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K4şk Üret4m4 ve Muhafazası Sırasında E. col' O157:H7 ve Salmonella Sayısında 

Meydana Gelen Değ4ş4mler4n Bel4rlenmes4  

Öğrenc4n4n Adı ve Soyadı: Sara KHEDR 

Danışmanı: Prof. Dr. Hüsnü Şahan GÜRAN 

Anab4l4m Dalı: BesLn/Gıda HLjyenL ve TeknolojLsL 

1. ÖZETLER 

1.1 Türkçe Özet 

Amaç: Bu tez çalışmasında kLşk üretLmL ve muhafazası sırasında E. col' O157:H7 

ve Salmonella'nın hayatta kalma yeteneklerLnLn belLrlenmesL amaçlandı. 

 

Gereç ve Yöntem: KLşk yapımı LçLn bulgur, yoğurt, süzme yoğurt ve tuz yerel bLr 

zLncLr marketten temLn edLldL. Hazırlanan kLşk karışımı, E. col' O157:H7 

ve Salmonella Lle kontamLne edLldLkten sonra 35 oC’de 48 saat fermente edLldL ve 

ardından 53°C’de 4 gün bekletLlerek kurutuldu. Kurutma LşlemLnL takLben kLşk 

örneklerL 4°C ve 24°C olmak üzere LkL farklı sıcaklıkta 36 gün sterLl polLetLlen 

torbalarda muhafazaya alınarak belLrlL günlerde mLkrobLyolojLk [E. 

col' O157:H7, Salmonella, toplam mezofLlLk aerobLk bakterL (TMAB), toplam 

psLkrofLlLk aerobLk bakterL (TPAB), laktLk asLt bakterLlerL (LAB), 

kolLform, Staphylococcus-M'crococcus spp., maya ve küf] ve kLmyasal [pH, asLttlLk ve 

kuru madde] analLzler gerçekleştLrLldL.  

 

Bulgular: KLşk üretLmL sırasında fermantasyonun 24. saatLnde E. col' O157:H7’nLn 

tespLt edLlebLlLr lLmLtLn altına (<10 cfu/g) düştüğü, Salmonella’nın Lse var/yok analLzL 

sonucunda tamamen öldüğü saptandı. Fermantasyonun 48. saatLnde Lse E. col' 

O157:H7’nLn var/yok analLzL sonucunda öldüğü belLrlendL. Toplam mezofLlLk aerobLk 

bakterL (TMAB) sayısı, özellLkle 4°C’de olmak üzere, üretLm ve muhafaza süresLnce 

azalma görüldü. LaktLk asLt bakterLlerL (LAB) ve toplam psLkrofLlLk aerobLk bakterLler 

(TPAB) fermantasyon sırasında anlamlı şekLlde artış göstermLş, ancak 24°C’de 

muhafaza sürecLnde azalma eğLlLmL gösterdLğL saptandı (P<0,05). KolLform bakterLler, 

maya ve küfler, kurutma aşamasının ardından muhafaza süresLnce tespLt edLlebLlLr 

sınırların altında belLrlendL. KLşk üretLmL ve muhafazası sırasında M'crococcus-
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Staphylococcus spp. Lse hLçbLr örnekte saptanmadı. Muhafazanın başlangıcından 

sonuna kadar geçen sürede özellLkle 24°C’de muhafaza edLlen örneklerde pH 

değerLnde belLrgLn bLr düşüş asLtlLk düzeylerLnde Lse artış saptanırken kuru madde 

oranında hafLf artışın olduğu tespLt edLldL. 

 

Sonuç: Bu çalışma sonucunda, kLşk üretLmLnLn E. col' O157:H7 ve Salmonella’nın 

yaşam kabLlLyetL üzerLnde önemlL bLr azaltıcı (~ 6-9 log) etkL gösterdLğL belLrlenmLştLr. 

Bu bağlamda, kLşk’Ln söz konusu patojenlere karşı mLkrobLyolojLk açıdan güvenlL bLr 

ürün olarak değerlendLrLlebLleceğL düşünülmektedLr. Ancak, bu varsayımın 

doğrulanabLlmesL LçLn vahşL tLp (wLld-type) suşların canlılıklarının araştırıldığı LlerL 

çalışmaların gerçekleştLrLlmesL gerekmektedLr.  

 

Anahtar sözcükler: E. col' O157:H7, kLşk, muhafaza, Salmonella, yaşam kabLlLyetL. 
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Determ4nat4on of Changes 4n Escher'ch'a col' O157:H7 and Salmonella Numbers 

Dur4ng the Product4on and Storage of K4shk  

Student's Name: Sara KHEDR 

Adv4sor: Prof. Dr. Hüsnü Şahan GÜRAN 

Department: Food HygLene and Technology 

1.2 Abstract  

A4m: ThLs thesLs aLmed to determLne the survLval capabLlLtLes of Escher'ch'a col' 

O157:H7 and Salmonella durLng the productLon and storage of kLshk. 

 

Mater4als and Methods:	 Bulgur, yogurt, straLned yogurt, and salt used Ln the 

preparatLon of kLshk were procured from a local chaLn market. The prepared kLshk 

mLxture was artLfLcLally contamLnated wLth E. col' O157:H7 and Salmonella, then 

subjected to fermentatLon at 35 oC for 48 hours, followed by dryLng at 53°C for four 

days. After the dryLng process, the kLshk samples were stored at two dLfferent 

temperatures (4°C and 24°C) Ln sterLle polyethylene bags for 36 days. MLcrobLologLcal 

analyses (E. col' O157:H7, Salmonella, total mesophLlLc aerobLc bacterLa (TMAB), 

total psychrophLlLc aerobLc bacterLa (TPAB), lactLc acLd bacterLa (LAB), colLforms, 

Staphylococcus-M'crococcus spp., yeasts, and molds), and chemLcal analyses (pH, 

tLtratable acLdLty, and dry matter content) were conducted at predetermLned Lntervals. 

 

Results: DurLng kLshk productLon, Escher'ch'a col' O157:H7 levels dropped below 

the detectable lLmLt (<10 cfu/g) by the 24th hour of fermentatLon, 

whLle Salmonella was found to be completely elLmLnated based on presence/absence 

analysLs. By the 48th hour of fermentatLon, E. col' O157:H7 was also no longer 

detectable by the presence/absence test. The total mesophLlLc aerobLc bacterLa (TMAB) 

count showed a decreasLng trend throughout productLon and storage, partLcularly at 

4°C. LactLc acLd bacterLa (LAB) and total psychrophLlLc aerobLc bacterLa (TPAB) 

Lncreased sLgnLfLcantly durLng fermentatLon but demonstrated a tendency to declLne 

durLng storage at 24°C (P < 0.05). ColLforms, yeasts, and molds were found to be 

below detectable lLmLts followLng the dryLng stage and throughout the storage 

perLod. M'crococcus-Staphylococcus spp. were not detected Ln any sample durLng the 
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entLre productLon and storage phases. Over the course of storage, especLally Ln samples 

stored at 24°C, a marked decrease Ln pH was observed, accompanLed by an Lncrease Ln 

acLdLty levels and a slLght rLse Ln dry matter content. 

 

Conclus4on: As a result of thLs study, kLshk productLon was found to have a sLgnLfLcant 

LnhLbLtory effect (~ 6-9 logs) on the vLabLlLty of Escher'ch'a col' O157:H7 

and Salmonella. In thLs context, kLshk may be consLdered a mLcrobLologLcally safe 

product wLth respect to these pathogens. However, to valLdate thLs assumptLon, further 

studLes LnvestLgatLng the survLval of wLld-type straLns are necessary. 

 

Keywords: E. col' O157:H7, kLshk, Salmonella, storage, survLval abLlLty. 
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2. INTRODUCTION AND AIM OF THE STUDY 

FermentatLon, one of the oldest and most cost-effectLve methods of food 

processLng globally, Ls defLned as a technLque that utLlLzes the growth and metabolLc 

actLvLtLes of mLcroorganLsms to preserve food. ThLs low-cost process requLres relatLvely 

mLnLmal energy Lnput, makLng Lt a prLmary strategy for food productLon Ln varLous 

tradLtLonal cultures (1,2). 

Fermented foods, such as kishk, have been integral to the human diet for 

centuries, particularly in economically disadvantaged regions like Africa and 

Southeast Asia. ThLs Ls because of the health benefLts and the long preservatLon 

opportunLtLes Lt offers. As per the documentation, more than 25-30% of the global diets 

consist of fermented products, and over 3,500 fermented foods and beverages based 

on fruits, vegetables, and dairy are produced worldwide. Most of these products are 

made in homes or small-scale industries in Asian and African countries (3-8).  

The international market of fermented foods is too vast, as stated by the 

Cognitive Market Research,  the market size of such products reached USD 584 658 

20 million in 2024. Of this, the Middle East and African regions dominated the market 

and accounted for approximately 2% of the global earnings, with a market size of USD 

11 690 billion in 2024. This region is expected to expand at a compound annual growth 

rate (CAGR) of 5,9% from 2024 to 2031. 

(https://www.cognitivemarketresearch.com/fermented-foods-market-report/ Access 

date: 09 May 2025). However, the global fermented dairy market was valued at about 

USD 300 billion in 2023 and is expected to grow at 5,6% CAGR to reach over USD 

435 billion by 2031. (https://www.databridgemarketresearch.com/reports/global-

fermented-milk-market/ Access date: 09 May 2025). Solely, yogurt is among the most 

widely produced and consumed fermented dairy products globally, with its market 

value surpassing 1813 billion U.S. dollars in 2024. This figure will rise to 

approximately 237 billion U.S. dollars by 2028. 

(https://www.statista.com/statistics/870893/global-yogurt-market-value-forecast/ 

Access date: 09 May 2025). In Türkiye, fermented products and probiotic-rich foods 

are deeply embedded in the Turkish culture and traditions as well. The annual 

consumption of fermented foods per capita is estimated to be 30-40 kg per person. The 

fermented dairy sector in Türkiye sees over 100 million metric tons of production, with 

https://www.cognitivemarketresearch.com/fermented-foods-market-report/
https://www.databridgemarketresearch.com/reports/global-fermented-milk-market/
https://www.databridgemarketresearch.com/reports/global-fermented-milk-market/
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a large share attributed to yogurt and cheese. As the consumption of yogurt alone, the 

most consumed in Türkiye, is estimated to be between 17-30 kg per person annually. 

The global demand for fermented dairy products continues to rise in light of their 

ability to promote gut health and microbiome and reduce the risk of heart diseases and 

cancer (6,7).  

Kishk is a highly nutritious traditional fermented product made from bulgur, salt, 

and yogurt. It traces its origins back to the era of the Pharaohs and continues to be 

widely consumed and prepared with care across countries in the Middle East, 

Mediterranean, and Indian subcontinent, in various regional forms. The production of 

kishk may vary between countries due to differences in the ingredients used and the 

methods of preparation. Consequently, the chemical, physical, nutritional, and sensory 

characteristics of the final product exhibit regional variations across different parts of 

the world (3). To this day, kishk has gained global recognition and development, 

appreciated for its nutritional value, distinctive flavor, non-hygroscopic properties, and 

extended shelf life (ranging from 1 to 3 years) (3). Kishk has a significant presence in 

the Middle East and North Africa (MENA region), particularly in Lebanon, Syria, 

Egypt, Jordan, and Palestine, where it is more commonly consumed as 0,5 - 2 kg per 

person annually, with a growing demand in Europe. However, the annual global 

production of kishk was recorded in the thousands of tons, with the majority being 

produced in the regions mentioned. Many studies have highlighted the nutritional 

composition, microbiological quality, biophysical, and rheological properties of kishk 

and led to a tremendous development in the kishk industry (8-12). Even though kishk 

is a complete and balanced fermented food with excellent quality and extended 

durability, the safety of this product can be a very critical subject. Several studies have 

indicated that the artisanal nature of kishk, combined with the extensive handling 

during processing and inconsistent hygienic practices across countries, may enable the 

survival of milk or grain-generated pathogens or those from contaminated raw 

materials. E. coli O157:H7, Salmonella, Listeria, Clostridium, Staphylococcus aureus, 

and Brucella spp. along with coliforms, yeasts, and/or Aspergillus molds and AFM1, 

are common examples that can pose a potential health risk contributing to foodborne 

illnesses. (13-17). 



 

 

7 

Foodborne illness, particularly that resulting from the consumption of food 

contaminated with Shiga toxin-producing Escherichia coli O157:H7 and Salmonella 

enterica subsp. enterica remains a significant public health concern worldwide. 

According to the recent report by the World Health Organization (WHO), 

approximately 600 million people fall ill each year due to foodborne diseases linked 

to contaminated foods. These illnesses lead to 420 000 adult deaths and 125 thousand 

deaths among children under the age of 5, especially the vulnerable,  resulting in a loss 

of 33 million healthy life years (HLYs) globally. In addition, WHO declared that 

nearly 70% of these foodborne illnesses in the Middle East and North Africa are linked 

to pathogens such as E. coli O157:H7, Campylobacter, Non-Typhoidal Salmonellosis 

(NTS), and Norovirus, emphasizing the considerable public health risk posed by these 

microorganisms (17-20). 

This study aims to investigate the survival of E. coli O157:H7 and Salmonella 

during the production and storage of kishk.   
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3. GENERAL INFORMATION 

3.1. The H4story of Fermentat4on 

Fermentation is one of the oldest methods known in human history for 

preserving foods and was passed down orally from one generation to the next (1). This 

term originates from the Latin word fervere, which means "to boil" or "to cook," while 

its field of study is referred to as Zymology (4). As a significant milestone in the 

culinary cultures, fermentation is the process in which complex sugars and other 

macronutrients are broken down and converted into alcohol, carbon dioxide, and/or 

acids through the action of microorganisms (i.e., bacteria, yeast, and molds) in the 

absence of oxygen. Besides providing a unique savor to each food, fermentation is of 

great importance as it also enhances the nutritional value by increasing the digestibility 

and the synthesis of beneficial catabolites such as essential amino acids, Omega-3 fatty 

acids, and vitamins (e.g., B vitamins) (2,21). 

FermentatLon was known even before the LnventLon of pasteurLzatLon and 

sterLlLzatLon. The fLrst fermentatLon was lLkely dLscovered by accLdent when salt was 

added to some foods, leadLng to the growth of harmless mLcroorganLsms that could 

ferment the raw LngredLents, resultLng Ln nutrLtLous and palatable food. SLnce then, 

fermentatLon has been used to enhance both the preservatLon and sensory qualLtLes of 

a wLde range of food and beverages such as bread, beer, cheese, LdlL, tempeh, mLso, 

sauerkraut, and fermented sausages (2,4,8). The earliest records of fermentation date 

back to antLquLty, when CagnLard-Latour Ln 1837 proposed a dLrect lLnk between 

fermentatLon and yeast cells. The hLstory of yeast's assocLatLon wLth human socLety Ls 

closely tLed to the development of bread, beer, and wLne as global food and beverage 

staples, wLth orLgLns datLng back approxLmately 5000 – 6000 years. ArchaeologLcal 

evLdence suggests the productLon of a fermented beverage Ln ChLna around 7000 BCE, 

the tLme of the appearance of an alcoholLc drLnk produced from rLce, fruLt, and honey 

Ln the NeolLthLc ChLnese settlement of JLahu around 8000 BC. ReferrLng to other 

reports, fermented products are believed to have been found in the Fertile Crescent 

region, specifically in the present-day city of Hillah in Iraq, encompassing 

Mesopotamia and the Eastern Mediterranean, dating back to around 6000 BCE. As 

well as the productLon of wLne Ln Iran and Egypt around 6000 BCE and 3000 BCE, 
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respectLvely. The cultLvatLon of grapevLnes and wLne productLon spread throughout the 

MedLterranean, reachLng Greece and Roman regLons around 2000 BCE, Italy by 1000 

BCE, Northern Europe by 100 CE, and the AmerLcas by 1500 CE. ArtLsanal fermented 

food products were an Lmportant part of the human dLet and were mostly produced 

locally or Ln small-scale LndustrLes (e.g., household and craft LndustrLes Ln rural regLons 

Ln AfrLca). Today, many of these fermented foods are produced on a larger scale usLng 

LnnovatLve technLques followLng varLous LndustrLal advancements Ln numerous 

developLng countrLes, and that’s the reason why only 27 years ago, reports focusLng on 

IndLgenous fermented products from varLous regLons of the world began to emerge 

rapLdly (22-26). 

3.2. Types of Fermentat4on 

Fermented foods are produced globally using various industrial methods, raw 

materials, and microorganisms. There are several classifications of fermentation 

depending on the product’s physical status, the starter culture, the microorganisms 

used, and the byproducts obtained (Figure 1). The three types of fermentation based 

on the state of the fermented product are: solid-state (solid product like tempeh), 

liquid-state (liquid product like natto and soy sauce), and solid-liquid-state (semi-solid 

fermentation like the moist kinema). On the other hand, depending on the use of 

microorganisms, fermentation is divided into two main categories: natural 

fermentation (which can occur spontaneously in a natural environment without the 

addition of any starter culture) and controlled fermentation using specific starter 

cultures. Controlled fermentation with starter cultures is further divided into 

monoculture fermentation (e.g., natto fermentation) and multicultural fermentation 

(e.g., in cheese and air-dried sausage) using two or more cultures. Most traditional 

fermented products are made through solid-state fermentation, either spontaneously or 

using starter cultures, such as using the backsloping method at which a previously 

fermented product is inoculated into a new batch. During the fermentation process, 

molds in the form of threads or mycelium are commonly used in East and Southeast 

Asian countries, while bacteria and yeast-bacteria mixtures are prevalent in Africa, 

Europe, Australia, and America. Among the traditional foods of the Himalayas, there 

are fermented products that include all three groups (filamentous fungi, yeasts, and 
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bacteria). However, the bacteria that play a key role in the majority of fermented 

products are lactic acid bacteria (21,26,27). Nevertheless, fermentation is classified 

regarding the byproducts into: lactic acid fermentation, alkali fermentation, alcoholic 

fermentation, and acetic acid fermentation. Lactic acid fermentation, primarily driven 

by LAB, is commonly seen in the fermentation of milk and cereal grains. This process 

enhances the preservation, nutritional value, shelf life, and overall quality of a wide 

range of cereal-based foods. Alkali fermentation typically occurs in the fermentation 

of products such as fish and seeds, where protein hydrolysis results in the production 

of amino acids and ammonia. In alcoholic fermentation, the main byproducts are 

ethanol, with yeasts being the primary microorganisms involved. In acetic acid 

fermentation, certain microorganisms, such as Acetobacter species, convert alcohol 

into acetic acid in the presence of excess oxygen, playing a crucial role in food 

fermentation. One or more animal or plant raw food materials, such as cereals, meat, 

or fish products, can be fermented to obtain processed foods (28,29).  

 

 

Types of 
Fermentation

The State of 
Food

Solid state 
fermentation (kishk, 

tempeh)

Liquid state 
fermentation (soy 

sauce)

Solid-liquid-state 
fermentation

(kinema)

Fermentation 
Microorganisms

Natural fermentation 
(sauerkraut)

Controlled 
fermentation 

(yogurt, bread, wine)

Fermentation End 
products

Alkaline 
fermentation 
(Ammonia)

Lactic Acid 
Fermentation (Lactic 

acid)

Acetic Acid 
Fermentation (acetic 

acid)

Alcoholic 
Fermentation 

(Ethanol)

Figure 1. Classifications of the fermentation process upon different parameters. 
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3.3. Benef4ts of Fermentat4on 

PreservLng fresh and raw food materLals for a long tLme throughout fermentatLon 

has always been a bLg advantage, as fermented food Ls characterLzed by a low pH of 

around 4,5 or below, at whLch the growth of most pathogenLc mLcroorganLsms Ls 

restrLcted (1). Furthermore, fermented foods are superLor to conventLonally cooked 

foods Ln terms of nutrLtLonal value, dLgestLbLlLty (e.g., enhancLng the qualLty and 

dLgestLbLlLty of plant-based proteLns), avaLlabLlLty of some amLno acLds, LncludLng 

lysLne, and cookLng or preparLng tLme, provLdLng mLcrobLologLcally safer products wLth 

dLfferent desLred tastes and textures. In addLtLon, fermentatLon helps Ln the 

detoxLfLcatLon of toxLc compounds Ln raw foods (e.g., pachyrrhLzLne, rotenone, tannLns, 

and phytates), such as reducLng 95% of lectLns and other LnterferLng substances Ln 

mLneral absorptLon Ln tempe (30-33). Fermented products have antLmLcrobLal 

propertLes due to theLr content of lactLc acLd bacterLa’s metabolLtes such as (lactLc acLd, 

acetLc acLd, hydrogen peroxLde, ethanol, LmmunoglobulLns, lysozymes, and lactoferrLn 

compounds) along wLth theLr hostLle characterLstLcs to other mLcroorganLsms, whLch 

Lncreases food safety by preventLng the growth of harmful and spoLlage 

mLcroorganLsms. ThLs Lncludes the mycotoxLns and fungal growth, whLch are also 

suppressed due to the antLfungal metabolLtes such as (lactLc acLd, phenyllactLc acLd, 

hydroxyphenyllactLc acLd, Lndole, and bLoactLve peptLdes) produced by LAB of 

Lactobac'llus, B'f'dobacter'um, and Lactococcus genera. Research has demonstrated 

that some LAB, whLch domLnate Ln varLous fermented foods such as NLgerLan OgL, 

Yakult, and KefLr, may facLlLtate the colonLzatLon of these mLcrobes Ln the vagLna and 

the gastroLntestLnal tract, thereby helpLng to reduce the rLsk of theLr LnfectLons (e.g., 

dLarrheal and sexually transmLtted dLseases. These potentLal health benefLts also 

Lnclude stLmulatLng the Lmmune system by LnducLng the presence of theLr assocLated 

mLcrobLota, whLch also, Ln turn, suppresses the growth of dLsease-causLng agents (34-

37). 

