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Abstract Fifteen spices obtained from common markets were examined for their mould profile. A
total of 520 fungal isolates, representing 57 species, were recovered and identified from dried and
ground spice samples on three different media using standard dilution plate method. The most
heavily contaminated spice samples examined were observed in ginger in order of magnitude of
5325-6800 cfu/g. The most predominant fungal genera encountered were Aspergillus, Penicillium,
and Rhizopus. Relative occurrence values of taxa disclosed ranged between 80% for Aspergillus fla-
vus, Aspergillus niger and Penicillium arenicola, and 10% for some species. Samples obtained from
sumac encountered very rare colony counts indicating its antifungal prosperities. The present mag-
nitude of contamination and spectra of mycobiota approximate those reported for similar spice
samples. Several potentially mycotoxigenic fungi were isolated from the majority of samples. The
present study attracts the attention to potential risk for mycotoxins contamination may be caused
as a result of using these spices, especially in great quantities. The study strongly recommends
reduction in application of heavily contaminated spices like ginger in food processing and using
some others like clove and sumac due to their antimicrobial properties.

© 2010 King Saud University. All rights reserved.

1. Introduction

Spices and herbs are valued for their distinctive flavors, colors

and aromas and are among the most versatile and widely used
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world. As with many other agricultural products, spices and
herbs may be exposed to a wide range of microbial contamina-
tion during pre- and post-harvest. Such contamination may
occur during processing storage, distribution, sale and/or use

ELSEVIER

(McKee, 1995). Early cultures also recognized the value of
using spices and herbs in preserving foods and for their medic-

Production and hosting by Elsevier inal value. Spices have been used in many industries, with the

food industry and catering being predominant users. Having
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been dried material from plant origin, spices are commonly
heavily contaminated with xerophilic storage moulds and bac-
teria (Dimi¢ et al., 2000; Romagnoli et al., 2007). Although
spices are present in foods in small amounts, they are recog-
nized as important carriers of microbial contamination mainly
because of the conditions in which they were grown, harvested
and processed. In addition, because of possible neglects during
sanitation or processing, foods containing spices are more
likely to deteriorate and also could exert harmful effects, hav-
ing in mind health risks associated with mycotoxins produced
by some fungal genera (Koci-Tanackov et al., 2007).

Fungi are the predominant contaminants of spices (Kneifel
and Berger, 1994), but most such microbial populations are
probably regarded as commensal residents on the plant that
survived drying and storage. Soil and air is the main inoculum
source for causing contamination in crude spices in field. Other
practices like harvesting, handling and packing, cause addi-
tional contamination. Moreover, spices are collected in tropi-
cal areas by simple methods and are commonly exposed to
many contaminants before, being dry enough to prevent
microbial growth.

The most frequent fungal contaminants of spices are species
from the genera Aspergillus and Penicillium (Silliker et al.,
1992; Dimi¢ and Skrinjar, 1995). Some species that belong to
these genera are known as potential producers of different
toxic substances such as aflatoxins, ochratoxins and sterig-
matocystine, i.e. mycotoxins that exhibit toxic, mutagenic, ter-
atogenic and carcinogenic effects in humans and animals
(Frisvad et al., 2005; Zinedine et al., 2006).

There are more and more indications that primary liver car-
cinoma and other serious diseases may be induced by consum-
ing food or using raw materials for food processing
contaminated with fungi or mycotoxins. Aflatoxins, ochra-
toxin A and sterigmatocystin proved resistant to heat and have
an ability to accumulate in the organism (Galvano et al., 2005;
Jay et al., 2005). Even products stored at low temperatures are
vulnerable to some fungi (Durakovic et al., 1989). Fungal con-
tamination of spices usually occurs when spices are not prop-

erly dried or when stored in a highly humid environment
(Dimic¢ et al., 2008).

This paper aims at assessing the intensity and frequency of
moulds contamination in common spices in public markets
and the potential producers of mycotoxins to highlight their
risk assessment.

2. Materials and methods

2.1. Sampling

About 138 samples of 15 different spices were collected ran-
domly from famous supermarkets from Aseer region, Saudi
Arabia. Samples (100 g/sample) were collected in sterilized
polyethylene bags and stored at —4 °C until use. The names,
families and the used parts of each spice are presented in
Table 1.

