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Abstract 

Kefir is a fermented dairy beverage produced by the joint action of many species of lactic acid bacteria 

(LAB) and yeast in milk. The beverage, widely consumed for years in Eastern European and Asian 

counties, only recently gained attention in Western Europe. Its artisanal character, acclaimed beneficial 

properties and the current trend of interest in healthy homemade products has contributed to this fact. 

However, this artisanal character can, potentially, turn kefir into a source of contamination and disease 

if hygienic and sanitary principles are not observed during its preparation. The inhibitory activity of kefir 

made with kefir grains – the traditional kefir starter culture – has already been investigated, while its 

industrial counterpart – lyophilized cultures – has hardly received any attention in this regard. Thus, in 

order to assess the inhibitory activity of lyophilized kefir starter cultures and draw attention to the 

potential dangers of a contamination at household level during preparation of the beverage, common 

foodborne bacteria were assessed in a challenge test. Representative strains of Listeria monocytogenes 

CECT 935, Staphylococcus aureus ATCC 25923, Escherichia coli DSMZ 682 and Salmonella enteritidis 

CECT 4300T were inoculated in kefir during its preparation. Viable cell counts were monitored during 

120h after kefir preparation. Results revealed inhibition of all four pathogenic strains in kefir samples. S. 

enteritidis revealed the most prompt inhibition, followed by E. coli and by L. monocytogenes and S. 

aureus. However, all tested strains exhibited a peak in their growth at 24h of fermentation, which can 

present a potential hazard for the consumer. 

Keywords: kefir, starter culture, inhibitory activity, foodborne pathogens 
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Resumo 

O kefir é uma bebida fermentada à base de leite, formada quando este é inoculado com inúmeras 

espécies de leveduras e bactérias do ácido láctico. Este produto, embora há muito consumido em 

países da Europa de leste e da Ásia, apenas recentemente começou a receber atenção na Europa 

ocidental. O seu carácter artesanal, as aclamadas propriedades benéficas e a nova tendência de 

consumo de produtos saudáveis e de fabrico doméstico terão contribuído para este facto. Contudo, 

este carácter artesanal possui, também, o poder de tornar o kefir num alimento potencialmente 

patogénico, caso as devidas precauções higio-sanitárias na sua preparação não sejam observadas. 

Utilizando uma cultura liofilizada comercial, preparou-se kefir de acordo com as instruções do uso 

fornecidas na embalagem, simulando a preparação caseira pelo consumidor. Por forma a perceber se 

o kefir assim preparado possui atividade inibitória relativamente a bactérias potencialmente 

patogénicas, utilizaram-se as estirpes Listeria monocytogenes CECT 935, Staphylococcus aureus 

ATCC 25923, Escherichia coli DSMZ 682 e Salmonella enteritidis CECT 4300T num challenge test. Os 

resultados obtidos revelaram inibição das quatro estirpes patogénicas em estudo. Salmonela enteritidis 

CECT 4300T foi a estirpe que registou a inibição mais precoce, seguida de E. coli e de L. 

monocytogenes e S. aureus. Contudo, um pico de crescimento foi registado em todas as estirpes em 

estudo às 24h de fermentação, o que poderá representar um potencial perigo para o consumidor. 

Palavras-chave. Kefir, starter comercial, atividade inibitória, bactérias patogénicas alimentares. 
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1. Introduction 

Kefir is a fermented milk drink traditional of Eastern Europe countries [1, 2] originally from the 

mountainous region of Caucasus [2] and largely associated with longevity [3] and health benefits [4], 

such as improved nutrient use [5], alleviation of lactose intolerance [6], improved immune function [7] 

and serum cholestrol reduction [4]. 

To produce authentic kefir, it is necessary to add kefir grains to milk and allow the fermentation to occur 

at environment temperature, usually for 12h to 72h, before optional chilling and consumption [8]. This 

procedure may generate different kefir products as kefir’s characteristics depend on the used raw 

materials - milk and kefir grains, fermentation conditions – namely temperature and fermentation time, 

starter culture to milk ratios, among others [9, 10].  

Kefir’s traditional starter cultures are complex structures of proteins and polysaccharides containing 

various species of lactic acid bacteria, yeasts and, occasionally, acetic acid bacteria and moulds [11]. 

In industrially prepared kefir, lyophilized grains or mixtures of pure cultures are used [12], and also at 

the household level, due to the scarce availability of kefir grains in the market [13]. Even so, homemade 

kefir may present a risk to the consumer. If adequate hygienic and sanitary measures are not in place, 

kefir may be contaminated during processing, as cross-contamination can occur, and potential 

pathogens will have the opportunity to multiply throughout the product’s shelf-life [9]. 

Additionally, the use of raw milk, of contaminated starters and the environment conditions of the place 

of preparation are concurrent factors that can further contribute to the occurrence of disease linked to 

kefir consumption [14]. 

Listeria monocytogenes, Staphylococcus aureus, Salmonella spp. Escherichia coli are the microbial 

agents most commonly associated with foodborne disease outbreaks [14, 15]. Additionally, many of 

these outbreaks had their origin in commercialized dairy products, such as fermented milks, yogurts and 

cheeses [14, 16]. Contamination of these food products is associated with contaminated equipment and 

packaging materials, poor handling practices and poor hygiene of added ingredients [17]. These 

potential routes of contamination are usually considered when conducting a hazard analysis for food 

safety management purposes. However, challenge testing is also important, especially regarding those 

products’ shelf-life safety [18]. Challenge studies may deal with the validation of food safety procedures 

and product storage conditions [19]. 

