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Summary. Dried fruit is fruit that is preserved by removing the original water content naturally, through sun drying 
or artificially, by the use of specialized dryers or dehydrators. Dried fruit has a long tradition of use dating back to 
the fourth millennium BC in Mesopotamia and is prized because of its sweet taste, nutritive value and long shelf 
life. Traditional dried fruits such as raisins, figs, dates, apricots and prunes have been a staple of Mediterranean 
diets for millennia. The Mediterranean region is very favourable for production of dried fruits, not only with its 
climatic conditions, but also its exceptional fertile lands. Additionally, proximity to trade routes historically has al-
lowed Mediterranean countries more access to dried fruits than landlocked countries. Today, dried fruit consump-
tion is widespread. Nearly half of the dried fruits sold throughout the world are raisins, followed by dates, prunes 
(dried plums), figs, apricots, peaches, apples and pears. Dates, prunes, apricots, figs and raisins are the major dried 
fruits produced in the Mediterranean area. Dried fruits are not perishable but can support mold growth, some of 
which can produce mycotoxins. Occurence of toxigenic molds and mycotoxins on these dried fruits can be a prob-
lem in the Mediterranean basin, as in the other parts of the world, being a health hazard to the population as well as 
a trade issue for the export of local products. Although the most important mycotoxins occuring in Mediterranean 
crops are aflatoxins (B1, B2, G1 and G2) and ochratoxin A, the type and level of mycotoxins and toxigenic molds vary 
by crop and also by country and in some cases geographic location within a country. In this review mycotoxin risks 
and toxigenic fungi in date, prune and dried apricot among Mediterranean crops are reported and discussed.
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Introduction
Mycotoxins are a group of toxic fungal second-

ary metabolites which can contaminate agricultural 
products under pre- and postharvest conditions. 
They can cause acute or chronic toxic effects such 
as carcinogenic, mutagenic, teratogenic, athero-
genic and oestrogenic effects in human and animals 
(Hussein and Brasel, 2001; Kuiper-Goodman, 2004). 
Mycotoxins affect food quality, resulting in huge 
economic losses in addition to being hazardous to 
consumer health for producing countries (Richard, 
2007). Therefore, mycotoxins are considered an im-

portant problem throughout the world in terms of 
public health, agriculture and economics. Myco-
toxins, mainly formed by certain filamentous fungi 
belonging to the genera Aspergillus, Penicillium, Al-
ternaria and Fusarium species, may grow on a num-
ber of food commodities. Of these genera, the first 
three are the major contributors of fruit spoilage and 
mycotoxin production in fruits (Barkai-Golan, 2008). 
Although a large number of different mycotoxins 
exist, only a few of them, namely patulin, aflatoxins 
(AFs), ochratoxin A (OTA) and Alternaria toxins are 
frequently found in fruit and fruit products (Drusch 
and Ragab, 2003). Among mycotoxins, AFs and OTA 
are the major concern, given their high occurrence 
and toxicity. 

AFs, produced by members of Aspergillus section 
Flavi (mainly Aspergillus flavus and A. parasiticus), 
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are potent hepatotoxic, mutagenic and carcinogenic 
toxins causing serious health hazards to humans and 
animals. Aflatoxins B1, B2, G1 and G2 exist predomi-
nantly in grains, nuts, dried fruits, and foods where-
as, M1 and M2 aflatoxins, hydroxylated metabolites 
are found primarily in animal tissues and fluids 
(milk and urine) as the metabolic products of aflatox-
ins B1 and B2 respectively (Richard, 2007). The most 
toxic aflatoxin, B1, is noted as a human carcinogen 
(group 1) by the International Agency for Research 
on Cancer (IARC, 1993). Special interest is given to 
aflatoxins, due to their high occurrence and toxici- 
ty. Aflatoxigenic fungi are found in different food 
commodities including cereals, nuts, spices, figs and 
dried fruits (Pitt and Hocking, 2009). They may con-
taminate foods by colonizing them at several stages 
of the food chain; preharvesting, processing, trans-
portation and storage (Manonmani et al., 2005). 

OTA is a mycotoxin produced by several fungal 
species belonging in Aspergillus sections Circumdati, 
Flavi and Nigri and by Penicillium verrucosum and P. 
nordicum. These species can frequently be found in a 
variety of foods and beverages, therefore OTA con-
tamination may occur in diverse foodstuffs including 
cereals, coffee, cocoa, spices, malt, beer, wine, grape 
juice, dried fruits and meat as well as their products 
(Desphande, 2002). OTA is a potent nephrotoxic and 
hepatocarcinogenic mycotoxin that primarily affects 
the kidneys in animals and has been associated with 
Balkan Endemic Nephropathy and urethelial tumors 
in humans. OTA is classified as a possible human 
carcinogen (group 2B) by the International Agency 
for Research on Cancer (IARC, 1993).

Agriculture provides the main income for the 
economy in mediterranean countries. Most of these 
crops are cereals, fruits, vegetables and oil seeds. Ex-
port crops especially make a great contribution to the 
economy. Among these export crops, dried fruits are 
susceptible to mold contamination and growth, and 
consequent mycotoxin production. Various reports 
revealed high incidences/levels of contamination of 
these products with mycotoxins with possible high 
economic losses (Karaca et al., 2010).

Dried fruit moisture contents vary from 2 to 22% 
depending on the kind of fruit (Vinson et al., 2005). 
These products are thought to be resistant to micro-
bial spoilage because of their low water activity, high 
acidity and sugar content, as a consequence of drying 
process. In general most dried fruits have sufficiently 
low water activity to inhibit bacterial growth. How-

ever molds are the most important microorganisms 
in dried fruits in terms of spoilage. There are many 
studies on microflora of dried fruits which indicate 
growth of microorganisms occurs mostly on the outer 
surfaces with a load of a few hundreds to thousands 
per gram of fruits. Even if a small part of surface is 
infected by mold, they may grow quickly in a short 
time. Furthermore, the numbers of infected fruit may 
increased rapidly if the drying proccess is not per-
formed properly (Montville and Matthews, 2008).

