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Abstract

Raw meatball (¢ig kofte) is a popular food consumed fondly in Tirkiye. The lack of being
cooked and the constant hand contact during production and sale increase the risk of product
contamination. This can cause food poisoning and pose a danger to public health. This study aims
to determine the microbiological quality of raw meatballs sold in Corum, Tiirkiye. For this
purpose, a total of 40 samples were studied in winter (n = 20) and summer (n = 20) months.
Samples were analyzed for pH, total aerobic mesophilic bacteria, yeast-mold, E. coli, coliform,
Enterobacteriaceae, Enterococcus, and Staphylococcus/Micrococcus. The pH value of raw meatball
samples was 4.64-5.35 in the winter, and in summer, it was determined as 4.65-5.09. The total
aerobic mesophilic bacteria, yeast-mold, coliform, Enterobacteriaceae, Enterococcus,
Staphylococcus/Micrococcus count results of samples in summer and winter periods were
determined respectively as <1.00-5.59 and <1.00-6.12; <1.00-4.69 and <1.00-4.45; <1.00-5.61
and <1.00-3.2; <1.00-4.80 and <1.00-2.00; <1.00-4.57 and <1.00-3.95; <1.00-3.77 and <1.00-
2.7 log cfu g . E. coli bacteria could not be detected in any samples. As a result of the analysis, it
was determined that the microbiological quality of the raw meatball samples was low. In
addition, it is thought that the quality of raw material, additives used, and ambient temperature

had an effect on the analysis results.
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Ozet

Cig kofte lilkemizde severek tiiketilen popiler bir yiyecektir. Cig kofteye 1si1l islem
uygulanmamasi, liretim ve satis sirasinda siirekli el temasinin olmasi iirtiniin kontaminasyon
riskini artirmaktadir. Bu durum gida zehirlenmelerine neden olabilmekte ve halk saghigi
acisindan tehlike arz etmektedir. Bu ¢alismada Corum’da satilan ¢ig koftelerin mikrobiyolojik
kalitesinin belirlenmesi amag¢lanmistir. Bunun icin kis (20) ve yaz (20) aylarinda olmak iizere
toplam 40 érnek ile calisilmistir. Ornekler pH, toplam aerobik mezofilik bakteri, maya-kiif, E. coli,
koliform, Enterobacteriaceae, Enterococcus, Staphylococcus/Micrococcus analizlerine tabi
tutulmustur. Cig kofte drneklerinin pH degeri kis doneminde 4.64-5.34; yaz doneminde ise 4,65-
5,09 olarak tespit edilmistir. Orneklerin kis ve yaz dénemlerinde toplam aerobik mezofilik
bakteri, maya-kif, koliform, Enterobacteriaceae, Enterococcus, Staphylococcus/Micrococcus
sayim sonuglari sirasiyla <1.00-5.59 ve <1.00-6.12; <1.00-4.69 ve <1.00-4.45; <1.00-5.61 ve
<1.00-3.2; <1.00-4.80 ve <1.00-2.00; <1.00-4.57 ve <1.00-3.95; <1.00-3.77 ve <1.00-2.7 log kob
g™* olarak belirlenmistir. Higbir érnekte E. coli bakterisi tespit edilememistir. Analiz sonucunda
yaz doneminde satilan ¢ig kofte 6rneklerinin mikrobiyal kalitesinin diistik oldugu belirlenmistir.
Ayrica hammadde kalitesi, kullanilan katki maddeleri ve ortam sicakliginin analiz sonuglari

tizerinde etkili oldugu diisiiniilmektedir.

