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ABSTRACT: Seven genera and 15 species of fungi were isolated from 50 samples of then different
steps of dried onion (5 samples of each step) collected from an onion factory in Sohag Governorate,
Egypt, and grown on glucose-Czapek’s agar (7 genera and 15 species) and 10% NaCl glucose-Cza-
pek’s (2 genera and 6 species). The average total counts of fungi were gradually decreased throu-
ghout the different steps of drying from 2090 to zero and 152 to zero colonies/g on glucose-Czapek’s
agar and 10% NaCl glucose-Czapek’s agar media, respectively. Aspergillus was the most common
genus on the two types of media used. The dominant species were Aspergillus niger, A. flavus, A.
terreus, Penicillium chrysogenum and Fusarium oxysporum on glucose-Czapek’s agar and A. terreus
and A. niger on 10% NaCl glucose-Czapek’s agar. The chloroform extracts of different samples
were tested for the presence of mycotoxins using thin layer chromatographic amalysis. The results
indicated that aflatoxin was present at concentrations decreased throughout the different steps of
the drying from step No. 1, onion bulbs, 120 ug/kg; to step No. 8, standard A, 20 pg/kg while
step Nos. 9 & 10 (completely dry powdered onion) were free from aflatoxin. Citrinin was also
present in the first three steps at concentrations gradually decreased from 30 to 10 mg/kg.
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Onion (Allium cepa L.) is one of the most impo-
rtant crops in Egypt. It ranks as the third exporta-
ble field crop in Egypt after cotton and rice crops.
Onions are cultivated on 26 thousand hectares in
Egypt with an average yield of 550 thousand met-
ric tons (about 21154 kg/ha) (FAO, 1991). Egyptian
onion is famous for its high grade and keeping
quality characteristics. The foreign markets depe-
nds on Egyptian onion, since they mature early.

Fungal contamination could be a deleterious not
only for causing damage to the onion yield, but
also in contaminating the soil making it unsuitable
for growing onion for several years. Also many
of the fungal species contaminating onion bulbs
produce mycotoxins. Some of these fungal toxins
are highly toxic to mammals.

Mycotoxins are fungal metabolites contamina-
ting many food products, particularly stored pro-
ducts such as peanut, grains and cereals. Many
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moulds of the genera Aspergillus, Penicillium and
Fusarium produce 80% of the total toxic substan-
ces (Hesseltine, 1974; Ciegler, 1979). The most
important mycotoxins occurring in feed-and food-
stuffs are aflatoxins, patulin, ochratoxins, citrinin,
sterigmatocystin rubratoxin, T-2 toxin diacetoxys-
cirpenol and zearlaenone. The natural occurrence
of these mycotoxins (as hepatotoxic, mutagenic,
carcinogenic and teratogenic agents) in manufac-
tured dried onion has become of increasing inte-
rest because of the world-wide use of dried onion.

Although, the mycotoxins and mycoflora of
many agricultural commodities in Egypt were in-
tensively studied in this laboratory (El-Kady ef
al., 1982, 1991; El-Maraghy & El-Magraby, 1986,
1988; El-Magraby & El-Maraghy, 1987; El-Mara-
ghy, 1989; Mazen et al., 1990) none of these stu-
dies concentrated on the mycoflora or mycotoxins
of dried onion. For this study, 50 samples repre-
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senting the ten different steps of production of
dried onion collected from an onion factory in So-
hag Governorate, Egypt.

Materials and Methods

Collection of onion samples: Fifty samples rep-
resenting ten different steps of production (Table
3) of dried onion (five, 500g, samples of each step
of production) were collected from an onion fac-
tory at Sohag Governorate, Egypt. Onion was
dried in onion Factory by hydrostatic drying.

Isolation of fungi: The fungal flora of the samp-
les was determined using the dilution plate tech-
nique as described by Johnson et al. (1959), but
with some modifications as employed by Mouba-
sher ef al. (1972). Ten g of each sample were wa-
shed by shaking mechanically in 100 m/ of sterile
distilled water. One m/ of the water suspension
was transferred to a sterile petri-dish, and poured
with melted but cooled agar medium. Two types
of media were used; glucose-Czapek’s agar in
which glucose (10g/l) replaced sucrose and glu-
cose-Czapek’s agar medium fortified by 100g/l of
sodium chloride. Streptomycin (20 p/m/) and rose-
bengal (30 ppm) were applied to suppress bacte-
rial growth (Smith & Dawson, 1944; Al-Doory,
1980). Ten plates were used for each sample (5
plates for each type of medium). The plates were
incubated at 28+ 2C for 1-2 weeks during which
the developing colonies were counted, identified
and the numbers were calculated per g of each
sample.