Food drying is one of the oldest methods for pre-
serving foods and solar drying of fruits has been 
used for centuries. Fruit may be dried whole (e.g., 
grapes, various berries, apricot, plum, etc.), in sliced 
form (e.g., banana, mango, papaya, kiwi, etc.), in pu-
ree form (e.g., mango, apricot, etc.), as leather, or as a 
powder by spray or drum drying (Ratti and Mujum-
dar, 2004). The drying of fruits allows for their better 
preservation by reducing water content, thus inhibit-
ing microbial growth and enzymatic modifications. 

Fruits with high sugar and acid content are suit-
able to dry under the sun. Sun drying is limited to 
climates with a hot sun and a dry atmosphere and to 
certain fruits, such as raisins, prunes, figs, apricots, 
pears and peaches. Because of proper climatic condi-
tions, sun drying is one of the most common food 
preservation methods in mediterranean countries. 
The fruits are spread out on a layer such as trays, 
concretes, sheets and turned during drying (Bircan, 
2009). Although drying is one of the best preserva-
tion techniques for fruits, if it is not used properly, 
molds and bacteria can grow and spoil the fruits. Be-
sides fruit spoilage, mycotoxin formation is the most 
important problem related with dried fruits.

Natural occurrence of mycotoxins and fungal 
contamination of dried fruits have been investigated 
in many parts of the world by different authors (Her-
ry and Lemetayer, 1992; Zohri and Abdel-Gawad, 
1993; Ozay et al., 1995; Abdel-Sater and Saber, 1999; 
MacDonald et al., 1999; Bayman et al., 2002; Aksoy 
et al., 2003; Battilani et al., 2003; Möller and Nyberg, 
2003; Meyvaci et al., 2005; Aksoy et al., 2007; Juan et 
al., 2007; Zinedine et al., 2007; Musaiger et al., 2008; 
Ozay and Özer, 2008; Bircan, 2009). The most studied 
mycotoxins in dried fruits are mainly AFs in dried 
figs and OTA in dried grapes due to their economic 
importance throughout the world. Available data 
on mycotoxin occurence in dried fruits except dried 
figs, dried vine grapes and raisins, not only in medi-
terrenean countries but also in the rest of the world, 
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are limited. The purpose of this review is to summa-
rize the data available for toxigenic fungi and myco-
toxins mainly occurring in prune, date and apricots 
cultivated in mediterranean countries. 

Toxigenic fungi in dried fruits in 
Mediterranean crops

Molds, as natural inhabitants of soil and contami-
nants of air, water, foods and feeds, can be found 
widespread throughout world. Environmental factors 
which effect mold growth and mycotoxin production 
are temperature, pH, moisture content, oxygen levels, 
nutritional components, the mold strains and micro-
bial competition (Jackson and Al-Taher, 2008).

Dried fruits are susceptible to mold growth and 
mycotoxin formation because of their high sugar 
content, method of harvest and drying conditions 
(Trucksess and Scott, 2008). The main problems re-
lated to sun drying of fruits are contact with the soil 
and infection risk by attack of insects and pathogens 
during outside drying longer than necessary (Flaish-
man et al., 2008). Moreover, mold growth is related 
directly with the moisture content of dried fruits 
(Piga et al., 2004).

Species belonging to the genera Aspergillus, Peni-
cillium and Alternaria are major causative agents of 
fruit spoilage; in addition, these fungi can produce 
mycotoxins and, in this way, can cause significant 
economic losses for any process of the food industry, 
including drying (Jackson and Al-Taher, 2008). 

Within the genus Aspergillus, A. flavus and A. 
parasiticus are the most important contaminants of 
certain foods and animal feeds because of their abil-
ity to produce AFs. When these species contami-
nate and grow in commodities such as cereals, nuts, 
spices and dried fruits, the resulting contamination 
with aflatoxins often makes the commodities incon-
sumable. Those two aflatoxigenic species are widely 
known and distributed around the world and may 
grow to form AFs under many conditions, especially 
hot, humid, subtropical and tropical climates as in 
Mediterranean countries (Pitt, 2004). 

Surveys carried out in Mediterranean countries 
have revealed that toxigenic fungi, especially As-
pergillus species, are the main contaminants in dried 
fruits. Among Aspergillus species, the ones belong-
ing to section Nigri and Flavi are the most frequently 
identified species in dried apricot, dates and prunes 
as in other dried fruits (Zohri and Abdel-Gawad, 

1993; Aziz and Moussa, 2002; Heperkan, 2006; 
Benlioğlu et al., 2008). It is well known that some spe-
cies of these two Aspergillus sections are considered 
the most significant toxigenic fungi. 

Studies carried out in Mediterranean countries 
showed that A. flavus is the major species responsi-
ble for AFs contamination in dried dates and prunes 
(Abdel-Sater and Saber, 1999; Ragab et al., 2001; She-
nasi et al., 2002). Aflatoxigenic Aspergilli have been 
associated mainly with dates and date products. In 
a study performed in United Arabian Emirates, al-
though only 12% of date samples were contaminated 
with aflatoxins, potentially aflatoxigenic Aspergillus 
species were detected in 40% of the date samples ex-
amined (Shenasi et al., 2002).

Another toxigenic group of fungi which com-
monly are found in dried apricots, dates and prunes 
is Aspergillus section Nigri (called black Aspergilli) 
which includes Aspergillus carbonarius and the mem-
bers of Aspergillus niger aggregate. The A. niger ag-
gregate is a group of closely related species which 
are very difficult to distinguish morphologically. The 
division of A. niger aggregate with molecular tech-
niques has resulted in description of a number of 
species, namely A. niger, A. tubingensis, A. vadensis, 
A. costaricaensis, A. piperis, A. lacticoffeatus, A. sclero-
tioniger, A. ibericus A. brasiliensis and A. uvarum (Sam-
son et al., 2004; de Vries et al., 2005; Serra et al., 2006; 
Varga et al., 2007; Perrone et al., 2008). The black As-
pergilli are not only most common fungi responsible 
for food spoilage and biodeterioration of materials, 
but are also extensively used for various biotechno-
logical processes including production of various 
enzymes and organic acids. In addition, some black 
aspergilli can produce OTA in various food com-
modities (Schuster et al., 2002). 