Anahtar Kelimeler: Cig kofte, Mikrobiyoloji, Sicaklik

1. Introduction

Tiirkiye has a rich culinary culture due to its deep-rooted history and diverse ethnic cultures
(Ktgiikkémiirler et al., 2018). Raw meatballs are an important part of this culinary culture. Raw
meatballs are prepared in various ways according to geographical region. They are a traditional
food created by kneading ground beef and fine cracked wheat, adding tomato paste, onion, garlic,
parsley, salt, chili pepper, and various spices (Ghazzi et al., 2018; Cift¢ci & Kara, 2022). This
traditional dish is consumed with pleasure in Tiirkiye and various Middle Eastern countries.
However, it is risky for health as it is a meat product that is consumed raw or without being
cooked. As it is a raw meat product, it contains pathogenic microorganisms that can cause food

poisoning (Durmaz et al., 2007; Dogan et al., 2014). This situation threatens food security and
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public health. The microbiological quality of raw meatballs depends on the hygienic quality of the
ingredients (Calicioglu & Dikici, 2008). However, poor personnel hygiene and any unhygienic
equipment during production and packaging cause contamination of raw meatballs (Sancak &
Isleyici, 2006). Using raw meat in the raw meatball is only available in traditional home
productions. Today, Turkish regulations forbid the sale of raw meatball with raw meat in the
markets (Uzunlu, 2019). Even if raw meatballs are produced under hygienic conditions, keeping
them at room temperature in the areas where they are for sale increases the microbiological load
of the product (Kiipliilii et al.,, 2003). There are various studies to determine the microbiological
quality of raw meatballs (Uzunlu & Yildirim, 2003; Vural & Yesilmen, 2003; Uzunlu et al., 2004;
Sancak & isleyici, 2006; Ardic & Durmaz, 2008; Hampikyan et al., 2008; Aslan et al. et al,, 2012;
Cetinkaya et al,, 2012; Delikanli et al., 2014; Yurdakul et al., 2017; Kurt et al.,, 2019; Uzunlu, 2019;
Balpetek Kulcu et al., 2020). However, there is no study comparing the microbiological quality of
raw meatballs in the summer and winter months. This study examines the raw meatballs offered
for sale in Corum in terms of microbiological properties in the summer and winter - considering

that they pose a potential risk as the temperature changes due to seasonal differences.

2. Material and Methods

In this study, a total of 40 samples were collected from stores that only sell raw meatballs
during the winter and summer seasons (January-February and June-July 2022). After the samples
were collected under aseptic conditions, they were transported to the laboratory using a cooling

bag. Atleast 200 g were collected from each sample.

2.1. pH analysis

After homogenizing 10 g of the raw meatball sample with 100 mL of distilled water, the pH value
of the samples was measured using a pH meter (ADWA, Romania) (Bingol et al., 2011; Kurtetal,,
2019).

2.2. Microbiological analysis

10 g of raw meatball sample was added with 90 mL of sterile buffered peptone water at a rate of
0.1 % and then homogenized with a stomacher for microbiological analysis. Afterward, serial
dilutions were prepared up to 1077, From the prepared dilutions, the prepared dilutions were

inoculated on the medium specified in Table 1 for total aerobic mesophilic bacteria (TAMB),
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yeast-mold, E. coli, coliform, Enterobacteriaceae, Enterococcus, Staphylococcus/Micrococcus
(Stap/Micro) counts. All colonies grown on Plate Count were evaluated as mesophilic bacteria;
those on Potato Dextrose Agar as yeast-mold; the greenish fluorescent colonies grown on Eosin
Methylen Blue Agar as E. coli; the dark red colonies with 1-2 mm diameter grown on Violet Red
Bile Agar as coliform; the red colored colonies with a diameter of 0.5-1 mm growing on glucose
agar even in violet red as Enterobacteriaceae; the colonies 1-2 mm large and pink-red to brown
growing on Slanetz and Bartley Medium as Enterococcus; and the yellow-opaque colonies
surrounded by a yellow zone growing on Mannitol Salt Agar as Staphylococcus/Micrococcus.
Pouring and spreading plate cultivation methods were used for the analysis by repeating twice

(Anonymous, 2005; Simsek et al., 2006).

