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Abstract

In the present study, a total of 119 isolates of fungi were isolated from forty nine (49) samples of
eight grape varieties collected in two vinyards in Meknes area, Morocco. The identification of isolates
of fingi was performed by macroscopic and microscopic methods. Selected Penicillium and Aspergillus
strains were studied for their potential to produce mycotoxins especially Patulin, Citrinine and
Aflatoxin. The results of distribution showed that penicillium and aspergillus genera, were present in all
grape varieties samples, and the most infected grape varieties are Chardonnay and Cabernet sauvignon.
The values were 22.6% and 15.1 %, respectively. Results of LC analysis indicated that 5 Penicillium isolates
out of the 16 and 8 Penicillium isolates out of 38 produce patulin during veraison and maturity stage
respectively. The high patulin quantity (41 ug ml™) is produced by Penicillum expansium isolated during
veraison stage. In this study no citrinin was detected in extract derived from 119 isolates tested. 3
Aspergillus strains (two A. flavus and one A. parasiticus) out of the 25 and 2Aspergillus flavus out 40
were able to produce Aflatoxin during veraison and maturity stage respectively. In order to be able to
limit the grape alterations and health security, it appears necessary to detect and identify the
microorganisms responsible in order to limit their presence and their development in the grape.
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Introduction

Grapes and their derived products belong to most
consumed products at world level [1]. The vineyard
in Morocco occupies an area of 49.000 hectares
with an annual production of 230.000 tons of grapes
including 172.000 tons (38 200 Hectares) of table
grapes and 58000 tons (10 800 hectares) of wine
grapes. For the wine grapes, most of the vineyards
are concentrated in the regions of El Hajeb, Meknes,
which hold more than 60% of the total area [2]. The
Food and Agriculture Organizaton (FAO)
estmatedabout 25% of food crops in the world,
including many staple foods are contaminated with
mycotoxin [3]. Wine grapes like other food products
can be contaminated by several fungi[4]. The latter
cannot generate only economic losses of wine
making products like alterating wine qualities, they
canproduce  secondary  metabolites  called
mycotoxinswhich represents a risk to the health
safety of the consumer. This contamination is due to
several environmental factors as well as improper
harvesting, storage and transformation processing
[5]. Morocco enclosed by the Atlantic Ocean and
Mediterranean Sea (4500 km of coasts), has a
climate characterized by high temperature and high
humidity that favor growth of fungi [6]. Some
species of Penicilllum and Aspergillusgenera are
known to be developed on wine grapes and
derivatives and produce various mycotoxins like
aflatoxin, patulin, ochratoxin [7]. This mycotoxin is
produced by several species belonging to the
genera Penicillium and Aspergillus. The aflatoxins, in
principal B,, are studied for their character strongly
hepatotoxic. The P. expansum species is known to
be the major responsible for the synthesis of patulin
and citrinin on grapes [8-9]. The cited mycotoxins
makeproblems to human health due to its
teratogenic, mutagenic, nephrotoxic, immunotoxic
and carcinogenic effects [10]. Ostry et al. (2018) [11]
isolated microfungi of Penicillium expansum from
grape and confirmed its ability to produce citrinin
and high quantity of patulin. Penicillum griseofulvum,
species producing patulin mycotoxin has also been
discovered on vines [12-13].

In Morocco, several report have been made about
the occurrence of different mycotoxins and
toxigenic fungi in foods [14-16]. For grape wine and
winemaking products consumed widely in Morocco,

very few studies have been conducted to assess the
degree of contamination of grapes by fungi
producers of citrinin, patulin and aflatoxin. The aims
of this work are to evaluate fungi quality of different
grape varieties and to test their ability to produce
patulin, citrinine and aflatoxin.

Materials and Methods
Samples collection

49 grape samples (Table 1) belonging to different
soils, different grape varieties and two stages of
maturity (veraison and maturity stages) were
collected for analysis in the laboratory. The samples
were then stored in the refrigerator at 4°C before
being analyzed.

