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ABSTRACT 

The objective of this study was to assess the microbial contamination of Razavi 

Khorasan (Iran) hot red pepper. The natural occurrence of aflatoxins and ochratoxin A 

in those samples was also investigated. For this purpose, 36 samples of this kind of pepper 

were collected from a farm and sun-dried. Standard and established methods were used 

for both microbiological analyses and mycotoxins identification. Total aerobic mesophilic 

counts of samples varied from 102 to 4×106 cfu g-1. Coliforms were present at high levels 

in all samples ranging from 1.9×102 to 3.52×106 cfu g-1that may indicate inappropriate 

hygienic quality of samples. 42% of the samples were of unsatisfactory quality due to the 

presence of E. coli. In all samples examined, sulphite-reducing clostridia (SRC) was below 

detection limit and Salmonella spp. was not detected. Fungi were found in all of the 

collected samples. Mold and yeast were generally high ranging from 2.4×103 to 4.6×106 cfu 

g-1and the most predominant fungal genera were Aspergillus spp., Penicillium spp and 

Rhizopus spp. Considering the results obtained, the samples analyzed contain a high level 

of microorganisms and only two samples (6%) had acceptable levels for all microbial 

factors according to EU Commission Recommendation (directive2004/24/EC). 69% and 

17% of samples were found contaminated with total aflatoxins and ochratoxin A, 

respectively, that might contribute to health hazards for humans. Overall, The Razavi 

Khorasan hot red pepper samples collected for this study were contaminated with 

microorganisms and mycotoxins, which suggests that hygiene practice pre- and post-

harvesting must be improved if the region is to exploit fully the potential for this valuable 

product. 
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INTRODUCTION 

Spices and herbs are natural products that 

can be obtained from parts of certain plants 

including the roots, rhizomes, bulbs, bark, 

leaves, stems, flowers, fruits and seeds. 

They are valued for distinctive flavors, 

colors and aromas, and are among the most 

versatile and widely used ingredients in food 

preparation and processing throughout the 

world (McKee, 1995). 

Pepper belongs to the nightshade family 

Solanaceae, and is a fruit of the genus 

Capsicum. It is harvested as a vegetable as 

well as a source of spice, and contains 

numerous essential vitamins and other 

nutrients. After salt, pepper is the world's 

most popular seasoning and the name is 

derived from ‘old world’ black pepper, as it 

resembled the latter in taste. Peppers can be 

categorised as sweet or hot (Rajeev, 2010), 

and are widely used for culinary purposes 

because of the number of varieties available. 

For example, red pepper is used as a spice, 

and as an ingredient in other food products 

(e.g. Lecsó). 
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As with many other agricultural products, 

herbs and spices may be exposed to a wide 

range of microbial contaminants before, 

during and post-harvest (McKee, 1995; 

Koci-Tanackov et al., 2007). Although used 

in small quantities, herbs and spices are 

recognized as significant carriers of 

microbial contamination primarily 

xerophilic storage molds and some bacteria 

(Dimic et al., 2000; Romagnoli et al., 2007). 

Whilst fungi are the most common 

contaminants, most are probably commensal 

residents of the plant. Spices are collected in 

tropical areas using traditional methods, 

which mean products are exposed to 

contaminants from the soil and air, before 

being sufficiently dry to prevent microbial 

growth (Kneifel and Berger, 1994), as well 

as during harvesting, handling and packing. 

Molds reduce the quality of food, and 

create a potential risk for human health with 

the production of toxic metabolites known 

as mycotoxins. Tropical climates (wide 

ranges of temperature, humidity and rainfall) 

favor mycotoxin contamination, but it is 

poor hygiene during post-harvest treatment 

that promotes the growth of molds leading to 

the production of mycotoxins (Martins et al., 

2001). Aflatoxins and ochratoxin A are the 

most important mycotoxins with worldwide 

occurrence and pose a risk to human health 

because they are resistant to heat (e.g. 

cooking) and damage specific tissues and 

organs (Galvano et al., 2005; Jay et al., 

2005). On a global scale, contamination of 

spices by mycotoxins has been reported as 

significant in Ethiopia (Fufa and Urga, 

1996), Egypt (El-Kady et al., 1995; Selim et 

al., 1996; Aziz et al., 1998) Turkey (Gurbuz 

et al., 2000), Portugal (Martins et al., 2001), 

Italy (Romagnoli et al., 2007) and Morocco 

(Zinedine et al., 2006). Control of microbial 

contamination relies on the application of 

good hygiene practice in production and 

harvesting and post-harvest processing 

including storage.  

During the last decade of the 20
th
 century, 

food-borne infections and intoxication due 

to spices increased in several European 

countries (Buckenhüskes et al., 2004; 

Jackson et al., 1995). There are no 

microbiological standards for dried spices in 

European Community legislation. However, 

the Codex Code of Hygienic Practice 

specifies that dried spices should be free 

from pathogenic microorganisms at levels 

that may represent a hazard to health and 

requires that Salmonella spp. should be 

absent in treated, ready-to-eat spices (Codex 

Alimentarius Commission, 1995). The 

European Spice Association (ESA) and the 

European Commission (EC) 

Recommendation 2004/24/EC also specify 

that Salmonella spp. should be absent in 25 

g of spice (ESA, 2007), Escherichia coli 

must be less than 10
2
 cfu g

-1
, and other 

bacteria requirements should be agreed 

between the buyer and the seller 

(Muggeridge et al., 2001). 

