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THE PRESENCE OF AFLATOXINS IN MEDICINAL PLANTS
USED AS NATUBAL REMEDIES AND IN SPICES

Wafa Adel Malimoud Al mosleh

Supervisor
Dr. Mohammed J. Musmar

Co - Supervisor
Dr. Samar Ghazal

ABSTRACT

Fifty samples of commonly used remedies and spices were
collected randomly from different well known stores at Nablus
municipality in a three months period. The collected specimens were
evaluated for aflatoxins using VICAM AFLATEST.

The results showed that fourty — eight samples contained the aflatoxins.
Thirteen samples were found to contain over 20 ppb, and thus
exceeding most permitted international standard limits. Liquorice and
sumac contained the highest amounts of aflatoxins 76 ppb. Five samples
of famous brand tea samples were analysed. All samples were
contaminated with aflatoxins, ranging from 20 — 69 ppb. Commonly
used spices like anise, chamomille and nutmeg contained also aflatoxins
in the range 23.5 — 36 ppb. Aflatoxins are known to cause liver cancer.
The finding that tea and spices were rich in aflatoxins is very alarming

specially for children and pregnant women.
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Introduction

1.1 Medicinal Plants

Medicinal plants, since times immemorial, have been used
in virtually all cultures as a source of medicine. The use of traditional
medicinal plants in most developing countries, as a normative basis for
the maintenance of good health, has been widely observed. Developing
countries, inrecent times‘, are turning to the use of traditional medicinal
systems that involve the use of herbal drugs and remedies [1].

Contamination of herbal medicine raw materials with aflatoxins
can cause potential carcinogenic effects if taken or consumed even in
small amounts. The medicinal plant raw materials carry a great number
of molds, often from the soil. Non - professional practices of harvesting,
handling and production, cause additional contamination [2].
Economical value of the medicinal plant exportation, as well as frequent
use of some herbal preparations in infant, elderly and even normal

persons evoked to carry out this research.

1.2 Mycotoxins

Mycotoxins are a mixed bag of acute toxins, secondary
metabolites of molds that can be produced on a wide range of

commodities and under adverse range of situations due to their high
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stability to heat treatment, the presence of mycotoxins in food and feed
is potentially hazardous to the health of both humans and animals. They
also have a significant impact on economics, by causing losses in farm
animals, or by rendering commodities unacceptable in international
trade because they do not conform with existing regulations [3].
Mycotoxins, a term derived from {(myco) meaning fungus or mold and
(toxin) meaning poison, they are usually associated with temperate
regions. |

These molds can propagate in agricultural plants whenever
environmental conditions are favorable. Mycotoxins may remain in
food and feed long after the fungus that produced them has expired.
Therefore toxins can be present at potentially dangerous levels in
products that are not visibly moldy. Diseases caused by mycotoxins in

humans and animals are called mycoses {4].

1.3 Aflatoxins

Aflatoxins are secondary metabolites produced by species of
Aspergillus, especially Aspergillus flavus and Aspergillus parasiticus,
which are found worldwide in air and soil. The discovery of aflatoxin
dates back to the year 1960 following the severe out break of the turkey

X disease in the UK, which resulted in the deathes of more than 100000
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turkeys. The cause was attributed to a feed, containing Aspergillus
Sflavus [5,6]. The name aflatoxin, has been formed from the following
combination : the first letter, "A" for the genus Aspergillus, the next set
of the three letters "FLA"for the species flavus, and the known "toxin"
meaning poison [42]. Aflatoxins are powerful tasteless, odorless and
colorless, they are mutagenic, carcinogenic, teratogenic and acutely
toxic to most animals and humans, they can cause humans and animals
to lose their appetite or- cause death. Aflatoxins also inhibit the body’s
immune system and reduce the effectiveness of vaccines {7,17].The four
main aflatoxins are aflatoxin B1,B2,G1 and G2. Aspergillus flavus only
produces aflatoxins B1 and B2, but Aspergillus parasiticus produces
these same metabolites along with aflatoxins G1 and G2. When
aflatoxin Bl is ingested some transformation occur and secondary
aflatoxin M1l and M2 having same acute toxicity as B1 are produced
[8,9,19].

The molecular structures of the four most frequently occurring
aflatoxins B1,B2,G1 and G2 are shown in figure. 1, along with two
common metabolic by products, M1 and M2, which are secreated in the
milk of lactating animals that have consumed feed contaminated with

aflatoxin [10].
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Figure 1.1 Chemical structure of most frequently occurring forms

of aflatoxin.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



1.3.1 Aflatoxins formation

The first step in the biosynthetic pathway of aflatoxin is the
condensing of acetate units to form norsolorinic acid. Sixteen enzymes
have been estimated to be involved in the bioconversion of norsolorinic

acid to aflatoxins [11].

