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ABSTRACT

A total of 75 spice samples from retail stores in Kars were analysed for the presence of microorganisms. Aerobic
mesophilic counts of red pepper (14.3%) and cinnamon samples (14.3%) exceeded the Turkish Food Codex. The
samples included high levels of enterobacteriaceae and coliforms. Red pepper (n=3), black pepper(n=3), cinnamon
(n=2), cumin (n=2) and allspice (n=3), samples contained E. coli, but not E. coli O157:H7 nor Salmonella spp. Most
samples contained staphylococci and micrococci but not S. aureus. Counts of Enterococci and lactobacilli were detected
at low levels. Pseudomonads and Aeromonads were not detected in all samples. All samples included aerobic and

anaerobic spore forming bacteria, yeast and moulds.
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1. INTRODUCTION

The use of spices in the preparation of many food
products goes back to ancient times [1]. Today, there
has also been an increasing interest in the consumption
of spices in modern countries due to the health benefits.
The modern food processor is also under increasing
demands to produce natural, wholesome products in
order to appease today’s health conscious public and
thus gain consumer acceptance [2]. Like in many
countries in the world, in traditional Turkish industry
and kitchens, the preparation of meat and meat-based
products like salami, sausages, pastirma and soudjouk
includes spices like red pepper, black pepper, cumin
and allspice as major ingredients not only to give
flavour but also to preserve the food [3, 4].

Kars is located in the northeastern part of the region and
called the “Caucasian Gate” of Eastern Anatolia. The
average altitude of Kars is 1750 meters. It has borders
with Georgia, Armenia, Nakhichevan, Iran and Iraq.
The province of Kars has a total population of 323,000.
The main economic activities of the Kars region depend
on agriculture and animal husbandry. The abundance of
pastures in the region caused the number of animals to
increase and priority was given to the production of
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animal products. In fact, the production of animal
products in the region is about one-fourth of the total
production in Turkey [25].

Literature based on the microbiological quality of
spices has been assessed in many countries as well as in
some cities of Turkey [5- 19]. However, there has been
no earlier microbiological study of spices sold in Kars
(Turkey). In this work, our aim was to examine the
microbial quality of red pepper, black pepper, cumin,
cinnamon and allspice samples from Kars and to
determine the possible health risk for consumers.

2. MATERIALS AND METHODS

A total of 75 spice samples were collected and
examined from retail shops in the city of Kars. A 10 g
of each sample was taken aseptically and homogenized
with sterile 90 ml of 0.1% sterile peptone water.
Decimal dilutions were carried out using the same
diluent. An aliquot of 0.1 ml was plated directly.
Colonies appearing on appropriate media were counted
and expressed as the colony forming units per gram
(CFU/g). The total aerobic mesophilic counts (TAM)
were determined on Plate Count Agar (PCA) (30 °C/72
h). Coliform counts were performed using Violet Red
Bile Agar (VRBA) (37 °C/24 h). Presumptive E. coli
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colonies appearing on VRBA were then subcultured on
Eosin Methylene Blue Agar (37 "C/24-48 h). Colonies
with characteristic greenish metallic colour were
subjected to IMVIC tests to identify E.coli.
Enterobacteriaceae were isolated on Violet Red Bile
Glucose Agar (37 °C/ 24-48 h).

Kanamycin Aesculin Azide agar was used for the
isolation of Enterococci (37 °C/ 24-48 h). Staphylococci
and micrococci were enumerated on Baird Parker Agar
(35 °C/24-48 h). Starch Phenol Red Ampicillin agar
was used for the enumeration of Pseudomonads and
Aeromonas (37 °C/24-48 h). MRS agar (Lactobacillus
agar acc. to De Man, Rogosa and Sharpe) was used for
lactobacilli counts (37 °C/24-48 h). For the enumeration
of aerobic spore forming bacteria (ASB) and anaerobic
spore forming bacteria (AnSB), samples were initally
treated with heat (80 °C) and then cooled immediately
and subsequently plated on plate count agar for aerobes
(30 °C/72 h) and on tryptose sulphite cycloserine agar
for anaerobes (37 "C/ 24-48 h). For the total yeast and
fungi, acidified Potato Dextrose Agar was used (25
°C/120 h).

