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ABSTRACT

A total of 40 samples of dgaricus and Pleurctus were collected
from local market during winter 2007 and spring 2008 and analyzed.
The results revealed that, the percentages of moisture content were 89,30
and 89.12% in winter and spring seasons, for Agaricus respectively. and
90.26 and 88.80% for Pleurofus mushroom samples in same order. The
total bacteria count were 1,35 x 10° and 0.94 x 10° CFU/jg in winter and
spring seasons, for Agaricus respectively, and 0.278 x 107 and 1.4 x 10°
CFU/g, for Pleurotus mushroom samples. in same order. The coliform
bacteria in these samples were 3.44 x 10° and 1.1 x 10° CFU/g in winter
and spring seasons, for Agaricus respectively, and 0.31 x 10" and 4.7 x
10° CFU/g, for Plewrotus mushroom sumples in same order. Among the
coliform bacteria, E. coli bacteria was detected; their count being 10 x
10 and 0.8 x 10 CFU/g. in winter and spring seasons, for Agaricus
respectively, and 1 x 10 and 20 x 10 CFU/g, for Pleurorus mushroom
samples in same order, The pathogenic bacteria like E. coli 0/57 and
Salmonello were not found in any of the samples. The average count of
spore-forming bacteria were 0.8 x 10° and 0.48 x 10> CFU/g in winter
and spring seasons, for Agaricus respectively, and 5.7 x 10° and 2.4 x
10? CFU/g, for Pleurotus mushroom samples in same order. On the
other hand the total count of fungi and yeasts in these samples were 2.5
x10 and 1.] x 10 in winter and spring seasons, respectively for Agaricus,
and 5.3 x 10 and 4.7 x 10 CFU/g, for Pleurctus mushroom samples in
same order, It is noted that analysis of all mushroom samples in winter
and spring seasons, have not confirmed the existence of any mycotoxins.
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INTRODUCTION

Stnce earliest times, mushroom has been treated as a special kind
of food. it also has been considered as the oidest microbial food. The
Greeks regarded mushroom as providing strength for warriors in battle.
The Romans regarded mushroom as the (food of the God), which was
served only on festive occasions. The Chinese treasured mushroom as
health food, the (etixir of life), at first such mushroom collected from
their natural growing habitats, but with the passing of time numerous
attempts have been made to establish practical cultivation techniques so
far about some genera. There are about 5000 mushrooms species, of
which approximately 30-100 are known to be poisonous to man.
however. only 200 to 300 varicties have been clearly established to be
safely edible [Kyan ef al., (2005)].

As reported by [Caglarlrmak (2007)], mushrooms are good
source of vitamins and minerals. Increasing consumption of mushroom is
good for preventing malnutrition, although mushrooms cannot be an
alternative protein source instead of meat, fish, and egg. Elibuyuk
(2007), mentioned that, the cultivation of various species of mushrooms
have been conducted throughout the worfd. Worldwide there are 200
edible fungi of which only 25 species are widely accepted as human food
and are cultivated. However, Agaricus bisporus (white button
mushroom) is the most widely cultivated species of mushrooms
comprising approximately 32% of world production. Other cultivated
mushrooms are in descending order: Lentinus edodes (shiitake
mushroom), Plevrotus spp. (oyster mushrooms), Volvariella valvacea
(straw mushroom), Auricularia spp. (wood ear or Jew's ear mushroom),
Flamminula velutipes [Flammulina velutipes] (velvet foot, velvet stem or
enokitake mushroom), Tremella fuciformis (white jelly or silver ear
mushroom)} and Pholiota nameko (nameko mushroom), Edible
mushrooms are characterized by a short shelf iife (1-3 days at room
temperature) or (5-7 days at 5°C), linked to the occurrence of post-
harvest changes. These changes are due to the high moisture content of
the carpoforus and to the high activity of enzymes such as protease or
polyphenol oxidase, responsible for protein and sugar decrease and for a
browning reaction during storage {Pamela Manzi ef al, (2004)].