Versicolorin A is of importance because it is the first molecule in the
aflatoxin B1 (AFB1) pat-hway that contains a double bond. This double
bond is the target for highly reactive epoxide resulting in activation and
adduct formation with DNA. In contrast, aflatoxin B2, which does not
have double bond is hundreds of times less carcinogenic [12]. AFB1
alone is not carcinogenic, but is metabolized by the body to produce an
ultimate carcinogenic metabolite, AFB1 is oxidized by human
cytochrome P450 enzymes to several products. Only one of these , the
(AFB1 - 8,9 — epoxide) appears to be mutagenic and the others are
detoxication products. P450 3A4, which can both activate and
detoxicate AFBI, is found in the liver and small intestine. AFB1-8,9
epoxide, is formed by oxidation of the 8,9 vinyl ether bond. When the
AFBIlImolecule has been transported across the plasma membrane, it is
activated by microsomal mixed - function monoxygenase which then
reacts with the N — 7 atom of B — DNA guanine this reaction is not

random, but preferentially occurs in certain G-C base — pair clusters'?,
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inducing almost exclusively G-T substitutions. Abnormalities of the
structure and expression of a putative tumor — suppresser gene p53, are
frequent in hepatocellular carcinoma. Some investigators have therefore
suggested that p”° mutations caused by aflatxin B1.

Conjugation of aflatxin B- 8,8 epoxide, a phase II metabolic
reaction is an important detoxification route for the reactive epoxside.
Although aflatxin B- 8,9 epoxide can be hydrolysed to the diol by
epoxide hydrolase, the doil product is toxic, since it reacts readily with
proteins by Schiff-base formation or binds to DNA. Gluathione
conjugation prevents the toxicity of both the epoxide and its hydrolysis
produ.ct. This conjugation reaction is catalysed by cytosolic glutathione
S-transferases. The aflatoxin — glutathione conjugate is subsequently
excreted from the hepatocyte into bile as a major biliary metabolite
[13,29,39]. Figure (1.2 ) shows metabolism of aflatoxin Bland figurel.3

shows the pathway for metabolism and elimination for aflatoxin B1.
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1.3.2 Pathological effects of aflatoxins on humans

Humans are exposed to aflatoxins by ingesting food contaminated
with products of fungal growth. It is difficult to prevent fungal growth
in food. Aflatoxins bind to DNA disrupting genetic coding thus
promoting tumorgenicity. The incidence of liver cancer in Africa shows
a distinctive geographical distribution similar to that of aflatoxin
contamination of food. Evidence of acute aflatoxicosis have been found
in humans , in third wérld countries like Taiwan and many others.
Symptoms include vomiting, pulmonary edema, abdominal pain, coma,

convulsion and death.

The conditions that increase the likelihood of this disease Include
limited availability of food, environmental conditions that favor fungal
development in crops and lack of regularity systems for aflatoxin
monitoring and control. Because aflatoxins are potent carcinogens, there
has been an increase concern or long-term exposure to low levels of
these mycotoxins on humans. Ingestion of large amount of toxins in
short period of time causes acute toxicity leading to death while small
doses in prolonged length of time will result in chronic effects [14, 15,

16, 33,22].
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The result of epidemiological studies carried out in Kenya, and
Thailand shows a significant correlation between the incidence of liver
cancer and exposure to aflatoxins . As a result of these and other studies
the International Agency for Research on cancer have recently stated
that there is now sufficient evidence to classify aflatoxins as human
carcinogens [26,27,28,29].

Studies in several African countries showed a correlation between
the logarithm of aﬂatoxins intake and the occurance of primary human
liver cancer. Aflatoxin Bl is cosnidered to be the most potent liver
carcinogen known. The metabolite of aflatoxin B1 (aflatoxin M1) was

less pbtent than aflatoxin B1, but also considered carcinogens [18].