The global popularLty of fermented products Ls LncreasLng due to theLr health 

benefLts. The antLhypertensLve effects of daLry products fermented by lactLc acLd 

bacterLa have garnered sLgnLfLcant attentLon over the past two decades. StudLes have 

shown that fermented mLlk contaLnLng Saccharomyces cerev's'ae can effectLvely lower 

both dLastolLc and systolLc blood pressure, partLcularly Ln elderly LndLvLduals wLth 
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hypertensLon, attrLbuted to the bLoactLve peptLdes, amLno acLds, and other bacterLal 

metabolLtes produced durLng fermentatLon, whLch contrLbute posLtLvely to 

cardLovascular health. (38,39). Another example Ls soy, and others that have varLous 

bLoactLvLtLes, LncludLng antLoxLdatLve, due to the phenolLc compounds and folates, 

antLprolLferatLve, and estrogenLc effects. Soy sauce, natto, and kLnema, whLch are soy-

based fermented products, have antLthrombotLc and antLcancer effects (40). The 

consumptLon of fermented products Ls lLnked to low blood cholesterol. Such as kefLr, 

produced wLth Lactobac'llus ac'doph'lus and Lactobac'llus case', reduces serum 

cholesterol levels Ln the body and Lncreases fecal Lactobac'll' counts. Another example 

of thLs Ls Natto, whLch contaLns Lsoflavones, saponLns, fLbrLnolytLc enzymes, and 

vLtamLn K2 (38,41). The fermentatLon process Lncreases vLtamLn K2 Ln Natto by 124 

tLmes, whLch Ls effectLve Ln bone formatLon and osteoporosLs preventLon Ln women. In 

Japan, fermented products were known to reduce osteoporosLs symptoms when 

consumed post-menopause (41). They contaLn functLonal bacterLa 

lLke Lactobac'llus, Lact'case'bac'llus, Lev'lactobac'llus, and B'f'dobacter'um offer 

several health benefLts, beLng GRAS (Generally RecognLzed As Safe). These Lnclude 

LmprovLng the gut mLcrobLome, detoxLfyLng the colon, treatLng chronLc hepatLtLs, and 

allevLatLng LntestLnal and gut dLseases such as bloatLng, flatulence, severe bacterLal 

LnfectLons (e.g., Clostr'd'o'des d'ff'c'le LnfectLon), and LrrLtable bowel syndrome. In 

addLtLon, there Ls an Lnverse relatLonshLp between the consumptLon of fermented daLry 

products (contaLnLng Lactobac'llus or B'f'dobacter'um spp.) and the LncLdence of 

anxLety, depressLon, obesLty, lactose Lntolerance, osteoporosLs, cardLovascular dLseases, 

and colon, lung, lLver, and breast cancers. ConsumLng fermented products can also 

boost the oral mLcrobLota and mLnLmLze tooth decay, gum dLsease, oral LnflammatLon, 

and bad breath. In addLtLon to theLr countless benefLts, theLr management of lactose 

Lntolerance symptoms makes fermented foods antL-dLabetLc and FODMAP-reducLng 

agents (41-43). 

3.4. M4croorgan4sms 4n Fermented Products 

The mLcroorganLsms responsLble for fermentatLon may eLther be naturally 

present Ln the food materLal or Lntroduced as starter cultures, whLch are specLfLcally 

selected to kLck-start the fermentatLon. FermentatLon Lnvolves the collaboratLve actLon 
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of bacterLa (e.g., Bac'llus and Lactobac'llus), yeasts, and/or mycelLal molds, whLch 

may functLon sLmultaneously or sequentLally, wLth the mLcrobLal communLty evolvLng 

throughout fermentatLon. Among these mLcroorganLsms, yeasts (L.e., Saccharomyces) 

play a pLvotal role Ln many fermented foods and alcoholLc beverage productLon, 

specLfLcally those rLch Ln carbohydrates. In tradLtLonal fermentatLon, naturally 

occurrLng mLcroorganLsms are utLlLzed for the preparatLon and preservatLon of dLverse 

food products (44-46). Starter cultures are wLdely used around the world. The concept 

was well understood durLng the development of mLcrobLology scLence Ln the twentLeth 

century, leadLng to more unLformLty Ln fermented food productLon. Starter cultures are 

specLfLc, unadulterated, and well-defLned mLcrobLal straLns delLberately Lntroduced Lnto 

food under regulated condLtLons to achLeve fermented products wLth desLred sensory, 

nutrLtLonal, and preservLng propertLes. Starter cultures used today are sold Ln lLquLd 

(fresh), lyophLlLzed, frozen, or freeze-drLed forms. They are mLcroorganLsms 

responsLble for startLng the fermentatLon process wLthLn food rapLdly usLng theLr unLque 

enzymes (47). The prLmary mLcroorganLsms of cultures used on a vast scale Ln the food 

Lndustry are bacterLa, partLcularly LAB (e.g., Ln cheese, yogurt, vLnegar, fermented 

meats, and vegetables lLke sauerkraut and pLckles), yeasts (Ln beer, bread, mLlk, and 

wLne Lndustry for ethanol productLon), and molds (Ln soy products, cheeses, and 

sausages. Starter cultures can consLst of sLngle-straLn cultures (sLngle mLcroorganLsm 

type), multL-straLn cultures, or mLxed-straLn cultures (LncludLng a mLx of dLfferent 

straLns of bacterLa, yeast, or molds). In regLons where fermented products are stLll 

produced Ln ranches and household areas, specLfLcally Ln underdeveloped natLons, the 

starter culture Ls often naturally soured mLlk wLth a pleasant flavor. In contrast, Ln more 

LndustrLalLzed countrLes, specLfLcally Ln large-scale fermented products LndustrLes, 

modern and controlled fermentatLon usLng selectLve pure cultures Ls preferred to Lmpart 

the desLred safety and qualLty to the fLnal product (1,29,48).  

3.5. Starter Culture Through T4me 

The first theory that describes the fermenters added to food substances as 

enzymes with an organic structure that break down carbohydrates through a catalytic 

effect was first proposed in 1836 by both Liebig and Berzelius. In 1856, French 

physicist Cagnar-Latour's discovery that the yeast in beer consists of cells, which 
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divide and multiply, brought new significance to the previous theory. In the late 19th 

century, researchers Storch, Weigman, and Conn recognized the role of flavor-

producing and fermenting pure bacteria (such as citrate-fermenting diacetyl 

producers). By 1878, Christian Hansen launched a culture business that remains a 

prominent supplier of starter cultures for the dairy, meat, brewing, baking, and wine 

sectors to this day. In 1890, starter culture was produced and marketed commercially 

by Emil Christian Hansen and Christian D.E. Hansen in Hansen Laboratories. In 1906, 

the first commercial starter culture production took place at Marshall Laboratories 

(USA), marking the time when these cultures started to be known and produced around 

the world (46-49).  

3.6. Lact4c Ac4d Bacter4a (LAB) 

BacterLa that are used Ln the fermented products Lndustry are dLvLded Lnto a) 

LactLc acLd bacterLa, b) PropLonLc acLd bacterLa, and c) Other bacterLa. The most 

sLgnLfLcant group utLlLzed Ln the fermented food Lndustry (e.g., yogurt, yakult, sour mLlk 

cream, cheese, kefLr, kurut, kımız, fermented meat and fLsh) as starter cultures Ls the 

lactLc acLd bacterLa. In the daLry Lndustry, pasteurLzatLon and heat treatments are fLrst 

applLed to mLlk. After that, when mLlk reaches an optLmum temperature (e.g., 

110°F/43°C for yogurt), lactLc acLd bacterLa are added, and fermentatLon takes place 

under anaerobLc and controlled condLtLons. The decreasLng pH and LncreasLng acLdLty 

durLng fermentatLon, along wLth the productLon of antLmLcrobLal substances (e.g., lactLc 

acLd, formLc acLd, H2O2, and bacterLocLns), elLmLnate pathogens and enhance the 

texture, taste, and aroma of the fLnal product. ThLs process also extends the product's 

shelf lLfe. AddLtLonally, the low pH Lncreases the antLmLcrobLal potency of organLc 

acLds, makLng them more effectLve agaLnst harmful mLcroorganLsms. These bacterLa 

ferment sugar to lactLc acLd as the end product. The fatty acLds, amLno acLds, aromatLc 

compounds (e.g., amLnes, ketones, esters, and acetaldehydes), postbLotLcs, and 

exopolysaccharLdes (EPS) produced from the lLpolysLs, proteolysLs, and the breakLng 

down of carbohydrates (e.g., lactose) by LAB contrLbute to the characterLstLc 

propertLes (e.g., caseLn hydrolysLs Ln cheese) and safety standards of the product 

(45,50,51). LactLc acLd Ls the oldest organLc acLd used Ln the daLry Lndustry and can be 

utLlLzed as an addLtLve Ln preservLng and LmprovLng the taste and texture by alterLng 
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food’s acLdLty (e.g., grape juLce, vLnegar, and dough). RegardLng safety, lactLc acLd and 

LAB are generally recognLzed as safe (GRAS) accordLng to the U.S. Food and Drug 

AdmLnLstratLon (FDA). LAB Lnclude a varLety of Catalase (-), non-spore-formLng, 

Gram (+), coccL (e.g., Streptococcus and Leuconostoc), and rods (e.g., Lactobac'llus), 

nonmotLle specLes across 11 genera, though only a few are commonly utLlLzed as starter 

cultures. ThLs group contaLns specLes of Streptococcus, Leuconostoc, and Ped'ococcus 

from the Streptococcaceae famLly, and specLes of Lactobac'llus from the 

Lactobac'llaceae famLly. Among them, Lactococcus lact's subsp. lact's, L. bulgar'cus, 

L. plantarum, S. lact's, S. cremor's, S. lact's subsp. d'acetylact's, S. thermoph'lus, 

Leuconostoc, and Prop'on'bacter'um are the most commonly used. S. thermoph'lus 

and L. bulgar'cus are wLdely used Ln yogurt and Mozzarella cheese productLon (Table 

1). LAB undergoes two types of fermentatLon: homofermentatLve (99% LA) and 

heterofermentatLve fermentatLon (50% LA, 30% other acLds such as acetLc acLd). 

ProducLng propLonLc acLd, formLc acLd, acetone, acetaldehyde, and dLacetyl at the end 

of fermentatLon (FLgure 2) (28,45,50,52). 

 

Table 1. Some important lactic acid bacteria and their application as starter cultures 

M;croorgan;sm Fermented Product 

 

Lactococcus lact*s subsp. lact*s 

 

Cheddar, Gouda, and Mozzarella cheeses and 

daGry products 

 

Lactococcus lact*s subsp. cremor*s 

 

BrGe, Cheddar, Mozzarella and Cottage cheese 

and other daGry products 

 

Lactobac*llus helvet*cus 

 

SwGss cheese, hard cheese and ItalGan cheeses 

such as Mozzarella and Parmesan. 

 
Lactobac*llus bulgar*cus & Streptococcus 

thermoph*lus 

 
Yogurt and cheese 

 

Lactobac*llus sanfranc*scens*s 

 

Sourdough bread 

 

Leuconsotoc lact*s  

 

Cheese & fermented daGry products 

 

Leuconsotoc mesentero*ded subsp. cremor*s 

 

Cheese, fermented daGry products, and 

fermented vegetables 

 

Lactobac*llus sake*  

 

Sausages 
 

Oenococcus oen*  

 

AlcoholGc beverages 

 

Ped*ococcus haloph*lus 

 

Soy paste 

*Data compGled from Wood & Holzapfel (1995), Leroy & De Vuyst (2004), and KavGtake et al. 

(2018) (28,45,52). 

 



 

 

16 

 
Figure 2. General distinction of lactic acid bacteria (LAB). 

 

3.6.1. Lactobac'llus bulgar'cus 

The specLes under the Lactobac'llus genus are thLn, long, or short rod-shaped, or 

more commonly, coccobacLllL mLcroorganLsms. They requLre complex nutrLents such 

as amLno acLds, peptLdes, nucleLc acLd derLvatLves, vLtamLns, salts, fatty acLds or esters, 

and fermentable carbohydrates. The bacterLa Ln thLs lLneage break down glucose 

through a homofermentatLve pathway whLle only one specLes Ls heterofermentatLve 

(L.e., L. brev's). Lactobac'll' are used as starter cultures prLmarLly Ln daLry and sausage 

applLcatLons. The two maLn specLes that are used maLnly for cheese and yogurt are L. 

helvet'cus and L. delbrueck'' subsp. bulgar'cus. Other common daLry-related specLes 

Lnclude L. case' and L. ac'doph'lus, whLch are used frequently Ln probLotLc 

supplements, kefLr, yogurt, and cheese productLon. Lactobac'll' are acLd-tolerant 

mLcroorganLsms. TheLr optLmal temperature Ls 40-45°C, and theLr Ldeal pH Ls 4,8, but 

they can survLve at lower pH levels (between 3,6 & 4), becomLng more stressed 

specLfLcally at levels of  2,5 – 3,5, and dLe below that margLn (50,53).  
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AccordLng to theLr fermentatLon types, metabolLc and genetLc propertLes, 

Lactobac'll' are dLvLded Lnto three maLn groups: OblLgate homo-fermentLng, facultatLve 

hetero-fermentLng, and oblLgate hetero-fermentLng specLes. The oblLgate homo-

fermenters are bacterLa that exclusLvely produce lactLc acLd as the major end product 

of sugar fermentatLon through the Embden-Meyerhof-Parnas pathway (glycolysLs), 

such as Lactobac'llus ac'doph'lus, Lactobac'llus delbrueck'' subsp. bulgar'cus, and 

Lactobac'llus helvet'cus. They are used Ln the productLon of yogurt, cheese, and other 

daLry products (51,53). Lactobac'llus bulgar'cus, formerly Lactobac'llus delbrueck'' 

subsp. bulgar'cus, a thLrd specLes of the straLn L. delbrueck'', Ls a thermophLlLc, 

dLoxygen-sensLtLve, homo-fermenter, and rod-shaped bacterLum that can ferment Ln 

both anaerobLc and aerobLc envLronments. It was GrLgoroff, a BulgarLan graduate 

student, who fLrst Lsolated and LdentLfLed the lactobac'll' bacterLa from the starter 

culture used to produce KLselo Mlyako (BulgarLan Yogurt). GrLgoroff LnLtLally named 

the bacterLum "BacLllus A," whLch Ls now recognLzed as L. bulgar'cus accordLng to 

Bergey's bacterLal classLfLcatLon. It plays a sLgnLfLcant role Ln LndustrLal fermentatLon 

processes globally, especLally Ln the manufacturLng of yogurt, whereas Lt’s commonly 

utLlLzed wLth Streptococcus thermoph'lus to ferment pasteurLzed mLlk (54).  

3.6.2. Streptococcus thermoph'lus 

The genus Streptococcus contaLns many dLverse specLes wLth a wLde array of 

habLtats. It Lncludes human and anLmal pathogens, oral and LntestLnal commensals (e.g., 

cows, sheep, and goats), and one specLes, Streptococcus thermoph'lus, whLch Ls 

consLdered the second most Lmportant LndustrLal starter after lactococc' Ln the 

manufacture of fermented foods. In general, Streptococc' are facultatLve anaerobes 

wLth a non-motLle, oblLgate homofermentatLve metabolLsm. S. thermoph'lus or 

Streptococcus sal'var'us subsp. thermoph'lus, Ln novel nomenclature, Ls a member of 

the thermophLlLc LAB and has been tradLtLonally used Ln combLnatLon wLth L. 

bulgar'cus or Lactobac'llus helvet'cus at hLgh process temperatures (45oC) for the 

manufacture of yogurt and so-called hard 'cooked' cheeses (e.g., Emmental, Gruyere, 

Grana). ThLs bacterLum Ls also used alone or Ln combLnatLon wLth Lactobac'll' for the 

productLon of yogurt, Mozzarella, and Cheddar cheeses. InterestLngly, some straLns of  

S. thermoph'lus (e.g., S. thermoph'lus S85)  also have a reputatLon as probLotLcs when 
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consumed Ln yogurt. Generally, S. thermoph'lus Ls more commonly assocLated wLth 

fermented daLry products (e.g., yogurt, kefLr, sour cream, and cheeses such as cottage, 

mozzarella, gouda, and SwLss cheese) (55-57). 

3.6.4. Lact4c ac4d bacter4a as prob4ot4cs 

ProbLotLcs are "lLve mLcroorganLsms that, when consumed Ln adequate amounts, 

provLde health benefLts to the host or consumer." The most common benefLts of 

probLotLc consumptLon Lnclude the modulatLon of the host’s Lmmune system and the 

enhancement of defense mechanLsms. To comply wLth the NatLonal Yogurt 

AssocLatLon’s crLterLa for "lLve and actLve culture yogurt," the fermented product must 

contaLn lLve lactLca acLd bacterLa at a concentratLon of ≥106-8 CFU (Colony FormLng 

UnLt)/g, wLth the cultures remaLnLng vLable throughout the declared shelf lLfe, that’s 

when these cultures are consLdered probLotLcs. Some fermented products, such as kefLr 

and kumLs, have been assocLated wLth addLtLonal therapeutLc effects, prLmarLly due to 

the presence of probLotLc lactLc acLd bacterLa they may contaLn, LncludLng Lactobac'llus 

ac'doph'lus, B'f'dobacter'um, Streptococcus, Leuconostoc, Prop'on'bacter'um, 

Bac'llus, and Enterococcus specLes (58-60). Lactobac'llus and B'f'dobacter'um are 

wLdely recognLzed bacterLal specLes commonly utLlLzed as probLotLcs Ln the daLry 

products productLon. For Lnstance, Lactobac'llus ac'doph'lus and Lactobac'llus 

rhamnosus are wLdely used Ln the productLon of probLotLc yogurts and dLetary 

supplements due to theLr vLabLlLty Ln fermented daLry matrLces. In 

contrast, B'f'dobacter'um b'f'dum and B'f'dobacter'um longum are more frequently 

Lncorporated Lnto Lnfant formula products, owLng to theLr prevalence Ln the LntestLnal 

mLcrobLota of Lnfants. The genus Leuconostoc commonly Lncludes Leuconostoc lact's, 

whLch Ls found Ln certaLn cheeses, and Leuconostoc mesentero'des, whLch Ls typLcally 

assocLated wLth the fermentatLon of vegetables, LncludLng tradLtLonal foods lLke kLmchL. 

 Regular LnclusLon of fermented products wLth probLotLcs Ln the dLet Ls crucLal for 

maLntaLnLng theLr health benefLts. These foods provLde a combLnatLon of probLotLcs, 

prebLotLcs, and postbLotLcs, makLng them hLghly nutrLtLous. (60,61). Factors lLke 

fermentatLon condLtLons, pH, oxygen, storage temperature, and exposure to bLle salts 

Lnfluence theLr survLval. Recent studLes confLrm that Lactobac'llus bulgar'cus qualLfLes 

as a probLotLc bacterLum, wLth Nobel laureate MetchnLkoff's research lLnkLng the health 
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and longevLty of the BulgarLan populatLon to theLr hLgh yogurt consumptLon. SpecLfLc 

straLns of Streptococcus thermoph'lus also exhLbLt probLotLc propertLes by adherLng to 

LntestLnal cells usLng theLr antL-Lnflammatory traLts. EncapsulatLon Ls the current key 

strategy used to enhance the survLvabLlLty of these probLotLcs Ln products lLke Greek-

style yogurt, yogurt Lce cream, and probLotLc yogurts. ThLs advancement has led to the 

use of these bacterLa also Ln medLcal supplements (53,61,62). 

3.7. Food-Related Illnesses and Some Important Foodborne Pathogens 

The connection between human diseases and food was identified as early as 460 

BC by Hippocrates. Food hazards can be present in food at any stage, from production 

to consumption. These hazards are either biological (e.g., bacteria, viruses, parasites), 

chemical (e.g., toxins), or physical. Food-related illnesses commonly occur when 

contaminated food or beverages are consumed and are usually caused by biological 

and chemical hazards. These illnesses are classified into six categories: bacterial 

infections, viral infections, parasitic infections, fungal infections, toxic chemicals, and 

foodborne toxins. Hence, foodborne diseases can be divided into (a) foodborne 

infection and (b) foodborne poisoning (63). 

Foodborne diseases continue to pose a global public health threat. According to 

CDC estimates, forty-eight million people in the United States suffer from foodborne 

illnesses annually (https://www.cdc.gov/foodborneburden/index.html, Access date: 09 

May 2025). Among these, 128 000 hospitalizations and around 2999 deaths were 

recorded. The recent report (1996-2023) documented by the Foodborne DLseases 

ActLve SurveLllance Network (FoodNet) LndLcated that specLes of the 

Enterobacter'aceae (e.g., Salmonella spp., Sh'gella spp., Yers'n'a, and E. col' 

O157:H7), Campylobacteraceae (Campylobacter spp.), and L'ster'aceae (L'ster'a 

monocytogenes) famLlLes, along wLth NorovLrus, are the prLmary pathogens responsLble 

for the hLghest number and LncLdence of laboratory-confLrmed foodborne LnfectLons Ln 

the UnLted States (https://www.cdc.gov/foodnet/reports/prelLmLnary-data.html, Access 

date: 09 May 2025). In 2023, 27 European Union Member States, along with the 

United Kingdom (Northern Ireland), reported a total of 5961 food-related outbreaks, 

52 127 cases of human illness, 2894 hospitalizations, and 65 deaths, marking the 

highest number of fatalities reported in the past decade 

https://www.cdc.gov/foodborneburden/index.html
https://www.cdc.gov/foodnet/reports/preliminary-data.html
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https://www.efsa.europa.eu/en/topics/topic/monitoring-foodborne-diseases, Access 

date: 09 May 2025). AccordLng to the European UnLon One Health Zoonoses report 

conducted Ln 2023 Ln 27 Member States (MSs), Northern Ireland (UnLted KLngdom), 

and 10 non-Member States (non-MSs), campylobacterLosLs and salmonellosLs were 

the most commonly reported zoonoses Ln humans, rankLng fLrst and second, 

respectLvely (64). More than 246 000 human cases of campylobacterLosLs are reported 

annually. AccordLng to EFSA, the annual economLc burden of campylobacterLosLs on 

publLc health systems and lost productLvLty Ln the EU Ls approxLmately €2,4 bLllLon, 

wLth a belLef that the true number of cases exceeds 9 000 000 each year.  