Identifiecation: Purified fungal isolates were
identified whenever possible in the original petri-
dish culture. When this was not possible, fungi
were subcultured and stored for later identifica-
tion, according to Raper & Thom, 1949; Gilman,
1957; Raper & Fennell, 1965; Ellis, 1971, 1976;
Pitt, 1979, 1985; Samson, 1979; Domsch et al.,
1980; Onions ef al., 1981; Ramirez, 1982 and Siva-
nesan, 1984,

Mycotoxin analysis: Twenty g of each sample
were defatted by extraction with cyclohexane for
10 h using a Soxhlet-type extractor. The defatted
residue was extracted for another 10 h with chlo-

roform. The chloroform extract was dried over
anhydrous sodium sulphate, filtered and then dis-
tilled under vacuum to near dryness. The residue
was diluted with chloroform to 1 m/.

Chromatographic analysis of the chloroform ex-
tracts was achieved on precoated silica gel plate
type 60 F 254 (Merck) for the presence of aflato-
xins By, B, Gi & G,, citrinin, ochratoxin A, patulin,
sterigmatocystin, T-2 toxin, diacetoxyscirpenol and
zearalenone according to Scott et al. (1970) and
Roberts & Patterson (1975).

Aflatoxins: quantitative determination of aflato-
xins was made according to the methods discribed
by Jones (1972) and Preybylski (1975). The aflato-
xins concentration were estimated visualy in the
chloroform extracts by quantitative thin layer ch-
romatography by comprison with aflatoxins B;, B,
G; & G, standards. The practical limit is about
5 ug/kg for aflatoxin B; and total flatoxins and
the recovery of aflatoxins is about 80%.

Citrinin; quantitative determination of citrinin
was made according to the methods discribed by
Scott et al. (1972) and Hald & Krogh (1973). Ext-
raction of acidified (6 N Hcl to pH 2-3) substrate
with chloroform was followed by estimation of cit-
rinin concentration visualy using thin layer chro-
matography by comprison with citrinin standard.
The potential lower limit of visual detection is
about 0.2 ppm (=200 pg/kg) and the recovery of
citrinin is about 71%.

Source of mycotoxin standard: All of mycotoxin
standards used throughout this study were pur-
chased from Makor Chemical Ltd. Jersualem, Is-
rael and kindly provided by Prof. Dr. 1. A. El-
Kady, Botany Dept., Faculty of Science, Assiut
University, Egypt.

Results and Discussion

Mycoflora of onion samples: Seven genera and
15 species of fungi were isolated and identified.
Total counts of the fungi gradually decreased th-
rough the different drying steps from 2090 to zero
and 152 to zero colonies/g on the two different
media, respectively. The gross total counts of glu-
cophilic and xerophilic fungi in all samples tested
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were 8876 and 871 colonies/g samples, respecti-
vely (Tables 1-2). All of these fungi were previou-
sly recovered from the rhizosphere and phyllos-
phere of some Egyptian plants (Montasir et al.,
1959; Moubasher ef al., 1971; Tolba & Ali, 1972;
Abdel-Wahab, 1975; Abdel-Fattah et al., 1977; El-
Hissy ef al., 1980; Abdulla, 1981; Mazen el al.,
1985, 1988; Ismail et al., 1989; Salama et al., 1989;
Abdel-Hafez et al, 1990).

The samples of the final product (step No. 10,
onion powder) were completely fungal free, whilst
the samples of step No. 9 (prefinal product) were
contaminated with three species of Aspergillus
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only.

Aspergillus was the dominant genus, recorded
in 90% of the samples using both isolation media.
It was represented by 6 species. Aspergillus niger
and A. ferreus were the commonest species on
both media used. A. flavus was isolated with high
and low frequencies of occurrence on glucose-
Czapek's and 10% NaCl glucose-Czapek’s agar
media, respectively. A. tamarii was recorded with
moderate frequency while A. ochraceus and A. sy-
dowii were isolated with less frequencies on glu-
cose-Czapek’s agar. On 10% NaCl glucose-Czapek’
s agar, A. sydowii and A. tamarii were only isola-

Table 1. Average total counts (calculated per g fresh weight in each & all sample steps), number of cases
of isolation (NCI, out of 10 steps) and occurrence remarks (OR) of fungal genera and species isolated from
different steps of production of dried onion on glucose-Czapek’s agar medium at 28+ 2C.