Aflatoxin possess a significant hazard to humans. It’s presence in
food and feed should be restricted to a minimal level. Food and Drug
Administration (FDA) of the USA, proposed atolerance level of 30
ug/kg of total aflatoxins (B1+B2+G1+G2). Then the level was lowered
to 20 pg/keg. The current tolerance levels established by the (FDA) for

food and feed are listed in (Table 1.1) [10,20,21,34,35].
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Table 1.1 Food and Drug Administration (FDA) tolerance levels for

total aflatoxin [36]

Item Tolerance level (ug/kg)
Food for human consumption 20
Feed for cattle and poultry 300
Feed for swine 200
Feed for breeding livestock 100
Milk 0.5

ng/kg: ppb

Different countries have different regulations for aflatoxin.
Industrialized countries usually set lower tolerance levels than the
developing countries, where most of the susceptible commodities are
produced. For example, the tolerance level for aflatoxin in foods is 5
pg/kg in Sweden, and is 30 pg/kg in Brazil [23,32]. (Table 1.2) shows
maximum permitted level of mycotoxins for food in some Southern

African countries[15].
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Table 1.2 Mycotoxin regulations for foods in some Southern

African
£705
Countries[15] BE705
Maximum
Authority )
Country Food item permissible | Mycotoxin
institution
level (ppb)
Ministry of Peanut 20 AFBI1
Zimbabwe
Agriculture All foods 20 AFBI1
Food stuffs 50 Aflatoxin
Food and Drug
Nigeria Fluid milk 1 Aflatoxin
Administration
Infant foods 0 Aflatoxin

1.3.3 Examples of humans affected by aflatoxins

Example of humans affected is the intake of aflatoxins in Sierra

leone. The infants were exposed to aflatoxins through the weaning of

food or diet of the family or through breast milk which is highly

contaminated . Another example on humans affected by aflatoxin, when

an out break of aflatoxicosis in India was linked to moldy corn

containing aflatoxin, killing more than 100 persons. Aflatoxin has been

found in the tissues of children suffering from Reyes Syndrome in the

orient and in colon cancer lesions [24,25].
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1.3.4 Occurrence

The incidence of aflatoxins in food and feeds is relatively high in
tropical and subtropical regions, where weather provides optimal
conditions for the growth of the molds. The growth of A.flavus and
production of aflatoxin in natural substrates are influenced by number
of factors. High temperature, long drought conditions and high activity
of insects influence pre-harvest of aflatoxin on peanuts and corn Post-
harvest contamination can occur if crop drying is delayed. Aflatoxins
are detected occasionally in nuts, almonds, spices and variety of other

foods and feeds [30,31,32].

1.3.5 Inactivation

The awarness of aflatoxin as a potent source of health hazards to
both man and farm animals, efforts has been made to completely
eliminate the toxin or reduce its content in foods and feed stuffs to
significantly lower levels. Pre~harvest contamination can be reduced by
appropriate cultural practices that limit the growth of aflatoxigenic
fungi. Post-harvest contamination can be minimized by application of
proper drying, storage procedures. Methods have been investigated to
inactivate aflatoxins, these methods aim at either the removal of the
toxin or destroying it in the food. They can be classified into chemical,

biological and physical methods.
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A large number of chemicals can react with aflatoxins and
convert them to less toxic and mutagenic compounds. These chemicals
include acids, bases, oxidizing agents, bisulphites and gases. However,
most of the chemical processes that have been investigated are
impractical (carried out under drastic conditions of temperature and
pressure ), unsafe ( form toxic residues ) and unfavourable (degrade the
nutritional, sensory and functional properties of the product). Currently,
ammoniation and treatrﬁent with sodium bisulphite are the major
industrial processes widely used to inactivate peanut meal, maize and
cottonseed destined for animal feeding.

'Many microorganisms including bacteria and acid-producing
molds can metabolize and inactivate aflatoxins, with Flavobacterium
aurantiacum as the most active organism. It was postulated that the
inactivation was a result of acid production and subsequent conversion
of AFBI to AFB2aV, which is 1000 times less mutagenic than the parent

toxin.

Inactivation by physical methods involves extraction with

solvents, adsorption, inactivation by heat and irradiation [36].
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1.3.6 Impact of aflatoxins on economy

Aflatoxin can affect economy through animals because animals
can eat the crops contaminated with aflatoxins and get sick, therefore
reducing farming production. The Food and Agricultural Organization
(FAO) estimates that 25% of the worlds food crops are affected by
mycotoxins, of which the most notorious are aflatoxins, other adverse
economic effects of aflatoxins include lower yields of food and fibre

crops[21,38].

1.4 Methods for analysis of aflatoxins in food and feed

There are currently several different accepted measurement
techniques available for determining aflatoxin levels. In general most
measurement techniques require three steps : extraction to remove the
aflatoxin from complex mixtures of materials in which it is found;
purification to remove interference and finally detection and
quantification. The more traditional techniques used to purify aflatoxins
before presenting it to a detector for quantification utilize a form of
chromatography, a main stay of analytical chemistry. Examples include,
thin layer chromatography (TLC), gas chromatography (GC), and high

performance liquid chromatography (HPLC).
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Some more modern methods of aflatoxin extraction, purification
relay on immunochemical techniques. These techniques utilize
aflatoxin-specific antibodies to efficiently extract and purify aflatoxin
from complex mixtures. There are a number of immunochemical based
assays, that are used for detecting aflatoxin radioimmunoassay (RIA),

enzyme-linked immunosorbent assay (ELISA), and immunoaffinity

column assay (ICA) [10,38].