In the present work, a bacterial growth inhibition study was conducted aiming to evaluate the inhibitory 

activity of kefir against strains of common foodborne pathogens. This type of challenge test assesses 

the ability of a particular food product with a specific type of processing and packaging to inhibit the 

growth of certain bacterial pathogens, when kept under specific storage conditions [19].  

To simulate homemade preparation of kefir by potential consumers, kefir was prepared using a 

commercial starter culture, inoculated with one of four strains of pathogenic bacteria associated with 

foodborne disease and monitored over time to check for pathogen inhibition.  The ability of these 

microorganisms to thrive in kefir during 120h was examined. 
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2. Study aim 

A challenge study was conducted aiming to evaluate the growth inhibition of L. monocytogenes, S. 

aureus, E. coli and Salmonella spp. during kefir formation and shelf-life using a commercial and 

lyophilized starter. 
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3. Literature review 

3.1 Kefir definition and classification  

Fermented milk products can, fundamentally, be divided into traditional and non-traditional types [1]. 

The first group is characterized by a long history of consumption, ill-defined microbial cultures, and 

uncontrolled fermentation procedures [1]. The second group, contrastingly, is firmly based on scientific 

principles, possesses through knowledge of the used starter cultures, and offers the possibility of 

optimizing the quality of the end product [1]. Kefir is a beverage that firmly belongs in the first category 

[1], when milk is involved in its production. In truth, the product known as kefir can be very hard to define, 

based on various aspects. 

Firstly, the concept of kefir always revolves around the occurrence of a simultaneous fermentation by 

many different microbial species, and not just one or a few [13]. This aspect helps differentiate kefir from 

other fermented milk beverages [13], while also making its full study very difficult to perform [12]. Each 

of these species can vary greatly in numbers, with some distinct groups being unique to some kefir 

products [9, 10]. 

Fermented dairy products can be also divided into three classes depending on the produced 

metabolites: lactic fermentations; yeast-lactic fermentations; and mold-lactic fermentations [20]. Kefir, 

having a combination of eukaryotic and prokaryotic fermentations, stands firmly in the second category 

[20]. In this product, alcoholic fermentation by yeasts occurs in combination with lactic acid fermentation 

by LAB species (lactic acid bacteria) [2]. For some authors, fermented milks that appear in Western 

markets bearing the label “kefir”, but produced without use of yeasts, should not qualify as “authentic 

kefir” [9]. Most of these “non-traditional kefirs” found in the Western markets are cultured with a mixture 

of dairy lactobacilli, lactococci, Streptococcus thermophilus, and a few probiotic bacterial species [9].  

Then, it is a drink that can be produced using one of a large variety of substrates, each with its own 

composition. For example: traditionally, kefir is prepared using milk of certain animal species [8], not 

accounting for origin, quality or fat content. These three aspects are, however, of very high importance 

for kefir quality, especially for production and commercialization [21]. From this choice alone, result 

products with highly variable characteristics [9]. On top of this, kefir can also be made by using fruit 

juices, sugars and molasses, a combination of both or whey as substrate [22, 23]. The resulting products 

are, thus, kefirs of non-dairy origin – also commonly called water kefir or tibico/tibi [23, 24]. Nevertheless, 

and even with all of this in consideration, kefir has been solely placed in the category of fermented milk 

products. 

In addition to this, the nature of the chosen starter culture and, consequently, its microbial composition 

is also highly variable: kefir can be produced using kefir grains – the traditional kefir starter culture, 

commercial freeze-dried kefir starter cultures, mixtures of pure cultures or a portion of a finished batch 

of kefir itself [9, 12]. For some authors, though, traditional or authentic kefir can only be made by the 

use of kefir grains [9, 11]. These are highly complex structures composed of numerous species of 

microorganisms entrapped on a polysaccharide matrix and living in symbiotic association [9, 11]. They 

resemble small cauliflower florets, usually being around 3 cm wide [11] and are sometimes mistaken by 

consumers as being actual plants or else a single microorganism, sometimes named as the “yogurt-

plant” [25]. For these authors, they are considered to constitute the original production method and to 
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contain all the starter microbiota of kefir [9]. Even kefir grains, however, vary greatly in microbial 

composition among themselves [10]. This fact has been shown by studies comparing grains obtained 

from different geographical regions and, sometimes, even within the same region [9, 10]. 

Finally, there is an enormous intrinsic variety of characteristics the final product of fermentation can have 

depending on various fermentation factors [21]: kefir composition is largely affected by fermentation 

parameters, such as temperature, agitation and fermentation/incubation time [26]; the use of additives 

[17]; the already discussed composition of the substrate and composition of the kefir starter culture, and 

starter culture to substrate ratios [22]. 

As such, kefir is not a standard product, in the sense that it hardly has a set of defined, uniform 

characteristics. Consensually speaking, however, kefir can be seen as: a viscous, slightly alcoholic, 

slightly carbonated, acidic and yeasty flavoured beverage that results from the fermentation of milk by 

a vastly diversified, yet specific consortium of microorganisms (including many lactic acid bacteria and 

yeasts) that are found co-culturing it [4]. When thinking of this product in its most traditional sense, this 

“microbial consortium” becomes restricted to kefir grains [9]. Thus, traditionally, kefir is a “fermented 

dairy drink produced by adding kefir grains to milk”.  