Sokovic & Griensven (2006) found that, bacterial and fungal
diseases are major problems in mushroom cultivation; a high percentage
of product is lost due to lower productivity, decrease of quality and
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shortened shelf life, The white button mushroom Agaricus bisporus
(Lange) is highly sensitive to bacterial, fungal and viral diseases. Major
pathogens are the bacterium Pseudomonas tolaasii, fungi Verticilliun:
Sungicola and Trichoderma harzianum and La France virus; all are highly
infectious and cause serious damage. In Western countries the average
annual damage due to those four diseases accounts for approximately
25% of the total production value. Although careful farm management
and extreme hygiene may prevent major attacks, some diseases are very
difficult to contro! on the farm. While, in African countries, [Gbolagade
(2805)] carried out many studies on bacteria which usually infect spawns
and culture plates of Psathyrelle antroumbonata and  Schizophyllum
conymune, two Nigerian edible mushrooms. During the vegetative
propagation of these higher fungi, six different bacterial species were
isolated and characterized from 14 day old spawns and mycelial ramified
PDA culture plates. These bacteria inciude Bacillus licheniformis,
Bacillus subtilis. Leuconostoc mesenteroides, Psendomanas aeruginosa,
Bacillus cerens and  Staphylococcus aureus. The average of bacterial
count was 1.0 x 10° CFU/m! and these bacteria grew within pH range of
5.0 and 9.0. The optimum temperature range of growth is between 30°C
and 37°C. In Egypt, total microbial count of different mushroom strains
either fresh or dried was determined by {Hussein (2002)], and the data
showed that fresh mushroom samples had the highest total count being
5.1 x 10°. 7.2 x 10° and 5.3 x 10° CFU/g for P. ustreatus, A. bisporus
(Xys strain) and 4. bisporus (G, strain), respectively. Total microbial
count in P. ostreatus dried sam})les (sun and oven) ranged between (1.4 -
{.9) and (1.1 — 1.5) CFU x 10° /g, in succession. While, it was found to
be ranged between (1.3 - 1.7) and (1.2 - 1.4) CFU x 10° /g for 4.
bisporus (X3s) samples, consecutively. As for 4. bisporus (G strain) total
microbial counts ranged between (1.2 ~ 1.9} and (1.1- 1.4) CFU x 10° /g
for dried samples, in succession.

This study aims to evaluate microbiological contaminamks of
marketabie Egyptian edibie mushrooms, and alse, testing its
contamination by toxigenic strains of fungi in addition to mycotoxins
determination.
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MATERIALS AND METHODS

Materials:

Samples: 40 samples of both dgaricus and Pleurotus Egyptian edible
cultivated mushroom were purchased randomly from markets of Greater
Cairo Governorate Egypt, during winter and spring seasons 2007 and
2008.

Medium: Standard plate count (SPC) agar, Malt extract agar,
MacConkey agar. Sorbitol MacConkey agar, Selenite Cystine broth and
Salmonella Shigella agar were obtained from Oxoid Ltd, Basingstoke,
UK.

Mycotoxins Standards: The standards of Aflatoxins By, Ba, G, and G,
Ochratoxin A and Zearalenone were obtained from Sigma Chemical
Company, P.O. 145508, 5t Lous, USA.

Solvents: Acetonitrile for high performance liquid chromatography was
obtained from Sigma Chemical Company. P.O. 145508, St. Lous, USA.

Meitliods: Microbiological examination:

The total number of bacteria, yeast and molds, were measured
by inoculating dilutions of the samples suspension into various cultures
and incubating them for fixed pericds at optimum temperatures. The
resulting colonies are then calculated as colony forming unit per gram of
mushroom CFU/g. Totai viable bacteria counts were determined using
the SPC agar medium according to the method recommended by the
{FDA (2001)]. For bacterial counts plates were incubated at 35 <C for
48h.