2.2. Mycological studies

Dilution method according to Koch (Harrigan, 1998) was used
to determine total fungal counts in spice samples, in triplicates.
Ten grams of each sample (fine powder) were added to 90 ml
portion of sterile saline solution (0.85%) in 500 ml Erlenmeyer
flask and homogenized thoroughly on an electric shaker at con-
stant speed for 30 min. The spice—water suspension was allowed
to stand for 10 min with intermittent shaking before being pla-
ted. Ten fold serial dilutions were then prepared. One millilitre
portion of suitable dilutions was used to inoculate Petri dishes
containing 15 ml agar medium fortified by 0.5 mg chloram-
phenicol/ml medium. Three nutritive media were chosen: Cza-
pek dox agar (dextrose, 10 g/L; NaNOs, 2.0 g/L; KCl, 0.5 g/L;
MgS047H,0, 0.5 g/L; FeSO47H,0, 0.01 g/L; K>SOy, 0.35 g/
L; agar, 15.0g/L; pH = 6.8 = 0.2); potato dextrose agar
(potatoes infusion, 200 g/L; dextrose, 20 g/L; agar, 15 g/L;
pH = 5.6 £ 0.2) and Cooke rose (soytone, 5 g/L; dextrose,
10 g/L; KH,POy,, 1 g/L; MgSO47H,0, 0.5 g/L; agar, 20 g/L;

Table 1 Names, families and the used parted of studied spices.
No. English name Latin name Family Used part Arabic name
1 Cinnamon Cinnamomum zeylanicum Blume  Lauraceae Stem bark Qarfah, Qirfah, Qurfa
2 Green cumin Cuminum cyminum L. Apiaceae Fruits Kamoun, Kamun
(frequently called seeds)
3 Shumac, sumac Rhus coriaria L. Anacardiaceae  Dried fruits Summaaq, Summaq
4 Ginger Zingiber officinale Rosc. Zingiberaceae Fleshy rhizome Zanjabeel, Zanjabil
5 Indian saffron Curcuma longa L. Zingiberaceae Rhizome Kurkum, Uqdah safra
6 Fenugreek Trigonella foenum-graecum L. Fabaceae Seeds Hulba, Hilbeh
7 Black pepper Piper nigrum L. Piperaceae Dried fruits Fulful, Filfil
8 Fennel flower Nigella sativa L. Ranunculaceae  The deep black, seed grains Habbah sauda,
Habbah al-baraka
9 Garden thyme Thymus vulgaris L. Lamiaceae Leaves (leaves plus stem) Satr, Zatr
10 Cayenne pepper Capsicum frutescens L. Solanaceae Fruits Fulful alahmar, Fulful haar
11 Green cardamom  Elettaria cardamomum Zingiberaceae Seeds Habbahan, Habbu al-hal
White et Mason
12 Caraway Carum carvi L. Apiaceae Fruits Karaway, Karawiaa
13 Sweet cumin Foeniculum vulgare Mill. Apiaceae Fruits Shamaar, Shamar
(usually mistermed seeds)
14 Aniseed Pimpinella anisum L. Apiaceae Fruits Habbu al-hulwah, Yansoon
15 Cloves Syzygium aromaticum Myrtaceae Buds Kabsh garunfil,

[L.] Merr. et Perry

Kabsh garanful




Table 2 Percentage of samples contaminated by different fungal

species isolated from different species Czpek’s medium.

Fungal species

Cinnamon

n=12

Green
cumin
n =10

Shumac

Ginger

n=

8

India saffron Fenugrek Pepper Fennel
flower
n =10 n =10 n=10 n =10

Garden thyme

n=2_8

Cayenne

pepper
n=2_8

Green
cardamom
n =10

Caraway

Sweet
cumin
n =10

Aniseed

Cloves

Acremonium strictum
Alternaria alternata
Alternaria tenuissima
Aspergillus awamori
Aspergillus candidus
Aspergillus clavatus
Aspergillus flavus
Aspergillus fumigatus
Aspergillus niger
Aspergillus ochraceus
Aspergillus tamarii
Aspergillus terreus
Aspergillus sydowii
Aspergillus versicolor
Cladosporium cladosporioides
Eurotium chevalieri
Eurotium repens
Fennellia nivea

Fennellia flavipes
Fusarium oxysporum
Fusarium subglutinans
Humicola grisea
Macrophomina phaseolina
Mucor racemosus
Paecilomyces lilacinus
Penicillium arenicola
Penicillium brevicompactum
Penicillium corylophilum
Penicillium dunkii
Penicillium griseofulvum
Penicillium oxalicum
Penicillium waksmani
Rhizopus stolonifer
Scopulariopsis brevicaulis
Stemphylium botryosum
Trichoderma harzianum
Ulocladium chartarum

40
40
70

- - - 60

25

25

25

50
25

20

20
20
20

80

20

20
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Table 3 Percentage of samples contaminated by different fungal species isolated from different species coke rose medium.