However, and as a result of all this, no universal standards for kefir exist [3, 10]. In 2001, though, the 

World Health Organization (WHO) proposed one definition, based, precisely, on the microbial 

composition of milk kefir and kefir grains: “Starter culture prepared from kefir grains, Lactobacillus kefiri, 

species of the genera Leuconostoc, Lactococcus and Acetobacter growing in a strong specific 

relationship. Kefir grains constitute both lactose fermenting yeasts (Kluyveromyces marxianus) and non-

lactose-fermenting yeasts (Saccharomyces unisporus, Saccharomyces cerevisiae and Saccharomyces 

exiguus) [27]. This definition has been kept has it is to this day [27]. Nevertheless, defining standards 

for kefir remains an important step to take in order to guarantee a consistent and authentic product [3]. 

3.2 History, consumption and acceptability of kefir  

No known record concerning the time of origin of the first kefir product exists [3]. However, its origins 

are attributed to tribes inhabiting the Northern Caucasus’ mountain region, in Russia [2, 3]. Caucasian 

people have been noted for their relatively long lifespans. An elevated consumption of fermented dairy 

products is believed to be the cause. Among these, particularly, are kefirs of dairy origin [3]. The word 

kefir derives from the Turkish word “keyif”, meaning “feel good” or “good feeling” – referring to the 

sensation commonly experienced after consuming the beverage [28, 29]. Other names for kefir include 

kephir, kefyr, kiaphur, kefer, knapon, kepi and kippi, depending on the region [2, 28].  

Historically, kefir production would be carried out in either clay pots, wooden buckets, or bags made of 

sheep or goat skin [3, 9, 22]. Fermentation would occur in uncontrolled conditions and in a continuous 

way using kefir grains [3]. Periodically, fermented product would be replaced by new, fresh milk and the 

cycle would restart [9]. The containers could be moved according to environment temperature. For 

example, they would be left indoors in winter and outdoors in the warm months of the year - or be left 

hanged near the door step, so that each person going past it would kick or shake it and keep its contents 

mixed [22].  

As with kefir itself, there is no known record of the time of origin of the first kefir grains [3]. It is also 

unknown if all grains possess a common ancestor, that is, with a specific, original chemical and microbial 
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composition [4]. Nevertheless, nowadays, production of milk kefir using kefir grains is mainly artisanal 

and also appears to be, at the same time, the most common process for kefir production [9]. 

However, despite kefir grains being the common choice, they are, in some countries, not found 

commercialized in stores [13]. They are, instead, passed around amongst people [13]. This, along with 

their characteristically long usage lifespan, may explain the rather scarce commercialization of kefir 

grains in Western Europe. Such appears to be the case with Brazil and Portugal, among others [13]. By 

contrast, in Portugal, both ready-to-eat kefirs and industrially produced kefir starter cultures can be found 

available in supermarkets and health product stores in. Also, some companies have appeared with new, 

specialised, patented kefir products [4]. 

Also, kefir of dairy origin - mainly of cow milk [22] – is, to date, highly consumed in Eastern Europe, 

Russia and Southwest Asia [22]. In Russia, the annual consumption of kefir per capita reached 5 

kilograms in 2006, being, at that time, considered popular [9]. The difference is, apparently, such, that 

kefir consumption is still considered rather limited outside of Eastern Europe [22]. In truth, kefir 

consumption has been rather slow to spread to the rest of the world [3]. Nevertheless, kefir and kefir-

like beverages have been reported to be produced in Ireland, Spain, Turkey, Malaysia, Indonesia, Tibet, 

and North and South America [22]. Only recently has this product gained attention by the general public 

worldwide for its health benefits [13]. Many research works about this last topic, however, can only be 

found published in Russian and Eastern European journals, therefore, not being easily accessible to the 

Western community [4]. Nevertheless, along with an increase in number of scientific research studies, 

kefir has also experienced a small increase in industrial production in recent years [3]. 

Additionally, the growing concerns on the use of synthetic preservatives by the food industry together 

with the increased demand for natural and minimally processed foods by consumers, created a new 

consumption pattern, in which consumers grow, harvest and prepare their own foods [30, 31]. 

3.3 Kefir Production 

As discussed in Section 1.1, the procedures of kefir making are many and varied - and all of them are 

capable of creating completely unique products [3]. 

3.3.1 Substrates 

In kefir making, any type of milk is eligible for use, independently of: degree of processing, being it 

pasteurized, unpasteurized or ultra-high temperature processed (UHT) [9, 21]; fat content - either whole 

fat, low fat, skim and no fat milk [9, 21]; and origin. So far, cow, sheep, goat, ewe, camel and buffalo 

milk have all been used. Of non-dairy origin, fruit juices, sugars and molasses, a combination of both, 

whey and coconut, rice and soy milk also apply [3, 8, 12, 13, 22, 23]. Of all these, soy milk has received 

attention as an alternative to animal milks, especially for populations who do not consume them, either 

for social customs or availability reasons [22]. 

3.3.2 Starter cultures 

Also, and as already stated, many kinds of starter cultures for kefir production exist. These can be 

divided according to microbial composition and preparation process/origin. 
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The main one is the so-called kefir grains – the traditional kefir starter culture. These are an example of 

symbiosis between yeast and bacteria [4]. Physically, they are gelatinous, white to yellow-white in 

colour, very irregularly shaped and highly variable in size - from 0,5 cm to 3,5 cm [9]. Their convoluted 

surfaces make them resemble small cauliflower florets [9]. During fermentation, microorganisms are 

released from them and shed onto the milk/chosen substrate. There, they will continue to proliferate [3, 

32] and end up as an integral part of the drink. 