Studies carried out in Mediterranean countries 
revealed the presence of ochratoxigenic fungi mem-
bers of the Aspergillus section Nigri, especially A. 
niger and A. carbonarius in dried fruits. OTA con-
tamination of dried fruits was found to be due to the 
action of black aspergilli in Mediterrenean countries 
including Spain (Abarca et al., 2003), Turkey (Özay 
et al., 1995), Greece (Tjamos et al., 2004) and Egypt 
(Zohri and Abdel-Gawad, 1993). These species are 
common soil inhabitants in Mediterranean, tropical 
and subtropical regions (Magan and Aldred, 2005). 
In addition, during the process of fruit drying, mois-
ture content decreases and sugar content increases, 
resulting in a favourable medium for xerotoler-
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ant molds such as Aspergillus section Nigri species 
(Iamanaka et al., 2005).

Studies on molds in dried apricots, dates and 
prunes are very limited in Mediterranean countries. 
Table 1 indicates the presence of toxigenic molds in 
dried apricots, dates and prunes. 

In Egypt, 40 date samples of mycoflora collected 
from the different production line stages of a date 
packing factory were analyzed. A. niger, A. flavus 
and A. ochraceus, and Penicillium chrysogenum were 
isolated with highest occurence. A. niger (58.1‒100% 
of total fungi) and A. flavus (1.5‒7.0% of total fungi) 
were the dominant species in date samples while in-
cidence of A. ochraceus was significantly lower (Ra-
gab et al., 2001). 

Similar to these results, in another study in Egypt, 
Abdel-Sater and Saber (1999) found that Aspergillus 
was the most frequently isolated genus with contam-
ination of 100% of the date samples while Penicillium 
was less frequently isolated with contamination of 
only 30% of the date samples. On the other hand, 
Zohri and Abdel-Gawad (1993) found that Penicil-
lium was the most predominant genus isolated from 
dried apricots and prunes in a survey performed 
also in Egypt. It was represented by four species of 
which P. chrysogenum was the most common spe-

cies in the three dried fruits. P. chrysogenum is one 
of the most famous and important species under the 
Penicillium subgenus Penicillium, producing the well 
known extrolites, penicillins (Frisvad et al., 2004a). In 
Morocco, ten important varieties of date were inves-
tigated for biochemical and microbiological compo-
sition. The most abundant species found was A. niger 
(Hasnaoui et al., 2010). 

Iamanaka et al. (2005) analyzed 14 dried apricots, 
22 dates and 21 prunes for the presence of the toxigen-
ic fungi. Dried fruit samples originated from Turkey, 
Spain, Mexico, Tunisia, USA, Argentina and Chile. 
While none of the apricot samples were contami-
nated by any fungi, 1.5% of date samples originated 
mostly from mediterranean countries were mainly 
contaminated with A. niger. On the other hand, 8% 
and 0.5% of the prune samples were contaminated 
with A. niger and A. ochraceus respectively. 15% of A. 
niger strains were found to be ochratoxigenic while 
87% of A. ochraceus strains have the capacity of ochra-
toxin production among all samples. However, it was 
reported that most of the strains identified previously 
as A. ochraceus should be A. westerdijkiae, a new spe-
cies recently described as very similar and morpho-
logically indistinguishable from A. ochraceus. So most 
ochratoxigenic isolates which have been previously 

Table 1. Mycotoxigenic fungi in dried apricots, prunes and dates in Mediterranean crops.

Sample No. of 
samples Fungi Contaminated 

samplesa (%) Reference

Dried apricot 14 None 0 Iamanaka et al., 2005

Dried apricot 1 P. chrysogenum 100 Zohri and Abdel-Gawad, 1993

Date 22 A. niger 1.5 Iamanaka et al., 2005

Date 25 A. flavus 50 Shenasi et al., 2002

Date 10 A. niger NI Hasnaoui et al., 2010

Date (from different production 
stage of packing)

40 Aspergillus spp. (A. niger,  
A. flavus, A. ochraceus)

P. chrysogenum

100

NI

Ragab et al., 2001

Date 60b Aspergillus spp. (A. niger,  
A. flavus)

100 Abdel-Sater and Saber, 1999

Prune 21 A. niger
A. ochraceus

8
0.5

Iamanaka et al., 2005

Prune 1 P. chrysogenum 100 Zohri and Abdel-Gawad, 1993

a NI, No information.
b Total number of dried fruits.
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identified as A. ochraceus are now recognized as A. 
westerdijkiae (Frisvad et al., 2004b).

The predominance of black Aspergilli in dried 
fruits can be explained the protection from sunlight 
and ultraviolet light provided by their black spores, 
giving them a competitive advantage in this habitat. 
Moreover, high sugar concentration and low water 
activity in dried fruits also assist the development of 
these fungi because they are xerophilic (Iamanaka et 
al., 2005). 

Mycotoxins in dried fruits in 
Mediterranean crops

Production of mycotoxins occurs in the field, 
transportation, processing, and storage of foods de-
pending on environmental factors and storage con-
ditions.

Natural occurence of AFs in dried fruits such as 
figs and dates has only been found in tropical and 
subtropical regions with high temperature and hu-
midity (as in Mediterranean countries) which are suit-
able climatic conditions for growth of aflatoxigenic 
fungi (Shenasi et al., 2002; Drusch and Ragab, 2003; 
Karaca and Nas, 2006). Besides AFs, OTA has been de-
tected in many different food products including cere-
als, nuts, cocoa, spices and dried fruits from different 
geographical origins. This is due to the wide distribu-
tion of ochratoxigenic members of Aspergillus section 
Nigri throughout the world. It is generally assumed 
that Aspergillus species, both AFs and OTA producers, 
are more commonly associated with commodities in 
warmer and tropical climates such as Mediterrane-
an countries (Pitt and Hocking, 2009). The presence 
of AFs and OTA in dried fruits has been studied by 
some authors in different countries (Zohri and Abdel-
Gawad, 1993; MacDonald et al., 1999; Stefanaki et al., 
2003; Iamanaka et al., 2006; Juan et al., 2007; Bircan, 
2009; Zinedine and Manes, 2009).