Fungal species Cinnamon Green Shumac Ginger India Fenugrek Pepper Fennel Garden Cayenne Green Caraway Sweet  Aniseed Cloves
cumin saffron flower  thyme pepper cardamom cumin
n=12 n=10 n=28 n=8 n=10 n=10 n=10 n=10 n=238 n=2_8 n=10 n=2_8 n=10 n=28 n=23

Alternaria alternata = 40 = = - = = 50 = - = = 20 75 =
Aspergillus awamori - - - - - - 20 = 25 - = - 20 25 _
Aspergillus candidus — — — — - 40 40 - — 63 — - 20 _ _
Aspergillus flavus 17 60 - 25 20 80 40 40 - 75 20 - 40 25 25
Aspergillus niger 100 30 38 50 60 60 80 40 50 75 60 — 80 50 —
Aspergillus ochraceus - 20 - 50 - 20 10 - 50 - - - - = =
Aspergillus terreus — — — — — 20 - — - 50 - = = = 25
Cladosporium cladosporioides — — - - - - - 20 - = = - — 75 13
Eurotium amstelodami — - — - - — — — 25 — — _ — _ _
Eurotium repens - - - 13 40 - - - 25 - = - 40 = _
Fennellia flavipes - - - - — 20 = = - 63 — _ _ 75 _
Fennellia nivea — - - 25 - - = = 25 - — _ _ _ _
Fusarium dimerum — — = = = 20 — — — _ _ _ _ _
Fusarium moniliforme - - - - - - - — = = 20 _ _ _ _
Fusarium oxysporum — 20 — - — — — — — - — _ _ _ _
Gliocladium roseum - 20 - - - - = 20 = - — _ _ _ _
Humicola grisea - - = = = = - = 38 - — _ _ _ _
Mucor circinelloids - - - - — = = - - — _ _ _ _ 25
Mucor heimalis = = = = = = = = 25 = - = 20 = -
Mucor racemosus = = = = — — — 20 = = = — — _ _
Myrothecium verucaria - - - - - - - 20 = = — — — - _
Paecilomyces lilacinus = = = - 10 - - - - - = - 20 — _
Phoma herbarum - - - - = = = = = = 20 - — _ _
Penicillium decumbens = = = — - - - — 25 = - _ _ 38 _
Penicillium arenicola — - — - 80 60 20 40 75 - — — 80 — 25
Penicillium aurantigriseum - - - — — = = 20 — - _ _ _ _ _
Penicillium brevicompactum - 20 - - - 20 - 20 - - 60 - 20 50 -
Penicillium chrysogenum — — — — - 20 10 - — - - _ _ _ _
Penicillium diversum - - - = = = - 30 — - — _ _ _ _
Penicillium dunkii - 20 - 75 - - 40 = 25 - = - — _ _
Penicillium funiculosum - - - 25 - - 10 20 - - = — 40 _ _
Penicillium griseofulvum - - - - - = = = 25 - _ _ _ _ _
Penicillium islandicum - - - = = = - 10 — - — — _ _ _
Penicillium janthinellum = - - — - = = - - _ _ 63 _ _ _
Penicillium oxalicum - 40 - - 60 20 - 40 — - - _ _ _ _
Penicillium waksmani - 20 - 50 - 20 - - - - - 50 - - -
Rhizopus stolonifer 17 20 13 25 20 40 40 20 75 38 20 - 20 50 -
Stemphylium botryosum = 60 = = - - - — 38 = - _ _ 38 _
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Table 4 Percentage of samples contaminated by different fungal species isolated from different species PDA medium.