Most common genera of bacteria found in them include homofermentative and heterofermentative 

Lactobacillus, Lactococcus, Leuconostoc, and acetic acid bacteria, although distribution ratios of these 

between interior and exterior portions of the grains are not uniform [3]. These microbial species can be 

divided into four main groups: homofermentative and heterofermentative lactic acid bacteria (LAB) and 

lactose and non-lactose assimilating yeast [12]. The nutrients present in the milk are used by the kefir 

starter culture to proliferate. Among these, lactose is especially important, serving as a source of carbon 

and energy [33]. They are insoluble in water and resistant to enzymes [9] and have never been 

successfully reproduced from pure cultures [4]. 

There are also smashed and lyophilized kefir grains [9, 12]. These are industrially produced starters and 

are usually sold for homemade kefir production by inoculation of milk. As with the case of pure cultures, 

they are not able to form kefir grains and are of limited use (usually, 5 to 8 times) [9, 12]. 

Then, there are the pure cultures [9, 12]. These are mixtures of carefully selected strains of probiotic 

bacteria and, optionally, yeast [9, 12]. Some are directly isolated from kefir grains and used in this way 

as an effort to keep some of the character of the original starter. However, they are of more limited use 

once applied to milk. 

Finally, portions of prepared kefir can be used [9, 12]. Once a batch of kefir is produced (independently 

of the applied starter culture), a part of it can be reused for inoculating a new batch of milk. However, 

with each passage, a reduction in viable microorganisms in the final product usually follows, in turn, also 

reducing its organoleptic and presumed beneficial properties [12].     

3.3.3 Traditional production 

Traditional production of kefir is linked to the use of kefir grains and is, seemingly, the predominant 

method of kefir making. This holds true if worldwide homemade use and industrial use in Russia and 

Eastern Europe are considered [9]. This fact can be largely attributed to a single key factor: kefir grains 

can be recovered at the end of fermentation and be used on a subsequent batch of milk [9]. Among 

fermented dairy products, this characteristic is unique to kefir [22]. During this period, new kefir grains 

form slowly from preexisting ones [3]. Since these structures are a “living ecosystem”, this process can 

be performed indefinitely [32] - if proper sanitation is observed at all stages of their handling [9]. Also, 

kefir contamination can occur through contamination of the grains [9, 14]. In this case, usual 

contaminants include coliforms, micrococci, and bacilli and cause a rapid spoilage of kefir [9].  

To produce authentic kefir, a portion of grains is added to cooled, pasteurized milk, and incubated with 

slow agitation (if possible) for 24h at 25ºC [3]. Afterwards, a smooth curd should be observed and kefir 

grains are recovered by passage of the fermented product through a wire sieve [9]. After a period of 

chilling, the beverage is ready for consumption [9].  
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3.3.4 Industrial production 

By contrast, industrial production tries to not make use of kefir grains. Main reasons for this include: the 

fact that yeasts in kefir grains produce carbon dioxide, which can cause package swelling [3], especially 

if temperatures are not kept low during distribution. In these conditions, kefir yeasts will continue active 

and produce even more carbon dioxide and, along with it, alcohol [22]. Thus, some companies opt to 

use starter cultures that lack yeast [3, 9], despite the inherent loss in product quality [3]; problems with 

the postfermentation removal of the kefir grains, which is stated to be a difficult step of the production 

process [3]; then, grain biomass formation, which is severally limiting in an industrial setting due to its 

rather slow pace [3]. As a response, deeper studies about kefir grain increase were conducted [3]. From 

these, it was determined that a lower amount of inocula (1% grains to milk ratio) caused a bigger 

increase in grain biomass in comparison to a higher amount (10%). Also, the use of culture medium 

enriched with tryptose and agitation further increased this result [3]. However, alternatives to the so-

called traditional method are still common in an industry setting and are, thus, mainly associated with 

“non-authentic” variants of the product.  

To elaborate, two distinct paths are usually taken: the Russian method; and the pure cultures [12, 22]. 

In the first, kefir grains are applied in a first round of fermentation and then only the filtrate is used on 

subsequent batches. Thus, it follows a model of “fermentation in series”; in the second, pure cultures or 

commercial cultures are directly and simultaneously inoculated onto milk [12, 13]. In this method, new 

starter cultures are always used on new batches of milk [12, 13]. While the former procedure is 

considered a “larger scale” method then the artisanal process, the latter is truly tied to industrial 

production [12, 13]. 

In commercial production with kefir grains, another stage called “ripening” is usually performed [9]. This 

step consists in the storage of the formed product at low temperatures, around 8ºC to 10ºC, for a few 

hours - between 12h and 3 days [9, 22, 34]. Ripening augments kefir viscosity, allows the correct growth 

of kefir yeasts and bacteria and grants stability to the product [9, 22]. After ripening, kefir is chilled to 

refrigeration temperatures, packaged and sold [22, 34]. Omission of this step is linked to atypical flavour 

development [22]. 

Through the use of the “Russian method” the problem caused by swelling can be somewhat mellowed: 

yeast cells originated from the first round of fermentation with kefir grains will still be present in the final 

kefir sample, but less represented. The amount of swelling will, thus, be less pronounced. This way, 

some of the character of traditional kefir will be preserved, while presenting reduced problems for 

companies [22]. 

Aside from avoiding problems linked to large scale use of kefir grains, kefirs produced through industrial 

scale procedures possess one other additional advantage: they can reach shelf lives of about 28 days, 

as opposed to the maximum 12 days in traditional kefirs [22]. Main disadvantages of these are, 

inherently, related to the lack of the microbial diversity of traditional kefirs. Also, resultant kefirs may, 

consequently, possess reduced or non-existent therapeutic and probiotic characteristics [22]. 