Average total counts Step numbers Total | NCI
Genera & species 1 2 3 4 5 6 7 8 9 10| counts O%*
Aspergillus 250 1220 1140 928 136 320 220 120 458 0| 4792 9H
A. niger van Tieghem 130 1120 1020 888 56 200 176 112 428 0| 4130 9H
A. flavus Link 120 10 10 8 40 64 28 0 30 0 310 8H
A. terreus Thom 0 9 100 32 24 48 8 0 O O 302 6H
A. tamarii Kita 0 0 10 0o 16 8 0 0 00 34 | 3M
A. ochraceus Wilhelm 0o 0 0o 8 00 1R
A. sydowii (Bain. & Sart.) 0 0 8 0 00 1R
Thom & Church
Penicillium 1550 50 30 40 672 432 384 24 0 0] 3182 8H
P. chrysogenum Thom 1550 40 30 32 320 336 384 24 0 0 2716 8H
P. citrinum Thom 0 10 0 0 40 O 00 50 2L
P. funiculosum Thom 0 8 0 5 0 00 64 2L
P. oxalicum Currie & Thom 0 032 0 0 0 0] 352 1R
Fusarium oxysporum Schlecht 290 60 0 0 4 464 00 818 4M
Cladosporium cladosporioides 0 5 0 0 0 8 0 0 00 53 2L
(Fres.) de Vries
Epicoccum migrum Link O 10 o ¢ 0O 0O 4 0 00 14 2L
Cochliobolus spicifer Nelson 6o 0 0o 0 0o O 4 o0 0O 4 IR
Ulocladium atrum Preuss o 0 o0 8 0 O O o0 00 8 1R
Total count 2090 1330 1230 976 808 760 616 608 458 0| 8876
Number of genera 3 4 3 3 2 3 5 3 10 7
Number of species 4 7 6 6 6 8 8 4 2 0 15

OR*: Occurrence of remarks, H: High occurrence; between 5-10 cases, M: Moderate occurrence; 3 or 4 cases,
L: Low occurrence; 2 cases. R: Rare occurrence: one case.
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Table 2. Average total counts (calculated per g fresh weight in each & all sample steps), number of cases
of isolation (NCI, out of 10 steps) and occurrence remarks (OR) of fungal genera and species isolated from

different steps of production of dried onion on 10% NaCl glucose-Czapek’s agar medium at 28+ 2C.

Average total counts Step numbers Total Ng(lll

Genera & species 1 2 3 4 5 6 7 8 9 10| counts | OR*

Aspergillus 152 140 126 110 9% 84 74 58 27 0] 867 9H

A. terreus Thom 152 88 92 98 34 28 32 28 18 O] 570 9H

A. niger van Tieghem 0 52 32 10 59 56 30 30 0 278 8H

A. flavus Link 0 12 0 14 2L

A. sydowii (Bain. & Sart.) 0 0 2 1R

Thom & Church

A. tamarii Kita 0O 0 0 o0 0 3 1R

Penicillium citrinum Thom 0 0 4 0 0 4 1R
Total count 152 140 130 110 96 8 74 58 27 0] 871
Number of genera 1 1 2 1 1 1 1 1 1 0 2
Number of species 1 2 4 3 3 2 3 2 2 0 6

OR*: Occurrence of remarks, H: High occurrence; between 5-10 cases, M: Moderate occurrence; 3 or 4 cases,
L: Low occurrence; 2 cases, R: Rare occurrence; one case.

ted from one out of ten production steps.

All of the above Aspergillus species have been
previously isolated from the rhizospheres and the
surrounding soils of onion plants as well as from
the phyllosphere of some Egyptian plants (Abdel-
Wahab, 1975; Abdel-Fattah et al., 1977; Abdel-Ga-
wad, 1978, 1984; Mazen et al., 1985; Ismail ef al.,
1989). El-Dohlob (1972) found that A. niger, A. ter-
reus and A. carneus were the common Aspergilli
species in the rhizosphere of onion. Recently, Sa-
lama ef al. (1989) reported that Aspergillus was
the common genus in the rhizosphere and the
surrounding soils of onion plants. They isolated
16 Aspergilli species and found that A. flavus, A.
terreus and A. niger were the most common.

