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Food safety challenges associated with traditional foods of Turkey
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Abstract

Consumer food safety concerns are continually increasing in Turkey, with consumer demand for safer foods becoming an
important challenge for the industry. Most traditional foods in Turkey are produced under different requirements, and food safety
risk management and risk assessment are conducted primarily by the government. Based on risk assessment, safety regulations
and standards for traditional foods (e.g. Turkish white cheese, doner, helva) have been established. In this paper, safety concerns
surrounding the commercialization of traditional Turkish foods and related studies to identify and minimize potential hazards
are discussed along with pathogen contamination in raw meat balls and aflatoxin in helva and white cheese. Based on this review,
additional national risk analysis experts and related databases are urgently needed. In addition, the manufacturing processes
for traditional foods need to be standardized and harmonized with international standards, such as CODEX.

Keywords: traditional foods; safety; risk assessment; Turkey.

Practical Application: This study has analyzed the risks of consumption of traditional foods produced in Turkey. The results
of this work will be applied in the regulation of the legislation and in the monitoring of the safety of traditional foods. This will

reduce the risks that threaten people in the production of these foods.

1 Introduction

Local products are referred to as traditional products, the
boundaries of a particular geographical area, which are linked to a
particular region’s cultural traditions. Turkey is among the richest
countries in terms of food and drink culture (Albayrak et al.,
2013; Erkmen & Bozoglu, 2016). The importance of traditional
food is increasing both at the national and international markets
due to changes in consumers’ lifestyles, including their demand
for new flavors, new products, safe and less processed foods.

Consumption of traditional foods in Turkey with rich and
important advantages in terms of traditional products, it is important
to evaluate the use and degradation of these products correctly.
In Turkey, important challenge is that production of traditional
foods should not be restricted to small amounts and certain
regions. Adapting traditional foods to industrial production without
changing their characteristics and compromising their taste and
appearance is very demanding and with identifying essential criteria,
and creating appropriate legislation on this issue (Erginkaya et al,,
2014). Therefore, as the whole world today, our country is facing
inevitable legislation difficulties regarding traditional foods.

Incentive policies should be established to ensure the
industrial production of traditional food in the original region.
In developed countries, the rules determined by the scientific
methods are issued in order to produce food products with
regional and the traditional characters at best and safe way.
In Turkey, the creation of such a system at scientific and legal
base and controlling and monitoring of the system by certain
authorities are very essential for the promotion of our products.

In recent years, due to increased consumer sensitivity to
food production and consumption, not only traditional foods
in all food demand determinants of food security, which has
become one of the items on the agenda. Food safety, after food
production in general consumption (from farm to fork) until
the chemical, physical, sensory and presented to the consumer
in a healthy and reliable manner while preserving the biological
properties and covers the package of measures taken for this
purpose. However, the legislation is also harmful to health
food and acceptable level of risk foods are defined as safe food.
In this review, epidemiological data and scientific studies were
collected and investigated in order to analyze the safety risk
of some traditional foods in selling Turkey associated with
microbiological contaminants. Traditional foods focused in
this review were chosen by considering regarding research
intensiveness. They include raw meat ball, doner kebab, midye
dolma (stuffed mussel), kokorec, tahin helva and white cheese,
all which may pose a public health risk will now be reviewed.

2 Traditional Turkish foods and their microbiological
safety

2.1 Raw meat ball (cig kofte)

Raw meat ball (cig kofte) usually composed of ground beef,
bulgur, tomato paste, paprika, black pepper, onion, parsley and
salt in a specific proportion (Ocal, 1997; Uzunlu & Yildirim,
2003). This blend is hand-kneaded with water to achieve the
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desired consistency. Raw meat ball is consumed as a starter
mainly during folk music gatherings in South-Eastern Anatolia.
Recently, it has also been commercially accessible in markets
and restaurants.

No heating step is involved in the production of raw meat
ball, making it one of the riskier foods in Turkey. The safety of
raw meat ball is determined by the microbial load in the minced
meat and spices. Several studies reported the presence of various
pathogens including Salmonella spp., Listeria monocytogenes,
Staphylococcus aureus, Clostridium perfringens, Escherichia coli
O157:H7, Yersinia enterocolitica and Bacillus cereus in minced beef
and spice samples collected from Turkish markets (Sancak et al.,
1993; Guven et al., 1997; Sagun et al., 1997a; Uzunlu et al., 2002;
Yiicel et al., 2005; Kimiran-Erdem et al., 2014). For example,
Yiicel et al. (2005) isolated L. monocytogenes from 9 (6.1%) of
146 raw meat ball samples and Uzunlu et al. (2002) found that
black and red pepper contained S. aureus or coliform bacteria
at levels of 10* or 10° CFU/g, respectively.

Several studies indicated that raw meat ball was microbiologically
hazardous for human consumption (Arslan etal., 1992; Sagun etal.,
1997b; Uzunlu et al., 2002; Pekel et al., 2003; Kuplulu et al.,
2003; Isleyici et al., 2006; Durmaz et al., 2007; Cetinkaya et al.,
2012; Delikanli et al., 2014; Ghazzi et al., 2018). High numbers
of S. aureus (3 logs CFU/g), Salmonella spp., E. coli O157:H7
(3-4 logs CFU/g), B. cereus (2-4 logs CFU/g), and coliforms
(4-5logs CFU/g) have been detected in raw meat ball collected

Table 1. Hazardous in Some Turkish traditional food products for health.

from several cities in Turkey (Table 1). In addition, 14-34% of
raw meat ball samples collected from markets or restaurants
were positive for Salmonella spp., 26-80% positive for S. aureus,
8-20% positive for E. coli 0157, 5-8% positive for L. monocytogenes
and 40% positive for B. cereus. Based on these findings, all authors
of these studies agreed that much of the raw meat ball produced
in Turkey is not suitable for human consumption.

