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A Study of Human Exposure to Ochratoxin A in a Selected Population in Egypt
!4zza Zohair and *Abou-Baker Salim
"Department of Home Economic Sciences, Faculty of Specific Education,

Menufiya University, Ashmoun, Menufiya, Egypt
Food Science and Nutrition Division, National Research Center, Dokki, Egypt

Abstract: Assessment of human exposure to ochratoxin A (OTA) was achieved by analysis of some foodstuff,
food consumption from a series of individuals using the duplicated diet method and urinary OTA
concentration. Samples of foodstuffs including cereals, legumes, dried fruits, dairy products and meats were
collected from Egyptian countryside, samples of duplicate diets and urine samples were collected from
235 volunteers living in one area of the Egyptian village during one month on a weekly basis. The method uses
immuneaffinity column clean-up and reversed phase high performance liquid chromatography (HPLC) with
fluorescence detector for quantification of the toxin. It was found that 33.57% of foodstuff samples (a total
140 samples) contained OTA 1n variable quantities. All diet and urine samples contamned OTA. The exposure
calculated from OTA levels m the diets were below the tolerable daily intake recommended by JECFA at
1.2-14 ng/kg bw/day; the average daily intake ranged from 1.07 to 843 ng/kg bw/day with a mean value
4.4941.95. OTA levels ranged from 17-61 ng/L with a mean value 31.40+11.15. This suggests that the population
1s expected to OTA at high frequency, since the toximn 1s frequently found, albeit at low levels, in a number of
commonly consumed foods. High significant correlation were found between OTA consumption and urinary
OTA level suggesting that urine provide a good biomarker of intake. The effect of garlic and ascorbic acid (fresh
orange juice) on reducing OTA levels in human was also investigated. The results indicate that garlic and
orange juice effectively reduced the levels of OTA in urine.
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INTRODUCTION

Ochratoxon A (OTA) is a secondary metabolite of
fungal species belonging to the genera
Aspergillus (e.g. 4. alutaceus, formerly known as
A. ochracens) and Penicillium (e.g. P. verrucosum)
[1, 2]. Tt is a potent nephrotoxic, carcinogenic,
teratogenic and immunosuppressive [3]. Tt has been

several

suggested that severe dietary exposure to this mycotoxin
m parts of Bulgarnia, Romama and Yugoslavia is
assoclated with chromic, progressive kidney disease
(Balkan Endemic nephropathy) and its
urinary tract tumors [4, 5]. A very hugh prevalence of
nephropathy has been reported in Tumnisia [6], Algeria [7];
(North Africa) and in Senegal (west Africa), chronic failure
associated from 87.61 of all death from urogenital disease
[8]. The main rout of human exposure to OTA is through
dietary intake of contaminated foods, e.g. cereal, bread,
pork, poultry meat, coffee, beer, wine, red grape-juice and
cow’s milk [9-12]. Cereals normally account for 50-80% of

assoclated

average consumer intake OTA [13]. Smece it 1s stable to
heat and other physical food processing, it can also oceur
in food products made from these ingredients [14, 15]. In
addition to diet, exposure to OTA can possibly occur by
inhalation of toxin containing conidia airborne dust [16].

The presence of OTA in human plasma and its
transmission to the mother” milk has been reported in
several countries [17-19]. However, human exposure to
OTA 18 not umform but varies significantly between
mndividuals and geographic regions. It was shown that the
OTA levels were higher in human milk samples from
women living in region with extensive agriculture, than in
area with little or no agriculture [20]. Moreover, a study
from France reported higher levels of OTA in human
blood samples from rural areas than from wban areas [21].
Heterogeneous OTA exposure can be due to individual
and regional dietary differences. In Bulgaria, the exposure
of population to OTA was supported by a very high
prevalence of OTA levels exceeding 2 ng/mlL in the blood
of affected population [22, 23]. OTA has also been found
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more often in the urine of people living in BEN-endemic
villages than m those in non-endemic village and the
highest levels were seen in patients with BEN or
Urinary tract tumors [24]. Gilbert et al., [25] and
Petkova-Bocharova et al., [26] reported that measurement
of OTA inurine is a good marker of exposure and it will be
less invasive than blood for follow up of population
exposure,

The occurrence of OTA is widespread across both
temperate and tropical region but it less recognized in
Africa and very little data 1s currently available so more
research is needed to accurately assess the extent of OTA
contamination in foodstuffs and human exposure [15].
Given the paucity of information about dietary exposure
to OTA in Egypt, this study aimed to investigate the
levels of this toxin in foodstuffs, diet and urine from
healthy volunteers selected m the age 17-25 years
selected from Egyptian village. The effect of daily garlic
intake and fresh orange Juice on reducing OTA levels was
also mvestigated.