Investigations on the occurence of mycotoxins in 
dried fruits have been mostly on AFs in dried figs 
and OTA in dried vine fruits, such as raisins, due to 
the their economic importance throughout the world 
(Romero et al., 2005; Aksoy et al., 2007; Iamanaka et 
al., 2007; Heperkan et al., 2012). Data available on oc-
curence of mycotoxins in dried fruits except dried 
figs, dried vine grapes and raisins in Mediterrenean 
countries are limited. Table 2 indicates the studies 
on mycotoxin contamination in dried apricots, dates 
and prunes. 

Apricot

There are few reports regarding to natural oc-
curence of mycotoxins in dried apricots in Mediter-
renean countries. Morton et al. (1979) studied the 
aflatoxin risk for dried figs, apricots, pineapples 
and raisins and demonstrated that dried apricots 
have highest potential for aflatoxin, along with 
dried figs. A number of studies have been per-
formed on the natural occurence of mycotoxins in 
apricots in Turkey, one of the world’s greatest apri-
cot producer and exporter. Aksoy et al. (1995) con-
ducted a survey on the natural occurence of OTA 
and aflatoxins in 35 sulphur-treated and 35 natu-
rally dried apricot samples which were collected 
in 1993 from different processing plants in Turkey. 
All collected samples were analyzed for aflatoxins 
but only 30 of the samples (half of them naturally 
dried) were analyzed for OTA presence and no 
mycotoxin contamination was found. On the other 
hand there are other studies that report aflatoxin 
presence in dried apricot (Apergi and Panagio-
topoulou, 1998; Celik and Ozturk, 2000; Gunsen 
and Buyukyoruk, 2002). Celik and Ozturk (2000) 
studied the aflatoxin level of dried apricot samples 
dried on soil and tarp, sulphur-treated and non-
sulphur-treated. They showed that samples were 
contaminated with aflatoxin B1 (AFB1) and aflatox-
in G1 (AFG1) in the range of 0.10‒1.47 μg kg-1 and 
0.35‒1.27 μg kg-1 respectively. Similar to this study, 
Gunsen and Buyukyoruk (2002) analyzed AFB1 in 
15 dried apricot samples using ELISA and three of 
them were contaminated with mean levels of 1.44 
μg kg-1 AFB1. 

In addition to aflatoxins, OTA contamination has 
been reported in dried apricots in the range of 50‒110 
μg kg-1. Three dried apricot samples were analyzed 
for OTA, AFs, citrinin, patulin, sterigmatocystin, T-2 
and zearelanone presence by thin layer chromatog-
raphy. Though a small number of samples was ana-
lyzed, all of them were found to be contaminated, 
only with OTA (Zohri and Abdel-Gawad, 1993). 
Bircan (2009) also tested 20 dried apricot samples 
from Turkey for OTA contamination and only one of 
them was contaminated, with 0.97 μg kg-1 OTA. On 
the other hand, Iamanaka et al. (2005) analyzed 14 
samples of dried apricots and none of them was con-
taminated with OTA. These studies imply that low 
incidence of fungi and mycotoxin contamination in 
apricot could be due to the sulfur dioxide treatment 
(Karaca et al., 2010). 
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Date

Date fruits are grown in areas where the tem-
peratures and humidity are relatively high, so  they 
are especially exposed to aflatoxin contamination 
during their later stages of maturation (Ahmed 
and Ahmed, 1997; Shenasi et al., 2002). In addition 
to climatic conditions, color, flavor and chemical 
changes during fruit ripening make date fruit more 
susceptible to fungal attack (Ahmed and Robinson, 
1998). 

Shenasi et al. (2002) investigated the microflora of 
date fruits and production of aflatoxins at three stag-
es of maturation: inedible green fruit (Kimri), edible 
soft and brown colored fruit (Rutab) and dried, dark 
brown colored fruit (Tamr). In the study, microbial 
counts and aflatoxin levels of 25 samples of dates 
were examined in fresh and stored products kept 
14 days at 30°C and 98% relative humidity (RH). AF 
contamination was not detected in any samples of 
fresh dates. However, after 14 days of storage, three 
out of the 25 varieties of dates showed detectable 
levels of AFB1, but only when dates were harvested 
in the inedible Kimri stage. AFs and aflatoxigenic 
Aspergillus spp. were undetectable in dates at the 
final edible Tamr stage of maturation. This finding 
suggests that storage of dates under high humidity 
does not adversely affect their safety as far as AFs 
are concerned. Insect, bird or harvest-related dam-
age which exposes inner tissues of the fruits to toxi-
genic aspergilli may also result in AF contamination 
(Ahmed and Ahmed, 1997). 

Date fruit may contain mycotoxins, particularly 
AFs and OTA (Abdel-Sater and Saber, 1999; Alghali-
bi and Shater, 2004; Iamanaka et al., 2005). Iamanaka 
et al. (2005) investigated OTA contamination of 20 
date samples sold in Brazil but of worldwide origin; 
only two samples were found to be contaminated 
with OTA in the range of 0.1‒5 μg kg-1. In Egypt, 
Abdel-Sater and Saber (1999) reported presence of 
AFB1, OTA and zearelenone in dates analyzed by 
TLC. While three of the date samples were contami-
nated with 500‒1000 μg kg-1 of zearelenone, two of 
the samples were contaminated with AFB1 and OTA 
at the levels of 300‒390 μg kg-1 and 360‒450 μg kg-1 
respectively.

The natural occurence of AFB1 also has been re-
ported in dates in another study. Ragab et al. (2001) 
investigated AF contamination in 40 date samples 
of different types (raw, fumigated, dried, paste, 
stuffed with peanut, stuffed with almond) using 

TLC; only two out of the five samples of pitted date 
fruits stuffed with peanut were found to be con-
taminated by AFB1 with the concentration of 4.8 
and 6.2 μg kg-1. The authors of this study associated 
the presence of AF with previous contamination 
of the peanut kernels which had been used to pro-
duce the stuffed dates. In another study performed 
in Yemen, which is not one of the Mediterranean 
countries, Alghalibi and Shater (2004) determined 
AFB1 level of 20 date samples and only two of them 
were found to be contaminated with AFB1 in the 
range of 110–180 μg kg-1. 