Inevitably, these microbiological populations increase in
raw meat ball during unhygienic preparation (i.e., by infected
hands and nails) and improper storage (Uzunlu et al., 2002).
Preferably, raw meat ball should be consumed within a few
hours of preparation and should be refrigerated no longer than
24 h (Goktan & Tuncel, 1988). The effect of different storage
temperatures on pathogen growth in raw meat ball has been
investigated with S. aureus (10° CFU/g) surviving and producing
enterotoxin A, B, C and D at temperatures of 10 °C or higher.
(Sagun et al., 2003). L. monocytogenes serotypes 1/2b and 4b
(10* CFU/g), S. Enteritidis SZH (10° CFU/g) and S. Typhimirium
(107 CFU/g) were also able to survive and growth in raw meat
ball during 24 h of storage at 4 °C (Uzunlu & Yildirim, 2003;
Durmaz et al., 2007; Guran & Oksuztepe, 2014). However, in
another study no viable cells of S. aureus ATCC 6538 were
recovered from inoculated raw meat ball after 72 h of storage
at 4 and 25 °C (Erdogrul et al., 2006).

Thus far, relatively few outbreaks of foodborne illness have
been traced to consumption of raw meat ball in Turkey due to

Traditional

Foods Ingredients

Pathogens and toxin detected

Associated Outbreaks Risk analysis

Raw meat ball

Kokorec

Doner Kebab

Tahin Helva

Stuffed mussel

Red meat, bulgur, spices
Low pH 4.0, spices, salt

Lamb Intestines, spices

Red meat, poultry, yogurt,
spices

Sesame paste, sugar, citric
acid, tartaric acid, Saponaria
officinalis root extract

Mussel, rice, black pepper

Salmonella spp. (14 - 34%),
L. monocytogenes (5-8%),
S. aureus (26-80%), E. coli
O157:H7 (8-20%), B. cereus
(40%)

Coagulase-positive
Staphylococcus (25%), E. coli

S. aureus (42%), B. cereus,
C. perfringens (20%),

L. monocytogenes (18.8%),
E. coli O157:H7 (11%),
Salmonella spp (40%)

S. Thyphimurium, S. enteritidis,

S. Offa, S. Tennessee, and S.
Poona (9.4%)

L. monocytogenes, Vibrio,

B. cereus (38.69%),, S. aureus
(23.80%)

143 cases, 5 died in one
outbreak in Gaziantep, Turkey
100 cases associated with
consumption of raw meat
balls made of pork meat
contaminated with Trichinella
spp. in Izmir, Turkey

Few unofficially reported cases
in newspapers

Several outbreaks were
reported in England, Germany,
Turkey, Canada

Total 72 cases in 3 outbreaks in
3 countries (Austria, Sweden,
England)

Not officially reported, few
unofficially reported cases in
newspaper

No cooking involved, low
pH and spices not provide
sufficient protection from
pathogens in fresh meat

Cooked and served on

the street on unhygienic
conditions, after cooking
contamination from air and
raw intestine

After cooking storage at
improper temperature and
high possibility of anaerobic
growth and enterotoxin
production

Contaminated ingredients,
unhygienic manufacturing

Prepared unhygienic
conditions,

contaminated ingredients,
postprosessing contamination

Fresh white Unpasteurized milk L. monocytogenes (3-13.4%), Brucella sourced outbreaks Unpasteurized milk,
cheese Brucella spp. (20.5%), Aflatoxin consuming fresh cheese, sold
(62%) in bazaar
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a lack of adequate reporting. In the small town of Gaziantep in
southern Turkey, 143 people became ill and 5 died after consuming
raw meat ball contaminated with S. enteritidis (Cakir, 1991).
During a 2004 outbreak in Izmir, Turkey, consumption of
raw meat ball prepared using pork meat contaminated with
Trichinella spiralis, resulted in the hospitalization of more than
100 people (Karlikaya et al., 2005).

Application of irradiation was studied as a possible preservation
method for raw meat ball (Yildirim et al., 2005; Vural et al,,
2006) with these studies reporting that populations of coliform
bacteria and E. coli O157:H7 were reduced to below detectable
levels using a gamma irradiation of 2 kGy. However, S. aureus,
Clostridia, yeast and mold could only be inactivated using 3-4 kGy.
Given the many constrains associated with irradiation, this
method is clearly not feasible for the elimination of pathogens
from raw meat ball produced in homes and restaurants.

Commercially production and selling of raw meat ball in
restaurants in Turkey were restricted by the food regulations
in 2012 due to its stated high contamination risk with food
pathogens. After the regulation, instead of using traditional beef
or lamb, the meat has been replaced by finely ground bulgur
wheat in commercial base. However, this food can be still listed
as traditional food carrying safety problems due to continuation
of its preparation and consumption in social gatherings.