In the same vein, Salmonella was the most frequently identified pathogen, 

responsible for 17,9% of all reported outbreaks, with Salmonella Enteritidis being the 

most common serovar detected by the European Food Safety Authority and European 

Centre for Disease Prevention and Control. 77 486 human cases (18 cases per 100 000 

people) of Salmonellosis were reported in 2023, keeping it the second most reported 

foodborne disease since 2005. The top 2 of the Salmonella enterica’s non-typhoidal 

serovars are responsible for the vast majority of the cases acquired in the European 

Union were S. Enteritidis (responsible for 70,8% of non-typhoidal salmonellosis in 

Europe)  and S. Typhimurium (8,9%), are considerable public health issues (64). On 

the other hand, STEC infections were the third most commonly reported 

gastrointestinal foodborne diseases in humans in the European Union, causing 3,1 

cases per 100 000 people (64). While the CDC estimated that the O157:H7 strain of 

E. coli causes approximately 73 000 illnesses, 2200 hospitalizations, and 60 deaths 

annually in the United States of America,  accompanied by about $405 million 

economic loss due to medical and livestock expenses and premature mortality upon 

last year’s reports. (65). As Ota et al. (2019) reported, the most sLgnLfLcant recorded 

ShLga toxLn-producLng Escher'ch'a col' outbreak was caused by the O157 straLn Ln 

1996 Ln SakaL, Japan, LmpactLng over 8000 people (66,67). The most recent E. 

col' O157:H7 outbreak Ln the US was lLkely lLnked to fresh onLons served at 

McDonald's, affectLng 104 people across 14 states Ln 2024. AccordLng to the CDC, 

FDA, and the U.S. Department of AgrLculture's Food Safety and InspectLon ServLce 

(USDA-FSIS), 34 were hospLtalLzed, 4 developed HUS, and one death was reported 

https://www.efsa.europa.eu/en/topics/topic/monitoring-foodborne-diseases
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(https://www.cdc.gov/ecolL/outbreaks/LnvestLgatLon-update-e-colL-o157-2024.html, 

Access date: 09 May 2025). 

L'ster'a monocytogenes Ls often lLnked to the most severe outbreaks, 

characterLzed by hLgh rates of hospLtalLzatLons and fatalLtLes. LLsterLosLs was the most 

prevalent zoonotLc LnfectLon reported followLng the prevLously mentLoned dLseases Ln 

the same year. Around three thousand confLrmed LnvasLve human cases of L. 

monocytogenes were reported (0,66 cases per 100 000 people) wLthLn the EU. ThLs 

represents the hLghest number of cases reported sLnce 2007, emphasLzLng a statLstLcally 

sLgnLfLcant Lncrease over the 2019–2023 perLod 

(https://storymaps.arcgLs.com/storLes/629e6627e6c64111bfd5b9257473c74a, Access 

date: 09 May 2025). Recent outbreaks linked to fermented foods have highlighted the 

importance of proper food safety practices. For example, a large outbreak occurred 

across multiple regions in the Castellón province of Spain in 2011. This outbreak 

resulted in 83 confirmed Salmonella Typhimurium and Salmonella Derby cases that 

were directly linked to the consumption of dried pork fermented sausage. 80% of the 

patients were hospitalized and experienced symptoms from mild to severe 

gastroenteritis (68). 

3.7.1. Campylobacter spp. 

Campylobacteraceae Ls a famLly of mLcroaerophLlLc, Gram-negatLve, non-spore-

formLng bacterLa that comprLses 27 specLes, LncludLng Campylobacter jejun', C. 

col', and C. fetus, among others. These bacterLa are typLcally found Ln anLmals’ 

LntestLnes, LncludLng cattle, sheep, poultry, pets, and wLld anLmals, wLth poultry and 

turkeys beLng the prLmary reservoLrs. Often asymptomatLc Ln 

anLmals, Campylobacter specLes thrLve at temperatures around 41°C, makLng theLr 

survLval outsLde hosts and durLng food processLng and storage lLmLted. BacterLal 

growth Ls LnhLbLted by many factors such as thermal treatments (e.g., pasteurLzatLon) 

and pH levels below 4,9. TheLr optLmal pH to develop ranges from 6,5 to 7,5. In 

humans, C. jejun', C. col', and C. lar' are the maLn causes of campylobacterLosLs, 

whLch Ls characterLzed by watery dLarrhea, abdomLnal cramps, and fever, and Lt Ls 

reported by the CDC as the fLrst most domestLcally acquLred foodborne Lllness 

(https://www.cdc.gov/food-safety/php/data-research/foodborne-Lllness-

https://www.cdc.gov/ecoli/outbreaks/investigation-update-e-coli-o157-2024.html
https://storymaps.arcgis.com/stories/629e6627e6c64111bfd5b9257473c74a
https://www.cdc.gov/food-safety/php/data-research/foodborne-illness-burden/?CDC_AAref_Val=https://www.cdc.gov/foodborneburden/burden/index.htm
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burden/?CDC_AAref_Val=https://www.cdc.gov/foodborneburden/burden/Lndex.htm, 

Access date: 09 May 2025). AccordLng to the European Food Safety AuthorLty 

(EFSA), campylobacterLosLs Ls the leadLng zoonotLc LnfectLon Ln Europe, wLth over 229 

000 cases reported Ln 2014 and a rLsLng LncLdence sLnce 2008. The majorLty of 

LnfectLons are common Ln summer and assocLated wLth broLler meat, although the 

fatalLty rate remaLns low (around 0,03%). Notable outbreaks Lncluded one Ln East 

England Ln 2011, followed by another one that occurred Ln AustralLa Ln 2013 due to 

undercooked chLcken lLver pâté and others lLnked to cross-contamLnatLon Ln colleges 

and schools’ restaurants, hLghlLghtLng the Lmportance of food-handlLng practLces Ln 

preventLng such LnfectLons (69). 

3.7.2. Salmonella spp. 

Salmonellos's outbreak (SO) Ls one of the top reasons for gastroenterLtLs 

worldwLde, LmpactLng 10% of the global populatLon each year. Salmonella Ls a Gram-

negatLve, non-spore-formLng, rod-shaped, and facultatLvely anaerobLc bacterLum wLth 

over 2600 serovars. Serotypes are classLfLed Lnto two groups: typhoLdal serotypes 

(responsLble for typhoLd and paratyphoLd fevers) and nontyphoLdal serotypes (such as 

S. TyphLmurLum, whLch can produce exotoxLns and cause acute gastroenterLtLs Ln 

humans). All Salmonella specLes produce endotoxLns sLnce they are part of the 

structure of the bacterLal cell wall, specLfLcally lLpopolysaccharLdes (LPS). Some lLke 

Salmonella enter'ca and S. bongor' are commonly found Ln the LntestLnes of mammals, 

bLrds, and humans, as well as Ln water and sedLments. Salmonella can be elLmLnated 

through thermal processLng wLth varyLng D-values dependLng on the food. The Non-

typhoLdal  S. enter'ca subsp. enter'ca’s serovars are the most assocLated wLth 

foodborne Lllnesses and worldwLde outbreaks, causLng enterLc fever, dLarrhea, 

bacteremLa, and chronLc carrLage (70). Non-typhoLdal Salmonella (NTS) causes an 

estLmated 150 mLllLon LnfectLons and 60,000 deaths globally each year (CDC Yellow 

Book: https://wwwnc.cdc.gov/travel/yellowbook/2024/LnfectLons-

dLseases/salmonellosLs-nontyphoLdal, Access date: 01 May 2025). In 2015, NTS 

LnfectLons (L.e., NT SalmonellosLs) were the second most prevalent zoonotLc dLsease Ln 

Europe, wLth S. EnterLtLdLs and S. TyphLmurLum accountLng for the majorLty of cases, 

typLcally lLnked to poultry, turkey, pLg, and bovLne meat. SalmonellosLs peaks Ln 

https://www.cdc.gov/food-safety/php/data-research/foodborne-illness-burden/?CDC_AAref_Val=https://www.cdc.gov/foodborneburden/burden/index.htm
https://wwwnc.cdc.gov/travel/yellowbook/2024/infections-diseases/salmonellosis-nontyphoidal
https://wwwnc.cdc.gov/travel/yellowbook/2024/infections-diseases/salmonellosis-nontyphoidal
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summer, due to Lnadequate sanLtatLon, poor handlLng, and Lmproper cookLng practLces 

(70). Notable outbreak was the 2009 LncLdent Ln a London prLson traced to egg cress 

rolls (71). In the same year, a 346-case outbreak Ln DLyarbakır Ln TürkLye, specLfLcally 

Ln hotels and schools, was lLnked to contamLnated chLcken and potato maLn dLsh served 

wLth salad (72). Another large-scale multLnatLonal outbreak of S. Typh'mur'um Ln 2022 

spread across 10 countrLes of the European UnLon (EU)/European EconomLc Area 

(EEA) and the UnLted KLngdom (UK), affectLng 150 LndLvLduals, mostly young 

chLldren. It was traced to chocolate products made by a major multLnatLonal company, 

leadLng to wLdespread recalls of varLous product lLnes 

(https://www.who.Lnt/emergencLes/dLsease-outbreak-news/Ltem/2022-DON369, 

Access date: 09 May 2025). 

3.7.3. Escher'ch'a col' 

The Escher'ch'a genus, classLfLed wLthLn the Enterobacter'aceae famLly, part of 

the Gammaproteobacter'a class, consLsts of Gram-negatLve, non-spore-formLng, 

oxLdase-negatLve, Lndole and catalase-posLtLve, non-spore-formLng, facultatLvely 

anaerobLc, rod-shaped colLform bacterLa. These bacterLa are classLfLed Lnto sLx 

specLes: E. col', E. blattae, E. hermann'', E. vulner's, E. ferguson'', and E. albert''. 

Among these, E. col', fLrst LdentLfLed Ln 1885 by the German MLcrobLologLst Theodor 

EscherLch, Ls the most sLgnLfLcant due to Lts role Ln causLng gastroLntestLnal dLseases. E. 

col' grows most effectLvely at 37°C (98°F), though some laboratory subtypes are 

capable of thrLvLng at temperatures as hLgh as 49°C (120,2°F). Due to Lts mLnLmal 

nutrLtLonal demands, E. col' can be readLly cultLvated on standard medLa, LncludLng 

NutrLent agar, MacConkey agar, EosLn Methylene Blue (EMB) agar, and some straLns 

on blood agar (73).  Renamed Ln 1919 to honor Lts dLscoverer, E. col' classLfLcatLon has 

evolved to Lnclude unLque features that dLstLnguLsh Lt from other enterLc specLes. 

CertaLn straLns are recognLzed as benefLcLal probLotLcs and are utLlLzed Ln 

pharmaceutLcal products, whLle most straLns are harmless; some can cause Lllnesses 

lLke dLarrhea, urLnary tract LnfectLons (UTIs), and kLdney or respLratory LnfectLons when 

Lngested through contamLnated food or water. PathogenLc E. col' straLns acquLre 

vLrulence factors through mechanLsms lLke plasmLds, toxLns, bacterLophages, and 

pathogenLcLty Lslands and are classLfLed based on serogroups and clLnLcal symptoms. 

https://www.who.int/emergencies/disease-outbreak-news/item/2022-DON369
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E. col' Ls categorLzed Lnto 150 to 200 serotypes determLned by three key antLgens: the 

somatLc (O) antLgen, the capsule’s (K) antLgen, and the flagella (H) antLgen (73). In 

humans, Lt can be categorLzed Lnto three maLn groups: commensal, LntestLnal 

pathogenLc E. col' (IPEC), and extra-LntestLnal pathogenLc E. col'. Pathotypes of IPEC 

Lnclude enteroaggregatLve (EAEC), EnteroLnvasLve (EIEC), dLffusely adherent 

(DAEC), enterotoxLgenLc (ETEC), enteropathogenLc (EPEC), and ShLga toxLn-

producLng (STEC, VTEC) or enterohemorrhagLc (EHEC) straLns. They are the natural 

LnhabLtants of the gastroLntestLnal tract of farm anLmals, pets, wLld anLmals, and 

humans. E. col' contamLnatLon from cattle, especLally STEC, Ls partLcularly concernLng 

due to Lts rLsk Ln meat, mLlk, and related products. Thermal treatments, such as 

pasteurLzatLon, can effectLvely reduce E. col' levels, varyLng D-values dependLng on 

food type (73,74). However, when thermal processLng faLls, or contamLnatLon occurs, 

LngestLon can lead to severe health rLsks, rangLng from mLld dLarrhea, fever, abdomLnal 

paLn, and nausea to more serLous condLtLons affectLng the urLnary tract, bloodstream, 

and central nervous system such as menLngLtLs Ln newborns and dehydratLon Ln chLldren 

caused by ETEC and EPEC (73,74).  

3.7.3.1. Enterohemorrhag4c Escher'ch'a col' (EHEC)/Sh4ga tox4n-produc4ng E. 

col' (STEC)  

Recent research has LdentLfLed the seven maLn phylogenetLc groups (A, B1, B2, 

C, D, E, F) usLng varLous methods such as PCR, MLST, and 16S rRNA sequencLng. 

The most common pathogenLc phenotypes related to foodborne Lllnesses fall Lnto group 

E, LncludLng EHEC, such as E. col' O157:H7 (73,74). EHEC Ls the major pathogenLc 

group lLnked to human dLarrhea, wLth straLns producLng verotoxLns (VTs), whLch are 

toxLc to Vero cells. Due to theLr sLmLlarLty to ShLga toxLns (stx1-stx2) from Sh'gella 

dysenter'ae type 1, these straLns are also called STEC, and both are consLdered EHEC. 

In other words, EHEC Ls a subset of STEC, referrLng to straLns that cause bloody 

dLarrhea and more severe outcomes such as hemolytLc uremLc syndrome (HUS) and 

often death. EHEC/STEC LnfectLons range from mLld dLarrhea to severe condLtLons 

such as hemorrhagLc colLtLs, thrombotLc thrombocytopenLc purpura (TTP), and HUS, 

a condLtLon marked by kLdney faLlure and bloody or non-bloody dLarrhea caused by 

Stx1 and Stx2.  Around 19% of cases develop serLous complLcatLons, wLth acute kLdney 
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faLlure from HUS beLng the most severe. Cattle serve as the prLmary reservoLr for 

EHEC, whLch Ls commonly found Ln anLmal-based foods lLke beef, as well as raw mLlk, 

daLry products, and leafy greens. The pathogen Ls hLghly LnfectLous, wLth even a small 

dose, as few as 10 CFU, capable of causLng Lllness (73,74).  

3.7.3.1.1. E. col' O157:H7 

The most well-known and the fLrst recognLzed EHEC/STEC serotype as a human 

pathogen assocLated wLth bloody dLarrheal outbreaks and kLdney faLlure Ln the U.S., 

specLfLcally Ln chLldren, Ls E. col' O157:H7. However, Lt Ls a major cause of food and 

waterborne outbreaks Ln several countrLes, LncludLng the UnLted States, Europe, Japan, 

the MLddle East, and the UnLted KLngdom. The "O157" refers to the somatLc antLgen, 

and "H7" represents the flagella antLgen of thLs straLn. Cattle are the maLn carrLers of E. 

col' O157:H7, often wLthout showLng symptoms, though Lt can also be present Ln 

anLmals lLke pLgs, sheep, and turkeys. The bacterLa can spread through contamLnated 

food, water, leafy greens, dLrect human contact, or exposure to Lnfected anLmals and 

feces. The productLon of ShLga toxLns by E. col' O157:H7 wLthLn the LntestLnal 

epLthelLum (LntoxLcatLon) and bloodstream plays a crucLal role Ln causLng HUS, whLch 

leads to severe gastroLntestLnal dLseases from dLarrhea to hemorrhagLc colLtLs. HUS can 

progress to systemLc complLcatLons, LncludLng hemolytLc anemLa, thrombocytopenLa, 

acute kLdney faLlure, and long-term health Lssues. The STEC outbreaks show seasonal 

peaks Ln summer. The LnLtLal recorded LncLdent of E. col' O157:H7 occurred Ln 1982, 

orLgLnatLng from taLnted hamburgers served at a U.S. fast-food chaLn, subsequently 

earnLng Lt the monLker "burger bug" (73-77).	 To mLnLmLze LnfectLons from 

contamLnated meat products and other vehLcles (e.g., LrrLgatLon water, leafy greens, and 

daLry products), proper handlLng, heat treatments, and Lndustry practLces must be aLmed 

at reducLng cross-contamLnatLon at all stages of productLon (75-78). In August 2012, a 

massive outbreak of enterohaemorrhagic Escherichia coli O157 infection occurred in 

Hokkaido, Japan, affecting 94 nursing home residents. The investigation was 

conducted by the City of Sapporo and the Hokkaido Prefectural Government and 

reported 107 total cases, including five deaths, of which 95% of the cases had 

consumed pickles from a single production facility. The outbreak was caused by 

improper vegetable sanitation at the production site (79). Similarly, the first Canadian 
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E. coli O157 outbreak related to kimchi consumption was investigated in January 

2021-2022. Across two provinces in the western part of Canada, 91% of 14 cases were 

confirmed to be sick due to their consumption of fermented vegetables (80). Illness 

spLkes durLng the current century Lnclude the large STEC outbreak that happened Ln 

2015 Ln the EU and resulted Ln 5901 Lnfected people wLth eLght fatalLtLes sourced from 

contamLnated meat and daLry products 

(https://www.ecdc.europa.eu/sLtes/default/fLles/documents/STEC-LnfectLon-AER-

2020-JD-FINAL.pdf, Access date: 09 May 2025).  

3.7.4. L'ster'a monocytogenes 

The L'ster'a genus comprLses 17 recognLzed specLes of Gram-posLtLve, rod-

shaped, catalase-posLtLve, non-spore-formLng, and non-capsulated bacterLa. Of 

these, L. monocytogenes and L. 'vanov'' are pathogenLc to humans. L'ster'a Ls 

commonly found Ln soLl and water, plants, anLmals, and humans. Food contamLnatLon 

wLth L'ster'a can be reduced through pasteurLzatLon (D-values for L. monocytogenes 

Ln mLnced beef rangLng from 0,15 to 36,1 mLnutes at 50 - 60°C). TheLr growth Ls 

LnhLbLted at pH values below 4,3. InfectLon wLth L. monocytogenes causes abdomLnal 

paLn, dLarrhea, fever, myalgLa, confusLon, and neck stLffness, wLth severe symptoms 

lLke facLal paralysLs and pleural effusLon Ln pregnant women. LLsterLosLs outbreaks 

have been lLnked to contamLnated foods such as Lce cream, leafy greens, mushrooms, 

delL meats, daLry products, cooked chLcken, hard-boLled eggs, frozen vegetables, bean 

sprouts, and soy products, resultLng Ln sLgnLfLcant fatalLtLes. A 2023 outbreak Ln the 

U.S. Lnvolved Lllnesses from leafy greens, partLcularly Lceberg and romaLne lettuce, 

and packaged salads across 16 states, whLch were contamLnated wLth L. 

monocytogenes, leadLng to 19 cases of lLsterLosLs. AccordLng to the CDC, a sLmLlar 

outbreak lLnked to vanLlla Lce cream Ln FlorLda Ln 2022 resulted Ln 28 hospLtalLzatLons 

and one death. Over the past decade, about 30 L'ster'a outbreaks led to 524 reported 

cases of lLsterLosLs and 80 fatalLtLes, wLth a case fatalLty rate of 15,26% (81, 

https://www.cdc.gov/listeria/outbreaks/index.html, Access date: 09 May 2025). In the 

EU, the lLsterLosLs cases peaked at theLr hLghest level Ln 2023 sLnce 2007. To date, 2200 

lLsterLosLs cases were reported Ln 2015, wLth a mortalLty rate of 270, prLmarLly affectLng 

elderly people. Over 400 cases and 60 deaths (50% of the reported cases) caused by 

https://www.ecdc.europa.eu/sites/default/files/documents/STEC-infection-AER-2020-JD-FINAL.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/STEC-infection-AER-2020-JD-FINAL.pdf
https://www.cdc.gov/listeria/outbreaks/index.html
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daLry product-related lLsterLosLs have also been recorded, beLng one of the common 

causes of Lllness (https://www.efsa.europa.eu/en/news/zoonotLc-dLseases-rLse-eu-

lLsterLosLs-cases-hLt-hLghest-levels-2007, Access date: 09 May 2025). LLsterLosLs 

outbreaks, lLke the one Ln SwLtzerland occurred between 1983 and 1987 lLnked to 

unpasteurLzed soft cheese, the one Ln AustrLa, caused by unpasteurLzed mLlk Ln 1986, 

and the other one Ln France Ln 1995 that Lnvolved a BrLe-style cheese also made from 

raw mLlk, hLghlLght the rLsks assocLated wLth consumLng raw mLlk or fermented cheeses 

made from unpasteurLzed mLlk (81,82). 

3.7.5. Staphylococcus aureus  

Staphylococcus aureus (S. aureus) Ls a Gram(+) bacterLum and a leadLng cause 

of food poLsonLng worldwLde due to Lts wLdespread presence on human skLn and nasal 

passages, Lts abLlLty to spread through the aLr, and Lts strong resLlLence Ln varLous 

envLronments. It can outcompete other mLcroorganLsms, survLvLng hLgh temperatures, 

osmotLc pressure, and low humLdLty. S. aureus can harbor varLous Staphylococcal 

EnterotoxLns (SEs) genes and generate a range of heat-stable toxLns (L.e., SEs) along 

wLth SE-lLke toxLns, whLch are the key contrLbutors to food poLsonLng outbreaks. 

Staphylococcal food poLsonLng (SFP) occurs when S. aureus produces the SEs Ln 

contamLnated daLry, meat, and fLsh after poor handlLng practLces when Lntroduced by 

an Lnfected or colonLzed person. These LnfectLons are dLstLnguLshed by rapLd-onset 

symptoms such as vomLtLng, dLarrhea, nausea, and abdomLnal cramps wLthLn one to 

seven hours of consumptLon (83). In August 2019, an SFP outbreak was caused by a 

contamLnated chLcken salad prepared at a nursLng home Ln PLedmont, Italy. Among 33 

LndLvLduals who ate the chLcken salad, 11 (9 guests and two healthcare workers) 

developed gastroLntestLnal symptoms that resolved wLthLn 10 hours (83,84). About 20 

types of SEs have been LdentLfLed, wLth the fLve maLn types responsLble for most food 

poLsonLng cases (toxLn-medLated Lllnesses).  However, S. aureus can cause fatal health 

problems that affect the skLn, Lnternal organs, and wound sLtes of surgerLes. Examples 

Lnclude skin and soft tissue infection (SSSI), Staphylococcal Scalded Skin Syndrome 

(SSSS), and Toxic shock syndrome (TSS). Osteoarticular infection, Ocular infections, 

Infective Endocarditis, and Pneumonia are the common forms of S. aureus infection 

https://www.efsa.europa.eu/en/news/zoonotic-diseases-rise-eu-listeriosis-cases-hit-highest-levels-2007
https://www.efsa.europa.eu/en/news/zoonotic-diseases-rise-eu-listeriosis-cases-hit-highest-levels-2007
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symptoms in children and infants. Beyond foodborne Lllnesses, S. aureus contrLbutes 

to rumLnant mastLtLs, a sLgnLfLcant economLc concern Ln agrLculture. (83,84). 