1.5 Objective

Since no previous studies on aflatoxin levels on medicinal plants
were carried out in Palestine, the current purpose of the study was to
investigate the possible contamination of several medicinal plants, and

spices with these dangerous substances.
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Methodology

The method which is carried out in this research based on the
immunoaffinity column assay (ICA). The test is called aflatest which is
a quantitative method, with no need to use toxic solvents, easy to
perform and highly accurate aflatoxin analysis can prevent
contamination [43]. The principle of separation technique of aflatoxins
is based on the separation of aflatoxins from the sample solution using
aflatest immunoaffinity column. The separation is a result of an
interaction  between aflatoxin molecule and a specific type of
monoclonal antibody attached chemically to solid support surface and

protected in a special solution during storage, as shown in figure 2.1.

f-—Aﬂatoxin molecule

Protective solution —\—\'

~—Support Bead

/ -~+—NMonoclonal Antibody

Figure 2.1 : Schematic representations of aflatest affinity column

assay.
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Experimental :

2.1 Equipments and reagents;

All aflatest measurements were carried out using fluorometer,
(model 2-K compliant VICAM). Aflatoxins were separated by using
aflatest-P-columns, VICAM fluted filter paper, micro fiber filter
(1.5mm, 1lcm) and aflatest developer of 0.03% bromine solution,
which are supplied by VICAM for Science Technology ( Somerville,
MA, USA). All aflatest solutions were prepared from methanol and
water as HPLC grade purechased from Froturam. Tween 20 solution
(15%) was obtained as an analytical grade reagent. All used glassware
were washed well with detergents, then with a solution of methanol

and water (10:90).

2.2 Sampling

Different fiftty medicinal plant samples were collected

randomly from Nablus markets.

2.3 Preparation of solutions

A freshly prepared aflatest developer solution is prepared by
diluting 5.0 ml of concentrated aflatest developer solution to 50.0 ml

using HPLC grad water, which was kept in a tightly capped bottle
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when it was not used. this aflatest solution was not used after 8 hours

from the time of its preparation.

2.4 Recommended analysis method

The determination of aflatoxins in real plant samples has to
follow many steps of sample extraction, separation by column
chromotography and spectroscopy determination by fluorometer. There
are some differences in the details in preforming the first two steps of
sample extraction and column separation, which depend on the type and
the part of the plant sample, also on the expected concentration level of
the aflatoxin in the sample. While the final step in analysis by
fluorometer is the same for all samples regardless to the nature of the

plant sample.

2.4.1 Sample extraction and column separation for the samples that are

expected to have aflatoxins concentration between 0 and 300 ppb per
0.2 gram sample, found in the following samples; tea, chamomille,
garlic, roses, laurel, galangal, margoram, qadam assad, ginger, sage,
thyme liquorices and cardamom are performed as follows;

50.0 g sample and 10 g sodium chloride salt were placedin
blender jar. and 200 ml of 2 mixture of methanol and water (80:20)were
added to it .The mixture was blended at high speed for one minute. The
extract was poured from the blender jar into fluted filter paper, and

collecting the filtrate in a clean vessel. 10.0 ml of this extract was
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diluted up to 50.0 ml using water, and mixed well. Finally, the diluted
extract was filtered through microfiber glass filter directly into the

barrel of a glass syringe to measure exactly 4.0 ml.

The aflatoxins were separated from the sample matrix using
column chromatography; by passing 4.0 ml (equivalent 4.0 ml per 0.2 g
sample) of the extracted sample, were passed and collected in the glass
syringe, through aflatest-P-affinity column at a rate of about 1-2 drops
per second until air comes through the column. Then the loaded
column was washed by passing 5.0 ml of water through the column at a
rate of about 2 drops per second. By repeating the washing one more
time by another 5.0 m! of water, until air comes through the column.
Finally, the aflatoxins in the affinity column were eluted by passing 1.0
ml of HPLC grade methanol at a rate of 1-2 drops per second. Then all

of the eluate of 1.0 ml sample was collected in a glass cuvette.