Fungal isolaton

The strains have been isolated from grapes,the
surface of grapes were disinfected with 0.2% sodium
hypochlorite solution for 2 min and cleanedthree
times with sterile distilled water. Fivegrape
berryof each sample were randomly selected and
then plated in Petri plates (9o-mm diameter, 10
grains/dish) containing CZapek Agar (CZA) medium.
Petri plates were incubated at 25°C for 7-10 days.
Fungi developing in each grape berry were re-
isolated on CZA medium, were purified after 2 or 3
successive subcultures in order to obtain pure
strains that will subsequently be stored at 4 °C for
subsequent analyzes [17].

Identifcaton of fungi

Aspergillus and penicillums strains were identified
using macroscopic and microscopic morphological
criteria in accordance with appropriate keys [18].

Patulin, citrinin and aflatoxin extraction

The broth fermentation is obtained after 7 days of
incubating the isolates in the static liquids mediums
(YES). The liquids cultures were filtered through a
0.45um nitrocellulose membrane. The 15 mL of the
filtrate was acidified with 100 uL concentrated HCI
and mixed with 15 mL of chloroform. The organic
phase was collected and concentrated to dryness in
a rotary evaporator at 50 °C and the extract is taken
up with 1 mL of methanol for the subsequent
analysis [19].
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Mycotoxins analysis
TLC analysis

The chloformic extracts were analysed using
silicagel with a mobile phase for patulin—citrinin:
chloroforme/methanoljwater (65/25/4, v/v/v) at 365
and 254 nm respectively. For aflatoxin:
(chloroforme/Acetate), (97/3, v/v) at 254 nm. The
different mycotoxins were identified by comparison
with appropriate reference standards [17].

HPLC analysis of patulin and citrinin

HPLC analysis of patulin was performed with a
Waters 2695pump, auto sampler and Waters 2998
photodiode-array detector, with Spectra Manager
sofware and Empower 3 sofware data
registraton.Patulin is analysed at 276 nm wave
lonth, the separation was achieved using a Waters
Spherisorb ODS, (5 um, 250x4 mm) column. The
system was used in isocratc mode with a mobile
phase consisting of a mixture of water and
acetonitrile (95:5, v/v) at a flow rate of 1 mL.min'for
patulin.H;PO, (0.33M)/acetonitrile/propanol-2
volume (60/40/5) for citrinin, at a flow rate of 1
ml/min. The injection volume of the standard and
sample extract was 50 pl. All assays were performed
at room temperature conditions. The quantification
of patulin was performed by the measurement of
the peak area at Pa retenton time and the
comparison with the relevant calibraton curve
(patulin and citrinin standard) [17].

Results and discussion
The occurrence of fungi

The results of the mycological quality study of
grape samples collected from the vinyards
(companions 2019) are shown in Table 2
Macroscopic and microscopic evaluation of the
isolates led us to identify the penicillum and
aspergillus genera. We noted that the analysed
samples are contaminated with fungus and show a
large fluctuation in the contamination level from
one variety to another and from one stage to
another within samples of the same origin. This
fluctuation is probably associated with several
parameters including humidity, temperature,
rainfall, etc. These conditions were recorded

favorable to the proliferation of flamentous fungi
[17] The main fungal genera isolated from the
grapes are Penicillium and Aspergillus known by their
potential for mycotoxin production [20-22]. These
two fungi are among those mycotoxin-producing
molds and responsible for spoilage of the harvest
and which represent the contaminants most
present on grape berries and which can be the
cause of losses significant economic and health
problems for the consumer [23] A genus
Aspergillus was the most frequent isolated in grape.
According to the results obtained in this study
regarding penicillium and aspergillus genera, was
present in all grape varieties samples. The most
infected grape varieties being, Chardonnay and
Cabernet sauvignon. The values were22.6%and15.1 %,
respectively (Table 2). The levels of Aspergillus (33%)
and Penicillium (31%) in the samples collected at the
mature stage are two time higherthan that of the
veraison stage (21%) and (13%) respectively (Figure
3). At the veraison stage, in the Merlot, Arinarnoa
and Chrdonnay grapes, we noticed a predominance
of Aspergillus genus with a rate of 20%, 16% and 16%
of total Aspergillus, respectively. We also noticed a
predominance  of  the  Penicillium  genus
contaminating both grape Chardonnay (31%) and
Arinarnoa (12%).