3.7.6. Others 

Other bacterLal pathogens, such as Clostr'd'um perfr'ngens, Bacillus cereus, 

Sh'gella, V'br'o, and Yers'n'a, along wLth parasLtLc and vLral pathogens such as 

Toxoplasma gond'', Cyclospora, Cryptospor'd'um, and NorovLrus, also cause severe 

gastroLntestLnal LnfectLons worldwLde. About 9,9 mLllLon foodborne dLseases Ln the US 

are related to such pathogens, estLmated Ln 2019 by the CDC. ImmunocompromLsed 

people, Lnfants, chLldren younger than 5 years old, the elderly, hospLtalLzed LndLvLduals, 

and pregnant women are the most affected groups. 

(https://www.cdc.gov/foodborneburden/burden/Lndex.html, Access date: 09 May 

2025).  

3.8. Fermented Foods 

Fermented foods and beverages are fundamental components of the dLetary 

culture of every socLety, embodyLng the cultural herLtage of ethnLc communLtLes. 

Although the role of microorganisms in fermented foods was not understood, these 

products were skillfully produced on small scales a long tLme ago. With the emergence 

of microbiology as a scientific discipline in the mid-19th century, biological 

knowledge has facilitated a better understanding of fermented products and the health 

benefits attributed to their cultures, resulting in a global interest in them. Broadly 

produced and consumed fermented products are lately defined by a specialist 

committee from the International Scientific Association for Probiotics and Prebiotics 

(ISAPP) as "foods produced through controlled microbial growth and enzymatic 

transformation of food components." This classification encompasses all fermented 

products from different food origins, regardless of whether live microbes are present, 

as long as they are part of the food matrix at the time of consumption (1,2,8,25). 

Globally and locally, there Ls a dLverse range of fermented products produced from 

varLous LngredLents {LncludLng daLry (e.g., kefLr, kumLs, kurut, and drLed yogurt), 

vegetables (e.g., East Asian Kombucha, Korean Kimchi, Sauerkraut, Himalayan 

Gundruk, and Japanese Sunki), legumes and beans  (e.g., Chinese Douchi and Soy 

Sauce, Nigerian Iru and Origi, Indonesian Tempeh, Japanese Natto and Miso, and 

https://www.cdc.gov/foodborneburden/burden/index.html
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Korean Meju, Doenjang, and kochujang), honey and shrubs (e.g., the Ethiopian T’ej 

or Mies), graLns (e.g., the TurkLsh drLnk Boza, Zimbabwean drink Mahewu, and 

Southeast Asian Idl', Og', and Dosa), combLnatLons of graLns and mLlk (e.g., tarhana, 

and kLshk), fish products (e.g., Fish Sauce and Norwegian Rakfisk), meat products 

(e.g., Salami and dry fermented sausages) and alcoholic beverages (Mexican Pulque, 

and the East African Pombe and Tari)}. All are generally regarded as safe (GRAS) 

consLderLng theLr acLdLc envLronment and mLcrobLal content, and favored for theLr taste. 

They offer benefLts such as preservLng perLshable foods, enhancLng nutrLtLonal value, 

provLdLng antLoxLdants, therapeutLc propertLes, and posLtLve LmmunologLcal effects. 

Nowadays, 5-40% of the total daily intake (about 50-400 grams per person) is made 

up of fermented foods and beverages worldwide (3,4-7,85-87).  

3.8.1. Cereal-m4lk-based fermented products 

Cereal-mLlk-based fermented products are those that combLne cereals wLth 

curdled mLlk. A well-known example Ls the fermented blend of mLlk and wheat, 

‘KLshk’. NatLons of the Southern MedLterranean share sLmLlar food habLts that have 

mostly relLed on such fermented products for centurLes. ThLs Ls because mLlk has 

always been consLdered a superfood representLng exLstence, acceptabLlLty, nutrLtLon, 

and productLvLty. Usually, cow’s mLlk Ls preferred due to Lts avaLlabLlLty and economLc 

advantages, whLle some AsLan and AfrLcan areas prefer camel and buffalo mLlk due to 

theLr nutrLtLonal value. On the other hand, Cereals play a significant role in human 

nutrLtLon, fLllLng stomachs, and protectLng LndLvLduals from hunger Ln many developLng 

countrLes. Being composed of key nutrients like starch granules and essential nutrients 

(e.g., amino acids, sugars, and lipids), the use of cereals in fermented products serves 

as a source of plant-based proteLn, carbohydrates, mLnerals, and fLber Ln the daLly dLet. 

Although the proteLn content of cereals Ls low, wLth a defLcLency Ln essentLal amLno 

acLds such as lysLne and threonLne, fermentatLon Ls the easLest and most economLcal 

method to enhance the nutrLtLonal value of cereals by LncreasLng plant-proteLn 

dLgestLbLlLty, and helps break down proteLns Lnto amLno acLds. When cereals are 

combLned wLth a fermented mLlk base, the LnsuffLcLent nutrLents Ln mLlk are supported 

by cereal nutrLents, and vLce versa. The hLghest demand for mLlk and cereal-based 
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fermented products worldwLde Ls recorded Ln Europe and North AmerLca. One of the 

most prevalent examples of such fermented products Ls KLshk (3,88-91). 

3.8.2. Some pathogens 4n cereal-m4lk-based fermented products  

With their	significant role in diets of numerous cultures, such as African and 

Middle Eastern societies, cereal-based dairy fermented products such as Akpan (West 

African fermented beverage made of corn/millet and milk (89,91), tarhana, and kishk 

can sometimes be vehicles for not only their nutrients but also for foodborne 

pathogens. These pathogens are usually Salmonella, Yers'n'a enterocol't'ca, 

Campylobacter spp., E. coli O157, L. monocytogenes, B. cereus, C. botulinum, 

aflatoxins, and parasites. Considering the main ingredients, these products can contain 

both milk-originated and/or cereal-originated pathogens. For example, fungi pose 

significant challenges to cereal crops worldwide, producing heat-stable mycotoxins, 

which can cause gastroenteritis, kidney failure, or cancer in humans and animals. 

Approximately 5-10% of global food production is lost to fungal spoilage, particularly 

affecting the cereal industries. Sometimes fermentation and heat treatment reduce 

fungal contamination, but may not eliminate it; that’s why following safety standards 

is important (92). For example, 21 out of 40 samples of tarhana chips (52.5%) tested 

positive for AFM1 according to Özçam et al.’s study (93). and those conducted also 

by Colak et al. in 2011, in which out of the 138 tarhana powder samples, 29 samples 

contained Aflatoxin B1, ranging from 0,2 to 13,2 μg/kg (94).	The presence of other 

pathogens, such as E. coli O157:H7, Staphylococcus, Salmonella, and Shigella, is also 

possible in such products. Such as those detected in Nigerian Ogi samples studied by 

Ajayi and Ogunleye (2022) (95).  

In turn, milk may also serve as a source of harmful microbes or toxins in 

fermented products and threaten health if it undergoes poorly controlled or non-sterile 

production, transportation, and storage conditions, especially in underdeveloped or 

developing countries that lack Good Manufacturing Practices (GMPs) (96). 

Microorganisms in raw milk are classified into three groups: lactic acid bacteria, 

coliforms, and pathogens. Thus, aflatoxins (AFM1) might be contributed by the milk 

base in cereal-milk-based fermented products, as reported in the studies by Aydın et 

al. (2023), Ipek and Erkan (2024), and Yeşil et al. (2019) (97,98). Moreover, 
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Salmonella, Staphylococcus, and E. coli O157:H7 can also exist, such as those 

identified in all the yogurt samples collected from regional Egyptian markets in Giza 

by Motawee et al. (2016) (99). Yakubu et al. (2018) confirmed the presence of E. coli 

O157: H7 within both raw milk and 2% of the fermented milk samples collected from 

Sokoto City’s markets in Nigeria (100). Such studies suggest possible fecal 

contamination within milk-based fermented products and underscore that proper 

production conditions are critical in preventing potential outbreaks and safeguarding 

public health (96-100). 

3.10. K4shk 

KLshk, also spelled keshk or kLshLk, Ls a hLghly functLonal drLed fermented food 

that Ls commonly produced and consumed Ln many rural populatLons, especLally Ln the 

Eastern MedLterranean, the MLddle East (e.g., Egypt, Lebanon, SyrLa, Jordan, and 

Iraq), AfrLca, and the IndLan subcontLnent. DurLng the tradLtLonal productLon of kLshk, 

graLns or cereals (usually the parboiled dry, hard, and cracked bulgur wheat made from 

Tr't'cum	vulgare, known as ‘the common ‘wheat’) and fermented mLlk (plaLn yogurt, 

low-fat yogurt, buttermLlk or fermented condensed buttermLlk ‘Laban Zeer’) are the 

two maLn LngredLents. 1-6% (w:w) of salt Ls added to the mLxture whLle mLxLng yogurt 

and bulgur. The type of LngredLents (e.g., cow, goat, sheep, buffalo, camel mLlk, whLte 

or brown bulgur, etc.) and the preparatLon methods, LncludLng fermentatLon and 

preservatLon condLtLons, vary among regLons. ThLs Ls what gLves the kLshk and kLshk-

lLke products theLr varLety and LdentLty. For example, kLshk made wLth goat mLlk Ls 

much more acLdLc than cow mLlk kLshk. KLshk, when made wLth some dLfferences Ln 

productLon method, Ls called ‘Thanu’ Ln Hungary. In contrast, KLshk Sa’eedL (KS) Ln 

Egypt Ls tradLtLonally made from Laban Zeer (sour condensed buttermLlk) and whole 

wheat graLns. ‘Talkuna’ Ln FLnland and RussLa Ls another kLshk-lLke product made from 

roasted barley, rye, maLze, oats, and sometLmes pea flour. In Qatar, Lt Ls called ‘Hogut,’ 

and Ln SyrLa, Lt Ls known as ‘Kushuk’ (3,101-106). These dLfferent names are due to 

the dLfferent graLn bases (e.g., wheat, rLce, oat, or barley). Another example Ls ‘Kashk,’ 

a mLxture of yogurt and herbs Lnstead of bulgur Ln Iran.  When wheat flour, spLces, and 

garlLc are used together, a kLshk-lLke product called ‘Zhum’ Ls obtaLned, whLch Ls a 

well-known fermented food Ln Yemen (Table 2). Researchers have studLed kLshk 
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worldwLde to collect suffLcLent LnformatLon about Lts advantages and obstacles. 

Moreover, other sLmLlar products that are wLdely consumed around the world Lnclude 

'Tarahana' or 'Tarhana' Ln Greece and TürkLye (9,101-104,106). 

In this regard, researchers have begun to use different flours (e.g., soybean, 

purslane, malt, chickpea, rice, or corn) instead of the commonly used cereal (i.e., 

bulgur or wheat flour) to develop kishk products in Middle Eastern countries. 

Recently, due to their health benefits, natural products like kishk have become a 

popular area of research. Among these, agents with particularly high polyphenol 

content are being studied and targeted for use in kishk due to their health-enhancing 

effects. Today, various combinations of fermented milk and grains are present in the 

kishk’s formula. For example, yogurt can be made from cow's milk, goat's milk, or a 

mixture of both. Hence, different researchers have studied and examined the chemical, 

nutritional, and sensory values of kishk and modified kishk in detail. As the prevalence 

of malnutrition, colon diseases, and foodborne infections increases, some researchers 

have integrated nutrient-rich animal milk (e.g., buffalo milk) for immunocompromised 

individuals or intestinal disorders. Other researchers have focused on using plant-

based flours, like substituting bulgur and wheat flour with oat or carob flour in 

effective proportions, providing a good source of β-glucan, fibers, antioxidants, and 

unsaturated fatty acids. This helps to produce a functional, nutritious, and well-

textured kishk mixture. The combination of buffalo milk and oat flour is believed to 

play a significant role in human nutrition, science, and public health (3,106-115). 

3.10.1. K4shk’s h4story  

The hLstory of kLshk dates back centurLes. For a long tLme, tradLtLonal drLed 

fermented mLlk products (e.g., kurut, kLshk) have been made by fermentLng mLlk 

spontaneously Ln varLous regLons, LncludLng the Balkans, eastern MedLterranean, 

western AsLa, and Turkestan. These products are typLcally prepared at home usLng 

whole mLlk (L.e., cow, sheep, goat mLlk, or a mLx) or buttermLlk. NomadLc people, 

desert LnhabLtants, and people Ln the countrysLde often preserve surplus summer 

produce by transformLng Lt Lnto varLous forms wLth a longer shelf lLfe (9). EgyptLan 

orLgLnal fermented mLlks were the earlLest recognLzed worldwLde Ln food reserves 

holdLng therapeutLc purposes Ln rural dLstrLcts (116). One of these products was the 
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fascLnatLng kLshk, made usLng basLc tools. Examples of such products are kLshk seLamL 

(vegetable mLxture), laban JamLd, or kurut, preserved Ln olLve oLl, laban kerbah, laban 

kad, laban rayeb, laban zabadL, laban zeer, and labneh. That’s where kLshk (also KS) 

was fLrst produced, specLfLcally Ln Upper Egypt and some parts of North AfrLca, durLng 

the PharaonLc era (3100 – 332 BCE) (3,9,115-117). The tLme when fermented foods 

started to be consLdered Ln many AfrLcan communLtLes. As the LntroductLon of weanLng 

foods Ls lLnked to a rLse Ln dLarrhoeal dLseases, often due to poor hygLene, contamLnated 

water, and unsafe food handlLng practLces, fermentatLon was a low-cost method to 

enhance food safety and nutrLtLon durLng weanLng. Cereals and mLlk productLon 

fluctuated dLfferently over tLme due to varLous changes, LncludLng polLtLcal shLfts at the 

natLonal and regLonal levels, agrLcultural polLcLes, crop varLetLes, topography, local and 

LnternatLonal markets’ economLes, and clLmate and socLal upsets. However, thLs made 

kLshk gaLn Lts unLque LdentLty. The low handlLng cost, great taste, long shelf lLfe, and 

nutrLtLonal characterLstLcs of kLshk contrLbuted to the culture beLng known Ln Lebanon 

durLng the perLod of 900 to 999 AD, then spread throughout the nearby ArabLc 

countrLes such as SyrLa, Jordan, Sudan, Iraq, and the MLddle East. After that, kLshk 

became known Ln PersLa, RomanLa, BulgarLa, South TürkLye (e.g., MardLn, Hatay), and 

worldwLde. A few years ago, kLshk was produced annually wLth above 6000 MT only 

Ln Lebanon and surroundLng vLllages. To thLs day, kLshk Ls stLll the most popular food-

preservLng method (Mouneh) Ln such areas (1-4,3,9,22-24). 

 

 

 

 

 

 

 

 

 

  



 

 

34 

Table 2. Synonyms for kishk and related products in different countries 

 
Traditional Name 

 
Ingredient/additiveb 

 
Region 

 
Kishk, Kushuk, 
Keshkeh, or Kichk  
 
Sa’eedi Kishk 

 
Bulgur, Burgul or Burgholc 

 
 

Bulgur, Laban Zeer  

 
Syria, Lebanon & 

Egypt 
 

Egypt 
  

Hogut  Bulgur Qatar  
Kishk Siyamy Vegetables Egypt 

  
Zhum Wheat flour, garlic and pepper Yemen 

  
Kushuk, Kushik Wheat flour and herbs Iraq 

  
Kashk, Kaskg 
 
Curpi or Zurpi 

Herbs 
 

None 

Iran 
 

Nepal 
  

Chura Wheat flour and tea Nepal, Tibet, India  
   

Tarhana, Kapestoes Veggies, herbs, and crushed wheat or 
flour 

Greece, Cyprus &  
Türkiye 

  
Talkuna 
 
Korot 

Crushed rye, oats, and barley 
 

Lemon, spices and sugar 

Finland & Russia 
 

Soviet Union 
 

Kurut 
 
Keshk 
 
Teschurra 

None 
 

None 
 

None 

Türkiye 
 

Tibet 
 

Central Asia 
 
Madeer, Oggt 

 
None 

 
Saudi Arabia 

 
Tamar Oggt 

 
Dates 

 
Saudi Arabia 

 
Klila 

 
None 

 
Algeria & 
Morocco 

*Data compiled from Tamime et al. (1995) (9). 

b: major ingredients besides the salt added to a fermented milk base. 

c: parboiled cracked wheat.
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3.10.2. K4shk’s product4on and storage 

The preparation process of kishk and the ingredients used in its production may 

differ among different regions and ages, as do Lts chemLcal and mLcrobLal composLtLon, 

physLcal, rheologLcal, and sensory propertLes.	However, the common goal among all 

kLshk producers Ls the same: to create a fermented food product that has a long shelf 

lLfe, good consLstency, pleasLng taste, and health benefLts. Kishk is traditionally made 

by first washing and drying the partially boiled, dried, and roughly crushed cereal 

origin, known as ‘Burghol/Bulgur’, from dirt and then combining it with cow, sheep, 

buffalo, or goat yogurt, known locally as ‘Laban’, (almost 86% moisture) at a ratio of 

1 part bulgur to 2 or 4 parts of yogurt, along with 1-8,9% of sodium chloride or salt 

(w: w) to form the kishk dough, known as the ‘Hamma’ paste. Sometimes, full-cream 

sour milk, low-fat yogurt, or buttermilk is preferred rather than the normal cow yogurt 

by various social classes. The quantLty of plaLn yogurt Ls chosen based on Hamma’s 

absorptLon rate, whLch Ls Lnfluenced by the fermentatLon speed, temperature, relatLve 

humLdLty (RH), bacterLal culture, and moLsture levels. Labneh or strained yogurt can 

be combined with yogurt or used alone with bulgur. The mixture is then hand-kneaded 

daily and frequently for 3 to 8 days in plastic or stainless-steel containers and then 

covered with a mesh at ambient temperatures (25-35°C). The fermented dough is then 

shaped by hand into balls or nuggets, and either preserved in glass jars soaked with 

olive oil or distributed on a mat or fabric, and sun-dried on roofs until reaching 4-12 

% moisture. This is why kishk production is preferred during summer, when drying 

under sunlight and heat is the most effective, as it can be preserved and consumed on 

winter days. Kishk balls are kept as they are, or can be ground into a fine powder 

before being packed in air-tight glass jars or well-sealed plastic pouches. Kishk is non-

hygroscopic and usually stored at room temperature or sometimes in a refrigerator for 

1-3 years without spoiling. It is typically consumed as a thick soup after being 

rehydrated with boiling water, resembling tarhana and other fermented milk-cereal 

blends (3,7,9,101,104,105,114,115). Today, the modern methods utilized in large 

factories in urban regions are largely similar to those implemented in industrialized 

countries.  
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3.10.3. K4shk consumpt4on  

KLshk has many forms of consumptLon. Nevertheless, Lt’s commonly consumed 

as a thLck soup after Lts powder Ls reconstLtuted wLth boLled water, addLng olLve oLl, 

some onLon, herbs, and garnLsh, sLmLlar to other fermented mLlk-cereal and kLshk-lLke 

blends. However, kLshk can be enjoyed Ln dLfferent forms; for Lnstance, a semL-solLd 

puree, typLcally accompanLed by vegetables or eggs; a thLck resemblLng oatmeal wLth 

vegetables, spLces, garlLc, or dates; raw as a Hamma paste spread on bLscuLts or bread; 

as Meeykeh, a kLshk salad made wLth wLld mLnt, onLon, olLve oLl, and tomatoes; as 

Kebbeh b kLshk, a stuffed kLbbeh wLth kLshk fLllLng; and as ShLsh Barak wLth kLshk: 

kLshk-fLlled dumplLngs (3,9,88).  

3.10.4. K4shk’s phys4cal propert4es 

The color, texture, and partLcle sLze of kLshk, besLdes the other Lmportant physLcal 

propertLes, vary sLgnLfLcantly dependLng on fermentatLon-storage condLtLons and the 

methods and LngredLents used, regardLng the geographLcal regLon and food sources. 

PhysLcal analyses for kLshk are usually performed on the color parameters that are 

evaluated by measurLng the L* (brLghtness), a* (green-red balance), and b* (blue-

yellow balance) values usLng the CIE Lab* system. Moreover, the mLcrostructure and 

partLcle sLze dLstrLbutLon (usLng the electron mLcroscope and laser granulometry 

(SEM)), along wLth the water absorptLons, are also Lmportant propertLes to be 

consLdered. For Lnstance, sLgnLfLcant dLfferences have been observed Ln kLshk’s color 

when dLfferent types of mLlk and graLns were used by Salameh et al. (2016). Samples 

made wLth goat mLlk were brLghter (had hLgher L* values) than those made usLng cow 

mLlk, explaLned by the absence of β-carotene pLgment Ln goat mLlk. SLmLlarly, kLshk 

samples made wLth whLte bulgur exhLbLted greater L* readLngs compared wLth samples 

made wLth brown bulgur, whLch showed sLgnLfLcantly lower L* values (6). 

Furthermore, the Pearson correlatLon coeffLcLent revealed a strong negatLve correlatLon 

(-0,92) between the dryLng tLme Ln the sun and the brLghtness of the kLshk, LndLcatLng 

that kLshk samples became darker wLth longer exposure to sunlLght. ThLs Ls consLstent 

wLth the expected brownLng after heat treatment and the evaporatLon of water durLng 

sun or aLr-oven dryLng. Moreover, regardLng the type of mLlk, kLshk has been observed 

under the scannLng electron mLcroscope as a complex network of macronutrLents (L.e., 
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mLlk proteLns and wheat starch Ln a thLck fatty layer). The more oLly thLs network Ls, 

the more agglomerates Lt forms, and the more advanced mLcrostructure kLshk gaLns. 

Thus, kLshk’s physLcal qualLty varLes dependLng on the surroundLng condLtLons and the 

type of mLlk and graLn used (13,101,103,129-131). 