2.4.2 Sample extraction and column separation for the samples
that are expected to have aflatoxins concentration between 0 and 50 ppb
per 1.0 gram sample, found in the following samples: chilli pepper,
caraway, fennel, cumin, anise, rice seasonings, leroal bean, grains, dill
seeds, spinach, chinese seasoning, parsely, daket mamoul, melon seeds,
fenugreek and white pepper, are performed as follows;

25.0 g sample and 5 g sodium chloride salt were placed in
blender jar and 200 ml of a mixture of methanol and water (80:20) were

added. The mixture was blended at high speed for one minute. The
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extract was poured from the blender jar into fluted filter paper, and
collecting the filtrate in a clean vessel. Inmediately, diluting 10.0 ml of
this extract up to 50.0 ml by water, and mixed well. Finally, filter the
diluted extract through microfiber glass filter directly into the barrel of a

glass syringe to measure exactly 8.0 ml.

The aflatoxins were separated from the sample matrix using
column chromatography; by passing 8.0 ml ( equivalent 8.0 ml per 0.2 g
sample) of the extracted sample, collected in the glass syringe, through
aflatest-P-affinity column at a rate of about 1-2 drops per second until
air comes through the column. Then the loaded column was washed by
passing 10.0 m! of water through the column at a rate of about 2 drops
per second. By repeating the washing one more time by another 10.0 ml
of water, until air comes through the column. Finally, the aflatoxins in
the affinity column was eluted by passing 1.0 ml of HPLC grade
methanol at a rate of 1-2 drops per second. Then the eluate of 1.0 ml

samplewas collected in a glass cuvette.

Note: For chillipepper and white pepper, sample extraction was done in
100 ml of methanol and water mixture instead of 200 ml. Also,4.0 ml of

filter extract was passed through the column instead of 8.0 ml.
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2.4.3 Sample extraction and column separation of aflatoxins From the
following matrix samples; coffee, mahaleb, massala, carob, maize,
sumac and cloves, are performed as follows;

50.0 g sample and 5 g sodium chloride salt were placed in
blender jar, 100 m! of a mixture of methanol and water (80:20) were
added . The mixture was blended at high speed for one minute. The
extract was poured from the blender jar into fluted filter paper, and
collecting the filtrate in a clean vessel. 10.0 ml of this extract was
diluted up to 30.0 ml by water, and mixed well. The diluted extract
was filtered through microfiber glass filter directly into the barrel of a

glass syringe to measure exactly 4.0 ml.

The aflatoxins were separated from the sample matrix using
column chromatography; by passing all the 1.0 ml (equivalent 1.0
ml per 0.167 g sample) of the extracted sample, collected in the glass
syringe, through aflatest-P- affinity column at a rate of about [-2
drops per second until air comes through the column. Then the loaded
column was washed by passing 1.0 ml of water through the column at
a rate of about 2 drops per second. By repeating the washing one
more time by another 1.0 ml water, until air comes through the
column. Finally, the aflatoxins in the affinity column were eluted by

passing 1.0 ml of HPLC grade methanol ata rate of 1-2 drops per
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second. Then the eluate of 1.0 mlsample was collected in a glass

cuvette.

2.4.4 Sample extraction and column separation for the samples that are
expected to have aflatoxins concentration between 0 and 50 ppb per 1.0
gram sample, found in the following samples; nuts, almonds and
coconuts, are performed as follows;

25.0 g sample and 5 g sodium chloride salt were placed in
blender jar, 125 ml of a mixture of methanol and water (60:40) were
added . The mixture was blended at high speed for one minute, the extract
from the blender jar was poured into fluted filter paper, the filtrate was
collected in a clean vessel. Immediately, dilute 20.0 ml of this extract was
diluted up to 40.0 ml by water, and mixed well. The diluted extract was
filtered through microfiber glass filter directly into the barrel of a glass

syringe to measure exactly 10.0 ml.

The aflatoxins were separated from the sample matrix using
column chromatography ;by passing all the 10.0 ml ( equivalent 10.0
ml per 1.0 sample) of the extracted sample, collected in the glass
syringe, through aflatest-P-affinity column at a rate of about 1-2 drops
per second until air comes through the column. The loaded column was
washed by passing 10.0 ml of water through the column at a rate of

about 2 drops per second. By repeating the washing one more time by
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another 10.0 ml of water, until air comes through the column. The
aflatoxins were eluted in the affinity column by passing 1.0 ml of HPLC |
grade methanol ata rate of 1-2 drops per second. The eluate of 1.0 ml

sample was collected in a glass cuvette.

[y
i

+

r-'
o
2.4.5 Sample extraction and column separation for the samples that are

expected to have aflatoxins concentration between 0 and 300 ppb per
0.2 gram sample, found in soy sauce, are performed as follows;

20.0 g sample aﬁd 2 g sodium chloride salt were placed in
blender jar, 80 ml of pure methanol (100%) was added .Tthe mixture
was blended at high speed for one minute. The extract from the blender
jar was poured into fluted filter paper, the filtrate was collected in a
clean vessel. 10.0 ml of this extract was diluted up to 50.0 ml by water,
and mixed well. Finally, the diluted extract was filtered through
microfiber glass filter directly into the barrel of a glass syringe to

measure exactly 4.0 ml.