MATERIAL AND METHODS

Food samples: A total of 140 samples (10 each)
including cereals (comn, wheat, rice and macaroni);
legumes (Faba bean, beans and lentils); dried fruts
(apricot, dates and fig), dairy products (milk and cheese)
and meats (cow’s meat and chicken) were collected from
Egyptian countryside to determine ochratoxin A (OTA)
residues.

Duplicate diet study: The method used based on a
previously published method described by Gilbert ef al.,
[25]. Twenty five healthy 17-25 years old volunteers were
selected from Egyptian countryside. All subjects had
clinically normal blood biochemistry, hematology and
urine analysis and exhibited negative results to hepatitis
B surface antibodies. Non of them displayed renal
disability; volunteers a history of hepatic, renal or
disorder or cardiovascular or gastrointestinal diseases
were excluded. Also excluded were subjects who
undergone any surgical operation on the digestive
tract other than an appendectomy. Participants
declared that they would consume their normal diet for
the duration of the study (one month). Participants
were asked to prepare duplicates of the normal amount of
food that they ate and drank and to store them i a
refrigerator until collection;, samples were prepared on
weekly basis, i.e four samples per subject. The constitutes
and weights of each weekly diet (foed and drink) were
recorded. The four samples were blended together using
an overhead homogeniser before a sub-samples was taken
for analysis.

20

Urine collection: Urine samples were collected during
twenty- four hours; aliquot (50 mL) of these
samples were taken from each subject on days 0, 1, 6, 13,
20 and 27 of the same month and stored at -80°C until
OTA analysis as described by Petkova-Bocharova et af.,
[26].

B-Urine collection after some treatments: Ten
participants were chosen to investigate the effect of
garlic and ascorbic acid (orange juice) on reducing OTA
levels m human urine. Five of the subjects consumed
daily morning for two weeks 20 g garlic and other group
taken a cub of fresh orange juice(approximately 250 mL).
The urine sample were collected on the 14th day and
stored as described above.

Chemicals: All reagent and solvents for the extraction
were obtained from Sigma-Aldrich and they were of
analytical grade quality.

Extraction and chromatographic separation of food
samples: Fifty grams of samples were put into high speed
blender, 25 mL phosphoric acid (0.1 M) and 250 mL
chloroform were added and blended for 3 min. Near end
of blending 10 g diatomaceous earth were blended, then
filtered through filter paper whatman No. 4. Fifty milliliter
of portion were collected and transferred to separatory
funnel, 10 mL sodium bicarbonate (3%) were added and
shake gently. Then, the upper phase was collected for
column separation [27]. The whole diluted extract was
applied to an ochratest immuncaffinity column at a slow
steady flow rate of 2-3 mL/min. After washing the column
with 10 mL of distilled water, OTA was eluted with 4 mL of
methanol, then the elute was evaporated to dryness
under a steam of nitrogen at 40°C [28].

Extraction and chromatographic separation of urine
samples: The analytical method used based on a
previously published method described by Zimmerli and
Dick [29]. A solution containing 33.7 ml of 83%
orthophosphoric acid and 118 g (2 mol) sodium chloride
per liter was prepared. A 10 mIL volume of this solution
was added to 10 mL urine and mixed for 1 min using vortex
mixer. After additon of 5 mL of chloroform and
intensively mixing for 2-3 min, the mixture was centrifuged
at 2500 g for 15 min. The clear organic phase at the bottom
of the tube was carefully withdrawn by Pasteur pipette
and transferred to a pear-shaped flask (150 mL). The
extraction was repeated with another 5 m1, of chloroform
and the combined extracts were evaporated to dryness at
30-40°C using rotavapor. The extract re-dissolved in 5%
acetonitrile in phosphate buffer saline and cleaned-up
using an immunoaffinity column.
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Table 1: Natural occurrence of OTA in some FEgyptian plant and animal

products
Commodity No. of positive samples ~ OTA Range (ug/'kg)
(10 samples each)
Plant-base products
Cereals
Com 4 40-421
Wheat 3 23-295
Rice 2 26-310
Macaroni 2 18-185
Legumes
Faba bean 3 15-198
Bean 3 17-213
Lentils 4 20-276
Dried Fruits
Figs 6 50-140
Apricot 5 30-100
Dates 5 60-190
Animal products
Dairy products
Milk 3 20-50
Cheese 2 13-70
Meats
Cow's meat 2 14-33
Poultry meat 3 20-36
Total of positive samples 47
Percentage 33.57

Determination of OTA by high performance liquid
chromatography (HPLC): OTA was determined by using
HPLC technique according to the method described by
Studer-Rohr ef al., [30]. HPLC analysis was carried out
with ligmd clromatography equipped with solvent
delivery system (Shimadzu) and a reverse phase analytical
column packed with C18 material (Spherisorb 5 um © D52,
15 cm x 4.6 nm). The mobile phase consisted of acetomutrile
:water ‘acetic acid (99:99:2). The separation was performed
at ambient temperature at a flow rate of 1.0 mL/min, the
injection volume was 20 pl. for both standard solutions
and operated extracts. The fluorescence detector was
operated at an excitation wave length of 460 nm.