In this setting, the formation of a uniformly stable product is of extreme importance [4]. As such, many 

variables are analysed and controlled during the active fermentation step. These include parameters, 

such as temperature, agitation and fermentation/incubation time. Fermentation temperatures superior 

to 30ºC favour the growth of thermophilic lactic acid bacteria (LAB), while causing a decline in yeast and 
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mesophilic LAB. Also, agitation favours the growth of homofermentative LAB and yeasts, while acetic 

acid and heterofermentative LAB are left unchanged [22]. 

Then, composition of the substrate, composition of the kefir starter culture and starter culture to 

substrate ratios. Kefir grain-to-milk ratio affects pH, viscosity, microbial composition and carbon dioxide 

content. With a 1:10 ratio, pH of kefir is about 3.7, while at one of 1:100, pH is maintained at around 5.4 

[3, 4]. In the first one, a product with high acidity, low viscosity, and a highly effervescent taste was 

created. The second resulted in a product of high viscosity and low acidity. This last scenario also 

caused a rise of 2 log cfu g-1 of lactococci counts in the final product. For optimum product consistency, 

a kefir grain-to-milk ratio of 1:30 to 1:50 is normally recommended [22]. And, finally, the use of additives 

[22]. 

The overall procedure involving lyophilized starter cultures containing lactic acid bacteria (LAB) and 

yeast is described as follows: activated starter culture is added to homogenized and pasteurized milk 

(containing 2 to 5% milk fat); fermentation occurs at 25°C for approximately 20 to 24h and the product 

is stored at refrigeration temperatures; pH gradually drops to 4.6 and fermentation is completed in 

approximately 20–24 h. This gives sufficient time for the formation of taste and aroma compounds when 

an inoculation rate of 2 to 5% kefir culture is used [3]. However, it is possible to produce a kefir product 

with acceptable flavour and with “very good keeping qualities” from mixtures of pure cultures [22]. It 

depends, however, heavily on the choice of the microbial species [22]. Species of Bifidobacterium, 

Saccharomyces boulardii and other species of Lactobacillus may also be used as adjunct cultures [12]. 

3.4 Characteristics and quality of kefir 

Kefir’s quality and characteristics are highly variable [9]. They are heavily influenced by the nature and 

quality of raw materials, chosen fermentation procedures, sanitation precautions, and storage conditions 

[3]. Since many parameters need to be taken into account, it is difficult to define a chosen set that is 

capable of producing kefir of consistently accepted good quality. Yet, discerning customers have a 

denoted preference for milk kefirs with a thick, viscous consistency and a smooth soft curd, that fizzes 

and foams when agitated, similarly to beer, and an effervescent effect feel in the mouth [9]. 

3.4.1 Microbial composition 

Most fermented milk are formed through lactic fermentations. However, co-occurrence of yeasts and 

LAB - yeast-lactic fermentations [3] - also occur, including products such as: blue cheese, koumiss, 

suusac and kefir [17].  

Lactic acid bacteria appear to be the predominant group of microbial species of most fermented milks 

[17]. LAB require many different components for growth, including sugar – usually lactose – a wide 

range of amino acids, vitamins and growth factors [35]. Most milks offer all these components, making 

this medium highly suitable for LAB growth [36]. Also, yeasts are able to grow in milk by using the 

available proteins, fat, lactose and citrate [37]. The interactions between both groups of microorganisms 

are known to affect product characteristics and quality. 

In kefir making, at the beginning of the fermentation step, lactose is consumed by LAB and lactose-

fermenting yeasts [22], resulting in production of lactic acid and other organic acids by LAB species, 

carbon dioxide by heterofermentative LAB species, and ethanol and carbon dioxide from the yeasts 
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[22]. The former compound also causes the characteristic drop in pH of kefir [22] and, in turn, also 

favours yeast growth. Thus, both LAB and yeasts become competitive within the growth media. 

In kefir, interactions include: Candida kefir stimulating the growth of Lb. paracasei subsp. paracasei by 

providing, among others, pyruvate, amino acids and vitamins [17], while C. kefir used bacterial 

metabolites as carbon sources; L. lactis subsp. lactis biovar diacetylis and C. kefir growing mutually in 

co-culture, where the production of acetylaldehyde by the LAB species was enhanced and their viability 

during storage extended [17]. Also, some LAB release galactose into the medium, which may be used 

by galactose-assimilating yeasts which do not consume lactose [37]. 

The microbial composition of the kefir grain is approximately 65-80% lactobacilli, 10 to 15% yeasts, and 

5 to 25% lactococci and Leuconostoc spp. [22]. Total microbial counts are estimated to be as follows: 

108 to 109 cfu g-1 of lactobacilli; 108 to 109 cfu g-1 of lactococci and Leuconostoc spp.; and 106 to 108 cfu 

g-1 of yeast [22].  

By contrast, kefir itself has about 80% lactococci and Leuconostoc spp., 10 to 15% yeasts, and 5 to 10% 

lactobacilli in its constitution [22]. Total microbial counts are also slightly lower than that of grains: 107 

to 108 cfu g-1 of lactobacilli; 108 to 109 cfu g-1 of lactococci and Leuconostoc spp.; and 105 to 106 cfu g-1 

of yeast [22].  

Acetic acid bacteria (AAB) can either be present in the finished product or not [9, 32]. Together with the 

mould Geotrichum candidum, AAB have been considered contaminants by some authors [9, 32]. 