Studies on the microbiology of these 

commodities have shown the presence of 

high microbial total counts (up to 8 log CFU 

g
-1

in black pepper, paprika, chilli powder 

and cumin seeds (Baxter and Holzapfel, 

1982; Bhat et al., 1987; McKee, 1995). 

Thus, herbs and spices may provide a 

conduit to introduce food spoilage 

organisms to a range of meals (Garcia et al., 

2001). When added to high moisture foods, 

low levels of microbial contamination in 

herbs and spices may develop quickly 

causing the food to deteriorate. 

Razavi Khorasan (a province located in 

northeast of Iran) is one of the most 

important production areas for hot red 

pepper in Iran (Table1). However, due to the 

humid and warm climatic conditions, 

microbial and mycotoxin contamination of 

pepper is common. 

The aim of this work was to assess the 

microbial contamination of Razavi Khorasan 

hot red pepper including mycotoxin levels to 

determine the extent of the risk. This is the 

first report on Iranian red pepper, which is 

used mostly in processed foods and ready-

to-eat meals consumed daily in large 

quantities as culinary ingredients by 

households in Iran. 
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Table 1. Physicochemical properties of 

Iranian red pepper spice. 

Value (%) Quality characteristics 

Red Color 

Hot Taste 

9-11 Moisture 

6.5 -7.5 Total ash 

0.3 - 1 Acid–insoluble ash 

0.8 – 1 Volatile Oil 

 

MATERIALS AND METHODS 

Sampling 

A native spice of hot red pepper, grown in 

Razavi Khorasan province and produced in 

Sabzevar, was selected. Harvest started at 

the end of summer and continued until early 

autumn. Samples (36) sun-dried in open air 

were collected randomly during this period. 

The average size of samples collected 

ranged between 250 g and 1 kg. The samples 

were transported to the laboratory under 

ambient temperature, and immediately 

analyzed for microbial assessment. Portions 

of each sample were kept in polyethylene 

bags and stored at -20ºC for mycotoxin 

analysis. 

Sample Preparation 

Samples were ground and mixed to 

uniform consistency using a laboratory mill 

or mixer (Omni-Mixer, Sorvall, Newton, 

CT, USA). 

Physicochemical Analysis 

All chemicals were analytical reagent 

grade. All solutions were prepared with 

deionized water. 

The samples were analyzed for moisture, 

total ash, and volatile oil- and acid-insoluble 

ash content. These analyses were performed 

according to standard and reference methods 

including ISO 939:1980, ISO 928:1997, ISO 

6571, 2:2008 and ISO 930: 1997, 

respectively. All analyses were performed in 

triplicate. 

Microbiological Analysis 

For the detection and enumeration of 

microorganisms, standard media were 

prepared. All media and reagents were 

purchased from Merck (Darmstadt, 

Germany). 

Samples (25 g) were homogenized with 

225 ml of sterile saline containing 0.1% 

(w/v) peptone and 0.85% (w/v) NaCl using a 

stomacher apparatus (Seward Medical, 

London, UK). Serial dilutions were 

performed in sterile Ringer’s solution. The 

molten media was mixed with 1 ml of each 

diluted sample before plating (anaerobic). 

Diluted samples (0.1 ml) were applied to the 

surface of the media using a surface 

spreading technique (aerobic). Duplicate 

plates were prepared in all cases. 

The total aerobic mesophilic count 

(TAMC) was estimated by applying plate 

count agar and incubating at 30º C for 48 

hours. Yeasts and molds were determined 

with yeast glucose chloraphenicol agar and 

incubating at 25º C, also for 48 hours. 

Sulphite-reducing Clostridia spp. was 

determined by pouring aliquots (10 ml) into 

molten sulphite polymyxin sulfadiazine agar 

(20 ml). The agar was overlaid with 5 ml of 

sterile paraffin, and samples were incubated 

at 35º C for 24 hours. Coliforms were 

estimated by pouring in chromocults 

coliform agar and incubating at 35ºC for 24 

hours. Escherichia coli (E. coli) was 

detected by gas and indol production on 

lauryl sulfate broth, E. coli (EC) broth and 

peptone water incubated at 37-44ºC for 48 

hours. Salmonella spp. were estimated by a 

pre-enrichment step in salmosysts broth at 

35ºC for 24 hours followed by inoculation 

on xylose lysine desoxycholate agar, and 

incubation at 35ºC for a further 48 hours.  
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Qualitative Analysis of Aflatoxins and 

Ochratoxin A 

Each dried sample (25 g) was de-fatted by 

extraction with 50 ml normal hexane for 10 

hours using a soxhlet-type extractor. The de-

fatted residue was re-extracted for a further 

10 hours with 50 ml chloroform. The 

chloroform extract was dried over anhydrous 

sodium sulphate, filtered and evaporated 

under vacuum to near dryness. The residue 

was diluted with chloroform (to 1 ml). The 

chloroform extracts and mycotoxin 

standards (5 µl of 1 µgml
-1

 concentration of 

B1, B2, G1 and G2 aflatoxins and OTA 

standards [Sigma-Aldrich, Germany]) were 

spotted onto TLC plates (20×20 cm 

MERCK aluminium sheets coated with 

0/25-mm layer thickness of silica gel G). 

The chromatogram was obtained at room 

temperature (25ºC) in an unsaturated 

chamber containing a solvent system 

composed of toluene, ethyl acetate and 

formic acid (50:40:10). Visualization was 

performed under UV light at 365 nm (Scott 

et al. 1970, Thrane, 1986 and Van Egmond, 

1981). 