Penicillium came second in prevalence and was
recovered from 80% of the samples, being 35.85%
of the total fungi on glucose-Czapek’s agar me-
dium, but only isolated once on 10% NaCl glu-
cose-Czapek’s agar (Tables 1-2). It was represen-
ted by four species on glucose-Czapek’s agar of
which P. chrysogenum was the most prevalent,
present in 80% of the samples comprising 85.36%
of total Penicillia and 30.60% of total fungi (Table
1. P. citrinum was isolated on both media used

while P. funiculosum and P. oxalicum were isola-
ted only on glucose-Czapek’s agar with low or rare
frequency as listed in Tables 1 and 2. These four
species were recovered from the rhizospheres and
the surrounding soils of onion plants in Egypt (El-
Dohlob, 1972; Ismail ef al., 1989; Salama et al.,
1989). In addition, they were isolated from the
rhizosphere and phyllosphere of some other Egy-
ptian plants (Moubasher ef al. 1971; Abdel-Fattah
et al., 1977; El-Hissy et al., 1980; Mazen ef al.,
1985, 1988; Abdel-Hafez et al., 1990).

Fusarium (represented by F. oxysporum) ranked
third, growing only on glucose-Czapek’s agar and
recovered from 40% of the samples yielding 9.2%
of total fungi. El-Dohlob (1972) and Salama et al.
(1989) isolated F. oxysporum from the rhizosphere
and the surrounding soil of onion plants.

Cladosporium cladosporioides, Epicoccum nigrum,
Cochliobolus spicifer and Ulocladium atrum were
of low occurrence and represented in 10-20% of
the samples accounting 0.06-0.66% of total fungi
on glucose-Czapek’s agar only (Table 1). Ismail
et al. (1989) and Salama et al. (1989) isolated these
genera from the rhizosphere and the surrounding
soil of onion plants.
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Table 3. Natural occurrence of mycotoxins in the different onion samples (5 samples represented each step)

of different steps of manufactured dry onion.

Step Different steps of aflatoxins Citrinin
No. onion manufacturing (ug/kg) (mg/kg)
B, B; G, G Totall %AFB,/TAFS**

1 | Onions (bulbs) 55 25 30 10120 46 30

2 | Onions without scaly leaves 50 20 20 10100 50 25

3 | Washed onion 45 20 12 8| 53 10

4 | Glutted onion 40 15 12 8| 75 53 -

5 | Ist step of drying (=80% m.c.¥) 20 10 10 - | 40 50 -

6 | 2nd step of drying (x40% m.c.) 25 10 - -| 35 71 -

7 | 3rd step of drying (~5% m.c.) 20 10 - - 30 67 -

8 | Standard A (shreded dry onion 20 - -~ -] 20 100 -

after sieving)

9 | Prefinal product R - -

10 | Final product (dry powdered onion) e - -

*m.c.=Moisture contents. ** % AFB,/TAFS=% (Aflatoxin By/Total Aflatoxins).

Most of the fungal genera (5 out of 7 genera)
and species (9 out of the 15 species )were recove-
red on glucose-Czapek’s agar only. Xerophilic fu-
ngi were represented by Aspergillus (5 species )in
90% of the samples and Penicillium citrinum in
one sample only. The total count of fungi were
gradually decreased throughout the different steps
of dried onion production. The final product
(onion powder) was completely fungus free.

Natural occurrence of mycotoxin in onion samp-
les: Thin-layer chromatographic analysis was used
for the detection of mycotoxins. Results in Table
3 indicate that aflatoxin was present in decreasing
concentrations for the different steps of onion dr-
ying, from step No. 1(onion bulbs, 120 ug/kg) to
step No. 8 (standard A, 20 ug/kg). Steps 9 and
10 were completely free from aflatoxin and Ca
5 pg/kg. Citrinin was also present in the first th-
ree steps only of dried onion production, at conce-
ntrations gradually decreasing from 30 to 10
mg/kg and Ca 200 pg/kg.

Natural occurrence of citrinin in different subs-
trates was previously found in corn and silage
at concentrations of 2-3 ppm (=2000-3000 pg/kg)
(Chalam and Stahr, 1979) and in cereals used as

feed for swine in districts of Denmark at 2 ppm.
Scott et al. (1972) isolated citrinin from 13/29 hea-
ted Canadian grains including samples of wheat,
oats, barley and rye at concentrations ranged bet-
ween 0.07 and 80 ppm. Subrahmanjan and Rao
(1974) obtained citrinin in peanut pods at concent-
rations ranged from a trace to 1200 mg/kg.

Patulin, ochratoxins, sterigmatocystin, rubrato-
xin, T-2 toxin, diacetoxyscirpenol and zearalenone
were not detected in any sample of onion tested.

Since no detectable amounts of any mycotoxins
were recorded in the final products (dried onion),
it can be concluded that the subsequent refining
operations adopted in the onion factory, Sohag
Governorate, Egypt completely eliminated mycoto-
Xins.
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