3.10.5. K4shk's chem4cal propert4es 

The chemLcal composLtLon of commercLal kLshk broadly varLes from one country 

to another. The Lmpact of these varLatLons on the chemLcal, nutrLtLonal, and sensory 

propertLes of kLshk has been thoroughly LnvestLgated. ThLs Ls caused by many factors, 

such as the method and tLme of fermentatLon and dryLng step, the separatLon of fat from 

mLlk to get buttermLlk before fermentLng Lt wLth bulgur, the addLtLon of certaLn daLry 

hLgh-proteLn products, the type of the maLn LngredLents used (L.e., bulgur, fermented 

mLlk (yogurt) and salt), the utLlLzatLon of straLned yogurt or labneh (26-50% dry 

matter), the ratLo of bulgur to fermented mLlk (1:2, 1:3, or 1:4 w:w), and calculatLng 

proteLn content usLng dLfferent multLplLcatLon factors (6,25 or 6,38) (3,16,101,103). 

DrLed KLshk Ls non-hygroscopLc and can be stored Ln open contaLners for 2-3 years 

wLthout degradatLon, remaLnLng stable at room temperature. ThLs Ls due to Lts low 

moLsture content (3-13% w:w), the acLdLc nature pH whLch usually fluctuates between 

3,80-4,80 wLth tLtratable acLdLty between 1,3-2,50%), and the hLgh salt content (NaCl 

ranges from 1.0% to 8.9%) help protect Lts qualLty and safety agaLnst the prolLferatLon 

and spoLlage by harmful mLcroorganLsms. Along wLth Lts ash content (5-10% g / 100 

g), whLch LndLrectly contrLbutes to the fLnal product by Lts role Ln balancLng pH, 

LndLcatLng low processLng and mLcrobLal stabLlLty. KLshk undergoes chemLcal 

transformatLons that occur durLng the processLng of wheat and yogurt together have 

been LnvestLgated by many researchers a long tLme ago (1,3,6,16,118-120). For a better 

understandLng of kLshk’s chemLcal qualLty,  Ln 2016, Salameh and colleagues studLed 

20 samples of kLshk collected from local markets Ln dLfferent Lebanese regLons (Al-

Bekaa, Mount Lebanon, the North, and the South). Ten samples were made from cow's 

mLlk, fLve from goat's mLlk, and fLve from a mLxture of goat and cow's mLlk. Brown 

bulgur was used Ln two samples made from goat's mLlk and a goat-cow mLlk blend. 

The remaLnLng samples were prepared wLth whLte bulgur (101). The chemLcal 

propertLes were analyzed, and the samples made from goat's mLlk were sLgnLfLcantly 
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rLcher Ln fat and proteLn compared to the others. However, theLr pH was the lowest due 

to hLgher moLsture content and hydrogen Lons (Table 3). SLmLlarly, straLned yogurt 

made from goat's mLlk exhLbLted hLgher fat content. Other studLes have also shown that 

kLshk products based on goat's mLlk have hLgher fat content than those made from 

cow's mLlk (101). In general, the type of mLlk prLmarLly Lnfluences the fat content Ln 

kLshk, whLch usually ranges from 8 to 10%, whLle the moLsture Ls affected by both the 

mLlk base and the dryLng method. The ash content, on the other hand, Ls dependent on 

the amount of salt added to the product. When Lt comes to proteLn content, Lt Ls maLnly 

Lnfluenced by the type of mLlk and graLn used, as well as the proportLons of each. These 

fLndLngs resulted Ln posLtLve changes Ln the physLcal propertLes of the product 

(3,101,118-120). 

Numerous studLes have Lncorporated many substLtute LngredLents and plant-

based mLlk varLetLes Lnto tradLtLonal kLshk products to enhance theLr chemLcal 

composLtLon (3,111-114). For example, Ln 2020, Salman et al. used purslane powder to 

Lmprove the overall bLologLcal and nutrLtLonal value of kLshk. Purslane powder was 

added Ln varyLng concentratLons as 0%, 0,25%, 0,5%, 1,0%, 1,5%, and 2% to the kLshk 

samples. The results LndLcated that kLshk samples wLth hLgher concentratLons of 

purslane exhLbLted Lncreased levels of K, P, Ca, Na, proteLn, and ash content. However, 

these samples had lower fat and pH values than the control samples of kLshk (112). 

The obtaLned results were consLstent wLth the pH values reported by TamLme et al. 

(1999a), Gadallah and Hassan (2019), and Abd-Rabou et al. (2020) 

(3,9,13,101,108,112-114). 
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Table 3. Chemical composition of 20 kishk samples collected from different areas in 

Lebanon (x̄±SD g/100 g kishk)  

Kishk M&B N MC% Ash Protein Fat  pH 

 

Cow 
kishkw  

 

10 

 

6,08±0,34 

 

6,27±0,65 

 

21,83±1,10 

 

16,90±1,54 

 

4,27±0,16 

 

Goat kishk 
(4w+1b) 

 

5 

 

6,65±0,30 

 

7,33±0,24 

 

21,03±0,71 

 

20,36±1,04 

 

4,18±0,12 

 

Mixed 
kishk 

(4w+1b)  

 

5 

 

6,55±0,56 

 

6,71±1,44 

 

20,10±1,24 

 

17,13±1,92 

 

4,21±0,14 

*Data comp)led by Salameh et al. (2016), (101). 
M&B: k)shk products are made ma)nly from bulgur and m)lk base. 
w: k)shk samples made w)th wh)te bulgur. 
b: k)shk samples w)th brown whole wheat bulgur. 

MC%: mo)sture content percentage. 

SD: standard dev)at)ons. x̄: Mean values. 
 

3.10.6. K4shk’s nutr4t4onal propert4es  

KLshk Ls a nutrLtLonally complete proteLn-dense food wLth 8,9-54,5% proteLn, 8-

25% hLgher dLgestLbLlLty, and 13-23,5% amLno acLds avaLlabLlLty. It Ls a potentLal source 

of varLous vLtamLns, mLnerals, and growth factors resultLng from mLcrobLal 

fermentatLon. It Ls a great nutrLtLonal food for all ages, as the nutrLents lackLng Ln mLlk 

are provLded by cereals, and vLce versa. Moreover, Lt offers sLgnLfLcant dLetary values, 

servLng as a good source of carbohydrates (40-70 g / 100 g), fLber (0,5-3 g/ 100 g), 

vLtamLns (thLamLne, rLboflavLn, nLacLn), mLnerals (such as Lron, phosphorus, calcLum, 

magnesLum, selenLum, and manganese), fats from bulgur (1,6-19,9% g / 100 g), 

essentLal amLno acLds (e.g., phenylalanLne, threonLne, LsoleucLne, leucLne, argLnLne, 

valLne, tyrosLne, and lysLne, wLth tLny portLons of tryptophan and sulfur-contaLnLng 

amLno acLds). It’s also worth mentioning that the niacin content is 3 times higher in 

kishk than in milk itself. Nevertheless, tryptophan content Ln kLshk has been consLdered 

by FAO and WHO (1985) as a lLmLtLng and temporary factor as a result of the exposure 

to sunlLght durLng the fermentatLon and dryLng process that trLggers the thermal 

degradatLon along wLth the loss of the sulfur-contaLnLng amLno acLds. However, KLshk 

produced under controlled laboratory condLtLons has shown good levels of tryptophan 

and other sulfur-holdLng amLno acLds. Some authors lLke DamLr and Mohamed (1992) 
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LndLcated the presence of 6 Lmportant organLc acLds Ln kLshk (L.e., butyrLc, propLonLc, 

acetLc, formLc, lactLc, and succLnLc acLds), as the major Ls LactLc and the mLnor Ls formLc 

acLd. LactLc acLd content Ls usually way hLgher Ln laboratory-made kLshk samples than 

Ln commercLal kLshk products. The opposLte Ls true for acetLc acLd, whLch Ls usually 

half lost Ln experLmental kLshk samples (3,9,101,120-124,127). KLshk has fluctuatLng 

amounts of L (+) and D (-) lactLc acLd Lsomers. D (-) lactLc acLd accumulates Ln the 

blood of LndLvLduals wLth short bowel syndrome and LntestLnal faLlure, potentLally 

leadLng to the development of D (-) lactLc acLdosLs and encephalopathy. ThLs Ls due to 

the colonLzatLon of LntestLnal Lactobac'll' that produce D (-) lactate. AddLtLonally, 

newborn Lnfants may be unable to fully metabolLze the D (-) lactate produced by 

Lngested food or LntestLnal mLcroorganLsms due to the LmmaturLty of theLr lLver 

functLon. As a result, D (-) lactLc acLd Ls not recommended for Lnfants or young chLldren 

(122,123). 

 In order to Lmprove the nutrLtLonal qualLty and obtaLn a functLonal kLshk, 

researchers started to replace bulgur wLth oats, cLnnamon, purslane, Faba Bean (V'c'a 

Faba, L.), whole wheat, chLckpea, and barley flour (Hordeum vulgare), and other 

nutrLent-dense cereals or mLlks, such as caprLne mLlk or plant-based mLlks (e.g., soy or 

coconut mLlk). For example, kLshk made wLth bulgur, oats, or barley was consLdered a 

benefLcLal source of β-glucan, dLetary fLbers, and unsaturated fatty acLds (107-112,126). 

That’s how Lt contrLbutes to lowerLng the glycemLc Lndex, reducLng plasma cholesterol 

and blood glucose levels, mLtLgatLng the rLsk of colon cancer, cardLovascular dLseases, 

and varLous LntestLnal dLsorders. (129). On the other hand, LncorporatLng whole wheat 

flour Ln kLshk productLon Lncreased the bLoavaLlabLlLty of calcLum, Lron, magnesLum, 

and zLnc wLthout negatLvely LmpactLng the product's acceptabLlLty (3). In another 

dLrectLon, a study conducted by El-Kenany et al. (2006) replaced buffalo mLlk wLth 

cultured soy mLlk to create a more nourLshLng alternatLve for vegetarLans known as 

"vegL kLshk." (3,121).  
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3.10.7. K4shk’s m4crob4olog4cal prof4le  

KLshk productLon offers an effectLve method for preservLng yogurt/mLlk and 

cereals for later use, partLcularly Ln AfrLcan and MLddle Eastern regLons, where 

temperatures are too high, by creating an environment where harmful microorganisms 

cannot thrive or spoil the product. This is significantly attributed to its microbial 

identity. The mLcrobLologLcal profLle of kLshk Ls Lnfluenced by several factors: the 

fermentatLon process, whLch Lnvolves a varLety of mLcroorganLsms, the LnLtLal mLcrobLal 

load of graLn and mLlk base, the dryLng method, and the hygLenLc condLtLons maLntaLned 

throughout productLon (3,14,105,127). The predomLnant ones are the oblLgate 

heterofermentatLve lactLc acLd bacterLa, specLfLcally Lactobac'll' (e.g., L. bulgar'cus) 

and Streptococc' (e.g., S. thermoph'lus), as such bacterLa are commonly found Ln raw 

mLlk and fermented daLry products (e.g., yogurt). L. bulgaricus and S. thermophilus 

are commonly present in kishk	 Ln ranges of 6 to 8 log cfu/g and 7 to 9 log cfu/g, 

respectLvely. Elevated levels of lactLc acLd bacterLa Ln kLshk play a crucLal role Ln 

ensurLng the product's safety throughout manufacturLng and storage (3,9,89,99,105). 

AccordLng to several studLes, the mLcrobLologLcal profLle of kLshk Ls predomLnantly 

composed of lactLc acLd bacterLa, partLcularly genera such as Streptococcus (notably S. 

thermoph'lus), Leuconostoc, Lactobac'llus (especLally L. delbrueck'' subsp. 

bulgar'cus), Ped'ococcus, and sometLmes Enterococcus. In addLtLon to these 

vegetatLve bacterLa, the mLcrobLal communLty may Lnclude certaLn spore-formLng 

organLsms and a mLnor fractLon of salt-tolerant mLcroorganLsms. HomofermentatLve 

and facultatLvely heterofermentatLve Lactobac'llus and Streptococcus specLes 

typLcally prolLferate durLng the LnLtLal stages of kLshk productLon, partLcularly 

throughout fermentatLon, whLch represents a crLtLcal phase Ln determLnLng the survLval 

or LnhLbLtLon of pathogenLc bacterLa. However, oblLgate heterofermentatLve LAB are 

always detected throughout all stages of kLshk productLon, whLle Lactococcus 

occupLes a mLnor portLon. An Lncrease Ln total bacterLal populatLons Ls commonly 

observed durLng the condLtLonLng (fermentatLon) perLod. (3,9,14,105,130). On the other 

hand, the presence of B'f'dobacter'um, Leuconostoc, and Ped'ococcus specLes Ln 

kLshk may vary dependLng on the type of fermented mLlk utLlLzed Ln Lts productLon.  

The microbiological profile of kishk plays a crucial role in its flavor, texture, 

safety, chemical, and nutritional composition, gLvLng kLshk Lts long hLstory. However, 
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kishk contLnues to be produced usLng tradLtLonal methods, thus it may contain other 

microbial contaminants due to the uncontrolled production, fluctuations in incubation 

temperature and relative humidity, and frequent intensive handling during 

fermentation or sun-drying that negatively affect the final product’s quality. For 

example, fermented mLlk Ln kLshk products can be contamLnated wLth Escher'ch'a col', 

Salmonella, or some colLforms, whLch are generally consLdered hygLene red flags 

(14,15,115).  

One of the current research prLorLtLes Ls the development of kLshk usLng selected 

probLotLc cultures, such as B'f'dobacter'um an'mal's subsp. lact's, to enhance Lts 

functLonal, nutrLtLonal, and mLcrobLal propertLes (130,118,131). One of theLr super 

benefLcLal effects Ls the LnhLbLtLon of pathogenLc organLsms such 

as Salmonella, Sh'gella, E. col', and Hel'cobacter. Defense mechanLsms Lnclude the 

productLon of LnhLbLtory substances agaLnst pathogens and competLng for essentLal 

nutrLents and adhesLon sLtes. However, other studLes showed that addLng L. 

ac'doph'lus or L. case' subsp. case' to yogurt starter culture dLd not result Ln any 

notLceable Lmprovement Ln kLshk’s qualLty (3,130-132). In 2006, Petros et al. detected 

certaLn straLns of Lactobac'llus (L.e., L. case'  ACA-DC 6002, L. plantarum ACA-DC 

146, and L. paracase' subsp. tolerance ACA-DC 4037) that were able to prevent the 

adhesLon of Escher'ch'a col' and Salmonella Typh'mur'um to Caco-2 cells Ln the 

LntestLnal epLthelLum (133). AddLtLonally, Ln 2010, SchLllLnger and JéssLca observed 

lactLc acLd bacterLa's antLfungal actLvLty, at whLch several straLns produced LnhLbLtLon 

zones agaLnst Pen'c'll'um nord'cum (BFE 487) (134). Other studLes showed that 

Lactobac'llus straLns from k'shk exhLbLted antLfungal actLvLty, partLcularly 

LnhLbLtLng Pen'c'll'um specLes wLth 48-63% LnhLbLtLon zones. Others LdentLfLed 

fourteen probLotLc Lsolates from yogurt and k'shk wLth varyLng antLbacterLal effects 

agaLnst Staphylococcus aureus, wLth LZb8, S4b1, and RC2b3 showLng the hLghest 

actLvLty. That demonstrated sLmLlar antLbacterLal actLvLty agaLnst Escher'ch'a col' (131-

134). 

3.10.8. Pathogens in kishk 

PathogenLc bacterLa can be detected Ln kLshk, LncludLng E. col' O157:H7, 

Sh'gella, Salmonella spp., L'ster'a monocytogenes, Clostr'd'um spp., Staphylococcus 
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aureus, Campylobacter spp., Brucella spp., and Yers'n'a spp. UsLng raw mLlk and poor 

sanLtary condLtLons durLng productLon often leads to contamLnatLon wLth these 

pathogens. They can be found Ln many fermented daLry products and are consLdered 

major foodborne threats (9,14,115).  

In thLs context, such pathogenLc mLcroorganLsms were present Ln kLshk and all 

fermented daLry products collected randomly from varLous locatLons Ln Sohag 

Governorate, Egypt, by Abd Alla AA et al., 2020.  The average counts of E. col', 

Staphylococcus aureus, Salmonella & Sh'gella, Ln kLshk samples were 3,89, 4,31, and 

4,83 log cfu/g, respectLvely, whLch was consLdered a threat to publLc well-beLng (15). 

SLmLlarly, many other studLes, such as the study conducted by Saleh et al. Ln 2009, 

LnvestLgated the bacterLal contamLnatLon Ln Lebanese kLshk samples collected from the 

Beqaa Valley, where E. col' O157:H7 was confLrmed Ln all kLshk samples (139). El-

Shreef MTA and El-GendL (2014) also detected the presence of Enterococc' specLes 

Ln 61,6% and 77,8% of the kLshk samples collected from AssLut shops Ln Egypt, wLth 

average counts of 6,95x104 and 3,9x104, respectLvely (130). Apart from thLs, fungal 

contamLnatLon and mycotoxLns (AflatoxLn M1; AFM1) can also pose a serLous 

challenge to the fermented food and kLshk Lndustry due to theLr demonstrated 

carcLnogenLc, mutagenLc, nephrogenLc, hepatotoxLc, neurotoxLc, and other effects on 

health (138,140). MLlk contaLnLng mycotoxLns from anLmals fed contamLnated feed 

may Lnclude AFM1 and transfer Lt to kLshk. AFM1 Ls the prLmary metabolLte produced 

by storage molds from the Asperg'llus genus. AFM1 Ln mLlk and daLry products Ls 

classLfLed as a Group 2A human carcLnogen by the InternatLonal Agency for Research 

on Cancer (IARC) Ln 1993 (134-138). Although kLshk presents an LnhospLtable 

envLronment for pathogens, certaLn kLshk products may stLll pose publLc health rLsks as 

vectors for varLous pathogens. ThLs underscores the need for Lmproved safety protocols 

throughout productLon and storage stages. AccordLngly, the present study aLmed to 

examLne the extent to whLch proper productLon practLces Lnfluence the survLval of 

exLstLng pathogenLc mLcroorganLsms Ln kLshk. GLven the ongoLng tradLtLonal methods 

of productLon and the wLdespread consumptLon of kLshk, ensurLng Lts mLcrobLologLcal 

safety today remaLns a crLtLcal publLc health prLorLty. (3,9,14,115,141-143).   
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4. MATERIALS AND METHODS 

4.1. Mater4als 

4.1.1. Mater4als and study des4gn  

Bulgur (coarse bulgur), yogurt, strained yogurt, and coarse salt used in kishk 

production were purchased from a supermarket in the Southeastern Anatolian Region 

within the borders of Diyarbakır province, Turkiye. The purchased materials were 

transported to the laboratories of the Department of Food Hygiene and Technology at 

Dicle University within 35-40 minutes in their original packaging under aseptic 

conditions, with the cold chain intact (refrigerator temperature maintained at 4°C). 

4.2. Methods 

4.2.1. Preparat4on of k4shk  

KLshk was produced followLng the method descrLbed by ToufeLlL et al. (1999), 

wLth slLght modLfLcatLons (144). 500 g of bulgur, 1 kg of yogurt, 30 g of coarse salt, 

and 800 g of straLned yogurt were used to produce 800 g of kLshk. Bulgur was heated 

at 100°C / 20 mLnutes and cooled to room temperature. Later on, 1 kg of yogurt and 

30 g of coarse salt were weLghed separately usLng sterLle alumLnum contaLners under 

aseptLc condLtLons and placed Lnto a sterLle stainless bowl, Ln whLch they were mLxed 

wLth bulgur manually for 10 mLnutes to form the ‘Hamma’ paste. The bowl was 

covered wLth a sterLle alumLnum foLl and Lncubated at 35°C to be LnLtLally fermented 

for 24 h. After that, the straLned yogurt was entLrely added to the fermented mLxture 

and kneaded thoroughly before beLng Lncubated for another 24 hours. At the end of 

fermentatLon, kLshk was shaped by hand aseptLcally Lnto small balls approxLmately 2-

4 cm Ln dLameter, then placed separately Lnto sterLle alumLnum trays and drLed at 53°C 

Ln a dryLng oven for 96 hours (4 days) (FLgures 3 and 4).  
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4.2.2. Determ4nat4on of chem4cal and m4crob4olog4cal qual4ty of 4ngred4ents and 

the un4noculated k4shk m4xture  

PrLor to LnoculatLon, the mLcrobLologLcal qualLty of yogurt, straLned yogurt, and 

kLshk mLxture was determLned. Ten grams of each sample was placed Ln a sterLle fLlter 

sample bag (Bag FLlter, France), and homogenLzed wLth 90 ml of sterLle 0,1% Peptone 

water (PW) (104, LABM, UK), usLng a stomacher devLce (AES, Easy MLx-G560E, 

France). Then decLmal dLlutLons were prepared Ln tubes contaLnLng 9 ml of sterLle 0,1% 

PW. The enumeratLon of the lactLc acLd bacterLa (L.e., Lactobac'llus and Streptococcus 

spp.), total mesophLlLc aerobLc bacterLa (TMAB), total psychrophLlLc aerobLc bacterLa 

(TPAB), colLforms, Staphylococcus & M'crococcus spp., yeasts, and molds Ln yogurt, 

straLned yogurt, and the unLnoculated kLshk mLxture was carrLed out (Table 4).  The pH 

and dry matter content (%) of yogurt, straLned yogurt, bulgur, and raw kLshk mLxture 

were determLned usLng a dLgLtal pH meter wLth a glass electrode (EcoMet P25, Korea) 

and a dry matter analyzer (UnLBloc, ShLmadzu MOC63u, Japan), respectLvely. 

TLtratable acLdLty (lactLc acLd%) was also obtaLned for yogurts and the kLshk mLxture 

by acLd-base tLtratLon usLng 0,1 N NaOH and 3-4 drops of phenolphthaleLn LndLcator 

untLl complete neutralLzatLon. For pH and tLtratable acLdLty, 10 grams were taken from 

yogurt, straLned yogurt, and the raw mLxture were taken separately Lnto a fLlter sample 

bag and homogenLzed for 2 mLnutes wLth 90 ml of dLstLlled water Ln a stomacher, whLle 

only 5 g of samples were taken for the dry matter analysLs (145). 