RESULTS AND DISCUSSION 

The results of microbial analysis including 

TAM, coliform, sulphite-reducing clostridia, 

mold and yeast counts, E. coli and 

Salmonella spp. from 36 samples of Razavi 

Khorasan hot red pepper are described in 

Table 2. These results show that all collected 

samples were contaminated with both fungi 

and bacteria species. 

 Bacterial Contamination 

Total Aerobic Mesophiles 

All Razavi Khorasan hot red pepper 

samples were contaminated with total 

aerobic mesophiles (TAM). The average 

count was 4.55×10
5 
cfu g

-1
 (10

3
- 4×10

6 
cfu g

-

1
, Table 2). TAM counts were greater than 

10
6
 cfu g

-1
 in approximately 8% of the 

samples whilst levels in the remainder were 

between 10
3
 and 10

6
 cfu g

-1
 (Table 3). 

Generally, in spices, TAM equal to or more 

than 10
6
 cfu g

-1
 is not acceptable based on 

the international commission on 

microbiological specification for food 

(ICMSF, 2005). The high TAM count found 

in our samples may reflect poor handling, 

inappropriate drying conditions or just a 

general lack of hygiene (Gillespie et al., 

2000; Richardson and Stevens, 2003). Based 

on Recommendation 2004/24/EC and 

European Spice Association (ESA)
 

specifications, 33 out of 36 samples were 

satisfactory, i.e. were of an acceptable 

microbiological quality, but three (ca. 8%) 

were unsatisfactory due to high levels of 

TAM contamination (Table 4). 

High incidences and numbers of TAM 

could be considered part of the normal flora 

or exposure to the environment pre- and 

post-harvesting. It has been reported that 

microbial counts vary according to the 

region, year of production, harvest month 

and storage conditions prior to drying. Thus, 

the observed TAM counts are likely to 

reflect the original bio-load during growth 

(Farkas et al., 2000). These findings 

conform to existing literature (King et al., 

1981; Seenappa and Kempton, 1981; 

Banerjee and Sarkar, 2003), which reported 

high microbial counts on dried spices of 

export quality due to preparation methods 

and handling. Some reports suggest that 

black pepper contains TAMB ca. greater 

than 7 log CFU g
-1

 (Banerjee and Sarkar, 

2003; Baxter and Holzapfel, 1982; 

Christensen et al., 1967; Geeta and 

Kulkarni, 1987; Julseth and Deibel, 1974; 

Kneifel and Berger, 1994) compared with 

5.65 log CFU g
-1

 in Razavi Khorasan hot red 

pepper samples from this study.  

Coliform 

Coliforms were found at high levels in 

Razavi Khorasan hot red pepper samples 
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Table 2. Microbiological counts of Iranian red pepper samples. 