RESULTS AND DISCUSSION

Ochratoxin A levels in foodstuff: The results in Table 1
shows that of 140 food samples including plant based
products and animal products OTA (33.57%) were
detected in variable levels. The highest OTA levels were
found in cereals and legumes followed by dried fruits,
dairy products and meats. Cereals (com, wheat, rice and
macaromni) were contaminated with the toxin with
concentration ranged from (18-421 pg/ke) and legumes
samples (Faba bean, beans and lentils) were contamimated
with 15-276 OTA pg/kg. Residues of OTA have been
detected in the samples of milk, cheese and meats with a
range (20-50 ng/mL), (10-33 pg/kg) and (20-56 uglkg),

21

respectively. The OTA levels in dried fruits (apricot,
fig and dates) ranged from 30-190 pg/kg. The occurrence
of OTA m foodstuffs 15 influenced by environmental
factors such as humidity and temperature. Thus OTA
contamiation of foodstuffs vary with geographical
condition production and storage methods and also with
the type of foods [31,32].

Around the world, OTA is found most frequently in
stored beverages, particularly cereals and grains, also it
found in dried fruits, wine coffee, beer, cocoa, juices,
spices, pork, poultry and dairy products [15]. In Egypt,
Zohri and Abdel-Gawad [33] reported that all the
samples tested of dried fruits were contaminated by OTA
and the concentration range between 50-110 pgikg of
apricots, 6-120 pg/ke of figs and 210-280 ng/kg of prunes.
Also Abdel-Satar and Saber [34] detected OTA in two
samples of dates in Assiut, Egypt with level 36-450 pg/kg.
Ninety samples of foods and agricultural commodities
collected from Egyptian market revealed that OTA
were detected in 21.1% of the samples with variable
quantities [35].

Ochratoxin A levels in duplicate diet and human
exposure: The results in Table 2 revealed that OTA was
detected in all the composite diet samples. The levels
found ranged from 0.1 to 0.65 ng OTA/g diet, with a mean
value, 0.3240.12. The results alse show that the amount of
food consumed by the subjects per week wvaried
considerably from 3889.2 to 10500 g and the average
amount of OTA ingested per week ranged from 696.15 to
4200 ng with a mean value 2178.53+946.15. It was noticed
from the recorded ingredients used for the preparation of
participants’ meals (breakfast, lunch and dinner) consists
mainly from carbohydrates including cereals and cereals
products (bread, rice and macaroni), potatoes, legumes
(Faba beans, lentils and beans) and cheese. From the
description of the individual meals components and
the results in Table 1. It is possible to trace the potential
sources of contammation by OTA. Over the world OTA
has been reported in a number of food components
or cooked food; bread [14, 36];, wheat [37]; beans [23];
spices [38, 39], potatoes [40]; poultty and dairy
products [15].

The calculated daily intake which corresponding
to OTA consumed by individuals ranged from 1.07 to
8.43 ng/kg bw/day (mean 4.49+1.95) based on the actual
body weights of each subject (Table 2). These values
are lower than that proposed by the World Health
Organization/Food and Agricultural Organization Joint
Expert Committee on Food Additives (JECFA) as the
tolerable daily intake (TDI), (1.2- 14 ng/kg bw/day) [41].
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Table 2: Levels of ochratoxin A in duplicate diets and urine of subjects