2.2 Kokorec

Kokorec made of seasoned lamb intestines might also create
high risk. Kokorec is cocoked in several different ways: one way is
to cook kokorec on a horizontal skewer. The intestine fragments
are piled together on the skewer in the form of a horizontal roll.
Cooked intestine is chopped and consumed with bread. Spices
or salad can be added by preferences. Another way to prepare
kokorec is cooking chopped intestines with sliced tomatoes,
green peppers and spices on a big grill in large quantities.

At the last years, parallel to growing fast food consumption
in big cities the consumption of kokorec was also increased.
Although a regulation was passed in 2005 regarding microbiological
standardization and restriction in kokorec selling in street, due
to insufficient inspection, this regulation can be violated in some
area (Turkey, 2005¢).

Kokorec, one of the traditional foods, is high involving
probability in foodborne diseases when the microbiological
flora of intestine or low hygienic conditions in production of
kokorec was considered. The results of three different studies
indicated that kokorec samples collected from the street
vendors in Istanbul, Ankara, Bursa, and Afyonkarahisar, Turkey
contained 10°-10* CFU/g total aerobic mesophilic bacteria,
10-10* CFU/g coliform bacteria, 10?-10* CFU/g Enterobactericiae,
10* CFU/g E. coli, 10*CFU/g Staphylococcus (Yentiir et al.,
1989; Temelli et al., 2002; Hampikyan et al., 2008; Kara et al.,
1999; Kilic, 2016). Hampikyan et al. (2008) also indicated
that addition of spices into kokorec enormously increased the
number of bacteria in kokorec. Several studies confirmed that
spices in Turkey contained high numbers of microorganisms
(Karapinar & Tuncel, 1986; Aksu et al., 1997; Wassouf, 2014).
According the results of the studies, following cooking process
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did not sufficiently diminish microbial load added with spices.
Detected Enterococcus as an indicator microorganism at the level
of 10%-10° CFU/g in cooked kokorec confirmed this assumption.
In addition, 25% of cooked products was found being positive for
coagulase-positive Staphylococcus, which might create potential
hazards for public health. However, the cross contamination
with person’s hands, knife or other equipment as well as spices
had an important role for the prevalence of this microorganisms
producing heat stable toxins (Banwart, 1989; Bergdoll, 1989).
In these studies, researcher also observed that cooked kokorec
stayed on the edge of grill far from the fire effect to be served
when the number of costumers was not many or in especially
street vendors whole raw kokorec parts were sitting on the edge
of grills at the warm conditions until it was cooked, which might
generate available environment for the growth of the pathogens.
They were also observed that remained part of raw kokorec at the
first day was cooked and served in the next day. Detected high
number of bacteria load in raw kokorec showed that intestines
used for kokorec production might not be cleaned sufficiently
and microbiological quality of intestines was found as being
very low. In order to eliminate the potential risk of foodborne
outbreak associated with consuming kokorec, it is concluded
that during preparation steps intestines should be cleaned well,
washed and boiled for necessary, kokorec should be consumed
at the same day it is cooked and finally proper personal hygiene
should be followed.

Official reporting system of foodborne outbreaks has been
just establishing in recent years by Turkish Government. Due to
insufficient published data regarding outbreaks in Turkey, safety
risk of kokorec consuming could not be analyzed. However, some
outbreak cases associated with kokorec consuming was unofficially
reported in some newspaper without any occurred symptom
details (HaberTiirk Spor, 2015).

2.3 Doner kebab

Doner kebab is one of the traditional products and commonly
manufactured with red meat. Doner kebab has been described
as the origin of other Mediterranean and Middle Eastern dishes
such as shawarma and gyros. In the production of doner, meat
is seasoned with onion, pepper, tomatoes and some spices.
The meat and some animal fats are shredded or ground, then
mixed with seasoning materials including tomato sauce, olive oil,
lemon juice, vinegar, milk, yogurt and egg and molded to give
a cone like shape. Then the mass is refrigerated at 4 °C for 12 h
to allow the meat and fat particles to stick together. The stack
is cooked by charcoal, wood fire, or radiant infrared heat from
electric elements or gas fired burners and it is cut into thin slices
as it is gradually broiled. Mostly tail fat, tomatoes and onions
are placed on the top of the doner stack to keep it moist by juice
drops. The doner slices are usually served to the customer on
a plate or in bread like sandwiches with herb, salad or dressing
(Kayahan & Welz, 1992; Moeller et al., 1994). In recent years,
doner kebab has become a ready-to-eat food product prepared
in meat processing plants. In industrial manufacturing, cooked
doner kebab is modified packaged in a plastic tray and sold
in supermarkets. According to statistic data, doner kebab is
consumed per day in Turkey and Germany at approximately
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460 and 300 tons (2.4-3.5 million Euro per year), respectively
(Turizm Gazetesi, 2007; Haberbu, 2007).

Microbiological quality of doner kebab depends on a number
of factors, such as the quality of raw materials, effectiveness of
the cooking process, sanitation of the restaurants, and personal
hygiene. Problems will arise depending on the quality grade of
raw meat and/or improper processing. Again, if left over doner
is rewarmed to serve at the second day will lead even more
harmful consequences.