Mold/Yeast Salmonella SRC 
b
  E. coli Coliform TAM 

a
 Samples 

4.5×10
5
 – < 10

2
 – 2.85×10

3
 1×10

3
 1 

8.4×10
5
 – < 10

2
 – 5.97×10

3
 2.75×10

3
 2 

9×10
4
 – < 10

2
 + 2.74×10

4
 7×10

3
 3 

3.2×10
5
 – < 10

2
 – 7.7×10

5
 1.9×10

3
 4 

3.48×10
5
 – < 10

2
 + 6.137×10

4
 3.47×10

5
 5 

4×10
6
 – < 10

2
 – 3.52×10

6
 4×10

6
 6 

3.24×10
6
 – < 10

2
 + 9.3×10

4
 1.425×10

4
 7 

1.52×10
4
 – < 10

2
 + 4×10

2
 1.02×10

4
 8 

2.4×10
3
 – < 10

2
 – 9×10

2
 2.5×10

3
 9 

2.17×10
5
 – < 10

2
 + 8.1×10

3
 8.5×10

5
 10 

4.3×10
5
 – < 10

2
 – 2×10

2
 5.85×10

3
 11 

2.6×10
5
 – < 10

2
 – 2×10

3
 1.16×10

4
 12 

6.9×10
3
 – < 10

2
 + 1.74×10

4
 9.45×10

4
 13 

4×10
5
 – < 10

2
 – 7×10

3
 2.12×10

5
 14 

5.1×10
5
 – < 10

2
 – 2.14×10

5
 1.81×10

4
 15 

8.5×10
3
 – < 10

2
 – 1.41×10

4
 6.7×10

4
 16 

8.5×10
5
 – < 10

2
 + 1.2×10

5
 8.5×10

4
 17 

9.35×10
3
 – < 10

2
 + 2.25×10

6
 3.76×10

6
 18 

1.23×10
5
 – < 10

2
 – 6.95×10

5
 4.75×10

5
 19 

8.9×10
4
 – < 10

2
 + 7.7×10

5
 4×10

5
 20 

1.6×10
5
 – < 10

2
 – 2.05×10

3
 1.22×10

3
 21 

2.3×10
5
 – < 10

2
 – 2.6×10

3
 1.6×10

3
 22 

2.75×10
5
 – < 10

2
 + 1.25×10

4
 2.2×10

3
 23 

3.1×10
5
 – < 10

2
 – 1.69×10

4
 2.4×10

3
 24 

4.6×10
6
 – < 10

2
 – 3.12×10

6
 2.8×10

5
 25 

3.1×10
6
 – < 10

2
 + 2.5×10

4
 3.9×10

6
 26 

2.12×10
4
 – < 10

2
 – 1.9×10

2
 1.2×10

4
 27 

2.8×10
3
 – < 10

2
 – 4.3×10

2
 1.5×10

4
 28 

3.6×10
5
 – < 10

2
 + 6.15×10

3
 6.81×10

3
 29 

4.12×10
5
 – < 10

2
 – 8.5×10

2
 4.25×10

5
 30 

4.4×10
5
 – < 10

2
 + 7.2×10

3
 1.64×10

4
 31 

6.5×10
3
 – < 10

2
 + 6.6×10

4
 1.1×10

4
 32 

4.7×10
5
 – < 10

2
 – 7.9×10

3
 4.5×10

5
 33 

7.85×10
5
 – < 10

2
 – 1.45×10

5
 8.8×10

4
 34 

8.74×10
3
 – < 10

2
 + 9×10

4
 7.53×10

4
 35 

9×10
3
 – < 10

2
 – 2.6×10

5
 7×10

5
 36 

a
 total aerobic mesophiles, 

b
 sulphite-reducing clostridia 

Table 3. Distribution of the contamination levels among the red pepper samples. 

> 10
6
 10

5
 – 10

6
 10

4
 – 10

5
 10

3
 – 10

4
 10

2
 – 10

3
 < 10

2
 Microorganism 

3(8.34%) 9(25%) 13(36.11%) 11(30.55%) 0 0 TAM 
a
 

3(8.34%) 7(19.44%) 10(27.78%) 10(27.78%) 6(16.66%) 0 Coliform 

0 0 0 0 0 36(100%) SRC 
b
 

4(11.11%) 20(55.56%) 4(11.11%) 8(22.22%) 0 0 Mold/Yeast 
a
 total aerobic mesophiles, 

b
 sulphite-reducing clostridia 

 

with a mean count of 3.43×10
5
 (1.9×10

2 
to 

3.52×10
6
 cfu g

-1
, Table 2). In ca. 16% of 

samples coliform counts were less than 10
3
 

cfu g
-1

, but 83% of samples were between 

10
3
 and10

6
 cfu g

-1
. Thus, according to 

Recommendation 2004/24/EC and the ESA 

specifications, 30 (out of 36) samples were 

unsatisfactory due to high levels of 

microbial contamination (Table 4). In spices, 

coliforms are ubiquitous, but suggest faecal 
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Table 4. Microbiological quality of Iranian red pepper spice. 

Analysis results No. of 

samples 

contaminated 

No. of 

samples 

examined 

 

Microorganis

m 

 

No. of 

unsatisfactory 

samples  

No. of 

satisfactory 

samples 

Acceptable 

levels 

3(8.34%) 31(86.12%) 5×10
5
 – 10

6
 36 36 TAM 

30(83.34%) 6(16.67%) 10
3
 36 36 Coliform 

15(41.67%) 21(58.34%) Not detected 15 36 E.coli 

0 36(100%) – < 10
3

 10
2

  0 36 SRC 

28(77.78%) 2(5.56%) 5×10
3
 – 10

4
 36 36 Mold/Yeast 

0 36(100%) Not detected 

in 25 g 

0 36 Salmonella 

 

 

contamination pre- or post-harvesting 

(Kneifel et al., 1994).  

E. coli 

Almost half of the samples (ca. 42%) were 

positive for E. coli, and thus of 

unsatisfactory quality (Tables 2 and 4). The 

presence of indicators of faecal 

contamination, such as E. coli, is important, 

and other studies have reported E. coli in a 

wide range of spices (Schwab et al., 1982; 

De Boer et al., 1985; McKee, 1995; Garcia 

et al., 2001; Banerjee & Sarkar, 2003; Sagoo 

et al., 2009). 

SRC (Sulphite-reducing Clostridia) 

In this study, sulphite-reducing 

Clostridia spp. (SRC) levels were below 

detection limits, fewer than 100 cfu g
-1

, 

suggesting that all 36 samples were of 

satisfactory quality (Tables 2-4) according 

to Recommendation 2004/24/EC and the 

ESA specifications. Low levels of 

Clostridia spp. contamination may be 

because of the low water content of spices 

that is not conducive to growth of this 

microorganism. However, spores from 

Clostridia spp. may survive cooking and 

multiply in foods held at room 

temperatures, increasing the risk of food 

poisoning if foods containing these spices 

are not properly stored and cooked prior to 

consumption. 

Salmonella spp. 

No Salmonella spp. was detected in any of 

the samples (Table 2). Recommendation 

directive 2004/24/EC and ESA 

specifications clearly state that Salmonella 

spp. should be absent in all 25 g portions of 

spices meaning all the Razavi Khorasan hot 

red pepper samples were of a satisfactory 

quality (Table 4). It is most likely that the 

absence of Salmonella spp. count can be 

attributed to the nature of spice products. 

Our results are consistent with others from 

the literature, which suggest Salmonella spp. 

is uncommon in spices (Abou Donia, 2008; 

Garcia et al., 2001; Julseth and Deibel, 

1974) although Banerjee and Sarkar (2003) 

found two positive samples in their study. 

Sospedra et al. (2010) analyzed the 

microbial quality of 53 spice samples, and 

found contamination with mesophilic 

aerobic counts (10%) and 

Enterobacteriaceae (20%) as well as 

pathogenic microorganisms like 

Staphylococcus aureus, Yersinia intermedia, 

Shigella spp., Enterobacter spp., 

Acinetobacter calcoaceticus and Hafni alvei. 