In contrast to figs, mycotoxin contamination of 
dates is not associated with dried fruits. Removal of 
decayed or damaged dates before drying and pack-
aging may reduce the incidence of aflatoxin contami-
nation (Jackson and Al-Taher, 2008). 

Prune (dried plums)

Studies performed on mycotoxin contamination 
of prunes indicate that OTA formation is the major 
mycotoxin problem in these fruits. OTA contamina-
tion of prunes has been examined in a few countries 
in the Mediterranean Region. Zohri and Abdel-Ga-
wad (1993) performed a study on OTA, AFs, citrinin, 
patulin, sterigmatocystin, T-2 and zearelanone con-
tamination of three samples of dried plums and only 
OTA was found in the range of 210‒280 μg kg-1 in all 
analyzed samples. On the other hand Iamanaka et al. 
(2005) analyzed 21 samples of dried plums and only 
one sample was contamined with OTA in the range 
of 0.1‒5 μg kg-1. Similar to the previous study, En-
gel (2000) reported a maximum of 0.07 μg kg-1 OTA 
content in 26 out of 31 prune samples. The natural 
occurence of AFB1 has also been reported in prunes 
(Apergi and Panagiotopoulou, 1998). 

Conclusions
Consumers mostly reject fresh fruit that is visibly 

moldy or rotten. However processed fruit products 
may contain significant levels of mycotoxins when 
the decayed or moldy fruit is used for producing 
dried fruits. Therefore sound fruits should be used, 
dried rapidly, and then stored under dry conditions 
for dried fruit production.

Although traditional dried fruits such as dates, 
apricots and prunes are not consumed as much as 
dried figs or raisins worldwide, these traditional 
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dried fruits are frequently consumed in the produc-
ing countries. Nowadays, due to their sweet taste 
and nutritive values, consumption of dried apricots, 
prunes and dates is increasing in countries outside the 
production areas, especially in European countries. 
Because dried fruits are usually consumed directly 
without any further proccessing, it is important to be 
aware of the quality and safety of these products. 

This review, considering the consumption of dried 
apricots, dates and prunes especially in Mediterra-
nean countries, demonstrates that studies on these 
dried fruits in terms of toxigenic molds and myco-
toxins are very limited. The most important mycotox-
ins occurring in dried apricots, dates and prunes are 
AFs (B1, B2, G1 and G2) and OTA. Dominant species 
in these Mediterranean products are mainly from the 
genera Aspergillus and Penicillium. These results are 
in agreement with the studies on dried fruits from 
outside the Mediterranean countries. The type and 
level of contamination by mycotoxins and toxigenic 
molds vary by crop and by country.

Most investigations involving dried fruits deal 
with fruits grown in warm climates, such as figs and 
grapes. However available data related with dried 
dates, prunes, apricots are very limited. To ascertain 
the real mycotoxin risk in dried fruits other than figs 
and raisins, these crops should be better surveyed 
with increasing sample numbers and using stand-
ardized methodology. In addition, data in the litera-
ture are contradictory, indicating that a number of 
factors affect fungal growth and mycotoxins contam-
ination of such fruits.

This review shows that further studies are needed 
to determine the fate of mycotoxins during processing 
of apricots, dates and prunes in addition to the neces-
sity for more surveys on toxigenic molds and myco-
toxins, especially AFs and OTA in these dried fruits.

In spite of inadequate data, we can conclude that 
occurence of toxigenic molds and mycotoxin forma-
tion on dried apricots, dates and prunes could be a 
problem in the Mediterranean basin, as in the other 
parts of the world, for other kind of crops like dried 
figs, raisins and nuts.

Acknowledgements
The authors are grateful to reviewers for serving 

as pre-submission reviewers. The authors also wish 
to thank to FP7 EU project MycoRed (GA 222690) for 
giving the opportunity to prepare this review article.

Literature cited
Abarca M.L., F. Accensi, M.R. Bragulat, G. Castella and F.J. 

Cabanes, 2003. Aspergillus carbonarius as the main source 
of ochratoxin A contamination in dried vine fruits from 
the Spanish market. Journal of Food Protection 66, 504–506.

Abdel Sater M.A. and S.M. Saber, 1999. Mycoflora and myco-
toxins of some Egyptian dried fruits. Bulletin of the Faculty 
of Science of Assiut University D.28, 92–107 (Chemical Ab-
stracts 133, 3874 p. 2000).

Ahmed I.A. and A.W.K. Ahmed, 1997. Susceptibility of date 
fruits (Phoenix dactylifera) of aflatoxin production. Journal 
of the Science of Food and Agriculture 74, 64–68.

Ahmed I.A. and R.K. Robinson, 1998. Selection of a suitable 
method for analysis of aflatoxins in date fruits. Journal of 
Agricultural Food Chemistry 46, 580–584. 

Aksoy U., O. Dunbay and O. Gulseri, 1995. Survey of aflatox-
ins and ochratoxin A in Turkish dried apricots. ISHS Acta 
Horticulturae 384, 651–654.

Aksoy U., E. Sabır, R. Eltem, S. Kıraç, N. Sarıgül, B. Meyvacı, 
M. Ateş and M. Çakır, 2003. Kuru incirlerde Okratoksin 
A’nın potansiyel kontaminasyon riskinin araştırılması. Ul-
usal Mikotoksin Sempozyumu, 18–19 Eylül, 2003, İstanbul, 
Türkiye, 41–46..

Aksoy U., R. Eltem, K.B. Meyvaci, A. Altindisli and S. Kara-
bat, 2007. Five-year survey of ochratoxin A in processed 
sultanas from Turkey. Food Additives and Contaminants 24, 
292–296. 

Alghalibi S.M.S. and A.M. Shater, 2004. Mycoflora and myco-
toxin contamination of some dried fruits in Yemen Repub-
lic. Assiut University Bulletin For Environmental Researches 
7, 19–27.

Apergi E., J.P. Gardikis and U.Y. Panagiotopoulou, 1998. 
Occurrence of aflatoxins B1, B2, G1 and G2 in imported 
goods in Greece during 1995. In: Mycotoxins and Phyco-
toxins-Development in Chemistry, Toxicology and Food Safety 
(M. Miraglia, H. van Egmond, C. Brera and J. Gilbert, ed.), 
Alakens, Fort Collins, CO, USA, 105–110.