Mycotoxicologique Analysis

The isolated Penicillium and Aspergillus strains
were placed in liquid culture on YES medium, and
the extracts obtained were analysed. The isolates
that were found positive and showed a patulin
visible band under UV light at 246 nm (Figure 3A)
were analysed by HPLC, the figure 2A shows an
example of the patulin chromatogram profile. For
aflatoxin we are limited to TLC analyses. Figure 3B
illustrates an example of aflatoxin migration profile
by the TLC technique under UV at 365 nm. The
ability of isolated strains to produce patulin, cirinin
and aflatoxin are presented in table 3. Not all the
species of a genus are able to produce mycotoxins
and their production level is different (Table 3), for
Patulin is a C,H¢O, lactone (Figure 4) which has been
tested as an antibiotic against mushrooms. But
given its carcinogenic properties in animals, it
cannot therefore be used from a pharmaceutical
point of view. Patulin inhibits the fermentation
yeast Saccharomyces cerevisiae but it is partly
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degraded by moleculs of SO, (sulfur dioxide) and
totally during the alcoholic fermentation [24]. Its
presence in wines is therefore unlikely. Five
Penicillium isolates out of the 16 and 8 Penicillium
isolates out of 38 were able to produce patulin
during veraison and maturity stage respectively. The
patulin HPLC analysis shows that the patulin
amounts varies from one isolate to another. The
high patulin quantity (41 ug ml") is produced by
penicillum genus isolated during veraison stage
(table 3). These results are similar to the results of
other works which report that this mycotoxin is
produced by several species belonging to the
genera Penicilium. The P. expansum species is
known to be responsible for the synthesis of the
patulin on grapes [25] Penicillum griseofulvum, a
species producing patulin has also been found on
grapes [26]. For the Citrinin with the formula
Cy3H,,O5 (Figure 4) was isolated for the first time
from Penicillium citrinium. Citrinin is produced
mainly by species belonging to the genera
Penicillium spp. and Aspergillus spp. (A. terreus, A
niveus). Penicillium citrinum, the main producer of
citrinin has been isolated from grapes [27] The
Citrinin is not degraded during the alcoholic
fermentation and can be weakly present in wines.
In this study No citrinin was detected in extract
derived from 119 isolates tested(Figure 2B and Table
3). The aflatoxins, are studied for their character
strongly hepatotoxic. The structure of the C,,H,,0¢
molecule is given in figure 4. Some species of the
genus Aspergillus and in particular A. flavus are
producers of this mycotoxin. In this study, three
Aspergillus strains (two A flavus and one A
parasiticus) out of the 25 and two Aspergillus flavus
out 40 were able to produce Aflatoxin during
veraison and maturity stage respectively. In
Portugal, 27 strains producers were isolated on
grapes [28]; in Lebanon these strains can reach 43.1%
of strains isolated from grapes [29-] and 23% in
Tunisia [30].

Conclusion

Grapes are considered a food that is exposed to
fungal contamination and mycotoxin producton.
This study shows that the Aspergillus and
Penicillium species isolated from grapes are a source
of the mycotoxins, patulin and Aflatoxin. All the
results related to the study of the morphological

characters of the isolates indicate that they are
dominated by the mycotoxin-producing species
Penicillium expansium and Aspergillus flavus. The
isolation of Penicillumand Aspergillus genera
ingrape requires a lot of vigilance. The rapid and
specific detection of Penicillum and Aspergillus is
important to ensure the microbiological safety of
food.lt needs to use grapes under good condition so
as to reduce the risk of contamination with
mycotoxigenic fungi and subsequent mycotoxin
occurrence in wine.
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Table 1. Grape sampling in various vineyards.