Contaminated spices have been responsible 

for outbreaks of salmonellosis making the 

presence of Salmonella spp. of particular 

concern in spices added to ready-to-eat 

foods (Vij et al., 2006; Lehmacher et al., 

1995; Gustavsen & Breen, 1984). 
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Figure 1. Percentages of aflatoxins and ochratoxin A present in 36 red pepper samples: (AflaB1) 

Aflatoxin B1; (AflaB2) Aflatoxin B2; (AflaG1) Aflatoxin G1; (AflaG2) Aflatoxin G2, (OTA) 

Ochratoxin A.  

Fungal Contamination, and Aflatoxins 

and Ochratoxin A Production 

Fungi 

Fungal populations obtained from the 

Razavi Khorasan hot red pepper samples are 

shown in Table 2. Generally, mold and yeast 

counts were high, ranging from 2.4×10
3 

to 

4.6×10
6 

cfu g
-1

. The average number of 

colonies per gram, in all 36 samples, was 

6.5×10
5 

cfu g
-1

. In spices, mold and yeast 

counts greater than 10
4
 cfu g

-1
are 

unsatisfactory according to the international 

commission on microbiological specification 

for food. Thus, only two samples (ca. 6%) 

were satisfactory whilst six (ca. 17%) were 

contaminated but of sufficient 

microbiological quality to be consumed and 

the remaining 28 (ca. 78%) were 

unsatisfactory (Table 4).  

Our findings agree with other studies that 

state mold and yeasts are present in spices 

(Baxter & Holzapfel, 1982; Freire and 

Offord, 2002; Kneifel and Berger, 1994). 

Mold and yeast are common in all types of 

spices, but mold contamination is more 

frequent (Kneifel and Berger, 1994) and are 

generally recognized as spoilage organisms 

in spices. Spices are known as a major 

source of mold contamination in meat 

products, and the presence of molds is 

important since their survival, or the 

presence of fungal toxins, following cooking 

may cause food poisoning or deterioration of 

valuable food products (Christensen et al., 

1967).  

Occurrence of Aflatoxins and Ochratoxin 

A 

Samples of Razavi Khorasan hot red 

pepper contaminated with Aspergillus and 

Penicillium species were analyzed for 

aflatoxins and ochratoxin A. The method 

used does not provide definitive proof of the 

identity of mycotoxins, but offers a 

qualitative assessment as to their presence 

that can be used to indicate specific methods 

for subsequent quantitative analysis. 

Analysis of 36 Razavi Khorasan hot red 

pepper samples for naturally-occurring 

mycotoxins showed 25 samples (ca. 70%) 

were contaminated with aflatoxins. 

Aflatoxin B1 and B2 were found in nine (of 

36) samples (25%). Aflatoxin G1 and G2 

were not detected. Six samples (17%) were 

contaminated with ochratoxin A (Figure1). 
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These results suggest that mycotoxins 

contamination is a genuine problem where 

spices are stored for prolonged periods, 

without adequate temperature and moisture 

controls, which renders spices susceptible to 

mold growth and mycotoxins production 

(Bugno et al., 2006). Rani and Singh (1990) 

found that 89% of their fennel, coriander 

and cumin samples were contaminated with 

aflatoxin B1 at 3000 ppb, 1640 ppb and 1580 

ppb, respectively. Similarly, Roy et al. 

(1988) and Roy and Chourasia (1990) 

determined that the seeds of Piper nigrum 

and Mucuna prurians, and the barks of 

Acacia catechu, Coriandrum sativum and 

Elettaria cardamomun were contaminated 

with aflatoxin B1 at or below 20 µg kg
-1

. 

Results similar to those described in this 

study have also been reported by El-Kady et 

al. (1995). Most of the molds identified have 

been reported to produce mycotoxins, and 

mycotoxins may be produced on plants in 

the field before harvest or later, post-harvest 

and during storage (Gedek, 1985). 

CONCLUSIONS 

Razavi Khorasan hot red pepper samples 

analyzed in this study contained a high 

number and wide range of microorganisms 

with only two (ca. 6%) fit-for-purpose/safe 

for human consumption. These results 

suggest sanitary conditions at different 

stages in production must be improved to 

reduce the potential hazard to human health. 

However, it is difficult to select a single 

microbial index for the determination of 

quality because herbs and spices are used as 

ingredients in a variety of products prepared 

in different ways. The need to provide 

control mechanisms and establish best 

practice and to improve the quality and 

safety of spices, means more studies are 

needed, particularly to determine effective 

methods of decontamination but also safe 

processing methods pre- and post-harvest, 

and better transportation and storage.  

Dried spices are used in a variety of ways 

by food manufacturers and caterers as well 

as domestic kitchens, and microbiological 

concerns are governed by end use. Although 

spices are not major sources of food-borne 

disease, they are nevertheless a potential 

hazard, particularly if spices are added at the 

end of cooking or to foods prepared without 

(further) cooking (Little et al., 2003). Since 

all spices are susceptible to a variety of 

microbial contamination, protection of 

human health lies in the application of good 

manufacturing and distribution practices. 

The Codex-Code of Hygienic Practice for 

spice suppliers will, if applied appropriately, 

minimize microbial food safety hazards 

(Codex Alimentarius Commission, 1995) 

whilst studies continue. 

ACKNOWLEDGEMENTS 

We would like to thank Dr Siân Astley, 

member of the EFFoST Task Team Editorial 

Support for final editing of the article. 