Aerobic spore-form count. were determined by aseptically
transferring 10 mL dilutions of suspensions of the sample to each of two
sterile, plugged test-tubes. A thermometer was inserted into one of the
test-tubes through the cotton-wool plug, so that the thermometer bulb
was completely immersed in the sample. Both tubes were placed in a
water bath at R0-C and allowed to remain in the bath for 15 min after the
temperature in the control tube attained a maximum (usuaily just below
the temperature of the water bath). The tubes were removed and cooled
quickly in cold water. Plates of SPC agar were inoculated wnh the
inoculums in duplicate sets and incubated at 30-C. :
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Yeast and mold counts, were determined using the diluting piating
technique described by (FDA, 2001) using malt extract agar medium.
The medium was sterilized by autoclaving at 121<C for 15min. To inhibit
badterial growth, antibigtics or<sterile #artaric gcid solution was added
immediately to the agar after it had been tempered before pouring into
plates. The plates were incubated in the dark at 22-25:C for 5 days.
Enterobacteriacene connt: Total Enterobacteriaceae count (glucose
fermentation) using selective medium (MacConkey Agar) was
enumerated according to the method recommended by the [FDA {2002)].
The incubation was carried out at 37 «C for 48 h. These organisms
indicate the standard of hygiene used in the production or cultivation of
mushroom.

Detection of Selmonella spp. and E.coli 0157: Salmonella spp. were
detected according the method described in the {Oxoid Manual (1998)],
using Salmoneila-Shigella Agar medium. The piates were incubated at
37¢C for 18-24 h. E.coli 0157 was determined according to the method
described in the Oxoid Manual. Twenty-five grams of mushroom
sampie, was diluted with 225 ml buffer peptone water and 1 ml was
spread on Sorbitol MacConkey agar medium, which was sterilized, by
autoclave. The inverted dishes were incubated at 37-C and examined
after 18 - 24 h for typical colonies of E.cali 0157,

The identification of fungi:

The isolated fungi were identified to species ievel by aid of Pest
and Plant Protection Laboratory, National Research Center, Dokki,
Catro. All 1solated fungi were identified. according to the procedures of
[Gilman {1957); Barnnett & Hunter (1972) and Nelson ef al., {1983)].
The members of the Aspergilius species were classified according to the
key published by [Raper & Fennell (1965)], while for species of other
isolated fungi, the methods described by [Count er al, (1954)] were
used.

Toxicity of isolated fungi and mycotoxins detection:

Aspergillus flavus, Asp. ochraceus and Fusarium graminearum
isolated from both Agaricus and Pleurotus mushroom were inoculated
on Yeast Extract Sucrose medium (YES), and incubated at 25°C, for 15
days to determine the toxicity of certain genera, whether the fungal toxin
was produced or not, After that, mycotoxins were detected in YES
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medium and in mushroom samples, according to muiti technique, [FDA
(2001) and A.Q.A.C. (1995)].

RESULTS AND DISCUSSION

The microbiolagical analysis of edible Egyptian mushroom:

The results presented in table (1) clearly indicate that, the
percentages of moisture content were 89.30 and 89.12% in winter and
spring seasons, for Agaricus respectively, and 90.26 and 88.80 2% for
Pleurofus mushroom samples in same order. While, the total of bacteria
plate count were 1.35 x 10° and 0.94 x 10° CFU/g in winter and sprin%
seasons. for Agaricus respectively, and 0.278 x 10° and 1.4 x 10
CrU/g, tor Pleuroirs mushroom samples, in same order. The coliform
bacteria in these samples were 3.44 x 10° and 1.1 x 10° CFU/g in winter
and spring seasons. for Agaricus respectively, and 0.31 x 10" and 4.7 x
107 CFU/g, for Pleurotus mushroom samples in same order. In coliform
bacteria, £. co/i bacteria was detected, and their count were 10 x 10 and
0.8 x 10 CFU/g in winter and spring seasons. for Agaricus respectively,
and | x 10 and 20 x 10 CFU/g, for Pleurorus mushroom samples in same
order. The pathogenic bacteria like £. cali 0/57 and Salmonella were not
found in any of the analyzed samples of edible Egyptian mushroom.
Finally, average of total count of spore-form bacteria at of these samples
were (1.8 x 103 and 0.48 x 107 in winter and spring seasons, for Agaricus
respectivety, and 5.7x 10° and 2.4 x 10? CFUfg, for Pleurotus
mushroom samples in same order.