Aziz N.H. and L.A.A. Moussa, 2002. Influence gamma radia-
tion on mycotoxin producing moulds and mycotoxins in 
fruits. Food Control 13, 281–288.

Barkai-Golan R., 2008. Aspergillus mycotoxins. In: Mycotoxins 
in Fruits and Vegetables (R. Barkai-Golan, N. Paster, ed.), 
Elsevier, CA, USA, 118–138.

Barta J., 2006. Fruit Drying Principles. In: Handbook of Fruits 
and Fruit Processing (Y.H. Hui, J. Barta, M.P. Cano, T.W. 
Gusek, J.S. Sidhu, N.K. Sinha, ed.), Blackwell Publishing, 
Oxford, UK, 81–94.

Battilani P., A. Pietri, T. Bertuzzi, L. Languasco, P. Giorni and 
Z. Kozakiewicz, 2003. Occurrence of ochratoxin A-pro-
ducing fungi in grapes grown in Italy. Journal of Food Pro-
tection 66, 633–636.

Bayman P.l., J.L. Baker, M.A. Doster, T.J. Michailides and N.E. 
Mahoney, 2002. Ochratoxin production by the Aspergillus 
ochraceus group and Aspergillus alliaceus. Applied Environ-
mental Microbiology 68, 2326–2329.

Benlioğlu S., A. Yıldız and N. Başpınar, 2008. Aydın ili’nden 
ihraç edilen kuru incirlerde fungal bulaşıklık. Adnan Men-
deres Üniversitesi Ziraat Fakültesi Dergisi 5, 3–8.



Phytopathologia Mediterranea156

H. Ozer et al.

Bircan C., 2009. Incidence of ochratoxin A in dried fruits and 
co-occurrence with aflatoxins in dried figs. Food Chemical 
Toxicology 47, 1996–2000.

Celik B. and K. Ozturk, 2000. Determination of possible means 
and levels of aflatoxin contamination in dried apricots 
and development an appropriate analysis method. Turkish 
General Directorate of Agricultural Research Project, TAGEM 
99-01, Turkey,1–54.

de Vries R.P., J.C. Frisvad, P.J.I. van de Vondervoort, K. Burg-
ers, A.F.A. Kuijpers, R.A. Samson and J. Visser, 2005. As-
pergillus vadensis, a new species of the group of black As-
pergilli. Antonie Van Leeuwenhoek 87, 195–203.

Desphande S.S. (ed.), 2002. Fungal Toxins. In: Handbook of 
Food Toxicology, Marcel Dekker, Inc. New York, NY, USA, 
413–417.

Drusch S. and W. Ragab, 2003. Mycotoxins in fruits, fruit juic-
es, and dried fruits. Journal of Food Protection 66, 1514–1527.

Engel G., 2000. Ochratoxin A in sweets, oil seeds and dairy 
products. Archiv für Lebensmittelhygiene 51, 98–101.

Flaishman M.A., V. Rover and E. Stover, 2008. The Fig: Bot-
any, horticulture, and breeding. Horticultural Review 34, 
113–197.

Frisvad J.C., J. Smedsgaard, T.O. Larsen and R.A. Samson, 
2004a. Mycotoxins, drugs and other extrolites produced 
by species in Penicillium subgenus Penicillium. Studies in 
Mycology 49, 201–241.

Frisvad J.C., J.M. Frank, J.A.M.P. Houbraken, A.F.A. Kuijpers 
and R.A. Samson, 2004b. New ochratoxin A producing 
species of Aspergillus section Circumdati Studies in Mycol-
ogy 50, 23–43.

Gunsen U. and I. Buyukyoruk, 2002. Aflatoxins in retail prod-
ucts in Bursa, Turkey. Veterinery and Human Toxicology 44, 
289–290.

Gursoy N. and M. Bicici, 2004. A review on current situation 
of toxigenic fungi and mycotoxins formation in Turkey. In: 
An Overview on Toxigenic Fungi and Mycotoxins in Europe 
(A. Logrieco, A. Visconti, ed.), Kluwer Academic Publish-
ers, Dordrecht, The Netherlands, 237–246.

Hasnaoui A., M.A. Elhoumaizi, A. Asehraou and A. Hakkou, 
2010. Chemical composition and microbial quality of main 
varieties of dates grown in figuig oasis of Morocco. Inter-
national Journal of Agricultural Biology 12, 311–314.

Heperkan D., 2006. The importance of mycotoxins and a brief 
history of mycotoxin studies in Turkey. Special Issue “My-
cotoxins: hidden hazards in food”, ARI Bulletin of Istanbul 
Technical University 54, 18–27.

Heperkan, D., Karbancıoğlu Güler, F. and Oktay H. İ., 2012. 
Mycoflora and natural occurrence of aflatoxin, cyclopi-
azonic acid, fumonisin and ochratoxin A in dried figs. Food 
Additives & Contaminants Part A-Chemistry Analysis Control 
Exposure & Risk Assessment 29 (2), 277‒286.

Herry M.P. and N. Lemetayer, 1992. Aflatoxin contamination 
in oil seeds, dried fruits and spices. Microbiologie Aliments 
Nutrition 10, 261–266.

Hussein H.S. and J.M. Brasel, 2001. Toxicity, metabolism, and 
impact of mycotoxins on humans and animals. Toxicology 
167, 101–34.

Iamanaka B.T., M.H. Taniwaki, H.C. Menezes, E. Vicente and 
M.H.P. Fungaro, 2005. Incidence of toxigenic fungi and 

ochratoxin A in dried fruits sold in Brazil. Food Additives 
and Contaminants 22, 1258–1263.

Iamanaka B.T., M.H. Taniwaki, E. Vicente and H.C. Menezes, 
2006. Fungi producing ochratoxin in dried fruits. Advances 
in Experimental Medicine and Biology 571, 181–188.

IARC. International Agency for Research on Cancer, 1993. 
Some naturally occuring substances: food items and con-
stituents, heterocyclic aromatic amines and mycotoxins. 
Monograph 56. Lyon International Agency for Research 
on Cancer, 571 pp.