Average weight of OTA level in OTA consumed body weight Daily intake Average OTA urine
Subjects diet (g) week diet (ng/g) (ng) (kg) (ng/kg bw/day) level (ng/L)
1 5191.90 0.21 1090.30 68.00 2.29 22.00
2 5320.00 038 2021.60 74.00 3.90 20.00
3 6395.20 015 959.28 70.00 1.96 20.00
4 7385.00 0.28 2067.80 77.00 384 28.00
5 T730.80 042 3246.94 55.00 843 38.00
6 9800.00 0.35 3430.00 73.00 0.71 39.00
7 7840.00 0.33 2587.20 69.00 530 33.00
8 10500.00 0.40 4200.00 76.00 7.89 61.00
9 9465.00 019 1798.35 76.00 3.38 25.00
10 9163.00 0.30 2748.90 75.00 5.24 31.00
11 T350.00 0.41 3013.50 7100 6.06 36.00
12 6339.90 030 228236 70.00 4.66 26.00
13 4165.00 0.65 2707.25 58.00 .67 43.00
14 5110.00 0.53 2708.30 o1.00 6.05 42.00
15 6440.00 0.38 2447.20 G56.00 5.30 35.00
1s 5915.00 0.10 591.50 79.00 1.07 17.00
17 9555.00 037 353535 78.00 648 38.00
18 6790.00 0.25 1697.50 70.00 340 27.00
19 6370.00 0.28 1783.60 69.00 3.09 24.00
20 3889.20 0.30 1166.76 63.00 2.65 23.00
21 7280.00 0.26 1892.80 75.00 3.6l 29.00
22 4095.00 017 G96.15 48.00 1.44 18.00
23 5443.20 0.22 1197.50 52.00 3.29 20.00
24 6160.00 0.26 1601.60 71.00 322 26.00
25 9065.00 0.33 200145 78.00 548 35.00
Mean 6910.33 0.32 2178.53 69,80 4,49 31.40
5D 1878.60 012 946.15 7.10 1.95 11.15
1107 some of this levels approach the provisional tolerable
% lgg: weekly intake established by the JECFA at 100 ng/kg b/w
*::; 80 [5]. It was reported that OTA exposure 1s affected by
é gg: geographical location [31, 32].
é 50+
2 404 Ochratoxin A levels in participants urine: OTA was
& 38_ found in all urine samples examined. The OTA levels
10 ranged from 17-61 ng/L with a mean value 31.4+11.15.
T T
G1 Garlic G2 Orange Juse There are few studies about the level of OTA in urine.
Treatments

Fig. 1: Effect of some treatments on OTA levels in urine

This means that the calculated value corresponding to
31% of the TDI; this exposure may be not seemed to
represent a health hazard. The scientific committee for
food [42] recommended that it would be prudent to reduce
exposure toward the lower end of the TDIs of 1.2-14 ng/kg
bw/day which have been estimated by other bodies e.g.
below 5 ng/kg bw/day. The results in present study are
higher than that reported in a similar study performed in
the United Kingdom by Gilbert ez al., [25]. They reported
that the daily mntake ranged from 0.26 to 3.54 ng/kg
bw/day with a mean value 0.94 ng/kg bw/day. While it
lower than that obtained from healthy ndividual Living
i Balkan Endemic Nephropathy area using the same
method (duplicate diet method). The average weekly
mtake of OTA varies from 1.86 to 92.7 ng/kg bw/weelk,

Gilbert et al, [25] found 10-58 ng OTA/L 1n urinary
healthy individuals from UK. These results are very
similar to those found in this study. Higher levels have
been for healthy individuals in Bulgaria, the OTA levels
n the urine ranged from 10-1910 ng/L. In Africa urinary
OTA levels in urine samples from boys and girls in Sierra
Leone (this country has a high morbidity and infant
mortability rates, [43]) ranged from 70-59000 ng/T. and
80-148000 ng/L. respectively in dry seasons; one girl had
OTA 148000 ng/L.. In rainy season the OTA ranged from
600 to 72200 ng/L., and 70 to 4900 ng/L. for boys and girls,
respectively [44].

The above results suggests that the population 1s
exposed to OTA at high frequency, since the toxmn 1s
frequently found, albeit at low levels, in a number of
commonly consumed foods. The statistical analysis show
that there was high significant correlation (p<<0.03)
between OTA consumption and urmmary OTA level
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suggesting that urine provide a good biomarker of
mtake as hypothesized by Gilbert et al., [25] and
Petkova-Bcharova et al., [26].

Effect of garlic and fresh orange juice on OTA level in
human: The results in Fig. 1 indicate that garlic and fresh
orange Juice effectively reduced the levels of OTA in
urine. After two weeks of consumption 20 g garlic and a
cup of orange daily morming the reducing percentage of
OTA in participants urine were 100 and 87.78%,
respectively. Antioxidants such as vitamin A, C and E
have been shown to reduce the toxic effects of OTA in
animals [45, 46].

CONCLUSIONS

The results in this study and data reported from
other countries consistently indicate that humans are
contimiously exposed to OTA and there is no doubt
that this compound is toxic; it has been shown tetragenic
and 1mmunotoxic properties, a nephrotoxic and
genotoxicity. In view of these characteristics, regular
control should be enforced and exposure to OTA should
be kept to a minimum, avoiding the consumption of
heavily contaminated foods.

High sigmficant correlation were found between OTA
consumption and urinary OTA level suggesting that urine
provide a good biomarker of exposure.

Consuming garlic and fresh orange Juice appears to
be effectively reduce the toxicity of OTA in human.

More research 1s needed to accurately assess the
extent of OTA contamination in food and human exposure

i many of the world, particularly Africa and Asia.
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