These results are in agreement with the findings of [Reyes ef aL,
(2004)1, who analyzed a total of 95 samples of Agaricus bisporus,
Lentinula  edodes and Plewrorus ostreatus to  quantify the
Emerobacreriaceae and to identify the species isolated. The host
pathogenicity test was used to verify their mycopathogenic potential. The
genus Pseudomonas was alsc quantified, since 1t is the predominant
bacteriai group in cultivated mushrooms. The counts of
Enterobacteriaceae ranged from 2.88 to 3.66 logl0 CFU/g, which was
significantly lower than the counts of Pseudomonas spp. (4.52 - 7.80
logl CFU/ g). Also, result which recorded by [Hussein (2002)}, are
coincide with those reported by [Pattnaik er aL, (1998)}, they studied
mcroorganisms associated with fresh and dried P. sgjor-caju, P. sajor-
cayu bed and spawn. They reported that, microbial load of tresh P. sgjor-
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caju was logl0 6.13 +or- 0.63 CFU/ml. The bacterial isolates cbiained
included Bacillus sp., Escherichia coli, Pseudomonas sp., Alcaligenes
sp.,, Klebsiella sp., Staphylococcus sp., Sireptococcus sp. and
Acepetobacter sp. [Acinetobacter]. These results are in agreement with
the resuit recorded by [Yousef (1997)] in Egypt, who found that total
microbial count in dried 4. bisporus ranged between (1.1-1.6) and (1.3~
1.8) CFU x 10 /g for hot air and vacuum-dried samples, respectively
compared to 8.0 x 10° CFU /g for fresh samples. We think that, our
results are slightly upper than the other results in Egypt, because our
samples cellected from markets (under poor contro} during handling and
storage), while most Egyptian researchers cuitivate mushroom and
directly analyze fruiting- bodies. The variation between our slightly high
counts and the other resuits can be attributed to the difference in
packaging materials, the storage temperature and storing period.

Data in Table (2) show the total count of fungi which isolated

from mushroom and percentage of genus distribution. While, data in

« "Tables (3.4, and 5) show, the determination of toxicity of scme fungi

which able to produce mycotoxins in foods like (Aflatoxins, Ochratoxin
and Zearalenone).

Table (1): Microbiological analysis of edible Egyptian mushroom.

Samples*/ Agaricus Agiricus Pleurotus Fleurotus
1 Winter Spring Winter Spring
Tests Mean Mean Mean Mean

Meisture % 89.30 89.12 90.26 88.80
Total Baeterial $ 5 s $

| Count CFU/g LISX 10 694 X 10 0278 X 10 14X 10
£ coli CFU/e t0x 10 0.8x10 Ix 1D 20x 10
Colilorm group 3 3 1 4
CFU/y 3:44 Xu .1X10 0.31 X 10 47 X 10
Spore-form 2 P 2 1
Bacteria CFU/g 0.3X 10 0.:4_8 X10 57X 10 24X 10
FPathogenic
Baeteri . \ . .
E,ac‘;;ilzi 57 Negalive Ncpative Nepative Negative
Salmonella Spp.

* we collect 10 samples from each species in two seasons the total
sample was 40 .
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Table (Z): Total count of Fungi in mushroom and their genera % distribution:

Samples Agaricus | Agaricus Pleurotus Pleurotus
Fungi Winter Spring Winter Spring
Total count
' fungi CFU/g 25X10 LIX 10 53X10 47X10
Aspergillus 25 % 15 TR % 50 %
Penicillinm 65 % 70 % 20 % 30 %
Fusariam 5% 10 %4 10 % 5%
Rhbizopus 5% 5% Zero 10 %

Table (3): Natural occurrence of 4. /lavus producing Aflatoxin in Egyptian

mushroom.
No. of tested| Frequency of | Frequency of Aflatoxins
Samples of | Aspergillus | A. flavus | A. flavus isolate | Concentration
mushroom |spp. isolates| isolate % producing mg/liter
Aflatoxins %*
Range | Mean
Aguricus 100 20 10 5.5-8.7 7.1
Pleurotus 100 as 20 6.8-15.4) 11.1

* These percentages were cour ted for A, flavus isolates producing
Aflatoxins from 10 isolates of A. flavus.