Jackson L.S. and F. Al-Taher, 2008. Factors affecting mycotoxin 
production in fruits. In: Mycotoxins in Fruits and Vegetables 
(R. Barkai-Golan, N. Paster, ed.), Elsevier, California, USA, 
75–104.

Juan C., A. Zinedine, J.C. Molto, L. Idrissi and J. Manes, 2007. 
Aflatoxins levels in dried fruits and nuts from Rabat-Sale´ 
area, Morocco. Food Control 19, 849–853.

Karaca, H. and S. Nas, 2006. Aflatoxins, patulin and ergosterol 
contents of dried figs in Turkey. Food Additives and Con-
taminants 23, 502–508.

Karaca H., Y.S. Velioglu and S. Nas, 2010. Mycotoxins: con-
tamination of dried fruits and degradation by ozone. Toxin 
Reviews 29, 51–59.

Kuiper-Goodman T., 2004. Risk assesment and risk manage-
ment of mycotoxins in food. In: Mycotoxins in Food, De-
tection and Control (N. Magan, M. Olsen, ed), Woodhead 
Publishing Limited, Cambridge, UK, 7 pp.

MacDonald S., P. Wilson, K. Barnes, A. Damant, R. Massey, E. 
Mortby and M.J. Shepherd, 1999. Ochratoxin A in dried 
vine fruit: method development and survey. Food Additives 
and Contaminants 16, 253–260.

Magan N. and D. Aldred, 2005. Conditions of formation of 
ochratoxin A in drying, transport and in different commod-
ities. Food Additives and Contaminants 22 (Suppl. 1), 10–16.

Manonmani H.K., S. Anand, A. Chandrashekar and E.R. Rati, 
2005. Detection of aflatoxigenic fungi in selected food 
commodities by PCR. Process Biochemistry, 40, 2859–2864. 

Meyvaci K.B., A. Altindisli, U. Aksoy, R. Eltem, H. Turgut, 
Z. Arasiler and N. Kartal, 2005. Ochratoxin A in sultanas 
from Turkey I: Survey of unprocessed sultanas from vine-
yards and packing-houses. Food Additives and Contami-
nants 22, 1138–1143.

Montville T.J. and K.R. Matthews (ed.), 2008. Food Microbiology 
an introduction. 2nd edition, ASM Press, Washington, DC, 
USA, 295–296.

Morton S.G., T. Eadie and G.C. Lewellyn, 1979. Aflatoxigenic 
Potential of dried figs, apricots, pineapples and raisin. Jour-
nal of Association Official Analytical Chemists 62, 958–962.

Möller T.E. and M. Nyberg, 2003. Ochratoxin A in raisins and 
currants: basic extraction procedure used in two small 
marketing surveys of the occurrence and control of the 
heterogeneity of the toxins in samples. Food Additives and 
Contaminants 20, 1072–1076.

Musaiger A.O., J.H. Al-Jedah and R. D’souza, 2008. Occur-
rence of contaminants in foods consumed in Bahrain. Food 
Control 19, 854–861.

Ozay G., N. Aran and M. Pala, 1995. Influence of harvesting 
and drying technique on mycoflora and mycotoxins of 
figs. Nahrung 39, 156–165.



157Vol. 51, No. 1, April, 2012

Mycotoxin risks in date, prune and dried apricot

Ozay G. and H. Ozer, 2008. Mycotoxin Problems in nuts and 
dried fruits from the Mediterranean basin. In: Mycotoxins: 
detection methods, management, public health and Agricultural 
Trade (J.F. Leslie, R. Bandyopadhyay, A. Visconti, ed.), CAB 
International, Oxfordshire, UK, 133–138.

Perrone G., J. Varga, A. Susca, J.C. Frisvad, G. Stea, S. Kocsube´, 
B. To´th, Z. Kozakiewicz and R.A. Samson, 2008. Aspergil-
lus uvarum sp. nov., an uniseriate black Aspergillus species 
isolated from grapes in Europe. International Journal of Sys-
tematic and Evolutionary Microbiology 58, 1032–1039.

Piga A., I. Pinna, K.B. Özer, M. Agabbio and U. Aksoy, 2004. 
Hot air dehydration of figs (Ficus carica L.): drying kinet-
ics and quality loss. International Journal of Food Science and 
Technology 39, 793–799.

Pitt J.I. 2004. Fungal ecology and the occurence of mycotoxins, 
In: Mycotoxins and Phycotoxins (H. Njapau, S. Trujillo, H.P. 
Van Egmond, D.L. Park, ed), Wageningen Academic Pub-
lishers, Netherlands, 33–36.

Pitt J.I. and A.D. Hocking (ed.), 2009. Aspergillus flavus Link. 
In: Fungi and Food Spoilage. 3rd ed., Springer, Dordrecht, 
Netherlands, 305-311.

Ragab W.S.M., B.R. Ramadan and M.A. Abdel-Sater, 2001. 
Mycoflora and aflatoxins associated with saidy date af-
fected by technological processes. The Second International 
Conference on Date Palms, UAE University, Al Ain, UAE, 
25‒27 March, 409–421.

Ratti C. and A.S. Mujumdar, 2004. Drying of Fruits. In: Process-
ing Fruits Science and Technology (D.M. Barrett , L.P. Somo-
gyi, H.S. Ramaswamy, ed.), 2nd ed., CRC Press, New York, 
USA, 127–161.

Richard J.L., 2007. Some major mycotoxins and their mycotox-
icoses-An overview. International Journal of Food Microbiol-
ogy 119, 3–10. 

Romero S.M., R.M. Comerio, G. Larumbe, A. Ritieni, G. 
Vaamonde and V.F. Pinto, 2005. Toxigenic fungi isolated 
from dried vine fruits in Argentina. International Journal of 
Food Microbiology 104, 43–49. 

Sage L., D. Garon and F. Seigle-Murandi, 2004. Fungal micro-
flora and ochratoxin A risk in French vineyards. Journal of 
Agricultural Food Chemistry 52, 5764–5768.

Samson R.A., J.A. M.P. Houbraken, A.F.A. Kuijpers, J.M. 
Frank and J.C. Frisvad, 2004. New ochratoxin or sclero-
tium producing species in Aspergillus section Nigri. Studies 

in Mycology 50, 45–61.
Schuster E., N. Dunn-Coleman, J.C. Frisvad and P.W.M. van 

Dijck, 2002. On the safety of Aspergillus niger-a review. Ap-
plied Microbiolology and Biotechnology 59, 426–435.