Some microbiological studies showed that the number of
total aerobic bacteria, coliform, S. aureus, B. cereus, C. perfringens,
(26-40%) L. monocytogenes (18.8%), E. coli O157:H7 (11%),
Salmonella spp. (40%), yeasts and molds in doner kebab in
Turkey were found in the range of > 2-6 log CFU/g (Acar &
Ciftcioglu, 1997; Uzumcuoglu & Sahin, 2001; Kayisioglu et al.,
2003; Gencer & Kaya, 2004; Vazgecer et al., 2004; Elmali et al.,
2005; Ulukanli et al., 2006). Several studies also investigated the
presence of pathogens in raw or cooked doner samples collected in
Germany (Jockel & Stengel, 1984; Todd et al., 1986; Kruger et al.,
1993). According to Jockel & Stengel (1984), C. perfringens or
Salmonella spp. were isolated in all raw doner samples, but only
10% of the cooked samples contained C. perfringens. Additionally,
Tebbutt (1991) showed 5% occurrence of C. perfringens in raw
doner kebabs. E. coli was isolated in 18 out of 41 doner samples,
9 and 23 of them contained E. coli higher than 10°CFU/g and
10¢ CFU/g, respectively. Similarly, Stolle et al. (1993) reported
that eight samples of 44 cooked doner samples obtained from
different restaurants in Munich/Germany were C. perfringens
positive and no Salmonella was detected. However, Todd et al.
(1986) investigated 34 doner samples collected from 11 different
markets. They reported that the number of C. perfringens was
less than 10* CFU/g in spite of inappropriate practices such as
abusive storage temperature. The presence of 5.3-6.2 logs CFU/g
Staphylococciin 42% of the doner samples (40) was also reported
by Kruger et al. (1993) with no Salmonella spp was isolated in
those samples.

High presence of pathogens especially C. perfringens in
doner kebab is associated with several reasons. The temperature
at the center of the doner kebab during cooking maintaining the
optimal temperature range (25-45 °C) for anaerobic pathogen
growth is one of the reasons (Kayisioglu et al., 2003; Pexara et al.,
2006). Doner are not ideal meat product for heat transfers which
depending on composition, shape and size of the product.
The initial temperature at the center of the doner remains stable
for long time during cooking because of its irregular shape and
size. This nature creates a temperature gradient from the center
to the peripheral parts of the mass that may allow bacteria to
multiply (Todd et al., 1986). So, it may not be possible to destroy
pathogenic microorganisms inside the uncooked parts of the
doner mass and as well as in the slices cut for the services which
may receive insufficient cooking.

Doner kebab is a traditional product and generally produced
with beef and/or lamb. However, production of doner from
poultry meat is becoming popular because of lower cost; however,
there are concerns about poultry doner kebabs for growth of
pathogens. It has been reported that chicken doner kebabs have

higher aerobic plate counts, psychotropic bacteria counts and
coliform counts than the beef doners (Kayisioglu et al., 2003).

A few foodborne outbreaks associated with doner kebab
have been issued in several countries as well as in Turkey.
During October 1992, in London, 9 foodborne outbreaks were
reported associated with consuming doner kebab contaminated
with S. Mikawasima. Again, during July 1995, an outbreak of
S. Typhimurium DT170 occurred in South Wales, England.
A case-control study found that illness was associated with
doner kebabs. In 2004, an outbreak associated with consumption
of beef doner kebab contaminated with E. coli O157:H7 was
also issued in Calgary, Canada (Currie et al., 2007). Another
recent outbreak associated with consuming chicken doner in a
wedding reception was reported by Karakegili et al. (2017). In this
outbreak, 108 people were poisoned due to S. Thyphimirium
occurrence in chicken doner. A number of outbreaks due to
consumption of doner kebab especially made of chicken were
issued in newspaper in every year in Turkey. Nevertheless, no
detail information including suspicious contaminants involving
in outbreak was archived by The Turkish Government Agencies.

2.4 Tahin helva and Tahin

Tahin helva is one of the common traditional deserts
consumed in Turkey. It is produced with tahin which is a paste
of sesame seeds, and syrup. To produce helva, tahin is mixed
with sugar, citric acid, tartaric acid and Saponaria officinalis root
extract and the prepared mix is cooked by adding one or more
of the flavoring substances such as cacao, hazel-nut, walnut,
dried fruits, mastic, vanilla, bergamot, natural essences and
milk powder (Turkish Standards Institution, 1977). The major
operation involved in the production of tahin helva is shown at
Figure 1 (Birer, 1985). Helva is not a risky product in terms of
food safety due to involving high temperature cooking (120 °C)
and low product water activity (high sugar content). Processing
steps would easily eliminate contaminated pathogens coming with
ingredients. Post processing contamination during packaging
and transport is the major concern for this product safety.

In recent years, helva and tahin have received increasing
attention by causing several outbreaks in the World (Food
Standart Agency, 2001; Andersson et al., 2001, 2002; Richardson
& Jackson, 2002). In 2001, 27 cases in Sweden and 16 cases of
multiresistant DT104 in Australia associated with consumption
of tahin and helva imported from Turkey have been reported.
In Norway, 29 cases associated with helva have also been reported
in 24 independent outbreaks. Twelve of the 29 cases were younger
than 15 years. Samples of helva were also found positive for the
same strain. Other outbreaks were also reported associated with
tahini contaminated with S. Bovismorbificans, S. Montevideo,
S. Mbandaka and S. Maassricht in the United States and New
Zealand (Centers for Disease Control and Prevention, 2012,
2013; Paine et al., 2014).