Fungal species

Cinnamon

n=12

Green
cumin
n =10

Shumac

n=3_8

Ginger

India
saffron
n =10

Fenugrek

n=

10

Pepper

n =10

Fennel
flower
n =10

Garden
thyme
n=38

Cayenne

pepper
n=3_8

Green
cardamom
n=10

Caraway

Sweet
cumin
n =10

Aniseed

Cloves

Acremonium strictum
Alternaria alternata
Aspergillus awamori
Aspergillus flavus Link
Aspergillus fumigatus
Aspergillus niger
Aspergillus ochraceus
Aspergillus tamarii
Aspergillus terreus
Aspergillus sydowii
Aspergillus ustus
Aspergillus versicolor
Chaetomium globosum
Cladosporium cladosporioides
Cochliobolus spicifer
Eurotium repens
Fennellia nivea

Fennellia flavipes
Fusarium oxysporum
Fusarium subglutinans
Humicola grisea
Macrophomina phaseolina
Mucor racemosus
Myrothecium verucaria
Paecilomyces varriotii
Paecilomyces lilacinus
Phoma herbarum
Penicillium arenicola
Penicillium brevicompactum
Penicillium corylophilum
Penicillium dunkii
Penicillium funiculosum
Penicillium oxalicum
Penicillium waksmani
Rhizoctonia solani
Rhizopus stolonifer
Scopulariopsis brevicaulis
Stemphylium botryosum
Trichoderma harzianum
Ulocladium botrytis

33

75

20
80
40
10
80

30
30

20

40

40
40
40
30
20

10
40

60

20

60

25

25

50
25
13

25

25

25

25

25

40

80

20
20
20
80

20
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rose bengal, 0.035 g/L; pH = 6.0 + 0.2). Plates were incubated
at 28 + 1 °C for 5-10 days and examined for the growth of
moulds. Fung were isolated and identified according to (Raper
and Fennel (1977), Domsch et al. (1981), Pitt (1985).

3. Results and discussion

Five hundred and twenty isolates represent 57 species of 23
genera were isolated from 15 spices on the three used media
(Tables 2-4). On Czapek medium, 37 species of 17 genera
were isolated and identified. Aspergillus, Penicillium and Rhi-
zopus were the most common genera where, they were repre-
sented by 10, 7 and 1 species, respectively. Among these
species, Aspergillus niger and Aspergillus flavus had the highest
occurrence remarks and emerged between 93% and 46.7% of
samples, respectively. The most common penicillia were Pen-
icillium arenicola, Penicillium dunkii and Penicillium brevicom-
pactum. They were detected in 26.7-33.3% of samples.
Rhizopus was represented only by Rhizopus stolonifer. It con-
taminated 66.7% of spices samples. Alternaria emerged in
40% of samples and was represented by Alternaria alternata
(33.3%) and Alternaria tenuissima (6.7%). Eurotium, Fennellia
and Fusarium were detected as moderate contaminating agent
where, they were isolated from 26.7% to 33.3% of samples
(Table 2). The rest of detected species were encountered as
a low or rare contaminating fungi and emerged in less than
20% of samples.

On Cooke rose medium, there was a basic similarity in spe-
cies structure and degree of contamination to those obtained
on Czapek medium. Sixteen genera including 38 species were
isolated and identified. The most common genera were Asper-
gillus (6 species), Penicillium (12 species) and Rhizopus (1 spe-
cies). A. niger polluted 86.7% of the samples followed by A.
favus (80%) and Aspergillus ochraceus (33.3%), however, the
other three Aspragelli contaminated less than 27% of the sam-
ples. Among Penicillium species, both P. arenicola and P. brev-
icompactum were encountered in 46.7% and 40% of the
samples. P. dunkii, Penicillium funiculosum, Penicillium oxali-
cum and Penicillium waksmani were detected in 26.7% of the
samples. The other six penicillin were observed rarely in less
than 13.3%. R. stolonifer contaminated 86.7% of the samples.
Other genera and species were detected in less than 26.7% of
the samples (Table 3).

The same genera in the same sequence which were detected
on the two above mentioned media were also isolated on PDA
(Table 4). Aspergillus was represented by 10 species and Peni-
cillium was represented by 7 species, however, Rhizopus was
represented by only 1 species. 4. niger polluted 93.3% of spices
samples and A. flavus polluted 60% of them. The other eight
aspergilli were detected in less than 26.7%. P. arenicola and
P. oxalicum were the common penicillin where, they isolated
from 53.3% and 46.7% of the samples, respectively. R. stolo-
nifer contaminated 66.7% of spices. The other fungi had mod-
erate to rare occurrence remark and were isolated from less
than 33.3% of the spices (Table 4).