Table (4): Natural occurrence of 4. ochraceuns producing Ochratoxin A

i Egyptian mushroom.
No. of tested ¥ requency of] Freguency of | Ochratoxin A
Samples of | Aspergilius | A. ochraceus| A. ocliraceus | concentration
mushroom | spp. isolate | isolate % isolate mg/litter
roducin
Opchratoxign Range| Mean
A%*
Agaricus 100 15 - 0.0 0.0
Pleurotus 100 25 10 4.3-6.7] 5.5

* These percentages were counted for 4. ochraceus isolates
producing Ochratoxin A from 10 isolates of 4. ochraceus.
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Table (5): Natural occurrence of F. graminearum producing Zearalenone
in Egyptian mushroom.

No. of tested {Frequency of] Fregmnency of Zearalenone
Samples of Fusarium ‘ F. ‘ F. graminearum isolate] concentration
mushroom!| spp. isolate |graminearum producing mg/litter
isolate % Zearalenone % * Ranpe | Mean
Agaricus 40 20 10 7.2-103 8.7
Pleurotus 40 10 - .0 0.0

* These percentages were counted for F. graminearum isolates
producing Zearalenone from 10 isolated of F. graminearum.

The results of Aspergillus, Penicillium , Fusarium, and Rhizopus
that presented in Tables {2) show that, the total count of fungi and yeasts
at the average in these samples were 2.5 x10 and 1.1 x 10 CFU/g in
winter and spring seasons, for Agaricus respectively, and 5.3 x 10 and
4.7 x 10 CFU/g for Pleurotus mushroom samples in same order. From
Table (2), % distribution of fungal genera in Agaricus mushroom
sampies at winter season 2007, we found that, 25% , 65% , 5% and 3%
of genera represents Aspergillus , Penicillium , Fusarium, and Rhizopus,
respectively.

Whereas, % distribution of fungal genera in  Pleurotus
mushroom samples at winter season 2007, were 70 % , 20 %, 10% and
0.0 % genera of represents Aspergillus , Penicillium , Fusarium, and
Rhizopus, respectively. On the other hand % distribution of fungal
genera in Agaricys mushroom samples at spring season 2008, were 15
%, 70%,10% and 5 % genera of represents Aspergillus , Penicillium ,
Fusarium, and Rhizopus, respectively. Finally in Pleurotus mushroom
samples at spring season 2008, were 50 %, 30 % , 5 % and 10 %
genera of represents 4spergillus , Penicillium , Fusarium, and Rhizopus,
respectively.

Identification of certain genera, have been done, Table (3) show
% distribution of Aspergillus flavus in the genus Aspergillus in both
Agaricus and Pleurotus mushroom. We took strains 4spergillus isolated
from both Agaricus and Pleurotus mushroom on Yeast Extract Sucrose
medium (YES) to determine whether the fungal are toxin-producing or
not. We found that, 20 % and 35 % of strains isolated from both Agaricus
and Pleurotus mushroom are Aspergilius flavus respectively, oniy 10 %
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and 20 % aflatoxin-producing toxin in mean reached to 7.1 to 1.1 mg/L
of the medium on the same previous arrangement. As also, Table (4)
show % distribution of Aspergillus ochracius in the genus Aspergiilius in
both Agaricus and Pleurofus mushroom, we found that, 15 % and 25 %
of strains isolated from both Agaricus and Pleurctus mushroom are
Aspergillus ochracius respectively, only 10 % of these strains produced
ochratoxin by an average of 5.5 mg/L of the medium of the strains
isolated from Plewrotus mushrooms. While, isolates of the fungus
Agaricus not able 1o producing any ochratoxin. Table (5) show %
distribution of Fusarium grammeinarum in the Fusarium isolated from
both Agaricus and Plewrotus mushroom on Yeast Extract Sucrose
medium (YES) to determine whether the fungal are toxin-producing or
not. We found that, 20 % and 10 % of strains isolated from both Agaricus
and Pleurotus mushroom are Fusarium grammeinarum respectively, only
10 % of these strains produced zearalenone by an average of 8.7 mg/L of
the medium of the strains isolated from Agaricus mushrooms, while the
isolates from Pleurotus mushrooms were not able to producing any
toxins.