After the European Commission distributed an international
alert over 150 samples of helva products in the UK have been tested.
Only eight samples were found to be positive for S. Typhimurium
DT104. They also reported that of those that have tested positive,
none were on sale in the major retail chains. Another research
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Figure 1. A flowsheet of traditional tahin helva manufacture (Birer, 1985).

group also investigated 117 samples of various sesame seed
products bought in local retail and delicatessen stores in southwest
Germany (Brockmann et al., 2004). Of these 117 samples,
11 (9.4%) from four different manufacturers were found positive
for various strains of multiresistant S. Typhimurium DT 104, S.
Typhimurium DT 134, Offa, Tennessee, and Poona. Furthermore,
the National Enteric Pathogen Surveillance Scheme in Australia
has recorded the isolation of 17 different Salmonella spp. from
sesame seeds and sesame seed products, including hummus,
tahini, and helva between 1985 and 2001 (O’Grady et al., 2001).
On the other hand, none of the helva samples (63) collected from
the retail markets in Turkey found positive for Salmonella and
S. aureus (Sengun et al., 2005). The studies showed that helva
may offer a good growth environment for S. Enteritidis and
S. aureus (Kotzekidou, 1998; Sengun et al., 2005). For example,
Kotzekidou (1998) reported that S. Enteritidis and S. aureus cells
were still recovered after 8 and 9 months of storage at 4 °C and
room temperatures, respectively.

Salmonella contamination of sesame seed seems, therefore,
to be a more urgent problem than previously thought. In sesame
seed products in which the seed undergoes further treatment or
processing, questions about the source of Salmonella contamination
arises. Cross-contamination can occur in most cases or in small
processing plants in Turkey where minimal standard hygiene
conditions are not always maintained during production, but it
seems unlikely for several reasons that contamination of sesame
seed products occurs regularly during processing.
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All these studies demonstrate that products made of sesame
seed have potential to lead food poisoning. Thus, its risk must be
determined in terms of public health and precautions should be
taken. There is a necessity to standardize the process, improve the
sanitary conditions and storage of product, and use quality raw
materials in helva manufacturing. Therefore, good manufacturing
practice and the hazard analysis critical control point (HACCP)
concept should minimize such routes of contamination.

2.5 Turkish white cheese

Turkish white cheese is classified as soft or semi hard
brined cheese. Its taste is characterized as more salty and acidic
compared to other cheeses (Hayaloglu et al., 2002). Ripening soft
fresh white cheese in brine solution for 3 months generates
semi hard texture. White cheese was originally produced from
sheep or goat milk, but cow milk or a mixture of milks is now
generally used for its production. According to data published
in 2001, approximately 243,000 tons of Turkish white cheeses
were produced annually, representing 60 to 80% of the total
cheese production in Turkey (Turkey, 2001).

White cheese is usually made from raw milk to obtain a
better flavor profile without using starter cultures in small dairies
or some large cheese factories (Turantas et al., 1989; Erkmen,
1995,1996). Turkish White cheese is not usually produced under
mechanized or artisanal conditions and is handled at various
stages of manufacture. Thus, various types of microorganisms may
enter the cheese during manufacture and subsequent handling
as well as transferring from unpasteurized milk (Turantas et al.,
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1989). A number of studies indicated the presence of various
pathogens including S. aureus, E. coli O157:H7 L. monocytogenes,
Brucella spp., S. Thyphimirium, Y. enterocolitica in white
cheese samples (Table 1) (Akbulut et al., 1993; Gonca & Kilic,
2000; Oksiiz et al., 2004; Gokmen et al., 2016). For example;
L. monocytogenes was isolated from 3-13.4% of commercial
Turkish White Cheeses collected from two different cities in
Turkey (Kara et al., 1999; Gonca & Kilic, 2000).

Based on the studies, using starter cultures, the natural
presence of lactic acid bacteria and ripening process of white
cheese in brine solution eliminate some pathogen species
including Brucella, Y. enterocolitica and Campylobacter jejuni
coming from raw milk or contaminated during manufacturing
(Hayaloglu et al., 2002). Moreover, the numbers of Y. enterocolitica
and S. aureus increase during cheese manufacturing but decrease
during the later stages of ripening (Erkmen, 1995, 1996).
They stated that inhibition of pathogens during ripening were
dependent on salt occurrence, starter activity and. However,
S. Typhimurium, S. aureus, L. monocytogenes or E. coli in white
cheese can show resistance against brine solution or the activity
of the starter culture (Erkmen, 1995, 1996; Arici et al., 1999).
For example; Arici et al. (1999) stated that L. monocytogenes
originating from white cheese survived during 20 weeks of
ripening at 4 °C. Erkmen (2000, 2001) also reported that
L. monocytogenes survived during white cheese manufacture
and ripening and might persist for at least 3 months in cheese
stored at 4 °C.