Vineyard Grape variety Type of grape | Samples number
DVB Syrah R 7
DVB Arinarnoa R 7
DVS Merlot R 7
DVB Cabernet sauvignon R 7
DVS Cabernet franc R 7
DVB Marcellon R 7
DVB Chardonnay wW 7
DVS Sauvignon Blanc W 7

DVB: Boufkran vinyard; DVB: Sais viniyard; R:Red grape; W: with grape.

Table 2. Aspergillus and Penicillium strains contaminating grape varietises during veraison and maturity stage.

Veraison Maturity Total
. Aspergillus | Penicilliums | Aspergillus | Penicilliums N

Grape variety (D n(%) n(%) n(%) n(%)
Syrah 2(8) o(o) 3(7-5) 1(2.5) 6(5)
Arinarnoa 4(16) 2(12.5) 4(10) 5(13.2) 15(12.6)
Merlot 5(20) 1(6.2) 4(10) 6(15.8) 16(13.4)
Cabernet sauvignon 1(4) 4(25) 6(15) 7(18.4) 18(15.1)
Cabernet franc 4(16) 1(6.2) 5(12.5) 3(7.9) 13(10.9)
Marcellon 3(12) 2(12.5) 5(12.5) 3(7.9) 13(10.9)
Chardonnay 4(16) 5(31.2) 8(20) 10(26.3) 27(22.6)
Sauvignon Blanc 2(8) 1(6.2) 5(12.5) 3(7.9) 11(9.2)
Total number of strains 25 16 40 38 19

n(%): number of strains (percentage of strains)
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Table 3. Patulin (Pa) and citrinin (Ci) and Aflatoxin (Af) producing ability of Aspergillus spp. and Penicillium spp.
strainsisolated fromgrapevins.

Number of positif Strain Range myc?toxm
Step Strains Total (ccm) ug-ml
strain (HPLCQ)
Pa Ci AF Pa Ci
Veraison Aspergillus spp 25 0 0 3
Aspergillus flavus 1 - - + -- --
Aspergillus flavus 2 - - + - -
Aspergillus parasiticus 1 - - + -- --
Penicilliums spp 16 5 0 0
Penicilliums expancium 1 + - - 0.18 N.d
Penicilliums expancium2 + - - 0.14 N.d
Penicilliums expancium3 + - - 18 N.d
Penicilliums expancium4 + - - 41 N.d
Penicilliums expanciums + - - 7 N.d
Maturity Aspergillus spp 40 0 0
Aspergillus flavus 1 - - + -- --
Aspergillus flavus 2 - - + -- --
Penicilliums spp 38 8 0 0
Penicilliums expancium 1 + - - 10 N.d
Penicilliums expancium 2 + - - 0.2 N.d
Penicilliums expancium 3 + - - 0.15 N.d
Penicilliums expancium 4 + - - 26.40 N.d
Penicilliums expancium 5 + - - 12.7 N.d
Penicilliums expancium 6 + - - 0.1 N.d
Penicilliums expancium 7 + - - 1.5 N.d
Penicilliums expancium 8 + - - 0.25 N.d

Nd: no detected
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Figure 1. Distributon of Penicilliums and Aspergillus genuses isolated from grape during veraison and maturity

stage.
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Figure 2. Patulin (A) and Citrinin (B) chromatogram profile example.
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Figure 3. Thin layer chromatographie (TLC) Migration profile of patulin (A) and aflatoxin (B).

Figure 4. Chemical structures of three mycotoxins.
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