Serra, R., F.J. Cabanes, G. Perrone, G. Castella, A. Venancio, G. 
Mule and Z. Kozakiewicz, 2006. Aspergillus ibericus: a new 
species of section Nigri isolated from grapes. Mycologia 98, 
295–306.

Shenasi M., K.E. Aidoo and A.A.G. Candlish, 2002. Microflora 
of date fruits and production of aflatoxins at various stag-
es of maturation. International Journal of Food Microbiology 
79, 113–117.

Stefanaki I., E. Fouja, A. Tsatsou-Dritsa, and D. Photis, 2003. 
Ochratoxin A contamination in Greek domestic wines 
and dried vine fruits. Food Additives and Contaminants 20, 
74–83.

Tjamos S.E., P.P. Antoniou, A. Kazantzidou, D.F. Antonopou-
los, I. Papageorgiou and E.C. Tjamos, 2004. Aspergillus ni-
ger and Aspergillus carbonarius in Corinth raisin and wine-
producing vineyards in Greece: population composition, 
ochratoxin A production and chemical control. Journal of 
Phytopathology 152, 250–255.

Trucksess M.W. and P.M. Scott, 2008. Mycotoxins in botanicals 
and dried fruits: a review. Food Additives and Contaminants 
25, 1–12.

Varga J., S. Kocsube´, B. To´th, J.C. Frisvad, G. Perrone, A. 
Susca, M. Meijer, and R.A. Samson, 2007. Aspergillus bra-
siliensis sp. nov., a biseriate black Aspergillus species with 
world-wide distribution. International Journal of Systematic 
and Evolutionary Microbiology 57, 1925–1932.

Vinson J.A., L. Zubik, P. Bose, N. Samman and J. Proch, 2005. 
Dried fruits: excellent in vitro and in vivo antioxidants. 
Journal of the American College of Nutrition 24, 44–50.

Zinedine A. and J. Manes, 2009. Occurence and legislation of 
mycotoxins in food and feed from Morocco. Food Control 
20, 334–344. 

Zinedine A., J.M. Soriano, C. Juan, B. Mojemmi, J.C. Molto and 
A. Bouklouze, 2007. Incidence of ochratoxin A in rice and 
dried fruits from Rabat-Sale´ area, Morocco. Food Additives 
and Contaminants 24, 285–291.

Zohri A.A. and K.M. Abdel-Gawad, 1993. Survey of microflo-
ra and mycotoxins of some dried fruits in Egypt. Journal of 
Basic Microbiology 33, 279–288.

Accepted for publication: November 10, 2011


	_GoBack
	Reduction of mycotoxins and toxigenic fungi in the Mediterranean basin maize chain 
	Sonia MARÍN, Antonio J. RAMOS, Germán CANO-SANCHO and Vicente SANCHIS
	Toxigenic fungi and mycotoxin associated with figs in the Mediterranean area
	Dilek HEPERKAN1, Antonio MORETTİ2, Ceren D. Dikmen1 and Antonio F. LOGRİECO2
	Diversity of black Aspergilli and mycotoxin risks in grape, wine and dried vine fruits
	Stefania Somma, Giancarlo Perrone and Antonio F. Logrieco
	Mycotoxin risks and toxigenic fungi in date, prune and dried apricot among Mediterranean crops
	Hayrettin OZER, Hatice Imge OKTAY BASEGMEZ and Guner OZAY
	Biological control strategies of mycotoxigenic fungi and associated mycotoxins in Mediterranean basin crops
	Dimitrios I. TSITSIGIANNIS, Myrto DIMAKOPOULOU, Polymnia P. ANTONIOU and Eleftherios C. TJAMOS
	Prevalence of mycotoxins in feedstuffs and feed surveyed worldwide in 2009 and 2010 
	Inês RODRIGUES and Karin NAEHRER
	Occurrence of fumonisins B1, B2 and B3 in breakfast and infant
cereals from Morocco
	Naima MAHNINE1, Guiseppe MECA2, Monica FERNÁNDEZ-FRANZÓN2, Jordi MAÑES2 and Abdellah ZINEDINE1
	Molecular characterization of an Aspergillus flavus population isolated from maize during the first outbreak of aflatoxin contamination in Italy
	Antonia GALLO1, Gaetano STEA1, Paola BATTILANI2, Antonio F. LOGRIECO1 and Giancarlo PERRONE1
	Fusarium proliferatum isolated from garlic in Spain: identification, toxigenic potential and pathogenicity on related Allium species
	Daniel Palmero1, Miguel de Cara2, Walid Nosir3, Laura Gálvez1, Alejandra Cruz,4, Stephen Woodward3, Maria Teresa González-Jaén4 and Julio Cesar Tello2
	Occurrence of toxigenic fungi in maize and maize-gluten meal from Pakistan
	Muhammad kashif SALEEMI1,Muhammad Zargham KHAN1, Ahrar KHAN1, Ijaz JAVED2, Zahoor UL HASAN1, Muhammad Raza HAMEED1, Sohail HAMEED3 and Muhammad Aamer MAHMOOD4
	DON on wheat crop residues: effects on mycobiota as a source of potential antagonists of Fusarium culmorum
	Sabrina SARROCCO1, Fabiola MATARESE1, Antonio MORETTI2, Miriam HAIDUKOWSKI2 and Giovanni VANNACCI1
	Effect of prothioconazole-based fungicides on Fusarium head blight, grain yield and deoxynivalenol accumulation in wheat under field conditions
	Miriam HAIDUKOWSKI1, Angelo VISCONTI1, Giancarlo PERRONE1, Sebastiano VANADIA1, Davide PANCALDI2, Lorenzo COVARELLI3, Roberto BALESTRAZZI4 and Michelangelo PASCALE1
	In vitro impact on growth, fumonisins and aflatoxins production by Fusarium verticillioides and Aspergillus flavus using anti-fungal compounds and a biological control agent
	Silvia FORMENTI1, Naresh MAGAN2, Amedeo PIETRI3 and Paola BATTILANI1
	_GoBack