For Salmonella, 25 g of sample was aseptically
weighted and added into 225 ml of sterile buffered
peptone water and incubated at 37°C for 18-20 h. An
inoculum of 0.1 ml was transferred into a tube
containing 9 ml of Rappaport Vassiliadis Broth (42
°C/24 h) and subsequently plated onto Salmonella
Shigella (SS) agar and Xylose Lysine Desoxycholate
(XLD) agar plates (37°C/24-48 h) and then examined
for typical colonies.

For E. coli O157:H7, 25 g of sample was pre-enriched
in 225 ml modified Novobiocin EC Broth at 37 °C for
24 h. An inoculum of 0.1 ml enrichment broth was then
spread onto selective CT-SMAC (Cefixime-Tellurite
Supplement and Sorbitol MacConkey Agar) (42 °C/24-
48 h) and then examined for typical colonies.

3. RESULTS AND DISCUSSION

The spice samples analyzed yielded a range of
microbial contamination (Table 1). In our work, counts
of TAM ranged from 10* to 10’ CFU/g in red pepper
samples. In other countries, levels as high as >10°
CFU/g [5], 2x10%-2x10% CFU/g [8], 10*-10° CFU/g [11]
and the levels as low as 8.1x10° CFU/g [9] and >10*-
>10° CFU/g [10] were detected in red pepper samples.
In Turkey, similar or high levels of 2.0x10° CFU/g,
63.0x10*1.0x10’ CFU/g, 10’-10° CFU/g, 3.1x10°
CFU/g, 2.6x10” CFU/g, 8.1x10° CFU/g, 10*-10" CFU/g
were also reported in red pepper samples sold in the
cities of Elazig, Bursa, Ankara, Istanbul, Izmir,
Erzurum and Igdir, respectively [12, 14-19].

Counts of TAM varied from 10* to10° CFU/g in black
pepper samples. TAM counts in black pepper samples
are similar to those reported by Garcia et al. [10],
whereas our results are not in agreement with the
findings of other studies, which reported TAM counts
of black pepper as >10° CFU/g and >10" CFU/g,
12.1x107-81.9x10® CFU/g, 1.9x10” CFU/g, and 10°-10°
CFU/g [5-7, 9, 11]. Similar or higher levels of 107-10°

CFU/g [15], 3.9x107 CFU/g [18], 4.6x10° CFU/g [12]
and 6.8x10° CFU/g [16], 10°-10° CFU/g [19] were also
detected in black pepper by several workers in cities in
Turkey.

Counts of TAM varied from 10° to 10° CFU/g in cumin
samples. Levels of 1.0x10%*-1.0x10% CFU/g [8], 10*-10°
CFU/g, [11] and >10* >10° CFU/g [10] were detected
in spices examined from other countries. Levels of
3.9x10° CFU/g [17], 34x10%-86x10° CFU/g [14],
1.2x10* CFU/g [12], 10*-10° CFU/g [16] and 10*10’
CFU/g [19] were also reported in cumin samples
examined in Turkey. As compared to those stated in
previous studies, the levels of TAM for cumin in the
study reported here are more or less similar (Table 1).

Counts ranged from 107 to 10" CFU/g in cinnamon and
10° to 10° CFU/g in allspice samples. Various levels of
10°-10° CFU/g [11] and 107-10° CFU/g [15] 1.1x10°
CFU/g, 1.7x10* CFU/g, 5.2x10°-1.2x10° CFU/g, 10*-
10° CFU/g [9, 17, 13, 19] in cinnamon samples were
reported. High levels of >10° CFU/g and 107-10° CFU/g
were reported for allspice samples in two earlier studies
[5, 15].

In spices, counts >10° CFU/g have not been at the
acceptable level according to the Turkish Food Codex
[26]. According to our results, it appears that some
spices like red pepper and cinnamon have higher loads
of TAM than other spices examined. Plate count of
aerobic mesophiles in spices is regarded as an indicator
of general hygiene and quality parameter [20]. High
aerobic mesophilic counts found in our samples may
reflect that samples had been exposed to poor handling,
inappropriate storage or a general lack of hygiene [21,
22].