Table 1. Analyzed microorganisms and microbiological cultivation conditions

Microorganism Medium Incubation Method
conditions
TAMB Plate Count Agar 37°C 48 hours Anonymous
(Merck) (2005); Simsek et
al., (2006)
Yeast-mold Potato  Dextrose 25°C 5 days Anonymous
Agar (Merck) (2005); Simsek et
al., (2006)
E. coli Eosin  Methylene 37°C 24-48 hours ~ Anonymous
Blue Agar (2005); Simsek et
(Neogen) al., (2006)
Coliform Violet Red Bile 37°C 24 hours Anonymous
Agar (Merck) (2005); Simsek et
al., (2006)
Enterobacteriaceae Violet Red Bile 37°C 24 hours Anonymous,
Glucose Agar (2005); Simsek et
(Neogen) al., (2006)
Enterococcus Slanetz-Bartley 37°C 24-48 hours ~ Anonymous
Medium (Neogen) (2005); Simsek et
al., (2006)
Staphylococcus/Micrococcus Mannitol Salt Agar 37°C 24-48 hours ~ Anonymous
(Himedia) (2005); Simsek et

al., (2006)
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2.3. Statistical analysis
Statistical analysis of the samples was performed using the t-test (independent variable) with the

SPSS 25 package program at a 95% confidence level.

3. Results and Discussion

Table 2 presents the max., min., and mean values of pH, total aerobic mesophilic bacteria,
coliform, E. coli, Enterobacteria, Enterococcus, Staphylococcus-Micrococcus, and the yeast-mold
count results of 40 raw meatball samples collected in the winter and summer months. The pH
values of the raw meatball samples varied between 4.64-5.34 in the winter and 4.65-5.09 in the
summer. The pH values of the raw meatballs without meat sold in Adiyaman were found to vary
between 3.99-4.84. (Kurt et al., 2019). Sancak and Isleyici (2006) determined the pH value of raw
meatballs as 3.62-5.49 in their study on raw meatballs sold in Van. Balpetek-Kiilcii et al. (2020)
found the pH value of raw meatballs as 3.5-5.15. A study on raw meatballs consumed in Siirt
reported the pH value of raw meatballs as 4.32-6.99 (Kardes, 2017). Although the pH values
obtained in the present study are slightly higher than those in the abovementioned studies, at the
lower limit, they are consistent with those in the literature. Also, there was no significant

difference between the winter and summer pH values of the raw meatballs (p > 0.05).

Table 2. pH and microbiologically count results of raw meatball samples (log cfu g™)

Min. Max. t Mean+SD
pH 4.64 5.34 1.64 4.94+0.15
TAMB 0.00 6.12 2.22 2.85+1.79
E. coli 0.00 0.00 0.00 0.00
Coliform 0.00 5.61 1.56 0.64+1.41
Enterobacteriaceae 0.00 4.80 2.16 0.53+1.34
Enterococcus 0.00 4.57 0.65 0.31+7.11
Stap./Micro. 0.00 3.77 2.69 1.46+1.32

Yeast-mold 0.00 4.69 -1.15 2.12+1.97
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The total number of aerobic mesophilic bacteria and yeast mold gives information about the
production-storage conditions and hygienic quality of foods. In this study, the bacterial count of
raw meatball samples in the winter and summer was <1.00-5.59 and <1.00-6.12 log cfu g™%, and
their yeast-mold count was found as <1.00-4.69 and <1.00-4.45 log cfu g™*, respectively. The total
number of aerobic mesophilic bacteria was found as 5.40-8.82; 3.60-7.35; 4.30-8.86; 2.72-6.77;
5.98-7.84 log kob g™* by Sancak and isleyici (2006); Aslan et al., (2012); Kardes (2017); Kurt et
al,, (2019); Balpetek Kulcu et al. (2020), respectively. These figures were also reported as 6x10*-
5.1x107; 2.4x10°-1.7x107; 1x10*-3.2x10% kob g™* by Vural and Yesilmen (2003); Hampikyan et al.,
(2008); Delikanli et al. (2014), respectively. In addition, the number of yeast-mold was found as
2.60-6.76; 3.30-7.19; 5.00-8.17; <2.00-6.10 log kob g™*, and 3.0x102-1.0x10” kob g™* by Kiiplilii
etal,, (2003); Aslan etal,, (2012); Kardes (2017); Kurt etal., (2019) and Vural & Yesilmen (2003),
respectively. The TAMB and yeast-mold counts of this study are consistent with those in the
literature. While the total number of aerobic mesophilic bacteria differed from each other in the
summer and winter periods (p < 0.05), the yeast-mold counts were found to be similar (p > 0.05).