The emergence of aspergilli, penicillin and Rhizopus on the
three different media greatly indicates the presence of these
fungi as the dominant mycoflora of different spices. This
observation was greatly in agreement with other investigators
who dealt with mycoflora of spices and medicinal plants (El-
Kady et al., 1995; Dimic¢ et al., 2008; Bugno et al., 2006). Early,

Takatori et al. (1977) and Ayres et al. (1980) found the Asper-
gillus and Penicillium spp. the main components of cardamom,
cinnamon, fennel, coriander, cumin, black cumin and white
pepper. Misra (1981) and Roy et al. (1988) isolated A4. flavus,
A. niger, Aspergillus fumigatus, A. ochraceus, Aspergillus candi-
dus, Aspergillus sydowii, Chaetomium dolicholrichum, Fusarium
verticillioides, P. oxalicum, Alternaria, Curvularia and Rhizopus
from the seeds of Amomum subulatum, Coriandrum sativum,
Cuminum cyminum, Foeniculum vulgare, Piper nigrum, Cinna-
momum zeylanicum, and from the bark of Acacia catechu.
Ath-Har et al. (1988) reported that A. flavus, A. niger, Asper-
gillus nidulans, A. sydowii, A. ochraceus, Penicillium and Rhizo-
pus spp. were most frequently isolated from Capsicum

frutescens and other spices. A. flavus, A. candidus, A. niger,

Aspergillus luchuensis, A. ochraceus, A.nidulans, Fusarium mon-
iliforme, Fusarium oxysporum, A. alternata, Curvularia spp.,
Chaetomium spp., Penicillium citrinum, and R. stolonifer were
reported as the most common fungi isolated from drug plants
(Ayres et al., 1980; Aziz and Youssef, 1991). The most contam-
inating fungi of black pepper were A. flavus, A. ochraceus and
Aspergillus versicolor (Christensen, 1975). The contamination
with fungal species resulted from neutral extraneous contami-
nation by dust following storage in humid conditions (Domsch
et al., 1981). Fungi fall into two ecological categories, e.g., field
and storage fungi. Field fungi were observed to invade devel-
oping or mature seeds while it is on the plant, the major field
fungi genera are, Alternaria, Fusarium and Cladosporium. On
the other hand, storage moulds are those encountered on
plants at moisture conditions routinely found in stored prod-
ucts, these fungi are principally species of Aspergillus and Pen-
icillium (Abou Donia, 2008). The spices could be subjected for
contamination with fungi mainly during spice processing, stor-
age and transport (Dimic et al., 2008).

In our study, most of the identified fungi have been re-
ported to have the ability to produce mycotoxins (Bugno
et al., 2006). In this context, Aziz (1987) found that, A. flavus,
Aspergillus parasiticus and Aspergillus oryzae were aflatoxin
producers, whereas, A. ochraceus, Penicillium viridicatum and
Penicillium variable were ochratoxin A producers. In addition,
P. viridicatum, Penicillium chrysogenum and Penicillium com-
mune were penicillic acid producers. According to Pohland
and Wood (1987), 70-80% of the penicillia are potential myco-
toxins producer (citrinin, patulin, cyclopiazonic acid and pen-
iterm). These results showed that a potential risk for
mycotoxins contamination may be caused as a result of using
these spices, especially in great quantities. Rani and Singh
(1990) found that 89% of samples of fennel, coriander and cu-
min were contaminated with aflatoxin Bl at the levels 3000,
1640 and 1580 mg/kg, respectively. In addition, Roy et al.
(1988) and Roy and Chourasia (1990) determined that the
seeds of P. nigrum and Mucuna prurians, and the barks of 4.
catechu, C. sativum, and Elettaria cardamomun were contami-
nated with aflatoxin B1 at levels below 20 mg/kg. Aziz and
Youssef (1991) isolated A. flavus and A. parasiticus with a high
tendency for aflatoxin production from some common herbal
drugs and spices. Aziz et al. (1998) studied contamination of
some common medicinal plant samples and spices and their
mycotoxins. Ten fungal genera viz. A. flavus, A. parasiticus,
A. niger, F. oxysporum and P. viridicatum occurred most often
on the medicinal plant samples. Direct determination of myco-
toxins in medicinal plant samples revealed aflatoxin Bl in 17
samples at an average of from 10 to 160 mg/kg, ochratoxin
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A in three samples at an average of from 20 to 80 mg/kg, and
no detection of penicillic acid, zearalenone or T-toxin. Karan
et al. (2005) found ochratoxin A in concentration range of
26-33 ng/kg in allspice, oregano and hot pepper but did not
prove the presence of aflatoxin Bl and G1. Beside aflatoxin
detected in 16 samples of black pepper, fennel, caraway,
marjoram, dill and allspice in concentration range 8-35 pg/
kg, El-Kady et al. (1995) also found 10-23 ng/kg sterigmatocy-
stin in ten samples of paprika, caraway and marjoram.