The number and the detection rate of
Enterobacteriaceae and coliforms were presented in
Table 1. Enterobacteriaceae count ranged from <107 to
10° CFU/g in red pepper and cinnamon, <10° to 10°
CFU/g in black pepper and cumin, and <10° to 10*
CFU/g in allspice samples. In other studies, spices
showed enterobacterial counts of 10°-10° CFU/g in 50%
of red pepper, 10'-10® CFU/g in 80% of black pepper,
10'-10° CFU/g in 34% of cumin, 10°-10° CFU/g in 20%
of cinnamon [11], and <10' CFU/g in red pepper and
cinnamon samples and 8.0x10° CFU/g in black pepper
[9], and 10° CFU/g in 76% of black pepper, 96% of
cumin, 100% of red pepper [16] and 10-10° CFU/g in
36.9% of red pepper and 42% of cinnamon samples, 10°
CFU/g in 79% of cumin samples, <10* CFU/g in 52.6%
of black pepper samples [19].
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<10’ 10°-<10° 10°-<10* 10°-<10° 10°-<10° 10°<10” | >107
TAM
Red pepper (n=14) - - - 2(14.3) 4(28.6) 6(42.9) 2 (14.3)
Black pepper (n=14) - - - 2(14.3) 5(35.7) 7 (50.0) -
Cumin (n=14) - - 5(35.7) 2 (14.3) 5(35.7) 2 (14.3) -
Cinnamon (n=14) - 3(21.4) 5(35.7) - 2 (14.3) 2 (14.3) 2 (14.3)
Allspice (n=19) - - 2 (10.5) 4(21.0) 11 (57.9) 2 (10.5) -
Coliforms
Red pepper (n=14) 9 (64.3) 3(214) 2 (14.3)
Black pepper (n=14) 5(35.7) 5(35.7) 3(21.4) 1(7.1)
Cumin (n=14) 6(42.9) 4 (28.6) 4 (28.6)
Cinnamon (n=14) 11(78.6) 2 (14.3) 1(7.1)
Allspice (n=19) 12 63.2) 6 (31.6) 1(5.2)
Enterobacteriaceae
Red pepper (n=14) 5357 4 (28.6) 2 (14.3) - 1(7.1) 2 (14.3)
Black pepper (n=14) 3(21.4) 2 (14.3) 6(42.9) 1(7.1) 2(14.3) -
Cumin (n=14) 1(7.1) 535.7) 4 (28.6) 3(21.4) 1(7.1) -
Cinnamon (n=14) 9 (64.3) 1(7.1) 1(7.1) 1(7.1) 2 (14.3)
Allspice (n=19) 7 (36.8) 5(26.3) 4(21.0) 3(15.8)
Enterococci
Red pepper (n=14) 11 (78.6) 3(214)
Black pepper (n=14) 5(35.7) 9 (64.3)
Cumin (n=14) 13 (92.8) 1(7.1)
Cinnamon (n=14) 11 (78.6) 3(21.4)
Allspice (n=19) 16 (84.2) 3(15.8)
Staph/micrococci
Red pepper (n=14) 3(2214) 3(214) - 4(28.6) 3(214) 1(7.1)
Black pepper (n=14) - - 1(7.1) 7 (50) 5(35.7) 1(7.1)
Cumin (n=14) 1(7.1) 3(21.4) 4 (28.6) 4 (28.6) 2 (14.3)
Cinnamon (n=14) 5(35.7) 5(35.7) 2 (14.3) 2 (14.3)
Allspice (n=19) 1(5.2) 3(15.8) 3(15.8) 6 (31.6) 6 (31.6)
Pseudomonads/
Aeromonads
Red pepper (n=14) 14 (100)
Black pepper (n=14) 14 (100)
Cumin (n=14) 14 (100)
Cinnamon (n=14) 14 (100)
Allspice (n=19) 19 (100)
Lactobacilli
Red pepper (n=14) 10 (71.4) 1(7.1) - 1(7.1) 1(7.1) 1(7.1)
Black pepper (n=14) 9 (64.3) 2 (14.3) 2 (14.3) - 1(7.1) - -
Cumin (n=14) 13 (92.8) - - - 1(7.1)
Cinnamon (n=14) 11 (78.6) - - - 1(7.1) 2 (14.3)
Allspice (n=19) 13 (68.4) 3(15.8) - 2 (10.5) 1(5.2)
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Table 1 (continued). The frequency distribution of microorganisms in spices.