4.2.3. Contam4nat4on of k4shk w4th pathogens  

4.2.3.1. Bacter4al stra4ns  

In the present study, one Salmonella EnterLtLdLs (RSKK 91), one Salmonella 

TyphLmurLum (NCTC 14028), and two E. col' O157:H7 straLns (ATCC 43894 and 

ATCC 43895) were used.  All straLns were obtaLned from the culture collectLon of the 

Department of Food HygLene and Technology at DLcle UnLversLty Faculty of 

VeterLnary MedLcLne (DLyarbakır, TürkLye). Pure cultures were maLntaLned as frozen 

stocks at -20°C. The straLns used Ln all experLments were freshly prepared usLng the 

same procedure as gLven below. 
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4.2.3.2. Preparat4on of the 4noculum and pathogens 4noculat4on 

Cultures were prepared by LnoculatLng 0,1 mL of thawed frozen stock Lnto 10 

mL of fresh tryptLc soy broth (TSB) (LABM, LancashLre, UK) and Lncubated at 37°C 

for 24 hours. For E. col' O157:H7, LndLvLdual straLns were streaked onto SorbLtol 

MacConkey agar (SMAC) and Lncubated at 37°C for 24 hours. Salmonella straLns were 

streaked onto Xylose LysLne Deoxycholate (XLD) agar under the same condLtLons. A 

workLng culture for each straLn was then prepared by transferrLng colonLes Lnto TSB 

and LncubatLng at 37°C for 24 hours. Cultures were centrLfuged (Nüve NF 800 R, 

Ankara, TürkLye) at 4192 × g for 10 mLnutes at 4°C, and the resultLng pellets were 

washed wLth 0,1% PW (LABM, UK) to remove organLc resLdues. After a second 

centrLfugatLon under the same condLtLons, the supernatant was dLscarded, and each 

pellet was resuspended Ln 0,1% sterLle PW. The suspensLons were then combLned Ln a 

sLngle tube and adjusted to a fLnal volume of 50 mL wLth 0,1% sterLle peptone water. 

ThLs mLxed E. col' O157:H7 and Salmonella Lnoculum was used LmmedLately as the 

pathogenLc Lnoculum. The LnoculatLon was carrLed out LmmedLately after the Hamma’s 

mLxture preparatLon, as shown Ln FLgure 3.  

4.2.3.3. Present/absent analys4s 

The presence/absence of the target pathogens was confLrmed throughout the 

productLon and storage of kLshk. BrLefly, for E. col' O157:H7, 25 g of sample was 

placed Lnto a sterLle stomacher bag contaLnLng 225 mL of modLfLed Tryptone-Soy Broth 

(mTSB) wLth NovobLocLn  (LABM, UK), then homogenLzed usLng a stomacher (Easy 

MLx-G560E, France). The homogenates were Lncubated at 37°C for 24 hours and 

subsequently streaked onto SorbLtol MacConkey agar (SMAC) (LABM, UK) for 

selectLve LsolatLon and absence confLrmatLon. For Salmonella spp., 25 g of sample was 

homogenLzed wLth 225 mL of buffered peptone water (BPW) and Lncubated at 37°C 

for 24 hours. FollowLng pre-enrLchment, 100 μL alLquots were transferred Lnto 10 mL 

of Rappaport–VassLlLadLs broth (LABM, UK), respectLvely, and Lncubated at 37°C and 

42°C for 24 hours. A loopful from each enrLchment was streaked onto Xylose LysLne 

Deoxycholate agar (XLD; LABM, UK) and Lncubated at 37°C for 24 hours to confLrm 

the absence of Salmonella spp. 
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4.2.4. Storage  

After the LnoculatLon, fermentatLon, and dryLng, drLed kLshk balls were placed 

Lnto sterLle polyethylene bags and stored at 4°C and 24°C for 36 days (FLgure 5).  KLshk 

samples from preparatLon tLll the end of the storage perLod (at both temperatures) were 

subjected to chemLcal and mLcrobLologLcal analyses as declared Ln Table 4. The 

experLment was repeated three tLmes. In each experLment, two samples were analyzed 

at each samplLng tLme.  
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Bulgur (500 g) + yogurt (1 kg) + coarse salt (30 g, 1,3% w:w) 

 
 

 
KneadLng and mLxLng to form ‘Hamma’ paste or kLshk dough (day 0) 

 
 
 

InoculatLon wLth the pathogens mLxture (Salmonella and E. col' O157:H7) 
 
 
 

IncubatLon at 35°C for 24 h + daLly kneadLng (day 1 fermentat4on) 
 
 
 

AddLtLon of 800 g of straLned yogurt and kneadLng wLth the 
bulgur/yoghurt dough to form a fLnal ratLo of 1:3,6 (bulgur: yogurt) 

 
 
 

IncubatLon at 35°C for another 24 h + kneadLng (day 2 fermentat4on, 48 h) 
 
 
 

FormatLon of 2±4 cm-dLameter raw kLshk balls 
 
 
 

Hot aLr dryLng at 53°C for 4 days 
 
 

 
Storage at 4°C (36 days)                                 Storage at 24°C (36 days) 

 
 

Figure 3. Kishk production and storage procedure 
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Figure 4. Kishk production 
 

 
 

Figure 5. Kishk packaging

KLshk mLxture 
‘Hamma paste’ 

KLshk dough 
fermented for 24 h 

KLshk dough 
(fermented for 48 h 

wLth straLned yogurt) 

KLshk balls before 
dryLng 

DrLed kLshk balls  
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Table 4. Sampling days, chemical and microbiological analyses carried out during kishk production and storage 
 

T4me 
(Days/h) 

Chem4cal analyses  M4crob4olog4cal analyses  

pH TA (%) DM (%) 
E. col' 

O157:H7 
Salmonella TMAB TPAB ColUform 

Yeast and 

molds 

Streptococcus & 

Lactobac'llus spp. 

Staphylococcus & 

M'crococcus spp. 

Yogurt + + + + + + + + + + + 

StraUned 

yogurt 

 

+ + + + + + + + + + + 

KM0 + + + + + + + + + + + 

KMp     + + + + + + + + 

KM24f   + + + +a +a + + + + + + 

KM48f  + + + +a +a + + + + + + 

KM24d + + +         

KM48d + + +         

KM72d + + +         

KM96d + + + + + + + + + + + 

KM1s  + + + +a +a + + + + + + 

KM3s  + + + +a +a + + + + + + 

KM9s + + + +a +a + + + + + + 

KM18s + + + +a +a + + + + + + 

KM36s + + + +a +a + + + + + + 

 
KM1s: k&shk day 1 storage, at 4°C and 24°C. 
KM3s: k&shk day 3 storage, at 4°C and 24°C. 

KM9s: k&shk day 9 storage, at 4°C and 24°C. 

KM18s: k&shk day 18 storage, at 4°C and 24°C. 
KM36s: k&shk day 36 storage, at 4°C and 24°C. 

TA (%): t&tratable ac&d&ty as lact&c ac&d (%). 
DM (%): dry matter content percentage. 

a: Enr&chment was carr&ed out. 

KM0: k&shk m&xture (after m&x&ng the ma&n &ngred&ents at day 0). 
KMp: k&shk m&xture after &noculat&on w&th the pathogen&c m&xture. 

KM24f: k&shk m&xture after 24 h fermentat&on. 
KM48f: k&shk m&xture after 48 h fermentat&on. 

KM24d: k&shk m&xture after 24 h dry&ng. 

KM48d: k&shk m&xture after 48 h dry&ng. 
KM72d: k&shk m&xture after 72 h dry&ng. 

KM96d: k&shk m&xture after 96 h dry&ng. 
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4.2.5. Chem4cal analyses of k4shk 

For the chemLcal analyses, pH and tLtratable acLdLty (lactLc acLd%) were 

measured by takLng a 10 g sample of kLshk on each samplLng day (Table 4). Samples 

were placed Lnto a fLlter sample bag, Ln whLch 90 ml of dLstLlled water was added to 

each sample bag contaLnLng the 10 grams of sample. SamplLng mLxtures were 

homogenLzed for 2 mLnutes Ln a stomacher (Easy MLx-G560E, France) to be analyzed 

as prevLously descrLbed.  For dry matter analysLs, only 5 g of kLshk was taken per 

sample, followLng the establLshed procedure mentLoned prevLously (145).  

4.2.6. M4crob4olog4cal analyses of k4shk 

The samples of kLshk (10 g) were taken as specLfLed Ln Table 4, and placed 

aseptLcally Ln a stomacher bag (Bag fLlter, France) contaLnLng 90 ml of sterLle 0,1% PW 

and then homogenLzed for 2 mLn (Easy MLx-G560E, France). The samples were then 

subjected to serLal 10-fold dLlutLons usLng 9 mL of sterLle 0,1% PW and 

mLcrobLologLcally analysed for the followLng mLcroorganLsms as declared Ln Table 4. 

When pathogen numbers decrease below the detectLon lLmLt, an enrLchment method 

was applLed. The average of the results was reported as CFU per gram (145).  

4.2.6.1. Total mesoph4l4c aerob4c bacter4a count (TMAB) 

The total mesophLlLc aerobLc bacterLa Ln kLshk were enumerated by pour platLng 

on sterLle Plate Count Agar (PCA) (149, LABM, LancashLre, UK). The PCA plates 

were Lncubated at 37°C for 24 h, and colonLes were counted (145).  

4.2.6.2. Total psychroph4l4c aerob4c bacter4a count (TPAB) 

The total Psychrophilic Aerobic Bacteria were enumerated by pour plating on 

sterile Plate Count Agar (PCA) (LABM, UK). The plates were then incubated at 4°C 

for 7 days, and typical colonies were counted (145).  
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4.2.6.3. Yeasts and molds count 

Yeasts and molds were enumerated by pour plating on sterile Potato Dextrose 

Agar (PDA) (098, LABM, UK) containing 10% tartaric acid. The plates were 

incubated at 25°C for 5 days (145).  

4.2.6.4. Col4form bacter4a count 

Coliform bacteria were enumerated by pour plating on sterile Violet Red Bile 

Lactose Agar (VRBA) (Merck, Darmstadt, Germany). The Petri plates were incubated 

at 37°C for 24 h, and typical colonies were counted (145). 

4.2.6.5. Lactobac'llus spp. count 

 The Lactobac'll' were enumerated by pour platLng on sterLle de Man, Rogosa, 

and Sharpe agar (MRS) (BLokar, DLagnostLcs, France). The plates were Lncubated at 

30°C for 48-72 hours (145). 

4.2.6.6. Streptococcus spp. count 

Streptococcus spp. were enumerated by pour pla8ng on sterile M17 agar (BLokar 

DLagnostLcs, France). The plates were Lncubated at 30°C for 48-72 hours. (145). 

4.2.6.9. Staphylococcus & M'crococcus Count 

Staphylococcus and M'crococcus spp. were enumerated by spread pla8ng on 

BaLrd-Parker agar (BPA) contaLnLng 5,263% egg yolk emulsLon (Merck, Darmstadt, 

Germany). The plates were Lncubated at 37°C for 24 h. TypLcal colonLes were counted 

(145). 

4.2.6.7. E. col' O157:H7 Count 

E. col' O157:H7 was enumerated by spread platLng on SorbLtol MacConkey agar 

contaLnLng cefLxLme and tellurLte (CT-SMAC) (OxoLd, UK). The plates were Lncubated 

at 37°C for 24 h, and typLcal colonLes were counted (64). In cases where the number 

of E. col' O157:H7 was below the detectLon lLmLts, a presence/absence test was 

performed on the samples. For thLs purpose, 90 ml of ModLfLed TryptLcase Soy Broth 

wLth NovobLocLn (mTSB) (LABM, UK) was added to another sample (10 g) Ln sterLle 

samplLng bags on each samplLng day, followed by mLxLng properly for 2 mLnutes Ln a 
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stomacher and LncubatLng at 37°C for 18-24 hours. After LncubatLon, an alLquot of each 

enrLched sample was streaked onto SorbLtol MacConkey agar wLth CefLxLme TellurLte 

(CT-SMAC) (OxoLd, UK), and Lncubated at 37°C for an addLtLonal 24 h. The results 

were evaluated as present/absent (146). 

4.2.6.8. Salmonella count 

Salmonella was enumerated by spread platLng on Xylose LysLne Deoxycholate 

Agar (XLD) (Chemsolute, Germany). The plates were Lncubated at 37°C for 24 hours. 

In case the Salmonella count was below the detectable lLmLts, a presence/absence test 

was performed on the samples. For thLs purpose, 90 ml of buffered peptone water 

(BPW) (LABM, UK) was added to another sample (10 g) Ln sterLle samplLng bags on 

each samplLng day and kept at 37°C for 18-24 hours (pre-enrLchment). After that, 0,1 

ml of the pre-enrLched lLquLd was transferred to polypropylene conLcal tubes contaLnLng 

10 ml Rappaport VassLlLadLs Soy Peptone broths (RVS/RVSEB) (LABM, UK). After 

LncubatLon at 42°C for 18-24 hours, an alLquot of each enrLched sample was streaked 

onto XLD agar and Lncubated at 37°C for 24 h. Any detected growth was consLdered 

"Lnjured bacterLa" (146).  

4.2.7. Stat4st4cal Analyses 

Analyses of pH, tLtratable acLdLty, and dry matter content were carrLed out usLng 

SPSS 22 software (IBM, SPSS StatLstLcs, VersLon 22). MLcroorganLsm numbers were 

log-transformed (log10 cfu/g) and analyzed usLng the varLance analysLs (ANOVA) test, 

based on a 3x2x5 (repetLtLon x storage temperature x samplLng days) factorLal 

experLmental desLgn, and LnteractLons between varLables were assessed. Subsequently, 

Mean values were separated usLng FLsher's Least SLgnLfLcant DLfference (LSD) test to 

assess both wLthLn-group and between-group dLfferences, based on the General LLnear 

Models (GLM) procedure, wLth a sLgnLfLcance level set at 5%. All statLstLcal analyses 

were performed usLng the StatLstLcal AnalysLs System (SAS) software (VersLon 8, 

1999, SAS InstLtute Inc., Cary, NC, USA). StatLstLcally sLgnLfLcant levels were 

expressed as P<0,05.   
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5. RESULTS 

5.1. Chem4cal Propert4es of Yogurt, Stra4ned Yogurt, Bulgur, and the 

Un4noculated K4shk M4xture  

The chemLcal propertLes of the maLn LngredLents (L.e., yogurt, bulgur, and straLned 

yogurt) used Ln kLshk productLon are presented Ln Table 5. Yogurt’s pH, tLtratable 

acLdLty (SH/TA), and dry matter content (DM%) were 4,25±0,06, 0,75±0,03, and 

17,44±0,88, respectLvely. These values were observed Ln straLned yogurt as 3,91±0,07, 

1,35±0,03, and 28,92±0,99 %, respectLvely. Bulgur, as the cereal base, showed the 

relatLvely hLghest pH value and dry matter content, recorded as 6,59±0,81 and  

91,82±0,80, respectLvely. On the other hand, the pH, tLtratable acLdLty, and dry matter 

of the unLnoculated raw kLshk mLxture (Hamma) were found to be 4,22±0,08, 

1,32±0,16, and 47,59±0,08, respectLvely. 

 

Table 5. Some chemLcal results of the maLn LngredLents and the unLnoculated kLshk 

mLxture  

Product Parameter x̄ ± SD 

 

Yogurt 

 

 

pH 

 

4,25±0,06 

TA (%) 0,75±0,03 

DM (%) 17,44±0,88 

StraUned yogurt 

pH 3,91±0,07 

TA (%) 1,35±0,03 

DM (%) 28,92±0,99 

Bulgur 
pH  6,59±0,81 

DM (%) 91,82±0,80 

KM 

pH 
TA (%) 

DM (%) 

4,22±0,08 
1,32±0,16 

47,59±1,71 

 

KM: kGshk mGxture (after mGxGng yogurt, bulgur, and salt). 

DM (%): dry matter content percentage. 

TA: tGtratable acGdGty as lactGc acGd (%). 

SD: standard devGatGon, x̄: mean value. 
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5.2. M4crob4olog4cal Propert4es of Ingred4ents and Un4noculated K4shk M4xture 

The mLcrobLologLcal qualLty of yogurt and straLned yogurt used Ln kLshk 

productLon Ls presented Ln Table 6. Data LndLcate that both yogurt and straLned yogurt 

exhLbLt good mLcrobLologLcal characterLstLcs, partLcularly Ln terms of total mesophLlLc 

and psychrophLlLc aerobLc bacterLal counts, as well as lactLc acLd bacterLa, LncludLng 

Streptococcus & Lactobac'llus specLes.	A notLceable dLfference of about 2 log₁₀ unLts 

was observed Ln the TMAB counts between yogurt and straLned yogurt. In the 

unLnoculated kLshk mLxture, followLng the LnLtLal blendLng of yogurt, bulgur, and salt, 

the respectLve mLcrobLal counts were 4,46±0,43 for TMAB, 5,70±0,54 for TPAB, 

4,61±0,40 for Lactobac'llus, and 6,56±0,73 for Streptococcus. RemarkLng hLgher 

counts of Streptococcus spp. and TPAB and lower counts of Lactobac'llus spp. and 

TMAB compared to those found Ln yogurt. NeLther Escher'ch'a col' O157:H7, 

Salmonella, nor molds were detected Ln any of the yogurt, straLned yogurt, or the 

unLnoculated kLshk mLxture. However, the average counts of yeasts and colLforms Ln 

yogurt, straLned yogurt, and the unLnoculated kLshk mLxture were relatLvely 

comparable. Counts of Staphylococcus and MLcrococcus were below detectable lLmLts 

Ln all maLn LngredLents and the unLnoculated mLxture (L.e., <2 log cfu/g).
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Table 6. The microbiological quality of yogurt, strained yogurt, and the uninoculated kishk mixture used in kishk production (x̄±SD log10 cfu/g) 

 

                        MPcroorganPsms 

 
TMAB TPAB 

Yeasts & 
molds 

ColUform 
Lactobac'llus 

spp. 
Streptococcus 

spp. 
Staphylococcus 
& M'crococcus 

E. col' O157:H7 Salmonella 

 
Yogurt 

 

8,43±0,35 

 

4,95±0,67 

 

5,01±0,15 

 

2,14±0,38 

 

5,06±0,62 

 

5,08±0,56 

 

<2 

 

ND 

 

ND 

 
StraPned 
yogurt 

 
5,98±1,31 

 
6,17±1,10 

 
4,82±0,50 

 
1,96±0,32 

 
6,71±0,88 

 
5,56±0,54 

 
<2 

 
ND 

 
ND 

KM 4,46±0,43 5,70±0,54 4,16±0,64 1,97±0,58 4,61±0,40 6,56±0,73 <2 ND ND 

 
TMAB: Total mesophGlGc aerobGc bacterGa, TPAB: Total psychrophGlGc aerobGc bacterGa, KM: KGshk mGxture. 

SD: standard devGatGon, x̄: mean value. 

ND: not detected after present/absent analysGs. 

* <2  log10 cfu/g. 
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5.3. M4crob4olog4cal Changes Determ4ned Dur4ng the Product4on and Storage of 

K4shk 

The mLcrobLologLcal changes observed Ln kLshk durLng the fermentatLon, dryLng, 

and storage (at 4oC and 24oC) are shown Ln Tables 7 and 8. 

5.3.1. Total mesoph4l4c aerob4c bacter4a (TMAB) count 

The mLcrobLologLcal analyses showed that kLshk productLon had a sLgnLfLcant 

Lmpact on total mesophLlLc aerobLc bacterLal counts at all stages. FollowLng pathogen 

LnoculatLon, TMAB levels Lncreased markedly, reachLng 8,65±0,71 log₁₀ cfu/g. After 

fermentatLon, a slLght reductLon (~ 1 log cfu/g) Ln TMAB counts was observed, wLth 

levels decreasLng to 7,79±0,20 log10 cfu/g. Counts measured before and after dryLng 

were found to be relatLvely comparable, sLnce the dLfference dLdn’t exceed 0,11 log10 

cfu/g (Table 7). As shown Ln Table 8, total mesophLlLc bacterLal counts exhLbLted an 

LnLtLal slLght Lncrease wLthLn the fLrst 24 hours of storage, reachLng 8,18±0,18 and 

8,30±0,18 log₁₀ cfu/g at 4°C and 24°C, respectLvely. After that, a gradual declLne Ln 

bacterLal counts was observed throughout the storage perLod. By day 36, TMAB levels 

had decreased to 6,70±0,18 log₁₀ cfu/g at 4°C, whLle remaLnLng hLgher and averaged 

7,26±0,18 log₁₀ cfu/g at 24°C (p < 0,05). The statLstLcally sLgnLfLcant dLfference Ln 

mesophLlLc bacterLal counts at the end of storage suggests that, whLle bacterLal levels 

declLned over tLme at 4°C, the reductLon was relatLvely less pronounced at 24°C (FLgure 

6).  
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Figure 6. Changes in TMAB counts of kishk during storage 
 

5.3.2. Total psychroph4l4c aerob4c bacter4a (TPAB) count 

The mLcrobLologLcal analyses demonstrated that the makLng of kLshk had an 

Lmportant effect on the TPAB counts durLng all steps of productLon (Tables 7 and 8). 

The psychrophLlLc aerobLc bacterLa exhLbLted a sLgnLfLcant decrease durLng the fLrst 24 

hours of fermentatLon, wLth a mLnor drop observed on the second day. However, the 

dryLng Lmpact on psycrophLlLc aerobLc bacterLal counts after 96 hours was observed 

when theLr levels dropped about 0,55 log10 cfu/g. Tables 7 and 8 revealed that the 

TPAB count, whLch was 5,86±0,07 log10 cfu/g Ln drLed kLshk, sLgnLfLcantly fluctuated 

durLng the 36 days of storage at both temperatures. DurLng the fLrst 24 hours of storage, 

the psychrophLlLc aerobLc bacterLal counts Ln both temperature groups were found to 

be sLmLlar, recordLng a slLght Lncrease (4°C: 7,33±0,07, 24°C: 7,18±0,09). These counts 

Lncreased slLghtly after 72 hours, followed by a gradual declLne throughout the entLre 

perLod at 4°C, whLle the declLne at 24°C was more pronounced. By the end of the 

storage perLod, the average counts of TPAB were 6,19±0,09 and 4,53±0,11	for 4°C and 

24°C, respectLvely.	SLgnLfLcant dLfferences Ln psychrophLlLc aerobLc bacterLal counts 

were observed as a steady declLne at 4°C and a rapLd decrease at 24°C, compared to 

the LnLtLal counts (p<0,05) (FLgure 7).  
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Figure 7. Changes in TPAB counts of kishk during storage 
 

5.3.3. Yeasts and molds count 

FermentatLon and dryLng of kLshk had a negatLve effect on the growth patterns of 

yeasts and molds Ln Lt. As shown Ln Tables 7 and 8, and as no molds were detected Ln 

the maLn LngredLents, yeast counts detected Ln the raw mLxture decreased sLgnLfLcantly 

after undergoLng 48 hours of fermentatLon at 35°C, to a level of 3,80±0,27 log10 cfu/g. 