Using of starter cultures or natural lactic acid bacteria
occurrence in cheese also affects survival of pathogens.
The composition of the lactic acid bacterial flora in white cheese
was investigated by Karakus et al. (1992). At the beginning of
ripening, Lc. lactis subsp. lactis was the predominant species and
enterococci (E. faecalis and E. faecium) were the second most
dominant species found in white cheese. Other species of lactic
acid bacteria including Lb. casei, Lb. plantarum, Lb. fermentum,
Lb. brevis, Leuconostoc lactis and Leu. mesenteroides subsp.
dextranicum were also reported. Lactococci declined during
ripening in brine solution, while Lactobacillus species including
Lb. casei and Lb. plantarum was increasing. Acidification of
cheese by the activity of lactic acid bacteria occurs rapidly but
their action can be limited by increasing salt concentration.
Karakus & Alperden (1992) reported that white cheeses obtained
from three different plants contained species of Enterococcus,
Staphylococcus, Micrococcus and Coliform bacteria at various
levels. Throughout ripening, the number of Enterococcus
remained relatively constant while counts of coliform,
Staphylococcus and Micrococcus decreased. The microflora of
the cheese produced at the same factory can vary depending
on various factors. Uraz & Gundogan (1998), who studied
132 samples of commercial white cheese during a ripening
period of 10 weeks, found Bacillus, Lactobacillus, Leuconostoc,
Pediococcus, Staphylococcus aureus and coliform bacteria in
all samples. Generally, Lactobacillus, Leuconostoc, Pediococcus
and Streptococcus are the dominant microorganisms present
during storage and grow to higher numbers than other groups

of microorganisms. Akbulut et al. (1993) also investigated
the survival of some pathogens in white cheese made with or
without a starter culture. Results showed the presence of high
numbers (3.04-3.38 logs CFU/g) of coliforms and (2.90-3.23 logs
CFU/g) and extremely high numbers (5.28-5.45 logs CFU/g)
of E. coli in cheese made with or without a starter culture at
the end of the 90-day ripening period. However, Akbulut et al.
(1993) reported that Y. enterocolitica and C. jejuni were killed
completely by the addition of starter culture and ripening process.

Fresh cheeses made from unpasteurized milk are also known
as the major source of Brucella in Turkey (Cetinkaya et al., 2005;
Cengiz, 2007). In 2008, 238 brucellosis cases were reported by
the Turkish Ministry of Health (Buzgan et al., 2010). The studies
analyzed the fate of Brucella in fresh cheeses produced in
several region of Turkey reported mostly positives results
for Brucella occurrence (Mert, 1984; Patir & Dincoglu, 2001;
Kalender et al., 2001; Kasimoglu, 2002; Alim & Tomul, 2005;
Kilic-Altun et al., 2017). For example, Brucella spp. were isolated
from 20.5% of 78 fresh cheese samples collected from 3 cities
in Turkey with 81.3 and 18.7% of them were determined as
B. melitensis and B. abortus, respectively (Kalender et al., 2001).
In a similar study, 16.6% cheese samples were found as
positive for Brucella collected in 2015 in Urfa, Turkey,
(Kilic-Altun et al., 2017). These results showed the importance
of pasteurization of milk before manufacturing the cheese and
the ripening of white cheeses before marketing. According to
pilot studies, Turkish consumers are not adequately acknowledge
about the food safety risk of eating fresh white cheese obtained
from bazaar (Cagri-Mehmetoglu, 2009). The small cheese
producers (40%) also resisted not to pasteurize milk before
making cheese although they knew about the risk of cheese
produced from raw milk since the cheese made from heated
milk possessing low sensory properties (Yuce & Alp-Cavus,
2006). Therefore, consuming fresh white cheese made from
unpasteurized milk very risky could result brucellosis.

White cheese is also the high potential source of aflatoxin
among dairy products in Turkey because aflatoxin M1 (AFM1)
is being associated with the casein fraction in milk is somewhat
concentrated in cheese (Galvano et al., 1996; Tekinsen &
Tekingen, 2005; Isleyici et al., 2015). The studies showed that
the concentration of AFM1 was about 3 fold higher in many
soft cheeses and about 5 fold higher in hard cheeses than the
milk (Prandini et al., 2009). The cheeses were manufactured
from the milk of animals fed with the feeds which had probably
contained performed aflatoxins and/or been contaminated
with the spores of Aspergillus spp. Tekingen & Tekingen
(2005) determined AFM1 in 31 (62%) of 50 white brined
cheese samples. The results are mostly similar to the results
of the other studies (Seyrek, 2001; Sarimehmetoglu et al.,
2004; Kamkar, 2006; Baskaya et al., 2006; Ardic et al., 2009)
but contradict with those of some researchers (Gurbuz et al.,
1999; Kaniou-Grigoriadou et al., 2005) who did not observe
AFM1 at detectable amounts. These differences may be
attributable to the fact that milk to be processed may contain
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different levels of AFM1 according to the seasonal changes
(Bakirci, 2001; Galvano et al., 1996) and different analytical
methods and processing technique (Pittet, 1998). In addition,
the AFMLI level in the milk was significantly affected by the
geographical region where cheese is produced (Galvano et al,,
1996). In conclusion, AFM1 common contaminant of white
brined cheese and can be considered to be a main concern
for public health. Therefore, public health authorities should
urgently pay attention to AFM1 particularly by monitoring
dairy products and informing dairy producers.

2.6 Stuffed mussel (midye dolina)

Stuffed mussel, made from mussel and rice, cooked separately
then put together in the mussel shell, is generally sold by street
vendors in Turkey. It is consumed with lemon juice and eaten
by hand. Black mussel (Mytilus galloprovincialis) is mostly used
for preparation of stuffed mussels. In the production of stuffed
mussels, mussel shells are cleaned well by scraping with a knife,
and any beards are removed. A prepared mixture of rice, vegetable
oil, salt, and spices is stuffed into each shell, including mussel
flesh, and shells are closed tightly before cooking by steaming.
Vegetable oil is sprayed on the shells of stuffed mussels to make
them shiny.