<10° 10°-<10° 10°-<10* 10°-<10 10°-<10° 10°-<10’ > 10’
Aerobic  Spore
Forming Bacteria
Red pepper | - 1(7.1) 1(7.1) 6 (42.9) 4 (28.6) 2(14.3)
(n=14)
Black pepper | - - 1(7.1) 8(57.1) 3(21.4) 2(14.3) -
(n=14)
Cumin (n=14) - 1(7.1) 5(5.7) 6(42.9) 1(7.1) 1(7.1) -
Cinnamon - 10 (71.4) 3(21.4) 1(7.1) - - -
(n=14)
Allspice (n=19) - 4(21) - 6 (31.6) 9(47.3) - -
Anaerobic Spore
Forming Bacteria -
Red pepper | - 1(7.1) 2 (14.3) 6(42.9) 4 (28.6) 1(7.1)
(n=14)
Black pepper | - - 2 (14.3) 9 (64.8) 3(21.4) - -
(n=14)
Cumin (n=14) - 4 (28.6) 2 (14.3) 6(43) 2(14.3) - -
Cinnamon - 10 (71.4) 2(14.3) 2(14.3) - -
(n=14)
Allspice (n=19) - 4 (21) 2 (10.5) 5(26.3) 8 (42.1) - -
Yeast and
moulds

- 5(35.7) 5(35.7) 3(21.4) 1(7.1) - -
Red pepper
(n=14)
Black pepper | - - 1(7.1) 4 (28.6) 5(35.7) 4 (28.6) -
(n=14)
Cumin (n=14) - 4 (28.6) 2(14.3) 4 (28.6) 3214 1(7.1) -
Cinnamon - 10 (71.4) 1(7.1) 3(21.4) - - -
(n=14)
Allspice (n=19) - 3(15.8) 6(31.6) 8 (42.1) 1(5.2) 1(5.2) -

The counts of Enterobacteriaceae in food products
indicate the hygienic quality of the samples rather than
fecal contamination; therefore, hygienic quality of
spices regarding this parameter seems to be low in this
work. Poor quality in our samples may result from the
use of low quality water and the unhygienic handling of
the spices before and during storage [11, 23].

The coliform count ranged from <107 to 10> CFU/g in
red pepper, cumin, cinnamon, allspice and black pepper
samples. On the other hand, higher than 10° CFU/g of
coliforms was present in 7.1% of black pepper sample.
In other works, more or less similar counts of coliforms
were reported between 42x10>-22x10° CFU/g, >10%-
>10* CFU/g, >10*->10* CFU/g in black pepper samples
[7, 10, 11] and 10*10* CFU/g in red pepper and cumin
samples [10], and 10° CFU/g in 100% of red pepper and
88% of black pepper, 10> CFU/g in 92% of cumin
samples [16]. Variable coliform counts of 1.9x10°
CFU/g, 4.4x10° CFU/g, 25.0-10° CFU/g, 1.7x10*
CFU/g, 10%10* CFU/g for red pepper [12, 17, 14, 18,
19], 9.3x10* CFU/g, 3.3x10* CFU/g, 4.0x10° CFU/g,
4.9x10° CFU/g, 10°-10* CFUY/g for black pepper [12,

17, 14, 18, 19] and 4.3x10° CFU/g, 1.2x10* CFU/g,
9.0x10° CFU/g, 2.4x10* CFU/g, 10*-10° CFU/g for
cumin [12, 17, 14, 18, 19]; 10° CFU/g for cinnamon
[19] were also reported by other workers in cities in
Turkey.