REFERENCES 

1. Abdulkadir, E., Tahiya, A., Saif, A. and 

Charles, B. 2003. Fungi and Aflatoxins 

Associated with Spices in the Sultanate of 

Oman. Mycopathologia, 155: 155-160. 

2. Abou Donia, M. A. 2008. Microbiological 

Quality and Aflatoxinogenesis of Egyptian 

Spices and Medicinal Plants. Global Vet., 

2(4): 175-181. 

3. Aziz, N. H., Youssef, Y. A., El-Fouly, M. Z. 

and Moussa, L. A. 1998. Contamination of 

Some Common Medicinal Plant Samples 

and Spices by Fungi and Their Mycotoxins. 

Bot. Bull. Acad. Sci., 39: 279- 285. 

4. Banerjee, M. and Sarkar P. K. 2003. 

Microbiological Quality of Some Retail 

Spices in India. Food Res. Int., 36: 469-474. 

5. Baxter, R. and Holzapfel, W. H. 1982. A 

Microbial Investigation of Selected Spices, 

Herbs, and Additives in South Africa. J. 

Food Sci., 47(2): 570-574. 

6. Bhat, R., Geeta, H. and Kulkarni, P. R. 

1987. Microbial Profile of Cumin Seeds and 

Chili Powder Sold in Retail Shops in the 

City of Bombay. J. Food Protect., 50: 418-

419. 



Microbiology of Red Pepper Spice  _____________________________________________  

1519 

7. Bokhari, F. M. 2001. Mycobiota Associated 

with Foodstuffs Commodities Spread in 

Jeddah, Saudi Arabia, with Special 

Reference to Aspergillus flavus. J. Assiut 

Vet. Med., 45: 94-108. 

8. Buckenhüskes H. J. and Rendlen M. 2004. 

Hygienic Problems of Phytogenic Raw 

Materials for Food Production with Special 

Emphasis to Herbs and Spices. Food Sci. 

Biotechnol., 13: 262–268. 

9. Bugno, A., Almodovar, A. A. B., Pereira, T. 

C., Pinto T. A. and Sabino, M. 2006. 

Occurrence of Toxigenic Fungi in Herbal 

Drugs. Braz. J. Microbiol., 37(1): 1-7. 

10. Christensen, C. M., Fanse, H. A., Nelson, G. 

H., Bates, F. and Mirocha, C. J. 1967. 

Microflora of Black and Red Pepper. Appl. 

Environ. Microbiol., 15(3): 622-626. 

11. Codex Alimentarius Commission. 1995. 

Code of Hygienic Practice for Spices and 

Dried Aromatic Plants CAC/RCP 42-1995. 

Available From: 

http://www.codexalimentarius. 

net/download/standards/27/CXP (Accessed 

14.04.08). 

12. De Boer, E., Spiegelenberg W. M. and 

Janssen, F. W. 1985. Microbiology of Spices 

and Herbs. Antonie Leeuwenhoek, 51: 435–

438. 

13. Dimic, G., krinjar, M. and Dosen-Bogicevic, 

V. 2000. Plesni, Potencijalni Proizvod ac i 

Sterigmatocistina u Zacinima. Tehnologija 

Mesa, 41(4–6): 131–137. 

14. El-Kady, S., El-Maraghy, S. M. and 

Mostafa, E. M. 1995. Natural Occurrence of 

Mycotoxins in Different Spices in Egypt. 

Folia Microbiol., 40: 297-300. 

15. European Commission (EC). 2004. 

Commission Recommendation of 19 

December 2003 Concerning a Coordinated 

Programme for the Official Control of Food 

Stuffs for 2004 (2004/24/EC). Off. J. Eur. 

Union, 6: 29–37. 

16. Farkas, J., 2000. Spices and Herbs, in the 

Microbiological Safety and Quality of 

Foods. (Eds.): Lund, B. M., Baird-Parker, T. 

C. and Gould, G. W.. Aspen Publication, 1: 

35-40. 

17. Freire, C. O. and Offord, L. 2002. Bacterial 

and Yeast Counts in Brazilian Commodities 

and Spices. Braz. J. Microbiol., 33: 145-148. 

18. Fufa, H. and Urga, K. 1996. Screening of 

Aflatoxins in Shiro and Ground Red Pepper 

in Addis Ababa. Ethiop. Med. J., 34: 243–

249. 

19. Galvano, F., Ritieni, A., Piva, G. and Pietri, 

A. 2005. Mycotoxins in the Human Food 

Chain. In: "The Mycotoxin Blue Book", 

(Ed.): Diaz, D.. Nottingham University 

Press, England, PP. 187–225. 

20. Garcia, S., Iracheta, F., Galvan, F. and 

Heredia, N. 2001. Microbiological Survey of 

Retail Herbs and Spices from Mexican 

Markets. J. Food Protect., 64: 99-103. 

21. Gedek, B., 1985. Toxins, Particularly 

Mycotoxins in Feed. Deutsche Tierarztliche 

Wochenschrift, 92: 215-218. 

22. Geeta, H. and Kulkarni, P. R. 1987. Survey 

of the Microbiological Quality of Whole, 

Black Pepper and Turmeric Powder Sold in 

Retail Shops in Bombay. J. Food Protect., 

50(5): 401-403. 

23. Gillespie, I., Little, C. and Mitchell, R. 2000. 

Microbiological Examination of Cold 

Ready-to-eat Sliced Meats from Catering 

Establishments in the United Kingdom. J. 

Appl. Microbiol., 88: 467-474. 

24. Gurbuz, U., Nizamlioglu, M., Nizamlioglu, 

F., Dinc, I. and Dogruer, Y. 2000. 