Familiarity, taste, low-cost, and convenience are some of the
appealing factors that make stuffed shell sold in street popular
as food source, but they may also present risks to people’s health
(Tinker, 1997). The safety of stuffed shell is affected by several
common factors, from the microbiological quality of the raw
materials to food handling and storage practices (Table 1).
Stuffed shell sold in street might be exposed to environmental
conditions, such as the presence of insects, flies, and dust.
Moreover, most street food vendors pay no attention to good
food handling practices, exposing foods to unsafe conditions,
such as cross-contamination, unhygienic storage, and poor
time-temperature conditions (Ekanem, 1998; Kisla & Uzgun
2008). Generally, mobile street food sellers and stationary
food sellers sell the stuffed mussels on a table by the sidewalks.
The stuffed mussel sellers carry out their operations in the
ambient conditions for 6 to 8 h or more each day. The consumer
uses the mussel shell itself as a spoon to take the stuffing out
of the shell and scoop it to the mouth. In this case, the shell of
the stuffed mussel is the critical control point for the potential
health risk in addition to the stuffing in the shell. Moreover,
leftover stuffed mussels are generally taken home at the end of
each day and stored at room temperature, or sometimes in the
refrigerator until the next day.

Stuffed mussel is an important source of microorganisms
especially pathogen bacteria because of preparation and serving
process. The microbiological quality of stuffed mussels sold in
Turkey has been studied by only a few researchers (Tatlisu, 2002;
Colakoglu et al., 2003; Bingol et al., 2008; Kisla & Uzgun, 2008;
Ates etal.,, 2011; Kok et al., 2015). During the period of March-
October 2006, a total of 168 stuffed mussel samples were collected
randomly from restaurants, buffets and street sellers located in
Istanbul and analyzed some microbiological parameters by a
research group (Bingol et al., 2008). Their results showed that
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Coliform bacteria were detected at 77.38%, Escherichia coli at
22.02%, S. aureus at 23.80%, B. cereus at 38.69%, yeast and molds
at 87.50% and sulfite-reducing anaerobe bacteria at 36.30% of
stuffed mussel samples, respectively. No Salmonella spp. was
detected in analyzed samples. In another study, 5 of the 50 stuffed
mussel samples were found to be positive for occurrence of
L. monocytogenes (Goksoy et al., 1996). Furthermore, the
microbiological quality of not only the stuffing mixture, but also
the outer surface of the stuffed mussels was evaluated for 1 year,
and the effect of season on the prevalence and the number of
the microorganisms were evaluated by Kisla & Uzgun (2008).
The prevalence and the count levels of coliforms, fecal coliforms,
Enterobacteriaceae, and Vibrio spp in the samples in summer
time were considerably higher compared with those in winter
time. Fecal contamination was detected in 40% of each stuffing
mixture and outer surface samples. In total, 14% of stuffing mixture
samples analyzed contained fecal coliforms greater than 3.15
logs MPN/g. Enterobacteriaceae was detected in 40% and 60%
of stuffing mixture samples, and 32% and 60% of outer surface
samples in summer and winter time, respectively. The highest
count (7.08 logs CFU/g) was observed in one stuffing mixture
sample in winter. The frequencies of contamination by coagulase-
positive S. aureus were 30% and 96% of the samples analyzed
in winter and summer time, respectively, with the averages of
2.84 logs CFU/g. B. cereus was also detected in 28% of stuffing
mixture samples in winter time, whereas it was present in 76%
of stuffing mixture samples in warmer months with averages
of 2.94 logs CFU/g. Vibrio spp. was detected in 16% of stuffing
mixture samples in cold months, and in 40% of the samples in
warm months.

Fresh lemon juice and lemon dressing containing citric acid
are used as flavoring and acidifying solutions before consuming
stuffed mussels in Turkey. A study investigated the antimicrobial
activity of fresh lemon juice on S. Typhimurium inoculated in
a real food system, stuffing mixture of stuffed mussels, with
different inoculation levels (Kisla, 2007). The pH of stuffed
mussels was measured as 6.57. When it was treated with lemon
juice and lemon dressing, the pH of the mixture decreased to
3.63 and 3.78, respectively. Results of the study showed that
both lemon juice and lemon dressing used as flavoring and
acidifying agents for stuffed mussels caused slight decrease in
S. Typhimurium as an immediate inhibitor. However, treatment
of stuffed mussels with lemon juice up to 15 min was not enough
to kill S. Typhimurium in stuffed mussels.

Based on the high bacterial levels and the prevalence of
foodborne pathogens, the quality and the safety of the stuffed
mussels analyzed were unacceptable for human consumption.
The outer surface of the stuffed mussels in addition to the
stuffing mixture also might constitute a potential health hazard,
depending on the contamination level and lack of sanitary
practices, because the shell is used as a spoon by the consumers.
As a control measure, it could be suggested that street vendors
might sell the stuffed mussels in a cooler, especially in warm
seasons. Primarily, it is important that there is a need to enforce
regulations on sanitary practices during preparation and sale
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of stuffed mussels through the education of the street vendors
(covering their heads, wearing aprons, avoiding handling stuffed
mussels and money simultaneously, or handling stuffed mussels
with bare hands, etc.), employing the hazard analysis critical
control point system as a strategy to prevent contamination.

