorogenic acid or arginine, whatethe
duration of heating.

3.2.2 2. Complexation of OTA at 200 ° C
The same analyzes were done at 200 °C for 5 toi@0Figure 5 shows the complexation of OTA in tlegence of
caffeine, chlorogenic acid and arginine at 200 ° C.

Time (min)
0rs \ \ T
D 10 20 25
_0’5 i
—&— Pure OTA
8§ 1 —m— OTA-caffeine
g \ OTA- chlorogenic acid
S -15 L—H\. OTA-arginine
-2
-2,5

Figure 5: Complexation of OTA by caffeine, chlorogeic acid and arginine at 200 °C.

At 200 °C, OTA was deteriorated with time. Its aamitfound in the mixture was decreased relativihad of pure
OTA. This means that there is degradation and/oA ©@@mplexation by caffeine, chlorogenic acid andirine at
200 °C. The degree of reactivity was a functioringf compound and the heating time. It is more puoned with
caffeine and arginine with which we observed a vexpid degradation of OTA followed by a slow dowks
concerns the origin, the slopes or gradients we@499 mirt for pure OTA, against -0.0644 rirfor chlorogenic
acid, -0.1584 mit for arginine and -0.338 miirfor caffeine.

After 20 min of heating at 200 °C, 86.6% of pureAOWas degraded by heat. Instead, when heated iixi@na
under the same conditions, it is observed that%2o# the OTA disappear due to the complexation &ffeine,
11.6% due to arginine and 6% due to chlorogenid. & this temperature, chlorogenic acid was vargtable.

Tests of OTA complexation in an artificial enviroam have enabled the study of the state of OTA wiesied in
the presence of certain constituents of coffee sagtcaffeine, chlorogenic acid and arginine. A higke of
complexation was observed with caffeine and arginiHowever, the products resulting from degradation
complexation remained unidentifiable by fluorimetitywould be thus advisable to consider other ctegia methods
to identify those products.
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