The aflatoxins were separated from the sample matrix using
column chromatography; by passing all the 4.0 ml ( equivalent 4.0 ml
per 0.2 g sample) of the extracted sample, collected in the glass syringe,
through aflatest-P-affinity column at a rate of about 1-2 drops per
second until air comes through the column. The loaded column was

washed by passing 10.0 ml of methanol and water mixture (20:80)

170
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through the column at a rate of about 2 drops per second. By repeating
the washing one more time by another 10.0 ml of the methanol and
water mixture, until air comes through the column. Finally, the
aflatoxins were eluted in the affinity column by passing 1.0 ml of HPLC
grade methanol at a rate of 1-2 drops per second ,then the eluate of 1.0

ml sample was collected in a glass cuvette.

2.4.6 Sample extraction and column separation for nutmeg sample that
is expected to have aflatoxins concentration between 0 and 300 ppb per
0.2 gram sample, are performed as follows;

25.0 g sample and 5 g sodium chloride salt were placed in blender jar,

100 ml of a mixture of methano! and water (80:20) were added . The
mixture was blended at high speed for one minute. The extract from
the blender jar was poured into fluted filter paper, and collecting the
filtrate in a clean vessel. 5.0 ml of this extract was diluted up to 25.0 ml
by Tween-20 solution (15%), and mixed well. Then, the diluted extract
was filtered through microfiber glass filter directly into the barrel of a

glass syringe to measure exactly 4.0 ml.

Note that Tween 20 was used as a surfactant to reduce
nonspecific binding of other substances could be present at high level

beside aflatoxins in this kind of sample of nutmeg with the
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immunoaffinity column, which causes a potential interference during the

separation.

The aflatoxins were separated from the sample matrix using
column chromatography; by passing all the 4.0 ml (equivalent 4.0 ml
per 0.2 g sample).of the extracted sample collected in the glass syringe,
through aflatest-P-affinity column at a rate of about 1-2 drops per
second until air comes through the column. Then the loaded column
was washed by passing 10.0 ml of water through the column at a rate of
about 2 drops per second. The washing was repeated one more time by
another 10.0 ml of water, until air comes through the column. Finally,
the aflatoxins in the affinity column was eluted by passing 1.0 ml of
HPLC grade methanol ata rate of 1-2 drops per second 1.0 ml of the

eluate was collected in a glass cuvette.

2.5 Fluorometeric measurements :

Specterofluorometer is used as fluorometric measurment to detect
and measure the concentration of aflatoxins. It is based on the
measurement of fluorescence “ photoluminescence” comes out from the
excited chemical molecule as a result of the absorption of radiant

energy, which is called photoexcitation.
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The intensity of emitted fluorescence is directly proportional to
the concentration of excited chemical molecules. It is well known that
chemical molecule which is weakly absorbing excitation energy and
does not emit enough fluorescence intensity, usually a chemical method
is applied to treat this chemical molecule and so introduce to it anew
chemical functional group, so that it becomes highly fluorescent
product. Using this method makes this technique applicable for trace
quantities measurement. Since chemical molecule of aflatoxins does not
have high fluorescence intensity, so it is difficult to detect aflatoxins at
trace quantities. In order to overcome this limitation, a new chemical
functional group is added chemically to this molecule to convert it to
highly fluorescence molecule. Since chemical attachment of halogen
group to aromatic hydrocarbon molecule makes it highly fluorescence,
therefore, the reaction of bromine with aflatoxins converts the aflatoxins

molecules to a highly fluorescence molecule.

Overall , the main advantage of fluorometric analysis over others
spectrometry methods is due to its high sensitivity to very low
concentration down to 10 ~ M. Which makes fluorometric technique

very useful and applicable for trace measurement of aflatoxins.
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The detection of aflatoxins concentration by this used VICAM-
fluorometer is designed to readout directly the concentration of
aflatoxins in the solid sample in ppb. Since the concentration of
aflatoxins in the final tested solution is not related to a constituent
amount of the solid samples and changed according to the equivalent
weight of solid sample in origin constant volume, therefore, a
calibration of the fluorometer is required before each testing to different
consistent samples.

The calibration is done by using standard reference samples, in
which the digital display readout should be adjusted to a desired value
for each standard reference sample according to the equivalent weight
of the tested solid sample, the steps of calibration is explained in details

by VICAM operator’s manual.