Contrastingly, these species’ presence is desired in other areas [9, 32].  

3.4.2 Chemical composition 

Typical pH value of kefir is located between 4.2 and 4.7 by the end of fermentation and three days of 

ripening [38]. Also, typically, finished kefir contains 0.9% to 14% lactic acid and 0.3% to 1.0% alcohol 

[22]. By contrast, ethanol content varies widely, but is present in lower levels than the two 

aforementioned components [3]. Overall, lactic acid content appears to be lower than that of yogurt [3]. 

These three major products of fermentation confer viscosity, acidity and low alcohol content to the 

beverage [3], while its refreshing taste has been credited to the nature of yeast-lactic fermentations [3]. 

These components also increase in kefir during storage [9], including overall peptide level and 

acetaldehyde content [3, 9]. Denaturation of whey proteins during the pre-fermentation treatment of milk 

also improves the viscosity of the end product [22]. No differences of ash and crude protein content 

between raw milk and kefir have been noted [3]. However, lactose content is 20 to 30% lower in kefir 

than that of raw milk, since this compound is consumed by kefir starter microbiota during active 

fermentation [3].  

Aside from their inherent microbiota, kefir grains also have lipids, milk proteins and exopolysaccharide 

as main constituents [22]. The microorganisms in kefir grains are trapped in this complex matrix that 

includes a polysaccharide called kefiran [3]. Kefiran is a heteropolysaccharide composed of equal 

portions of glucose and galactose and is associated with various useful properties and health benefits 

that will not be further discussed [3]. 

Typical aroma and flavour results from a wide variety of flavour compounds produced during the 

fermentation process [32]. These compounds can be divided in two major groups: major end-products 

– comprising only lactic acid; and minor end-products – mainly secondary metabolites [32]: carbonyl 
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compounds, such as acetaldehyde, ethanol, diacetyl, acetoin, 2-butanone and ethyl acetate; volatile 

organic acids, such as formic, acetic, propionic, butyric; and non-volatile acids, such as lactic, pyruvic, 

oxalic and succinic [32]. 

LAB strains participate in the production of flavour and aroma compounds, some of them including 

diacetyl, acetoin and acetyaldehyde [38]. Probiotic LAB strains may also be added as supplements to 

the starter microbiota of fermented milks, thus, forming new products [39]. In this case, they are 

classified as nonessential microbiota [38]. 

The effervescence and foaming are caused by carbon dioxide escape, which is mainly trapped in the 

milk kefir curd [9]. Carbon dioxide is produced by heterofermentative lactic acid bacteria and yeasts 

during the formation of the product. Between these, yeast activity is of special notice [22]. Hence, their 

presence in the starter culture being seen as important for the identity of the product [9]. 

3.5 Uses and health benefits of kefir 

Fermented dairy products constitute the most common way of consumption of probiotic microorganisms 

[40]. The most prevalent ones belong to Bifidobacteria species, Lactobacillus species and 

Saccharomyces boulardii [40, 41]. A few of their characteristics capable of hindering pathogen 

development in these foods are pH reduction; production of acids; competition for nutrients [43]; and 

production of antimicrobial substances – often bacteriocins [42]. 

Kefir produced using kefir grains is considered to deliver a large number of probiotic microorganisms, 

including many lactic acid bacteria and yeasts, main species being Lactobacillus acidophilus and 

Bifidobacterium bifidum [3]. The beverage’s composition, along with its long-term consumption record 

and overall attributed health benefits have conferred it a solid status as a probiotic food [12, 22]. 

Probiotic effects granted by these microorganisms include an improvement of the health of the digestive 

system and lactose tolerance [3]. Many human beings lack the enzyme β-galactosidase in their intestine, 

resulting in a lower efficiency of lactose digestion [5]. This lactose-hydrolysing enzyme is usually 

produced by most LAB species and other probiotic bacteria. In fermented milk products, consumption 

of lactose by these species, causes a reduction of this carbohydrate by as much as 20% to 30% in 

yogurt [5] and kefir products [5, 6]. Also, lactic acid is known to possess a few beneficial physiological 

and biological properties, including: improvement of the digestibility of milk proteins through precipitation 

in the milk curd; acceleration in the release of stomach contents; improvement of calcium, phosphorus 

and iron utilization; and trigger of the secretion of gastric juice [17]. 

Serum cholesterol and hypertension reduction improved immune function, including stimulation of 

lymphocyte proliferation and immunoglobulin production by bioactive peptides and proteins produced 

by the activitiy of probiotic microorganisms and anticarcinogenic effects are also common of probiotic 

microorganisms [3]. 

Historically, kefir has been recommended in the treatment of gastrointestinal problems, hypertension, 

allergy, and ischemic heart disease [22]. Antimicrobial, antitumor and anticarcinogenic activity, anti-

inflammatory/immune modulation effects, enhanced synthesis of certain B vitamins, 

hypocholesterolemic effects, and a capacity to aid in lactose maldigestion constitute other reported 

capabilities of this product [22]. Additionally, alternative uses for kefir starter cultures have also been 

researched, including: usage as substitutes for cheese [3] and beer starters. In this last case, malt was 
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fermented with kefir grains grown in molasses and the final product possessed enhanced anti-

inflammatory and anti-ulcerogenic activities [43]; and using grains as baker’s yeast, although the 

produced bread exhibited similar properties in comparison with normal bread in the analysed technical 

aspects [44]. 