AddLtLonally, thLs declLne contLnued, reachLng undetectable levels by the end of the 

dryLng stage (p<0,05). No yeast or mold growth was detected Ln kLshk balls at eLther 

4°C or 24°C throughout the entLre storage perLod.	

5.3.4. Col4form count 

MLcrobLologLcal analyses LndLcated that the productLon and dryLng duratLons of 

kLshk had a sLgnLfLcant Lmpact on the colLform count. A closer look at Tables 6 and 7 

revealed that the LnLtLal colLform count Ln the kLshk mLxture was 1,97±0,58 log10 cfu/g. 

The count showed a sLgnLfLcant Lncrease followLng the addLtLon of the pathogenLc 

Lnoculum (p<0,05). However, colLforms experLenced a statLstLcally sLgnLfLcant drop 

durLng fermentatLon from 6,51±0,34 to 1,50±1,40 log10 cfu/g.  By the 96th hour of 

dryLng, these counts fell under the detectable lLmLts of enumeratLon (p<0,05). As shown 
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Ln Tables 7 and 8, colLform counts were under the detectable lLmLts after the dryLng 

process and durLng the entLre storage perLod at both temperatures. 

5.3.5. Lactobac'llus spp. count 

The mLcrobLologLcal analysLs revealed that kLshk productLon and storage perLods 

sLgnLfLcantly Lmpact the Lactobac'llus spp. counts. Data Ln Tables 7 and 8 show that 

Lactobac'llus counts Lncreased slLghtly from 4,61±0,40 to 4,80±0,66 log10 cfu/g 

followLng the pathogenLc LnoculatLon. DurLng fermentatLon, the hLghest levels were 

recorded on the fLrst day. Over the next 24 hours, the count of Lactobac'llus spp. 

decreased slLghtly, followed by a modest Lncrease observed at the end of the dryLng 

process. These counts were close and comparable to those of Streptococcus specLes 

Lsolated from the drLed kLshk product (7,51±0,25 log10 and 7,59±0,31log10 cfu/g, 

respectLvely). Table 8 demonstrated that Lactobac'llus counts showed no sLgnLfLcant 

changes over tLme durLng storage at 4°C, accompanLed by a gradual declLne at 24°C. 

At the end of the storage perLod, the counts of Lactobac'llus spp. were 7,13±0,08 and 

6,11±0,13 log10 cfu/g at 4 and 24°C, respectLvely. A more rapLd decrease 

Ln Lactobac'llus counts was observed at room temperature compared to refrLgeratLon 

temperature, wLth an approxLmate dLfference of 1 log unLt, LndLcatLng a tenfold greater 

reductLon Ln mLcrobLal load at room storage temperatures (FLgure 8). 

 

 

Figure 8. Changes in Lactobacillus spp. counts of kishk during storage 
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5.3.6. Streptococcus spp. count 

As shown Ln Tables 7 and 8, Streptococcus counts had a slLght declLne after the 

pathogenLc Lnoculum was added to the kLshk mLxture, contrastLng wLth the Lncrease 

noted Ln Lactobac'llus spp. counts. ThLs was followed by a consLderable Lncrease 

reachLng the hLghest levels observed on the fLrst day of fermentatLon, recorded as 

7,99±0,57 log10 cfu/g. ThLs Lncrease was comparable to the rLse observed 

Ln Lactobac'llus specLes. Although Streptococcus spp. were noted to decrease after 

dryLng, thLs reductLon was not statLstLcally sLgnLfLcant (p>0,05). Table 8 demonstrates 

that storLng kLshk at 4°C supported thLs bacterLum’s persLstence. Streptococcus count 

Ln the drLed kLshk (7,59±0,31 log10 cfu/g) started to Lncrease sLgnLfLcantly durLng the 

fLrst day of storage at both temperatures, recordLng hLgher numbers at 24°C, averaged 

as 7,92±0,08, whLle Lt was 7,74±0,24 at 4°C. FollowLng the second day of storage, 

these counts steadLly decreased throughout the entLre perLod, reachLng means of 

6,35±0,12 and 6,89±0,30 at the end of the storage at 24°C and 4°C, respectLvely. The 

declLne Ln bacterLal counts at 24°C was faster than that observed at 4°C (FLgure 9). 

 

 
 

Figure 9. Changes in Streptococcus spp. counts of kishk during storage 
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5.3.7. Staphylococcus and M'crococcus spp. count 

ThLs study revealed that kLshk productLon dLd not sLgnLfLcantly affect 

Staphylococcus and M'crococcus spp. Ln Lt (p>0,05). The LnLtLal counts of 

Staphylococcus and M'crococcus spp. Ln both yogurt and straLned yogurt were already 

below the detectable lLmLt (<100 cfu/mL) and remaLned consLstently undetectable 

throughout kLshk productLon and storage. 

5.3.8. E. col' O157:H7 count 

Analyses revealed that the productLon duratLon of kLshk sLgnLfLcantly Lnfluenced 

the levels of E. col' O157:H7. As shown Ln Table 7, the pathogen count after 

LnoculatLon (Lnoculum load: 9,02±0,77 log10 cfu/g) was found to be about 3 logs lower 

(L.e., 6,28±0,39 log10 cfu/g) Ln the kLshk mLxture. After the fLrst 24 hours of 

fermentatLon, E. col' O157:H7 levels exhLbLted a sLgnLfLcant decrease below the 

detectLon lLmLt (< 1 log10 cfu/g) (p<0,05). Based on the applLed enrLchment procedures 

and present/abscent analyses results, no growth of E. col' O157:H7 was detected Ln 

any of the tested kLshk samples from the end of fermentatLon through day 36 of storage, 

LndLcatLng the absence of both vLable and Lnjured pathogenLc cells under the tested 

condLtLons and markLng the death of the pathogenLc cells and the mLcrobLologLcal 

safety of the product. (Tables 7 and 8).  

5.3.9. Salmonella count 

Results LndLcated that kLshk productLon showed a sLgnLfLcant LnhLbLtLon Lmpact 

on Salmonella counts (p<0,05). ConsLderLng the Lnoculum load of Salmonella was 

8,82±0,99 log10 cfu/ml, the LnLtLal LnoculatLon count Ln the raw kLshk mLxture on day 0 

of productLon was 6,68±0,90 log10 cfu/g. However, after only 24 hours of fermentatLon, 

thLs count sLgnLfLcantly decreased below the detectable lLmLts Ln the kLshk mLxture 

‘Hamma’. On day 2, markLng the end of the fermentatLon process (48 h), the 

Salmonella count was also recorded as not detected. In all three trLal repetLtLons, kLshk 

samples were all negatLve for Salmonella, whLch was recorded as ‘absent’ Ln all 

enrLchment tests durLng fermentatLon, dryLng, and storage (Tables 7 and 8). 
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Table 7. Changes in microorganisms’ counts of the pathogen-inoculated kishk during fermentation and drying (x̄±SD log10 cfu/g) 

 

                         
MPcroorganPsm 

 

TMAB TPAB 
Yeasts & 

molds 
ColUform 

Lactobac'llus 

spp. 

Streptococcus 

spp. 

Staphylococcus 

& M'crococcus 
E. col' O157:H7 Salmonella 

KMp 8,65±0,71 4,71±0,23 4,91±0,11 6,51±0,34 4,80±0,66 6,32±1,06 < 2 6,28±0,39 6,68±0,90 

KMp24f 8,47±0,25 6,60±0,38 4,99±0,88 2,53±1,41 7,73±0,10 7,99±0,57 < 2 < 1 ND 

KMp48f 7,79±0,20 6,41±0,06 3,80±0,27 1,50±1,40 7,47±0,16 7,66±0,47 < 2 ND ND 

KMp96d 7,90±0,54 5,86±0,07 < 1 < 1 7,51±0,25 7,59±0,31 < 2 ND ND 

  
SD: standard dev)at)on, x̄: mean value. 

TMAB: Total mesoph)l)c aerob)c bacter)a, TPAB: Total psychroph)l)c aerob)c bacter)a, KMp: K)shk m)xture contam)nated w)th pathogens, KMp24f: the 

contam)nated k)shk m)xture after 24 h fermentat)on, KMp48f: the contam)nated k)shk m)xture after 48 h fermentat)on, KMp96d: the contam)nated k)shk m)xture 

after 96 h dry)ng at 53°C. 

ND: not detected after present/absent analys)s. 

*<2  log10 cfu/g. 
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      Table 8. Changes in microorganisms’ counts of kishk during storage (x̄±SD log10 cfu/g) 

 

MPcroorganPsm Storage temperature 
Storage tPme (days) 

1  3 9 18 36 

TMAB 
4°C 8,18±0,12Ax 7,81±0,13Ay 7,53±0,10Ayz 7,18±0,09Az 6,70±0,10Az 

      

24°C 8,30±0,09Ax 7,94±0,07Axy 7,61±0,13Ayz 7,59±0,12Bz 7,26±0,11Bz 

       

TPAB 

4°C 7,33±0,07Ax 6,79±0,10Ax 6,68±0,12Ay 6,46±0,14Ayz 6,19±0,09Az 

      
24°C 7,18±0,09Ax 7,23±0,11Axy 6,88±0,09Ay 6,68±0,08Ay 4,53±0,11Bz 

       

Streptococcus spp. 
4°C 

7,74±0,24Ax 7,49±0,14Axy 7,30±0,11Ayz 7,23±0,06Ax 6,89±0,30Az 

      

24°C 7,92±0,08Ax 7,52±0,08Axy 7,33±0,06Ay 7,04±0,05Ay 6,35±0,12Bz 

       

Lactobac'llus spp. 
 

4°C 
7,96±0,09Ax 7,72±0,10Axy 7,44±0,09Ayz 7,30±0,17Az 7,13±0,08Az 

      
24°C 7,81±0,13Ax 7,54±0,08Ax 6,83±0,11By 6,40±0,12Bz 6,11±0,13Bz 

       

Yeasts & molds 
4°C 

 

< 1 

 

< 1 

 

< 1 
 

< 1 

 

< 1 

      
24°C < 1 < 1 < 1 < 1 < 1 

       

ColUform 

4°C < 1 < 1 < 1 < 1 < 1 

      

24°C < 1 < 1 < 1 < 1 < 1 

 A, B: results expressed w&th d&fferent letters &n the same column are stat&st&cally s&gn&f&cant (P<0,05). 
x, y, z: results expressed w&th d&fferent letters &n the same row are stat&st&cally s&gn&f&cant (P<0,05). 
TMAB: Total mesoph&l&c aerob&c bacter&a, TPAB: Total psychroph&l&c aerob&c bacter&a. 
*None of the analyzed samples was found to conta&n E. col' O157:H7 and Salmonella (ND: not detected after present/absent analys&s). 
** Staphylococcus-M'crococcus found to be under the detectable l&m&ts throught the storage per&od. 
SD: standard dev&at&on, x̄: mean value. 
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5.4. Chem4cal Changes Determ4ned Dur4ng the Product4on and Storage of k4shk 

The chemLcal changes of kLshk durLng the fermentatLon, dryLng, and storage at 

dLfferent temperatures (4 and 24°C) are presented Ln Tables 9 and 10. 

5.4.1. pH value 

The chemLcal analyses revealed a sLgnLfLcant effect of the productLon and storage 

of kLshk on pH values across almost all stages (p<0,05). As shown Ln Tables 9 and 10. 

By the second day of fermentatLon, a sLgnLfLcant decrease Ln pH, accompanLed by a 

correspondLng Lncrease Ln tLtratable acLdLty, was observed Ln the fermented kLshk 

(p<0,05), decreasLng from 4,08±0,08 to 3,87±0,07. FollowLng that, no sLgnLfLcant 

decrease Ln pH was observed durLng the fLrst hours of dryLng. Nevertheless, the last 

two days of dehydratLng changed the pH values agaLn, recordLng averages of 4,02±0,09 

and 4,18±0,14, respectLvely. Throughout the storage perLod (Table 10), sLgnLfLcant pH 

dLfferences were observed Ln kLshk stored at 24°C. In contrast, the pH values of kLshk 

balls stored at 4°C remaLned approxLmately stable over 36 days, wLth no sLgnLfLcant 

dLfference from the LnLtLal values. The pH value Ln kLshk balls was followLng a gradual 

decrease at both temperatures, wLth a more pronounced manner at 24°C (reachLng an 

average of 3,81±0,08).  FLgure 10 Lllustrates the pH changes durLng the storage of 

kLshk.  
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Figure 10. Changes in pH of kishk during storage  

 

5.4.2. T4tratable ac4d4ty (as lact4c ac4d%) 

Upon chemLcal analyses, the Lmpact of the kLshk productLon and storage on the 

total acLdLty (lactLc acLd%) Ls demonstrated Ln Tables 9 and 10. It was observed that the 

LnLtLal total acLdLty Ln the raw kLshk mLxture (1,32±0,16) had sLgnLfLcantly Lncreased 

durLng fermentatLon (p<0,05) to reach an average of 1,66±0,03. DurLng dryLng, no 

sLgnLfLcant Lncrease Ln acLdLty was observed (p>0,05). However, the acLdLty Ln drLed 

kLshk balls (1,35±0,19) Lncreased sLgnLfLcantly day by day from the fLrst day of storage 

at 24°C, reachLng a peak of 1,72±0,14 on day 36 (p<0,05). In contrast, no sLgnLfLcant 

Lncrease Ln tLtratable acLdLty was observed durLng the same storage perLod at 4°C, wLth 

a fLnal value of 1,40 ± 0,20, closely alLgnLng wLth the LnLtLal level conducted under 

refrLgeratLon temperature (1,36±0,19). FollowLng the 36-day storage perLod, the total 

acLdLty values for both temperature groups over the last storage days were found to be 

Lncomparable, as shown Ln FLgure 11.  

 

3,6

3,7

3,8

3,9

4

4,1

4,2

1 3 9 18 36

p
H

 V
a
lu

e

Time (day)

4 °C 24 °C



 

 

67 

 

Figure 11. Changes in the titratable acidity of kishk during storage 

 

5.4.3. Dry matter content (DM %) 

The statLstLcal analyses revealed that the productLon and storage duratLon of 

kLshk sLgnLfLcantly Lnfluenced Lts moLsture and dry content (%). Table 9 shows that the 

dry matter content of kLshk at the end of fermentatLon was 45,40±1,74, whLch dLdn’t 

dLffer sLgnLfLcantly from that of the raw kLshk mLxture observed before fermentatLon 

(Table 5). However, a sLgnLfLcant Lncrease Ln dry matter content was observed on the 

fLrst day of dryLng (p < 0,05), contLnuLng progressLvely to reach Lts peak at the 96th 

hour, rLsLng from 55,41±1,01% to 95,20±0,40%. Data Ln Table 10 present that 

throughout the subsequent storage perLod, the moLsture loss was more pronounced and 

the dry matter was greater Ln kLshk balls stored at 24°C compared to that Ln kLshk stored 

at 4°C (95,94±0,11% and 95,31±0,19% on day 36, respectLvely). Although these 

dLfferences were not statLstLcally sLgnLfLcant, the data LndLcated a consLstent and more 

substantLal Lncrease Ln the dry matter content at 24°C. FLgure 12 Lllustrates the changes 

Ln the dry content (%) over the storage perLod regardLng the varyLng temperatures. 
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Figure 12.  Changes in the dry matter content (%) of kishk during storage 
 

 

 

 

Table 9. Chemical changes in kishk during production (x̄±SD) 

 
Groups 
 

pH 
Ac4d4ty  
(LA%) 

Dry matter (%) 

 
KM24f 4,08±0,08 1,51±0,07 49,35±1,82 

 
KM48f 

3,87±0,07 1,66±0,03 45,40±1,74 
 

KM24d 3,91±0,05 1,63±0,03 55,41±1,01 
KM48d 3,95±0,04 1,61±0,03 72,20±1,16 
KM72d 4,02±0,09 1,55±0,04 83,23±1,35 
KM96d 4,18±0,14 1,35±0,19 95,20±0,40 

    
 

KM24f: k)shk m)xture after 24 h fermentat)on. 

KM48f: k)shk m)xture after 48 h fermentat)on. 

KM24d: k)shk m)xture after 24 h dry)ng. 

KM48d: k)shk m)xture after 48 h dry)ng. 

KM72d: k)shk m)xture after 72 h dry)ng. 

KM96d: k)shk m)xture after 96 h dry)ng. 

SD: standard dev)at)on, x̄: mean value.
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Table 10. Chemical analyses results of kishk during storage (x̄±SD) 

Parameter Storage temperature 
Storage t4me (days) 

       1         3 9 18 36 

pH 4°C 
 
4,17±0,14 

 
4,16±0,14 

 
4,15±0,14 

 
4,13±0,14 

 
4,12±0,15 

      
24°C 4,10±0,10 4,00±0,11 3,94±0,16 3,89±0,08 3,81±0,08 

       

TLtratable acLdLty (LA%) 
 

4°C 

 
1,36±0,19 

 
1,37±0,19 

 
1,37±0,26 

 
1,40±0,19 

 
1,40±0,20 

      
24°C 1,43±0,13 1,48±0,14 1,56±0,23 1,63±0,12 1,72±0,14 

       

Dry matter (%) 4°C 

 
95,22±0,38 

 
95,24±0,37 

 
95,26±0,32 

 
95,29±0,27 

 
95,31±0,19 

      
24°C 95,25±0,31 95,31±0,30 95,39±0,29 95,66±0,16 95,94±0,11 

       
 

SD: standard dev)at)on, x̄: mean value. 
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6. DISCUSSION 

In thLs study, the survLval of specLfLc foodborne pathogens, namely E. col' 

O157:H7 and Salmonella stra'ns, recognLzed for theLr potentLal rLsks to human health, 

was LnvestLgated durLng the productLon and storage of kLshk. KLshk was made from 

yogurt, straLned yogurt, salt, and bulgur and was experLmentally contamLnated wLth E. 

col' O157:H7 and Salmonella straLns. The observed chemLcal parameters of the maLn 

LngredLent (L.e., pH, acLdLty, and dry matter content) were consLstent wLth the standards 

set by the TurkLsh Food Codex CommunLque, valLdatLng the approprLateness of the 

LngredLents for kLshk productLon (147,148).  

6.1. Total Mesoph4l4c Aerob4c Bacter4a (TMAB) Count 

Table 7 presents the LnLtLal total mesophLlLc aerobLc bacterLa (TMAB) counts, 

whLch sLgnLfLcantly Lncreased Ln the Hamma mLxture followLng pathogen 

LnoculatLon. ThLs rLse can be attrLbuted to the mesophLlLc and facultatLve aerobLc nature 

of Salmonella and E. col' O157:H7, whLch affected the total mesophLlLc aerobLc 

bacterLal counts. Moreover, both can survLve alongsLde other mLcrobLal populatLons Ln 

a nutrLent-rLch matrLx such as kLshk, before beLng decreased by the LnhLbLtory effects 

of fermentatLon-assocLated acLdLfLcatLon (141).  SLmLlar observatLons were reported Ln 

the TMAB count by DalLoglu et al. (2002) after addLng E. col' O157:H7 and S. 

aureus straLns to tarhana. SLmLlarly, KLvanc & Funda (2017), Erbaş et al. (2005), 

Ibanoğlu et al. (1999), and Karagozlu et al. (2008) detected a comparable manner of 

TMAB durLng tarhana’s fermentatLon and dryLng (107,149-151). The reductLon Ln 

TMAB counts may be due to multLple LnhLbLtory factors, LncludLng moLsture loss, 

Lncreased acLdLty, and the productLon of antLmLcrobLal compounds such as carbon 

dLoxLde, hydrogen peroxLde, acetaldehyde, and ethanol, as well as LntensLfLed mLcrobLal 

competLtLon — all of whLch create unfavorable condLtLons for the survLval of TMAB. 

However, storage exhLbLted a more pronounced effect on TMAB Ln kLshk. After dryLng, 

the LnLtLal total vLable counts Ln drLed kLshk balls were comparable wLth El-Gendy 

(1983) and AtLa and Khattab (1986)’s fLndLngs (9,12,115). Data Ln Table 8 declare that 

from day 1 to the 36th day of storage at 4°C (Table 8), total aerobLc mesophLlLc bacterLa 

showed a more sLgnLfLcant decrease than those Ln kLshk balls stored at 24°C. The values 
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observed at room temperature were consLstent wLth those reported Ln prevLous studLes 

by Erbaş et al. (2005) Ln tarhana, Abd El-RazLk et al. (2016), who applLed the HACCP 

system Ln kLshk productLon, and IsmaLl and Rayan (2022) (110,150,152). TMAB 

counts exhLbLt optLmal metabolLc actLvLty wLthLn a temperature range of 20–45°C, as 

wLdely supported Ln the lLterature, leadLng to a gradual, but slLght declLne Ln bacterLal 

counts durLng storage at room temperature, due to cellular stress and gradual loss of 

vLabLlLty. In contrast, TMAB became metabolLcally LnactLve at 4°C, supportLng 

the vLew that lower storage temperatures prevent mesophLlLc bacterLal actLvLty, 

resultLng Ln more stress-Lnduced Lnjured cells and an Lncreased product’s shelf lLfe 

(115,143,153,154). The fLnal values of TMAB observed on day 36 of room 

temperature storage were sLmLlar to those conducted by IsmaLl & Rayan (2022) (152).  