With respect to the mycotoxins analysis of samples of Agaricus
and Pleurotis mushrooms in both winter and spring seasons, our results
have not confirmed the existence of any of the studied mycotoxins
(Aflatoxin, Ochratoxin and Zearalenone). This result may be due to many
reasons. the very important is, the mushroom narural contamination by
fungi occurred during the handling or after harvest. in addition, the total
counts of fungi in our study was not high, and the competition between
different micro-organisms in mushroom affected to prevent beginning
mycoioxins production by fungi. Furthermore, the time between
collecting the samples or of infection and analysis was short (4 to 5
days).

Finaily the chemical structure of mushroom had very important
role i these resuit of [Engelhardt (2002)], in his study reported that, the
degradation of ochratoxin A (OTA) and ochratoxin B(OTB) during solid
state fermentation was compared after a four-week incubation period of
selected fungi on contaminated  .rley, in the presence of the soil fungus
(Rhizopus japonicus) and white : 4t fungi (Panerochaete chrysosporium),
more than 60% of mycotoxins remained stable. On the other hand, 23%
OTA and 3% OTB were detected in the presence of another white rot
fungus, Pleurotus ostrearus after fov  weeks. Kinetic studies on
mycotoxins degradation by P. ostreatus weny ied the formation of



Microbiological Contaminants of Egyptian Mushroom. 67

ochratoxin alpha and presumably ochratoxin beta as intermediate
products, This indicates that hydrolysis is the first step in OTA and OTB
degradation followed by further degradation of the intermediate products.

. Nineteen fungi were tested by [Motomura ¢f af., (2003)] for
their ability to degrade Aflatoxin Bl (AFB1). An extrace!lular enzyme
from the edibie mushroom P. ostreatus showed Aflatoxin-degradation
activity detected by thin-layer chromatography (TLC). The apparent
moieccular mass of the purified enzyme was estimated to be 90 KDa by
SDS-PAGE. Optimum activities in pH (4 to 5) and at 25°C. Based on
these data, they suggest that this enzyme is a novel enzyme with
aflatoxin-degradation activity. Fluorescence measurements suggest that
the enzyme cleaves the lactone ring of aflatoxin. At the same point,
Tekiela (2005) found that, greenhouse experiments were conducted to
determine the different pathogenic fungi infecting Agaricus bisporus.
The number and composition of microorganisms which accompany
mushroom cultivation depends on the healthiness of the compost, casing
and 4. bisporus spawns. The presence of pathogenic fungi in the
cultivation halis at the beginning of the production cycle is a serious
threat to the cultivation of mushroom because their rapid development
siiortens the span of fruiting body harvests, Many studies reported that,
the early good weatment of compost which used for mushroom
cultivation is very important for good quality. Saifullah ef al., (2005)
study the effect of pasteurization time on the control of myceflora present
in the casing material used for growing Agaricus bisporus was
investigated. The casing soil materials were pasteurized for two, three
and four hours at 85°C. Significant differences were recorded among
different trecatments. The recovery of fungi was negatively correlated to
the pasteurization time and best control was achieved with 4 h
pasteurization. The fungi recovered were species of Aspergilius,
Coprinus, Fusarium, Penicillinm, Rhizopus. Scleratinia, Trichoderma,
and Verticillium. Trichoderma and Rhizopus spp. were the most
frequently recovered fungi followed by Penicillium spp., whereas
Fusarium spp. were the least associated fungi recovered.
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CONCLUSION

It can already conclude that, the mushrooms as a raw food
containing relatively high-microbial contamination, it must be cooked or
processed in good conditions; appropriate high temperatures to be safe
and heaithy. Do not advise applying simple treatments such as washing
and surface roasting or fresh addition for salads. It must be going through
the whole processing of cooking such as meat.
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