3 Risk assessment

Documentation and risk assessment of risky traditional
Turkish Dishes was the main purpose of this review. All risk
factors regarding the related dishes were used to assess and
estimate the risk for consumer safety. Raw meat ball, kokorec,
meat and chicken doner, tahin helva, and white cheese were
identified as traditional Turkish dishes leading possible safety
problems. Six typical scenarios for consumption of these
products based on regions and income were described using
related survey data (Wikipedia, 2011). Typical serving size of
traditional Turkish dishes was shown on Table 2. Generally,
100-150 g food per portion is consumed (Turkey, 2005a, b;
Avocado Bravado, 2011).

Risk factors were categorized (1 to 3) based on several
criteria to estimate degree of risk associated with the prevalence

of foodborne pathogens in the dishes (Table 3). The criteria
considered on this process were listed as “pathogen prevalence in

ingredients”, “heat treatment”, “raw components in ready-to-eat

» <

portion, cross contamination’, “g food/portion” and “frequency
of consumption”

According to magnified risk factors (Table 3), the traditional
Turkish dishes were categorized on Table 4. Risk estimation
(categorization) for each dish was made by as well considering six
different frequency of consumption scenarios based on statistical
data shown on Table 2 (Omurtag et al., 2013). Risk degrees were
stated by color, the darker the color the greater the risk for easy
analysis. It is apparent that in Western Turkey (Sc 1 and 2),
regardless of income, poultry and meat doner, kokorec and midye
dolma are foods with main risk for foodborne disease, where
in Eastern Turkey (Sc 5), in specific raw meat ball and kokorec,
are most related. Additionally, according to the assessment,
fresh white cheese was considered as an unsafe food due to low
frequency. of consumption. Helva also carry lower risk comparing
to other traditional foods in only for people in Eastern Turkey
due to higher comcumption.

Table 2. Traditional food consumption in Turkey: Six different scenarios were identified according to statistical data.

Kg fresh

Scenario . Kgred meat  Kg poultry Kg Kokorec/ Kg raw meat  Kg stuffed white Kg tahin Equaling x
Region In-come  doner/yr/  doner /year/ ball/year/  mussel/year/ helva/year/ .
(Sc.) . . year/person cheese/year/ serving
person person person person person
person
1 w High 2.2 1.2 0.001 0.2 0.5 1.5 2.1 1/week
2 Low 0.68 0.45 0.002 0.1 0.4 1.2 1.5 1/month
3 C High 0.72 0.52 0.001 0.1 0.02 1.7 2.3 1/week
4 Low 0.45 0.32 0.001 0.05 0.01 1.4 1.9 1/month
5 E High 0.77 0.62 0.002 3.4 0.01 1.8 3.1 1/week
6 Low 0.55 0.35 0.002 2.2 0.005 1.2 2.7 1/month
Region ... East (E)/Central (C)/West (W); *... median.
Table 3. Factors considered in the estimation of the risk magnitude of foodborne pathogens (Omurtag et al., 2013).
Group Pathogens occurrence in Heating process Raw port19n in ready-to-eat‘ serving, i.e. gfood/serving  Consumption rate
raw materials possible cross-contamination
Low<5% Adequate No <50 1/month and fewer
2 Medium 5-50% Grill/Barbecue Yes 50-150 1/week
- High>50% Uncooked Yes >150 1-3/week

Table 4. Categorization of typical Turkish dishes according to risk factors for foodborne pathogens.

Occurrence of . Serving includes
. Heating
pathogens in other raw or
Food Type process
food (1/2/3) ready to eat food
(1/2/3) components (1/3)
Raw Meat Ball
Kokorec
Meat Doner 2
Chicken Doner 2
Midye dolma 1 1
Fresh white cheese 1 1
Tahin helva 1 1

Cross- Frequency of consumption scenarios (Sc)

contamination g
/food serving
(1/2/3)

Sc.1

Sc.2 Sc.3 Sc4 Sc.5

Sc.6

2
2
2
2

Sc.: Scenarios from Table 2.
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4 Conclusions

The root of Turkish cuisine composing of one of the richest food
cultures in the World reaches through Middle Asia region. Rich
table concept which synthesized from all cultures and traditions
of people lived in Anatolia was formed by settling down of Turks
in Anatolia. Data and information by means of determination,
registration and standardization of traditional foods are extremely
insufficient to support continuation of production or increasing
opportunity to be produced commercially. Accordingly, The Turkish
Ministry of Agriculture started a project to collect information
about all traditional food products in Turkey in 2004. The long
term objectives of the project are to prevent their imitations, to
determine food safety regulation for these products, to introduce
them to industry and to provide contribution to national income
by obtaining their patents. With this project so far 459 traditional
foods were informed. Moreover, in the recent years, the projects
by government agencies regarding food safety regulations of
traditional foods has been accelerated towards qualifying for
whole membership of European Union. Standardization about
food safety and processing of the most of the traditional foods
produced in industrial base was completed. However, since the
small food processing plants and restaurants producing the
traditional foods still can possibly ignore sanitation and hygiene
rules, which might create risk for public health. As well as unsafe
production, traditional foods without packaging especially white
cheese, helva produced by the small plants were illegally sold
on open counters in bazaars in Turkey. The products open for
microbiological contamination and growth might become very
dangerous for consumption. As long as food controllers often
visit food manufacturing plants and bazaars to control whether
they follow regulations, no risk will be left regarding food safety.
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