The presence of E. coli would seem to be of great value
as an indicator of the presence of other enteric
pathogens in food and food derived products. In this
work, three red pepper (21.4%), three black pepper
(21.4%), two cinnamon (14.3%), two cumin (14.3%)
and three allspice (15.8%) samples contained E. coli
(Table 2). It seems that the isolation of E. coli in the
samples suggests that fecal contamination does occur.
Our detection rate of E. coli is much lower than those
obtained in other studies [7, 8, 10]. In those studies, E.
coli was found in 100% of red pepper, 60% of black
pepper, and 50% of red pepper and cumin [7, 8, 10].
Lower or higher incidence of E. coli was observed in
the cities in Turkey. It was detected in 40% of red
pepper and black pepper and in 77% of cumin samples
[14], 50% of black pepper and cumin samples [18], 5%
of red pepper and in 5% of black pepper samples [17],
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11% of red pepper, 11% of black pepper, and 16% of
cumin samples [19]. While E. coli was detected in some
spices, as well as a considerable level of coliform and
enterobacterial counts, none of the samples gave the
presence of E. coli O157:H7 and Salmonella spp (Table
2). As far as we know, screening of E. coli O157:H7 in
spices has been given little attention in comparison to
other pathogenic bacteria. Absence of this pathogen was
reported in only two previous studies [9, 19]. Rare
occurrence of Salmonella spp in black pepper and red
pepper was reported previously [9, 24]; nonetheless, the
absence of Salmonella in our samples is in accordance
with those reported by other authors [6, 7, 8, 10, 11,
19]. The apparent absence of Salmonella spp.and E. coli
0157:H7 may be due to the low or rare incidence of
contamination with Salmonella spp. and E. coli
0O157:H7 or the intensive competition of the dominating
flora.

Table 2. The occurence of E. coli, E.coli O157:H7 and
Salmonella spp. in the samples examined.

E. coli E.coli Salmonella
O157:H7 spp.

samples number of positive samples
Red 3 - -
pepper
(n=14)
Black 3 - -
pepper
(n=14)
Cumin 2 - -
(n=14)
Cinnamo 2 - -
n (n=14)
Allspice 3 - -
(n=19)

Enterococci were isolated in 64.3% of black pepper,
21.4% of red pepper, 21.4% of cinnamon, 15.8% of
allspice and 7.1% of cumin samples at a level of >107
CFU/g in all samples. Not only the level but also the
presence of Enterococci found in this work is not in
accordance with a previous report for red pepper and
cinnamon samples collected from Austria [9]. But, the
presence of enterococci in black pepper, red pepper, and
cumin in our samples is significantly lower than
reported in the previous two works carried out in
Austria [9] and in Turkey [16]. More recently, similar
counts were noted for black pepper and cumin samples
in a recent study in Turkey [19], but up to the counts of
10° CFU/g in red pepper and cinnamon samples found
in those studies appears to be higher than our results
[19]. The presence of Enterococci in the spices
examined may result from insects, soil or other sources
associated with unsanitary conditions in the production
and handling of foods.

The counts of staphylococci and micrococci as well as
the incidence rate in spice samples were shown in Table
1. As can be seen from the table, the count ranged from
<107 to 10° CFU/g in red pepper, 10° to 10° CFU/g in

black pepper, and <10® to 10° CFU/g in cumin,
cinnamon and allspice samples. Our results showed that
three different spices- black pepper, allspice and cumin-
contained a higher contamination level than the other
two spices. The findings of the present work are more
or less similar to the results obtained in other surveys
carried out in Turkey [12, 16, 18, 19]. In contrast to
high counts of total staphylococci obtained in this work,
S. aureus was not isolated from any of the spices
examined. Our findings were in agreement with other
works [5, 7, 11-13, 16, 18, 19]. The detection of S.
aureus in spices has been reported in former studies [8,
9]. Rare recovery of this pathogen in spices may
suggest that the numbers of this organism were present
below the limit of detection.

Pseudomonads/Aeromonads were also not detected in
any of the samples examined. This finding is consistent
with that of Ulukanli et al.[19] who reported similar
levels in retail spice samples. In contrast, Kneifel &
Berger [9] reported values of 1.1x10° CFU/g in red
pepper, 3.0x10 CFU/g in cinnamon, 1.6x10° CFU/g in
black pepper [9]. Differences in the present and
previous work might arise from level of contamination.

Lactobacilli was present in all samples analyzed. The
counts occurred up to the level of 10° CFU/g in black
pepper, cumin and allspice samples, and 10° CFU/g in
red pepper and cinnamon. There have been reports
implicating the occurrence of lactobacilli in spices.
Lactobacilli counts were previously reported as being
2.4x10° CFU/g in black pepper and <10' CFU/g in red
pepper and cinnamon samples [9], 10° CFU/g in red
pepper, black pepper and cumin samples [18], and <107
CFU/g in red pepper, black pepper, cumin and
cinnamon samples [19]. Differences in the present and
previous works may be related to the quality of the
spices assessed.