A literature review on the incidence of mycotoxins as con-
taminants of various seasonings indicated the presence of afla-
toxins (Vrabcheva, 2000), which are more frequently found in
red peppers (paprika, chilly and capsicum), nutmeg, mustard
and ginger. High concentrations of aflatoxins are frequently
detected in nutmeg, particularly, aflatoxins B1 and B2. Freire
et al. (2000) isolated a wide range of field and storage fungi,
totaling 42 species from black pepper, white pepper and Brazil
nut. Chaetocin, penitrem A and xanthocillin were identified
only from black pepper, while tenuazonic acid was identified
from both black and white pepper. Aflatoxin G2, chaetoglob-
osin C and spinulosin were identified from poor quality Brazil
nuts. Leistner and Pitt (1977) found that, out of 442 Penicil-
lium isolates, 44 synthesized penicillic acid, 17 ochratoxin A,
11 penitrem, 10 citrinin, 6 patulin and 3 produced both patulin
and citrinin. Overy and Frisvad (2005) studied the mycotoxin
production and post-harvest storage rot of ginger (Zingiber
officinale). He found that P. brevicompactum to be the predom-
inant species isolated from 85% of the samples. Mycophenolic
acid was identified from corresponding tissue extracts. Afla-

Total count (x 100 cfu)

Figure 1

toxin production at various stages of development in carda-
mom and black pepper was reported by Banerjee et al.
(1993). The toxin was assessed using MAB-based ELISA. All
A. flavus isolates tested produced aflatoxin Bl in amounts
ranging from 65 to 3000 ng/ml. In another study by Geetha
and Reddy (1990), A. flavus was indicated in the production
of carcinogenic aflatoxin, mainly in ginger, mustard, garlic
and pepper. The highest fungal counts were observed in black
pepper and the lowest in curry leaves. When three spices — cori-
anders, fennel and ginger collected from Bihar were screened
for aflatoxin producing fungi, 4. flavus predominated and
most isolates produced only aflatoxin Bl in varying amounts
(Prasad et al., 1984). Cooking experiments showed that afla-
toxin levels in spiced sauces are not reduced by domestic cook-
ing with either microwave or conventional gas oven heating
(Macdonald and Castle, 1996). Klieber (2001) studied the afla-
toxin contamination level in various chilly products like chilly
powder, paprika spices, dried fruit and sauces in retail stores in
Adelaide, Australia and its management.

Our results revealed that, the fifteen investigated spices
could be grouped into three categories based on their affinity
to be contaminated with moulds (Fig. 1). The first groups in-
clude spices which produced > 1000 cfu/g and were consid-
ered to have a high affinity to contamination. This group
included ginger, fenugreek, fennel, garden thyme, red pepper,
sweet cumin and aniseed. The highest contaminated spice
was ginger (5325-6800 cfu/g) (Fig. 2), however, the other six
spices were relatively low contaminated with fungi (1010-
2300 cfu/g). The second group was moderately contaminated

Czapek mCokerose ®WPDA

Total count of detected fungi in spices on different growth media.

Figure 2 Heavy contaminated spice with fungi (ginger, 5325-6800 cfu g~') on different media, coke rose (left), PDA (middle) and

Czapek (right).
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Figure 3 Low contaminated spice with fungi (cloves, 163-300 cfu g~!) on different media, coke rose (left), PDA (middle) and Czapek

(right).

Figure 4 No fungal contamination appears from sumac indicating its antifungal properties on the three media.

with fungi (100-1000 cfu/g). Cinnamon, green cumin, pepper,
green cardamom, caraway and cloves were belonged to this
category. Cloves were the lowest contaminated spice in this
group and had 163-300 cfu/g (Fig. 3). This could be due to
antimicrobial properties of cloves and its essential oils that
are highly effective against moulds (Neilsen and Rios, 2000;
Guyenot et al., 2003). The third group was considered as very
low contaminated spices and produced <100 cfu/g (Fig. 4).
Sumac was the only spice contained in this group and had
50-63 100 cfu/g. Incidence of various mycobiota on the exam-
ined spice samples appear to be comparable to or lower than
those reported on spices from other countries (Aziz et al.,
1998; Elshafie et al., 2002). The present study proves antifungal
effect of sumac and its low affinity to be contaminated with
moulds. The antimicrobial activity of sumac extract against
the Gram-positive microorganisms was reported by other
investigators (Nasar-Abbasa and Kadir Halkman, 2004).
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