However, as it has been discussed throughout this document, different procedures and substrates in 

kefir preparation will lead to different final kefir products. This fact could, thus, also extend to the overall 

range of health benefits encompassed in these products. 

3.5.1 Antimicrobial activity 

Many studies have been performed in order to assess the antimicrobial activity of kefir, including: in vitro 

studies - mainly performed by either impregnating sterile disks with compounds isolated from kefir 

microorganisms or using kefir itself [45, 46]; in vivo studies – with animals being fed with kefir and 

followed by studying their survival after consumption of pathogens or monitoring the incidence of certain 

pathogen driven diseases [22]; and pathogen survival studies in kefir during or after the product’s 

formation [22]. 

Kefir has generally been reported to possess, either directly or indirectly, bacteriostatic activity against 

Gram-negative bacteria and bactericidal effect against Gram-positive bacteria [22]. Pathogens inhibited 

by kefir, kefir extracts, or bacterial isolates from kefir include Salmonella typhi, Salmonella typhimurium, 

Salmonella enteriditis, Shigella sonnei, Yersinia enterocolitica, Micrococcus luteus, Micrococcus 

flavans, Escherichia coli, Bacillus cereus, Klebsiella pneumoniae, and Candida albicans [22]. 

Dias et al, 2012, analysed the ability of E. coli O157:H7, Salmonella typhimurium, Salmonella enteritidis, 

Staphylococcus aureus and Listeria monocytogenes to survive in kefir during its production with kefir 

grains, by performing detection of those microorganisms at 0, 6, 12, 24, 48 and 72 hours of fermentation. 

E. coli, S. aureus and L. monocytogenes could still be found at the end of the experiment, contrarily to 

the studied Salmonella spp. [47]. 

Mechanisms associated with the inhibition of pathogenic microorganisms include: competition for 

nutrients; competition for adhesion sites; production of inhibitory metabolites; and the stimulation of the 

immune system [17]. 

LAB strains possess antagonistic activity against a large variety of microorganisms, including many 

pathogenic organisms and others associated with food spoilage [48]. This activity alone grants a larger 

shelf-life to many fermented foods [17]. Production of metabolites such as organic acids, diacetyl, 

hydrogen peroxide and bacteriocin or bacteriocidal proteins during fermentation are considered the main 

mechanisms [17]. 

Organic acids - such as lactic acid, acetic acid and propionic acid, are believed to exert their activity 

through interference with the maintenance of cell membrane potential; inhibition of active transport; and 

reduction of intracellular pH [17]. Gram-negative bacteria, and Gram-positive bacteria, yeasts and 

moulds are all possible targets of this action [17]. 

Aside from organic acids, LAB also produce hydrogen peroxide (H2O2), ethanol, carbon dioxide and 

diacetyl, which also have antimicrobial activity [49]; and bacteriocins, proteinaceous molecules that 

cause the death of other microorganisms through various mechanisms. They can target the cell 

membrane, inhibit its synthesis (as well as that of the cell wall) and depolarize it [17]. Gram-negative 
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bacteria may possess higher resistance to this action due to their additional protective barrier of 

lipopolysaccharide (LPS) of the outer membrane. Thus, inhibitory activity of these molecules is generally 

more effective against Gram-positive bacteria. Bacteriocins from Generally Regarded as Safe (GRAS) 

LAB have arisen as a novel approach to control pathogens in foods. This fact also owes to their status 

as natural food preservatives [17]. 

Aside from all these individual compounds, sheer high numbers of lactic acid bacteria (106 cfu ml-1) are 

capable of competing with pathogens for nutrients during the fermentation process [50]. This, associated 

with a decrease in pH, usually help produce an unfavourable environment for many pathogens [50]. 

In yeast-lactic fermentations, interactions between yeasts and LAB can result in the inhibition or 

elimination of undesirable microorganisms [17]. pH reduction by LAB species and production of 

inhibitory metabolites by both types of populations, results in an inhibition of spoilage and pathogenic 

microorganisms [51]. 

All these actions constitute additional hurdles to the successful development of pathogens or food 

spoilage bacteria in many foods. It is the collective action of all of these effects that defines the 

antimicrobial potential of a given food product [17]. However, while these combined effects can be of 

notice for food preservation, a number of pathogens have proven to be capable of tolerating the acidic 

conditions created by these starter microorganims [17]. As such, fermented products can still be in 

danger of contamination with undesirable microbiota. 

3.6 Hygiene and safety of kefir 

Most foodborne pathogens, while controlled through refrigeration or destroyed through pasteurization 

procedures, can still find ways of growing in fermented milk products depending on certain 

environmental factors [17]. These include pH, temperature, nutrients and addition of adjunct cultures 

and compounds, mainly LAB strains and/or selected antimicrobial agents [17]. 

Many pathogens have been shown to adapt to and survive the low pH conditions created by the activity 

of LAB strains [17]. Some pathogens are capable of acquiring acid tolerance. E. coli O157:H7 [52]; L. 

monocytogenes [53]; Salmonella spp. [54] and Staphylococcus aureus [52] are some of them. 

Most fermented milks, including kefir, are usually stored at temperatures ranging from 0ºC to 10°C [17]. 

While these temperatures are usually inhibitory to most undesirable microorganisms, some pathogens 

have been shown to grow in this range. L. monocytogenes, for example, is capable of growing at 

temperatures as low as 4 °C [55].  