After column separation to aflatoxins in each of the samples, the
fluorometeric measurements to aflatoxins concentration was done using
the same procedure for all samples. In which, the collected eluate of 1.0
ml of aflatoxin solution in methanol in glass cuvette was mixed with
1.0 ml of aflatoxin developer. Then, after 60 seconds the cuvette was
placed in a calibrated fluorometer. The concentration of aflatoxin was

found directly from the reading of the calibrated fluorometer.
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Result and Discussion

Fifty medicinal plant samples were examined. Contamination of

the examined samples with aflatoxin is shown in the following tables .

Table 3.1 Description of local plant seed samples tested.

Concentratio

English Part of plant | No of

Scientific name n of aflatoxin
name used samples

(ppb)

Fennel Foeniculum vulgare | Dry seeds 2 1.31,0.99
Spinach | Spinacea - oleracea | Dry seeds 1 0.65
Maize Zeamays Dry seeds 1 0.51

Trigonella foenum
Fenugreek Dry seeds 1 0.65

graecum
Garlic Allium sativum Dry seeds 1 0.11
Anise Pimtinella anisum | Dry seeds 1 0.31
Caraway | Carum carvi Dry seeds 1 1.20

Petroselinum
Parsely _ Dry seeds 1 0.00

sativum
Melon

Cucumis melo var | Dry seeds 1 0.07
seeds
Grains Miller  dry

Triticum sativum | 0.71
(wheat) seeds
Leroal

Vicia faba Dry seeds 1 0.77
bean
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Table (3.2) Description of imported seed samples tested

Part of Concentration
English No of
Scientific name plant of aflatoxin
name samples
tested (ppb)
Coffee Coffee arabica Seeds 1 0.32
Walnut Juglans regia Dry seeds 1 2.71
Mahaleb Cerasus mahaleb | Dry seeds 1 0.13
Cloves Eugenia maricima | Dry seeds 1 0.00
Chinese Mixed dry
. 1 2.40
seasonings seeds
Rice Mixed dry
_ 1 0.35
seasonings seeds
Daket Mixed dry
1 2.51
mamoul seeds
Mixed dry
Massala 1 0.38
seeds
Nutmeg Myristica fragrans | Dry seeds 1 0.36
White
Piper album Dry seeds 1 1.20
pepper
Amygdalus
Almond _ Dry seeds 1 0.56
communis
Cuminum
Cumin Dry seeds 1 1.83
cyminum
Walnut Inglans regia Dry seeds 1 6.54
Elettaria
Cardamom Dry seeds 1 1.82
cardamomum
Sumac Rhus cotinus Dry seeds \ 0.¥1
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Table (3.3) Describtion of local high fiber plant samples tested.

Concentration
English Part of plant | No of
Scientific name of aflatoxin
name tested samples
(ppb)
Roses Rosa caninal Dry flowers 1 9.60
Salvia
Sage Dry leaves 1 4.22
officinalis
Matricaria 11.0
Chamomille ‘ Dry flowers 2
chamomilla 36.0
Qadam Alchemilla Leaves & | 341
Assad vulgars stem .
Thyme Thymus vulgaris | Dry leaves 1 3.23
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Table (3.4) Description of imported high fiber plant samples.

Part of
English | Scientific lant No of | Concentration of
an
name name P samples | aflatoxin (ppb)
used
Zingiber
Ginger Rhizome 1 7.50
officinale
Dill Anethum
Stems 1 0.41
seeds graveolens
_ Magorana
Majorana Dry leaves 1 0.25
hortensis
. | Glyeyrrhiza 0.76
Liquorice Roots 2
glabra 0.70
Tea
Thea sinesis | Dry leaves 1 0.46
brand |
Tea
Thea sinesis | Dry leaves 1 0.25
brand II
Tea
Thea sinesis | Dry leaves 1 0.32
brand III
Tea
Thea sinesis | Dry leaves 1 0.69
brand IV
Tea
Thea sinesis | Dry leaves 1 0.55
brand V
Kaempseria—
Galangal Dry stem 1 4.90
galangal
0.10
Laurel Laurs nobilis | Dry leaves 2 0.20
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Table (3.5) Description of fruit and sauce plant samples.