Examination of Meat, Cheeses and Spices 

for Aflatoxins B1 and M1. Veterinarium, 10: 

34-41. 

25. Gustavsen, S. and Breen, O. 1984. Infections 

in Norway, Caused by Contaminated Black 

Pepper. Am. J. Epidemiol., 119: 806-812. 

26. ICMSF (International Commission on 

Microbiological Specifications for Foods). 

2005. Spices, Herbs, and Dry Vegetable 

Seasonings. In: "Microorganisms in Foods 

6: Microbial Ecology of Food 

Commodities", (Ed.): ICMSF. Second 

Edision, Kluwer Academic/Plenum 

Publishers, London, PP. 360–372. 

27. Jackson, S. G., Goodbrand, R. B., Ahmed, 

R. and Kasatiya S. 1995. Bacillus cereus and 

Bacillus thuringiensis Isolated in a 

Gastroenteritis Outbreak Investigation. Lett. 

Appl. Microbiol., 21:103–105. 

28. Jay, J., Loessner, M. and Golden, D. 2005. 

Modern Food Microbiology. (Ed.): Dennis 

R.. Heldman Springer Science Business 

Media, New York, USA, PP. 709–726. 

29. Julseth, R. M. and Deibel, R. H. 1974. 

Microbial Profile of Selected Spices and 

Herbs at Import. J. Food Tech., 37(8): 414-

419. 

30. King, A. D., Hocking, A. D. and Pitt, J. I. 

1981. The Mycoflora of Some Australian 

Foods. Food Tec. Aust., 33: 55-60. 



  ________________________________________________________________________ Salari et al. 

1520 

31. Koci-Tanackov, S. D., Dimi, G. R. and 

Karali, D. 2007. Contamination of Spices 

with Molds Potential Producers of 

Sterigmatocystine. Acta Periodica 

Technologica, 38: 29–35. 

32. Kneifel, W. and Berger, E. 1994. 

Microbiological Criteria of Random 

Samples of Spices and Herbs Retailed on the 

Austrian Market. J. Food Protect., 57: 839-

901. 

33. Lehmacher, A., Bockemuhl, J. and Aleksic, 

S. 1995. Nationwide Outbreak Human 

Salmonellosis in Germany Due to 

Contaminated Paprika and Paprika-

powdered Potato Chips. Epidemiol. Infect., 

115: 501-511. 

34. Little, C. L., Omotoye, R. and Mitchell, R. 

T. 2003. The Microbiological Quality of 

Ready-to eat Foods with Added Spices. Int. 

J. Env. Health., 13: 31–42. 

35. Martins, M. L., Martins, H. M. and 

Bernardo, F. 2001. Aflatoxins in Spices 

Marked in Portugal. Food Addit. Contam., 

18: 315-319. 

36. McKee, L. H. 1995. Microbial 

Contamination of Spices and Herbs: A 

Review. L.W. T., 28: 1–11. 

37. Moharram, A. M., Abdel-Mallek, A. Y. and 

Abdel-Hafez, A. I. I. 1989. Mycoflora of 

Anise and Fennel Seeds in Egypt. J. Basic 

Microbiol., 29: 427-435. 

38. Muggeridge, M. and Clay, M. 2001. Quality 

Specifications for Herbs and Spices. In: 

"Handbook of Herbs and Spices", (Ed): 

Peter, V. K.. Woodhead Publishing Ltd, 

Cambridge, PP. 13–22. 

39. Rajeev, L. 2010. Peppers: Types of Pepper. 

Available From: http://www.wikipedia.com. 

40. Rani, N. and Singh, S. 1990. Aflatoxin 

Contamination of Some Umbelliferous 

Spices of Human Use. International 

Symposium and Workshop on Food 

Mycotoxins and Phycotoxins, November 4-

15, 1990, Cairo, Egypt, PP. 79-80. 

41. Richardson, I. R. and Stevens, A. M. 2003. 

Microbiological Examination of Ready-to-

eat Stuffing from Retail Premises in the 

North-east of England. The ‘Get Stuffed’ 

Survey. J. Appl. Microbiol., 94: 733-737. 

42. Romagnoli, B., Menna, V., Gruppioni, N. 

and Bergamini, C. 2007. Aflatoxins in 

Spices, Aromatic Herbs, Herbs–teas and 

Medicinal Plants Marketed in Italy. Food 

Contr., 18: 697–701. 

43. Roy, A. K. and Chourasia, H. K. 1990. 

Mycoflora, Mycotoxin Producibility and 

Mycotoxins in Traditional Herbal Drugs 

from India. J. Gen. Appl. Microbiol., 36: 

295-302. 

44. Roy, A. K., Sinha, K. K. and Chourasia, H. 

K. 1988. Aflatoxin Contamination of Some 

Common Drug Plants. Appl. Environ. 

Microbiol., 54: 842-843. 

45. Sagoo, S. K., Little, C. L., Greenwood, M., 

Mithani, V., Grant, K. A., McLauchlin, J., 

de Pinna, E. and Threlfall, E. J. 2009. 

Assessment of the Microbiological Safety of 

Dried Spices and Herbs from Production and 

Retail Premises in the United Kingdom. 

Food Microbiol., 26: 39–43. 

46. Schwab, A. H., Harpestad, A. D., 

Swartzentruber, A., Lanier, J. M., Wentz, 

B.A., Duran, A. P., Barnard, R. J. and Read, 

R. B. Jr. 1982. Microbiological Quality of 

Some Spices and Herbs in Retail Markets. 