Coliform bacteria in foods are considered indicator microorganisms and show that fecal or
other microorganisms may contaminate the food after insufficient heat treatment (Unliitiirk &
Turantas, 1998). This study found the number of coliform group bacteria as <1.00-5.61 and
<1.00-3.2 log cfu g™ in the winter and summer periods, respectively. Kiipliilii et al. (2003); Aslan
etal. (2012); Kurtetal. (2019), and Vural and Yesilmen (2003) found the coliform group bacteria
counts as 2.78-5.71; <2.30-4.20; <2.00-5.98 log kob g, and 3.0x10'-1.1x10° kob g™,
respectively. In addition to the coliform group bacteria count, Enterobacter and Enterococcus
counts may be an indicator of insufficient heat treatment or fecal contamination in foods (Kurt et
al,, 2019). In the present study was determined the number of Enterobacteriaceae as <1.00-4.80
and <1.00-2.00 log cfu g™* in the winter and summer periods, respectively. These figures were
found by Kiiplilii et al. (2003); Aslan et al. (2012); and Kardes (2017) as 3.30-6.20; <2.30-4.77;
5.44-8.14 log kob g%, respectively. In the present study, the number of Enterococcus was
determined as <1.00-4.57 and <1.00-3.95 log kob g™ in winter and summer periods,
respectively. Kiipliilii et al. (2003); Aslan et al. (2012); and Kardes (2017) found the number of
Enterococcus as 2.60-6.11; <2.30-7.07; 6.30-6.77 log kob/g, respectively. The number of
Staphylococcus/Micrococcus is considered an indication of insufficient heat treatment or

personnel hygiene in foods (Kiipeli Gencer & Kaya, 2004; Bostan et al,, 2011). The present study
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found the number of Staphylococcus/Micrococcus to be <1.00-3.77 and <1.00-2.7 log kob g™* in
winter and summer periods, respectively. Kiipliilii et al. (2003), Aslan et al. (2012), and Vural and
Yesilmen (2003) reported the number of Staphylococcus/Micrococcus as 3.60-6.95; <2.30-6.66
log kob g* and 0-4.0x10* kob g™, respectively. The coliform bacteria, Enterobacteriaceae,
Enterococcus, and Staphylococcus/Micrococcus count results in this study are consistent with
those in the literature. Enterobacteriaceae and Enterococcus bacteria were detected in only one
(1) sample for the summer period. While the coliform and Enterococcus bacterial counts were
similar in summer and winter periods (p > 0.05), Enterobacteriaceae and
Staphylococcus/Micrococcus count results were different from each other (p < 0.05).

In this study was determined that the counts of microorganisms other than total aerobic
mesophilic bacteria were lower in the summer than in the winter. Contrary to expectations, the
analysis results were higher in the summer than in the winter. During sample collection, it was
observed that the selling places of raw meatballs were warmer in the winter than in the summer
due to the use of heaters, coolers, and air conditioning. Additionally, it is thought that the moisture
and dry matter content, type, and microbiological quality of the spices and sauces used in making
raw meatballs and the number of additives may be related to the changes in the number of
microorganisms in the raw meatballs (Sireli et al,, 2008; Bostan et al,, 2011; Keskin et al.,, 2018).

The obtained results may have differed due to all of these factors.

4. Conclusion

This study aimed to compare the microbiological properties of raw meatballs sold in Corum
depending on seasonal temperature differences. As a result, the hygienic quality of raw meatballs
was low. Since raw meatballs are consumed without being cooked, special attention should be
paid to food safety criteria such as production conditions, raw material quality, personnel
hygiene, equipment cleanliness, and selling place temperature. Raw meatballs should be
consumed shortly after they are purchased. Currently, it is insufficient to determine the
microorganisms, which give an idea about the production-storage and hygiene conditions of
foods, only by a counting method. In addition to counting the microorganisms examined in this
study, there is a need to determine the important microorganism species, such as Salmonella sp.,

Listeria monocytogenes, for food safety and public health at the molecular level.
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