Concentration
English Scientific Part of | No of
of aflatoxin
name name plant used | samples
(ppb)
Ceratonia
Carob Dry fruit 1 0.42
siliqua
Cocos .
Coconut Fruits 1 5.00
nucifera
o Capsicum '
Chilli pepper Dry fruits 1 6.51
annum
Soy sauce Glycin soya Sauce I 0.11

As seen from the tables the concentration of aflatoxin in
medicinal plants ranged from 0 to 76 ppb (part per billion). In twelve
medicinal plant and spices samples the quantity of aflatoxin was higher
than 20 ppb, thus exceeds the permitted levels for human consumption.
The highest incidence of aflatoxin contamination was detected in
liquorice and sumac. Both liquorice root powder and sumac seed
powder contained 76 ppb,a second liquorice sample contained 70 ppb
JFive brand of tea samples were tested. The five samples were
contaminated with aflatoxin, at the levels between 25 to 69 ppb. Also
spices showed high incidence of aflatoxin contamination as nutmeg and
rice seasonings at levels of 36 ppb and 35 ppb respectively, while two

chamomille samples, one with concentration of 36 ppb and the other
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sample contain 11ppb. One anise sample was found contaminated with

aflatoxin at level of 31 ppb.

Commodities with a lower risk of aflatoxin contamination include
soysause, two laurel samples, mahaleb, rosses, ginger coconut, sage,
gadam assad , chillipepper, walnuts galangal,and thyme, were

contaminated by aflatoxin at lower levels between 3.2 — 20 ppb.

Twenty - one samples were found to contain lower residues of
aflatoxin with levels ranging from 0.07- 2.50 ppb, these samples are
Chinese seasonings, marjoram, dill seeds, daket mamoul, massala,
white pepper, melon seeds, grains (wheat) almond, cumin, leroal bean,
cardomom, fennel, coffee, spinach, maize, fenugreek, garlic and

caraway.

Finally cloves and parsely seeds were found to be free from

aflatoxin at level of Zero ppb.

Many researchers studied the problem of medicinal plants
contaminated with mycotoxins. For example, Roy et al examined the
incidence of aflatoxin on some medicinal plants obtained from India.

Out of fifteen samples analyzed, fourteen gave positive results {45}. In
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a different study Aziz found that chamomille, fennel, and ginger were

contaminated with aflatoxin Bl, at a levels of 145ug/kg, 160ug/kg,

10pg/kg {46}.

Rani and Singh (1990) found that fennel and cumin were

contaminated with aflatoxin B1 at levels of 3000 ppb and 1580 ppb

{47}. (Table 3.6) shows some recent data on the occurrence of

aflatoxins in foods in various countries.

Table 3.6 Recent data on the occurrence of aflatoxins in various

foods
Commodity Country No. of sample Range
ng’kg
Almonds USA 44 Trace =372
Soybeans Argentina 94 1 -36*
Wheat Uruguay 123 2-20
Nutmeg Japan 67 0.2-16.6
Chillies Pakistan 176 1 -79.9*

* Determination of aflatoxin B1 only.

Although the relatives risk of adverse health effects from

aflatoxins due solely to spice consumption seems small when compared

with other food products, the number of foods containing spices is
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increasing and also the intake of these kinds of foods is daily increasing

13].

In this study the differences in the level of concentration of
aflatoxin, result from analysis of various plants, originating from
countries of specific climate conditions. Mycotoxins are produced by
fungi on plants in the field before harvest or later after harvest during
long storage under favourable conditions [46]. The vegetable drugs
which are harvested and preserved in unsuitable conditions may be
infected by fungi and contaminated with mycotoxins being injurious to

human health[55].

Contamination of medicinal plants and spices with aflatoxins is a
special hazard. Since aflatoxins is extremely thermo stable, as shown in
many studies [49,50,51,52]. In addition aflatoxins are thermo stable
compounds and they stand up to the boiling point of water. The
absorption of the toxins from the intestine is almost complete, then the
mycotoxins are activated by metabolic enzymes to the epoxide which is
able to alkylate the DNA material. By this way very small quantities of
aflatoxin could be accumulate in the human system. It is known that
aflatoxins accumulates in the liver [5,53,54]. Therefore, it is essential to

avoid contaminated food such as plants or dairy products. Plant
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material used as spices and condiments or used in falk medicine, should
be carefully stored and the growth of naturally found toxic fungi should

be inhibited.

Finally, based on this investigation, it may be concluded that the
contamination of herbal drugs and spices with aflatoxin is alarming, and
such products need thorough inspection before being channeled to the

drug and food industries.
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Conclusion

1 — This study showed that aflatoxins are common pollutants in several

food products.

2 — Because of the limitations of the budget we were not able to

increase our study to other food products specially milk and baby food.

3 — Our research is also important to veterinary medicine as cattle food

may be contaminated with aflatoxins and therefore dairy products.

4 ~ We need to draw attention that natural products are not always safe
as many people believe. Therefore, we need to evaluate all products
used in folk medicine for aflatoxins. Some natural products are even

used for infants as anticolic drugs.

5- Because of alarming results, we like to draw the attention of Health

Ministry & Standard Palestinian Institution for these results.
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