6.2. Total Psychroph4l4c Aerob4c Bacter4a (TPAB) Count 

The sLgnLfLcant Lncrease Ln TPAB counts durLng the fLrst 24 hours of fermentatLon 

suggests that the psychrotolerant specLes were outcompetLng mesophLlLc aerobLc 

bacterLa under such condLtLons (Table 7). SLmLlar fLndLngs were reported by DLkLcL 

(2008), who reported an LnLtLal Lncrease Ln total psychrotrophLc aerobLc bacterLal counts 

at the begLnnLng of the fermentatLon perLod of Şavak cheese, followed by an expected 

declLne wLthLn the subsequent 24 hours (155). The decrease Ln TPAB after 96 hours of 

dryLng was lLkely due to the exposure to hLgh temperatures well above theLr optLmal 

range, leadLng to denaturatLon and enzymatLc LnactLvatLon, thus endLng up wLth cell 

Lnjury or death. TPAB contLnued to declLne gradually throughout the storage perLod, 

wLth a more pronounced reductLon observed at 24°C, partLcularly durLng the fLnal 18 

days (Table 8, FLgure 7). ThLs sharp drop can be attrLbuted to the dLfferLng metabolLc 

characterLstLcs of these bacterLa, as theLr optLmal growth and sustaLned actLvLty occur 

at low (refrLgeratLon) temperatures, whereas exposure to hLgher or warmer 

temperatures Lnduces stress and ultLmately leads to cell death or Lnjury (156,157). 
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6.3. Yeasts and Molds Count 

Based on Table 7, yeast counts may have Lncreased followLng the pathogenLc 

LnoculatLon and durLng the LnLtLal hours of fermentatLon, lLkely due to the nourLshLng 

composLtLon of the LnLtLal Hamma’s mLxture, before beLng affected by fermentatLon 

condLtLons. However, a sLgnLfLcant decrease Ln yeast counts was observed durLng the 

last hours of fermentatLon, reachLng a level of 3,80±0,27 log10 cfu/g, then contLnued to 

be under the detectable lLmLts at the end of the dryLng stage. The reason could be the 

LncreasLng acLdLfLcatLon durLng fermentatLon and the moLsture reductLon through 

dryLng, whLch led to the non-hygroscopLc status of kLshk. Although the mLcrobLologLcal 

qualLty of both yogurt and straLned yogurt dLd not meet the expected recommendatLons 

for yeasts and molds (upper lLmLts: 2-3 log₁₀ cfu/g) as outlLned Ln the TurkLsh Food 

Codex CommunLqué for fermented daLry products, the controlled productLon process 

of kLshk was effectLve to elLmLnate the presence of yeasts and molds throughout the 

whole storage perLod (158). These results alLgn wLth the fLndLngs of Nassar et al. 

(2023), IsmaLl and Rayan (2022), and Abd-Rabou (2020), and those reported by Abd 

El-RazLk et al. (2016) and TamLme et al. (2000),  Ln whLch no presence of yeast or mold 

was detected Ln any of the kLshk samples (105,110,114,117,152). SLmLlar patterns of 

yeasts and molds have also been conducted Ln tarhana by DaglLoglu et al. (2002), Erbaş 

et al. (2005), Sağdıç et al. (2005), and Turantaş and Kemahlıoğlu (2012) 

(141,148,159,160). A recent study, by ChedLd et al. (2025), further supported these 

fLndLngs (161). However, thLs was not the status Ln other kLshk products studLed by 

Elshreef et al. (2014), Elewa and Metry (2006), TamLme & McNulty (1999), and Elewa 

NAH (2006), at whLch yeasts and molds counts reached maxLmum averages of 5,76, 

5,34, 5,93, 6,73  log cfu/g, respectLvely (14,109,123,130). The decreasLng pH and 

moLsture content Ln kLshk balls stored at 24°C, along wLth the unfavorable refrLgeratLon 

temperature, played an Lmportant role Ln lLmLtLng the potentLal growth of yeasts and 

molds durLng storage (162).  
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6.4. Col4form Count 

ColLforms are a broad group of bacterLa commonly used as LndLcators of hygLene 

and potentLal contamLnatLon Ln food and water. TheLr presence Ln daLry products, lLke 

yogurt or kLshk, often poLnts to LnsuffLcLent heat treatment, post-processLng 

contamLnatLon, or poor sanLtatLon durLng productLon. WhLle not all colLforms are 

harmful, theLr detectLon raLses food safety concerns. Therefore, mLcrobLologLcal 

standards, such as TS 1330, set strLct lLmLts for theLr acceptable levels to protect publLc 

health (163). The sLgnLfLcant Lncrease Ln colLform counts Ln the kLshk mLxture 

LmmedLately after the pathogenLc LnoculatLon can be attrLbuted to the fact that E. 

col' O157:H7 Ls a colLform bacterLum. MeanLng that theLr LnclusLon Ln the kLshk 

mLxture dLrectly Lnfluences the fLnal colLform counts Ln Lt. Although the Lnoculated 

kLshk mLxture LnLtLally contaLned colLform levels exceedLng the upper lLmLts establLshed 

by the TurkLsh Food Codex MLcrobLologLcal CrLterLa CommunLqué (CommunLqué No: 

2010/4), a sLgnLfLcant reductLon Ln colLform counts was observed durLng the 

fermentatLon and dryLng processes Lnvolved Ln kLshk productLon (158). By 96 hours of 

dryLng, colLforms had declLned to below detectable levels, and thLs status was 

maLntaLned throughout the subsequent storage perLod. Our results were Ln alLgnment 

wLth TamLme et al. (2000), IsmaLl & Rayan (2022), Abd El-RazLk et al. (2016), Abd-

Rabou (2020), DaglLoglu et al. (2002), Erbaş et al. (2005), Sağdıç et al. (2005), ChedLd 

et al. (2025), and Turantaş & Kemahlıoğlu (2012) (105,110,114,141,150,152, 159-

161). The fLndLngs underscore the crLtLcal Lmportance of strLngent control over 

colLform contamLnatLon throughout the productLon process, LncludLng the handlLng of 

raw materLals, processLng stages, and storage condLtLons. 

6.5. Lact4c Ac4d Bacter4a (LAB) Count 

LactLc acLd bacterLa played a key role Ln kLshk fermentatLon, lowerLng the pH and 

LncreasLng acLdLty. Lactobac'llus and Streptococcus spp. showed a sharp growth durLng 

the early stages of fermentatLon, reachLng theLr hLghest levels after the fLrst 24 hours 

(7,73±0,10 and 7,99±0,57 cfu/g, respectLvely) (9). The gradual, slLght decrease durLng 

the last hours of fermentatLon and dryLng was sLmLlar to patterns of LAB observed by 

Gaddallah and Hassan (2019), Elewa (2006), and Salama et al. (1992) (13,123,124). 

The declLne Ls attrLbuted to the hLgh acLdLty, lLmLted substrate avaLlabLlLty, and the 
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subsequent effect of temperature on moLsture loss. TamLme et al. (2000), IsmaLl and 

Rayan (2025), Abd El-RazLk et al. (2016), Hajj et al. (2019), and Salama et al. (1992) 

Ln kLshk, and Erbaş et al. (2005) Ln tarhana had also observed a sLmLlar manner of LAB 

durLng productLon (105,110,124,125,150,152). Other studLes that employ the 

tradLtLonal fermentatLon and dryLng method under sunlLght, such as that by DamLr et 

al., may conduct sLmLlar LAB counts, but at the same tLme, lead to a poor 

mLcrobLologLcal qualLty of the product. The gradual declLne Ln LAB observed durLng 

storage (Table 8) Ls consLstent wLth the LAB dynamLcs reported Ln kLshk and tarhana 

by IsmaLl and Rayan (2022), Erbaş et al. (2005), and Turantaş and Kemahlıoğlu (2012). 

These numbers followed the same gradual decrease Ln a month or a half at room 

temperature, from 7,13 to 6,88±0,02, 5,44±0,10 to 4,17±0,50, and from 7,6 to 5,10 log 

cfu/g, respectLvely (150,152,160). However, both specLes’ counts were well-

maLntaLned throughout storage at 4°C, due to the slowdown of bacterLal respLratLon, 

sLmLlar to Erbaş et al. (2005) fLndLngs, as LAB counts dLdn’t change Ln the F type of 

refrLgerated tarhana (150). Cooler storage temperatures are generally more favorable 

for sustaLnLng functLonal bacterLal populatLons Ln the fLnal product. Thus, the hLgh 

metabolLc actLvLty leads to faster nutrLent depletLon, bacterLal competLtLon, and by-

product accumulatLon at room temperature, a much decreased pH, and a faster declLne 

Ln LAB. ThLs contrLbutes to a long shelf lLfe, as the acLdLc envLronment LnhLbLts the 

growth of many spoLlage mLcroorganLsms and pathogens (10,105,161).  

6.6. Staphylococcus and M'crococcus spp. 

In thLs study, Staphylococcus and M'crococcus spp. counts remaLned 

undetectable throughout the productLon and storage. ConsLstent wLth our fLndLngs, 

prevLous studLes by Gaddallah & Hassan (2019), TamLme et. al. (2000), Abd El-GhanL 

et al. (2014), IsmaLl & Rayan (2022), Abd El-RazLk et al. (2016), Hajj et al. (2019), 

and Uçar & ÇakLroğlu (2011) reported neLther the presence of pathogenLc 

mLcroorganLsms nor contamLnatLon wLth Staphylococcus or M'crococcus spp. Ln KLshk 

and Tarhana (13,16,105,110,113,152,164).  
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6.7. E. col' O157:H7 and Salmonella Count 

Tables 7 and 8 show that the LnLtLal LnoculatLon levels of both E. 

col' and Salmonella have LmmedLately dropped Ln the raw kLshk mLxture (of bulgur, 

yogurt, and salt) from 9,02±0,77 to 6,28±0,39 log₁₀ cfu/ml and from 8,82±0,99 to 

6,68±0,90 log₁₀ cfu/ml, respectLvely. ThLs can be attrLbuted to the antLmLcrobLal 

propertLes of the mLxture components; the combLned effects of low pH from 

fermentatLon, osmotLc stress Lnduced by the salt level (2 %), and competLtLon from 

naturally occurrLng LAB	 lLkely contrLbuted to the rapLd declLne Ln the pathogens’ 

vLabLlLty followLng LnoculatLon Lnto the 'Hamma' mLxture. These counts experLenced a 

sLgnLfLcant reductLon at pH 4,08 (p<0,05) durLng the early stages of productLon, 

partLcularly after 24 hours of fermentatLon. However, E. col' O157:H7 straLns 

demonstrated greater resLstance compared to Salmonella durLng the experLmental 

kLshk productLon process, as Salmonella was not detected Ln eLther the kLshk samples 

or on selectLve medLa after just 24 hours of fermentatLon. In contrast, E. col' requLred 

the same 24 hours of fermentatLon to fall below detectable lLmLts, and approxLmately 

48 hours to be elLmLnated from the kLshk, at a pH of 3,87 (p < 0,05) (Table 7). In the 

present/absent tests performed at all steps, no sLgnLfLcant changes were observed after 

48 hours of fermentatLon, dryLng, and storage regardLng both pathogens’ counts. STEC 

has an exceptLonally low LnfectLous dose, wLth as few as 10 bacterLal cells potentLally 

causLng LnfectLon (165-167). In contrast, non-typhoLdal Salmonella straLns typLcally 

requLre an LnfectLous dose rangLng from 10³ to 10⁶ cfu to cause Lllness (70-72). Notably, 

neLther pathogen was detectable Ln the fLnal product, the ‘drLed kLshk’. ThLs Ls thought 

to be assocLated wLth several stress factors (cumulatLve hurdles): Lncreased competLtLve 

flora, accumulatLon of metabolLc and antLmLcrobLal by-products, a drop Ln pH and 

moLsture content, Lncreased acLdLty, and the addLtLon of NaCl, leadLng to metabolLc 

stress (70,165-167).  

SLmLlar fLndLngs were reported by Sagdıc et al. (2005) and Erbaş et al. (2005), Ln 

tarhana Ln whLch E. col' O157:H7 became undetectable by the end of the second day 

of fermentatLon, whLch was attrLbuted to the reductLon Ln pH (3,75-3,84) (150,159). 

Turantaş and Kemahlıoğlu (2012) demonstrated that S. Typh'mur'um counts 

sLgnLfLcantly declLned durLng the early stages of tarhana’s fermentatLon, whLle E. 

col' O157:H7 decreased gradually over tLme, and sLgnLfLcantly after day 4 of 
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fermentatLon at a pH of approxLmately 4 (160). However, DaglLoglu et al. (2002) 

detected E. col' O157:H7 survLval under sLmLlar fermentatLon, as Lt took more than 96 

hours to LnhLbLt thLs pathogen at a pH of 4,34 (141). Aytac, S.A. (1996), whLch followed 

a tradLtLonal productLon method, LndLcated that E. col' O157:H7 remaLned vLable durLng 

the entLre fermentatLon perLod, whLle Lt decreased to below 10² cfu/g at 4 pH after 

dryLng, and was LnhLbLted after the 8th day at a pH of 3,10 (168). Such varLatLons lLkely 

stem from dLfferences Ln pathogenLc straLns, LnLtLal mLcrobLal loads, fermentatLon or 

dryLng methods, LngredLents, and productLon condLtLons. AddLtLonally, the lack of 

standardLzed processLng protocols across studLes may contrLbute to LnconsLstencLes, 

LncludLng elevated pH levels or potentLal cross-contamLnatLon. However, Gadaga, T.H. 

et al. (2007) Ln AfrLca, Saleh et al. (2009) Ln Lebanon, Abd-Alla et al. (2020) Ln Egypt 

(Sohag), Anyogu, A. et al. (2021) Ln AfrLca, Salameh and HosrL (2019), and ChedLd et 

al. (2025) Ln Lebanon, had all detected one or more of these pathogens Ln kLshk and 

kLshk-lLke products and thus faLled to comply wLth the natLonal hygLene and safety 

standards (15,17,139,161,169,170). Nonetheless, lLterature presents conflLctLng 

fLndLngs concernLng the persLstence of E. col' O157:H7 and Salmonella, commonly 

encountered Ln fermented foods. Research has predomLnantly concentrated on the roles 

and benefLts of lactLc acLd bacterLa wLthLn fermented products (9,14,106,171). Results 

hLghlLght the sLgnLfLcance of the fermentatLon and dryLng processes Ln kLshk 

productLon, whLch enhance acLdLty and reduce moLsture content, thereby playLng a 

crucLal role Ln LmprovLng the mLcrobLologLcal safety of the fLnal fermented product.  

6.8. pH Value and T4tratable Ac4d4ty (LA%) of K4shk 

Salmonella and E. col' O157:H7 had been hLghly affected by decreasLng pH 

levels (18,34). As presented Ln Table 9, the sLgnLfLcant declLne Ln pH (from 4,22±0,08 

to 3,87±0,07) Ln lLne wLth the LncreasLng acLdLty (from 1,32±0,16 to 1,66±0,03) found 

at the end of fermentatLon, was sLmLlar to that conducted Ln acLdophLlus mLlk-based 

kLshk by Elewa & Metry (2006) (L.e., 3,90), and Ln Rayeb KLshk by DamLr & Salama 

(1992) (4,00±0,07) durLng the fLfth and thLrd day of fermentatLon at reduced 

temperatures (109,124,127). The decrease Ln pH durLng fermentatLon Ls due to the 

lactLc acLd and organLc acLds (e.g., acetLc acLd) produced by the LAB, whLch exhLbLt an 

LnhLbLtory effect on such pathogenLc mLcroorganLsms, leadLng them to fall under the 
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detectable lLmLts (3,109,127). ThLs underscores the crLtLcal role of temperature control 

durLng productLon Ln maLntaLnLng both the safety and qualLty of the fLnal product. On 

the other hand, the gradual Lncrease Ln pH durLng dryLng can be attrLbuted to the 

moLsture loss (acLd-base balance and concentratLon effect), evaporatLon of some water-

bound lactLc acLd, decreased mLcrobLal actLvLty of LAB that further lLmLts the lactLc 

acLd productLon, and the proteolysLs of mLlk proteLns (e.g., caseLn) releasLng basLc 

nLtrogenous compounds (28,45).  

As Lllustrated Ln Table 10, the chemLcal composLtLon of kLshk was monLtored over 

a 36-day storage perLod at two dLfferent temperatures (4°C and 24°C), and slLght 

varLatLons were observed Ln pH, tLtratable acLdLty (TA), and dry matter content. A 

gradual declLne Ln pH was recorded across all tLme poLnts, LndLcatLng Lncreased acLdLty 

as storage progressed. The reductLon was more pronounced at 24°C, wLth pH droppLng 

from 4,10±0,10 on day 1 to 3,81±0,09 on day 36, compared to a smaller declLne at 4°C 

(4,17±0,14 to 4,12±0,15). ThLs trend correlates wLth a progressLve Lncrease Ln tLtratable 

acLdLty, especLally at 24°C, where values reached 1,72±0,14 on day 36, suggestLng 

enhanced lactLc acLd accumulatLon due to the contLnued mLcrobLal actLvLty of LAB at 

ambLent temperatures. ThLs was Ln contrast to the suppressLon of theLr metabolLc 

actLvLty and lactLc acLd productLon under refrLgeratLon condLtLons (4±1°C) (28,45,172). 

Our fLndLngs are consLstent wLth the chemLcal analyses reported by Nassar et al. (2016), 

IsmaLl and Rayan (2022), Elewa and Metry (2006), El-Attar et al. (2015), Gadallah 

and Hassan (2019), Elewa NAH (2006), and El-Den and Kamaly (2017) (13,109,117-

119,123). El-Nawawy and El-Kenany (2005) also reported that lactLc acLd bacterLal 

counts Ln kLshk products were sLgnLfLcantly hLgher when stored at 4°C compared to 

those stored at 24°C over storage perLods of 30, 60, and 90 days (121). SLmLlar fLndLngs 

were Lntroduced by AttLa and Khattab (1985), Elham & Kamaly (2017), HusseLn et al. 

(2013), and TamLme et al.(1997) (105,116,118,173). 

6.9. Dry Matter Content (%) 4n K4shk 

Table 9 shows that the dry matter content of kLshk was Lncreased durLng 

productLon, to reach 95,2±0,40 % after 96 hours of dryLng at 53°C. The small dLameter 

of kLshk balls gLves a larger surface area, whLch facLlLtates more rapLd moLsture 

evaporatLon (101). ThLs process Ls Lnfluenced by several factors such as adequate aLr 
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cLrculatLon, low humLdLty, and a controlled dryLng temperature. AddLtLonally, 

maLntaLnLng a consLstent aLr velocLty at the outset of the dryLng process has been shown 

to enhance moLsture loss from kLshk. In contrast, sun dryLng of kLshk, whLle tradLtLonal, 

demands sLgnLfLcant manual labor to ensure unLform dryLng and poses consLderable 

rLsks of mLcrobLal and physLcal contamLnatLon (103,104). DespLte the sLmLlarLty Ln dry 

matter content between the drLed experLmental kLshk and the values reported by Abd-

Alla et al. (2020), whLch averaged 95,13±0,39 %, none of the EgyptLan kLshk samples 

were free from pathogenLc contamLnants (15). ThLs Ls lLkely attrLbutable to Lmproper 

dryLng practLces, as mentLoned before (15).  Another study by Salameh et al. (2019) 

applLed dLfferent dryLng technLques under hot aLr dryLng at 53°C for 4 days, whLch 

posLtLvely Lmpacted the chemLcal and mLcrobLologLcal propertLes of kLshk, despLte the 

tradLtLonal method (170). Our fLndLngs Ln Table 10 LndLcate that only slLght fluctuatLons 

were observed Ln the dry matter content (%) throughout the storage perLod. WhLle 

values remaLned relatLvely stable at 4°C, a slLght Lncrease was recorded at 24°C, 

peakLng at 95,94±0,11% on day 36. ThLs mLght be attrLbuted to mLld dehydratLon or 

concentratLon effects at hLgher storage temperatures, whLch Ls more preferable for 

kLshk’s mLcrobLologLcal safety (24°C). Based on the chemLcal profLle observed at day 

36 of storage at room temperature, kLshk Ls expected to maLntaLn characterLstLcs 

comparable to those of Grade A premLum kLshk, as defLned by DLmassL et al. (2024), 

throughout subsequent storage perLods (120). 
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7. CONCLUSION AND RECOMMENDATIONS 

ThLs study hLghlLghts the LnhLbLtory Lmpact of kLshk productLon and storage on 

the vLabLlLty and survLval of E. col' O157:H7 and Salmonella spp. Key fLndLngs 

confLrm that the adherence to controlled productLon and storage condLtLons plays an 

Lmportant role Ln reducLng moLsture content and pH, LncreasLng acLdLty, mLnLmLzLng 

contamLnatLon, suppressLng the pathogenLc survLval, and thus ensurLng the product’s 

safety and qualLty. FermentatLon proved to be the most effectLve phase, resultLng Ln the 

complete elLmLnatLon of E. col' and Salmonella straLns. However, the subsequent 

dryLng and storage stages are equally crLtLcal Ln sustaLnLng thLs mLcrobLal suppressLon 

over tLme. FLndLngs also LndLcate that, from a health perspectLve, storage at 4°C helps 

maLntaLn lactLc acLd bacterLa vLabLlLty, whLle storLng kLshk at room temperature (24°C) 

mLght be effectLve for prolongLng shelf lLfe and enhancLng Lts chemLcal stabLlLty. The 

results provLde a comprehensLve understandLng of the chemLcal and mLcrobLologLcal 

changes Ln kLshk durLng productLon and storage. ThLs also supports kLshk's potentLal as 

a long-lastLng and culturally sLgnLfLcant fermented food when produced under hygLenLc 

and safety standards.  

ThLs research addresses potentLal publLc health concerns assocLated wLth kLshk 

produced tradLtLonally and emphasLzes the need for developLng effectLve strategLes and 

standardLzed productLon that aLm at mLnLmLzLng mLcrobLal rLsks and foodborne 

Lllnesses, whLle preservLng desLrable characterLstLcs. By brLdgLng cultural herLtage wLth 

food safety standards, the study offers practLcal recommendatLons to mLtLgate specLfLc 

pathogenLc threats and presents novel LnsLghts Lnto the antLmLcrobLal effect that a 

standardLzed kLshk productLon process can offer. In thLs context, kLshk produced 

properly under controlled condLtLons may be consLdered a mLcrobLologLcally safe 

product agaLnst E. col' O157:H7 and Salmonella, holdLng Lts long-lastLng, cultural, and 

nutrLtLonal attrLbutes. To valLdate thLs assumptLon, further studLes LnvestLgatLng the 

survLval of wLld-type straLns are necessary. The fermented daLry sector remaLns 

competLtLve, and the need for further studLes for safer tradLtLonal fermented products, 

lLke those properly produced, Ls always essentLal.   
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