Appl. Environ. Microbiol., 44: 627–630. 

47. Scott, P. M., Lawrence, J. W. and Van 

Walbeak, W. 1970. Detection of Mycotoxins 

by Thin Layer Chromatography: Application 

to Screening of Fungal Extracts. Appl. 

Microbiol., 20: 839-842. 

48. Seenappa, M. and Kempton, A. G. 1981. A 

Note on the Occurrence of Bacillus cereus 

and Other Species of Bacillus in Indian 

Spices of Export Quality. J. Appl. Bacteriol., 

50: 225-228. 

49. Selim, M. I., Popendorf, W., Ibrahim, M. S., 

El-sharkawy, S. and Kashory, E. S. 1996. 

Aflatoxin B1 in Common Egyptian Foods. J. 

AOAC Int., 79: 1124-1129. 

50. Sospedra, I.,  Soriano, J. M. and  Mañe, J. 

2010. Assessment of the Microbiological 

Safety of Dried Spices and Herbs 

Commercialized in Spain. Plant Foods Hum. 

Nutr., 65: 364–368 

51. Sutherland, J. P., Aherne, A. and Beaumont, 

A. L. 1996. Preparation and Validation of a 

Growth Model for Bacillus cereus: The 

Effects of Temperature, pH, Sodium 

Chloride, and Carbon Dioxide. Int. J. Food 

Microbiol., 30: 359–372. 

52. Thrane, U. 1986. Detection of Toxigenic 

Fusarium Isolates by Thin-layer 

Chromatography. Lett. Appl. Microbiol., 8: 

93-96. 

53. Van Egmond, H. P. 1981. Determination of 

Mycotoxins. In: "Trace Analysis", (Ed.): 

Lawrence, J. F.. Academic Press, New York, 

1: 99-144. 



Microbiology of Red Pepper Spice  _____________________________________________  

1521 

54. Vij, V., Ailes, E., Wolyniak, C., Angulo, F. 

J. and Klontz, K. C. 2006. Recalls Spices 

Due Bacterial Contamination Monitored by 

the U.S. Food and Drug Administration: The 

Predominance of Salmonellae. J. Food 

Protect., 69: 233-237. 

55. Zinedine, A., Brera, C., Elakhdari, S., 

Catano, C., Debegnach, F., Angelini, S., De 

Santis, B., Faid, M., Benlemlih, M., 

Minardi, V. and Miraglia, M. 2006. Natural 

Occurrence of Mycotoxins in Cereals and 

Spices Commercialized in Morocco. Food 

Contr., 17: 868-874. 

  و آلودگي مايكوتوكسيني ادويه فلفل قرمز ايراني ولوژيكيارزيابي كيفيت ميكروبي

 . بروشكي، س. ع. مرتضوي، و م. فتحي نجفيطر. سالاري، م. ب. حبيبي نجفي، م. 

  چكيده

ها و هدف از اين مطالعه ارزيابي كيفيت ميكروبي فلفل قرمز ايراني بود. ميزان حضور آفلاتوكسين

نمونه از اين نوع فلفل از  36ها مورد بررسي قرار گرفت. بدين منظور ن نمونهنيز در اي A اكراتوكسين

هاي ميكروبي و سطح مزرعه جمع آوري شد و در زير نور خورشيد خشك گرديد. براي آزمون

هاي تدوين شده و استاندارد مورد استفاده قرار گرفت. شمارش كلي ها، روششناسايي مايكوتوكسين

ها در تمامي كلني بر گرم متغير بود. كليفرم 4*102تا  102ها از هوازي در نمونههاي مزوفيل باكتري

تواند نشان كلني بر گرم حضور داشتند كه مي 52/3*102كلني تا  9/1*102ها در مقادير بالايي بين نمونه

ا كلي در ها به دليل حضور اشرشيدرصد از نمونه 67/41ها باشد. دهنده كيفيت بهداشتي نامناسب نمونه

ها پايين تر از حدود محدوده غيرقابل قبول قرار داشتند. كلستريديوم احيا كننده سولفيت در تمامي نمونه

ها مشاهده شد. تعداد كلني ها در تمامي نمونهمشخص شده بود و سالمونلا نيز شناسايي نشد. رشد قارچ

به دست آمد. بر اساس  6/4*102تا  4/2*102كپك و مخمر در يك گرم نمونه عموماٌ بالا و در محدوده 

ها بوده و بر طبق نتايج به دست آمده، نمونه هاي موررد بررسي حاوي سطوح بالايي از ميكروارگانيسم

%) از نظر تمامي فاكتورهاي ميكروبي داراي حدود قابل قبول 56/5نمونه ( 2نظريه اتحاديه اروپا، تنها 

وده غير قابل قبول قرار داشتند. اين نتايج نشان دهنده كيفيت ها در محددرصد از نمونه 44/94بودند و 

ها مي باشد كه سوالاتي را از نقطه نظر شرايط بهداشتي آنها در مراحل برداشت، پايين ميكروبي نمونه

هاي قارچي شناسايي شده آسپرژيلوس و خشك كردن و جابجايي به دنبال خواهد داشت. عمده جنس

% از 7/16% و 4/69به ترتيب در  Aها و اكراتوكسين ين آلودگي به آفلاتوكسينپني سيليوم بودند. همچن

  .ها به دنبال داشته باشدها مشاهده شد كه ممكن است مخاطراتي را براي سلامتي انساننمونه
 