Total aerobic spore forming bacteria (ASB) were
detected in all spices at various levels. ASB counts
ranged from 10°->10° CFU/g in red pepper and cumin,
10>->10% CFU/g in black pepper, 10>->10° CFU/g in
allspice and 10*->10* CFU/g in cinnamon. Lower levels
than the present findings were reported in the other
three studies [19]. In those studies, ASB counts were
reported as 10° CFU/g in red and black pepper, and
counts of 10° CFU/g and 10* CFU/g were found in
cumin samples [12, 18]. Whereas, similar counts
between 10°-10° CFU/g for red pepper and black pepper
and of 10'-10° CFU/g for cumin was reported in an
another study [14]. Significantly higher levels than that
the present data were reported as 10°-10" CFU/g in red
pepper and black pepper, 10*-107 CFU/g in cumin, 10°-
10® CFU/g in cinnamon, 10°-10° CFU/g in allspice [15]
and >10° CFU/g in 48% of red pepper and 68% of black
pepper; whereas, the ranges varied between 10%and 10°
CFU/g in 100% of cumin samples [16].

Total anaerobic spore forming bacteria (AnSB) were
present in the spices examined. Counts of anaerobes
exceeded the acceptable limits (>10* CFU/g) in 37% of
red pepper, 21.4% of black pepper, 14.3% of cumin,
and 42.1% of allspice. A similar detection rate was also
reported in 100% of red pepper and black pepper, and
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75% of cumin [18]. Besides, high levels of 10°-10°
CFU/g in black pepper, 10*-10” CFU/g for cumin and
cinnamon, 10°-10° CFU/g for allspice samples [15], and
10° CFU/g in red pepper and cumin, 10° CFU/g in black
pepper [12], and 10%-10° CFU/g in red pepper and
cumin samples, 10°-10° CFU/g in black pepper, and
10%-10* CFU/g in cinnamon samples [19] were also
reported.

All the samples included yeast and moulds. However,
7.1% of red pepper, 64.3% of black pepper, 28.5% of
cumin, and 10.4% of allspice in this work had levels
above 10* CFU/g, which does not comply with Turkish
Food Codex [26]. Lower or higher yeast/fungal counts
were previously reported in spices [7, 8, 11]. As
compared to previous studies in Turkey, levels of yeast
and fungi in black pepper, cumin, cinnamon, and
allspice in this work are similar to the previous findings
[15]. In that study, yeast and mould counts was found
between 10*-10° CFU/g in black pepper, and 10°-10°
CFU/g in cumin, cinnamon and allspice samples. In
another study [19], counts of 10%-10° CFU/g found in
black pepper appear to be similar to our data (Table 1).
On the other hand, results obtained from other spices
examined are not similar to the findings of other
surveys [12, 13, 16-19]. Yeast and fungi are widely
found in nature and they have been known as the
quality criteria for products exposed to open air.
Storage type and temperature are also important factors
affecting the number of microorganisms. Additionally,
the cultivation of spices in hot and/or wet regions and
the harvesting of these products in non hygienic
conditions may increase the contamination risks in
spices [17]. The high load of fungi and yeast counts in
the samples examined is presumably due to these
factors.

The occurrence of significant numbers of spore bearing
microorganisms in the samples may indicate that
improper pre- or post-harvesting and inadequate
temperature storage conditions exist. The reasons for
the high occurrence and levels are not known at the
moment. The presence of aerobic and anaerobic spore
formers and moulds are important since their survival or
the presence of their toxins after the cooking process
may result in food poisoning or deterioration of the
product in which spices have been used. This is of vital
importance for the microbiological quality and safety of
the experimental shelf stable products [5]. Further study
is necessary to identify Bacilli and Clostridia as well as
mould and yeast contaminants at species level.

In conclusion, considering the health risks, spices in
retail markets should not be sold in open containers and
appropriate sterilization and/or reduction of load of
microorganisms appears to be required via proper
methods. More studies are also needed to confirm the
findings of the present study, such as identification of
risk factors for the presence of high load of
microorganisms and assessment of the impact of spice
contamination on public health.
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