Fermented milks are nutritious foods capable of supplying most of the essential amino acids, 

carbohydrates, fat and vitamins [56]. They also constitute a rather complete media for the development 

of pathogenic strains [17, 56]. Adding fruit and sugar to these media, as it commonly occurs in these 

products, provides additional sources that can be explored by microorganisms. L. monocytogenes, for 

example, is capable of using glucose as carbon and energy source [17]. A case of staphylococcal 

poisoning which occurred in France was attributed to the high sugar content of yogurt, which favoured 

the development of Staphylococcus aureus and the production of its toxins, while inhibiting LAB strains 

[17]. 

Ready-to-eat foods represent the food category of highest risk for the consumer, mainly due to the 

potential presence of foodborne bacteria. According to the European Food Safety Authority (EFSA) [16], 
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the most commonly reported setting for foodborne outbreaks in European member states was the 

consumer’s household [16]. Moreover, while Salmonella, E. coli and L. monocytogenes are among the 

most common foodborne pathogens in those member states, S. aureus is linked to human 

contamination of foods [19, 57]. Additionally, the bacterial pathogens of concern when conducting a 

challenge test in cultured dairy products with pH <4.7 (e.g., yogurt, buttermilk, kefir) are E. coli, 

Salmonella, L. monocytogenes and S. aureus [19]. 

3.6.1 Listeria monocytogenes 

Listeria monocytogenes are Gram-positive, non-spore forming, facultatively anaerobic, rod-shaped 

bacteria. They produce lactic acid, can resist low pHs, low temperatures, and low osmolarity conditions 

[58]. They are psychrotrophic, being able to thrive at refrigerated temperatures as low as 4 °C [55], 

although they grow best at 30-37 °C. They are also capable of withstanding pH values as low as 4.4 in 

laboratory media. Also, L. monocytogenes is widespread in the environment, having been isolated from 

a number of sources, including: decaying vegetation, soil, animal feed, sewage and water; foods (both 

raw and processed), including pasteurized milk and milk products, meat and meat products, fermented 

raw-meat sausages and raw vegetables [59]. All these facts cause this pathogen to be an important 

food-borne hazard. 

Listeriosis emerged as one of the major foodborne diseases in the past decades [59]. This name is the 

one generally given to any illness resultant from the consumption of L. monocytogenes in contaminated 

foods. Listeriosis usually occurs in humans as septicemia or meningitis. Newborns, elderly, pregnant 

women and immunocompromised hosts consist the most common targets of this disease [59]. 

This pathogen grows well at refrigeration temperatures and with minimal nutrients. It has been shown 

to survive in yogurt during fermentation times of 9 to 15h and 1 to 12 days of cold storage, depending 

on the size and starter culture inocula, the final pH, temperature and duration of the fermentation [17]. 

3.6.2 Staphylococcus aureus 

Strains belonging to Staphylococcus aureus are Gram-positive, facultatively anaerobic, non-

sporeforming cocci. S. aureus has been found in air, dust, sewage, water, milk and food. Some 

pathogenicity and virulence factors produced by this pathogen include staphylokinase, hyaluronidases, 

coagulases and haemolysins [60]. Staphylococcal food poisoning occurs when this pathogen’s pre-

formed toxins (named enterotoxins) are ingested. Food, equipment and environmental surfaces can all 

be sources of contamination. Among such food sources, the most prominent ones include meat and 

meat products, bakery products and milk and dairy products. 

Almost all staphylococcal foodborne disease outbreaks have had S. aureus as its cause [17]. High 

acidity and milk pasteurization were thought to be effective barriers against contamination by 

Staphylococcus aureus in yogurt [61]. However, it is now known that this pathogen can actually occur 

and survive in this product, either during processing or as postcontamination [17]. This same study also 

found that S. aureus was kept at stable numbers in yogurt during fermentation, but these started to 

decline during cold storage. This was attributed to the presence of inhibitory substances produced by 

the applied starter culture. Also, in this product, size of inoculum affects the survival of this pathogen: 

milk contaminated with 103 cfu ml-1 showed an absence of S. aureus after 48h storage period; and no 
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S. aureus was detected during the fermentation and storage of yoghurt made from milk inoculated with 

102 cfu ml-1 of this pathogen [17]. S. aureus also survived processing and the following 10-day 

refrigeration storage of yogurt produced using thermophilic, bacteriocin-producing starter. A significant 

increase in pathogen numbers was even noted in the first 2h of fermentation. 

3.6.3 Escherichia coli 

Escherichia coli are gram-negative, non-spore forming, motile, rod-shaped bacteria which normally 

colonize the intestinal tract of humans and other mammals. Organisms of this species are generally 

lactose fermentors, but sometimes the lactose fermentation is delayed [58]. While most strains are 

considered harmless, a few others are pathogenic, causing diarrhoeal diseases. These pathogenic 

strains can be generally divided into four groups, based on virulence properties, mechanisms of 

pathogenicity and clinical symptoms: enteropathogenic (EPEC), enteroinvasive (EIEC), enterotoxigenic 

(ETEC), and enterohaemorrhagic (EHEC) [17]. While all of them have been implicated in foodborne 

disease outbreaks, the latter group comprises strains related to the most severe foodborne illnesses 

[17]. Raw milks constitute one of the main food vehicles for this pathogen [14]. Pathogenicity of this 

organism is linked to its ability to attach and adhere to the large bowel and the production of verotoxin 

or Shiga-like toxins [62]. 

E. coli O157:H7 has been shown through several studies to adapt to acidic environments, low aw and 

refrigerated storage. This adaptability has been shown in many fermented dairy foods, such as: Yakult 

and low-fat yoghurt, cheese, sour cream, yoghurt, kefir, and buttermilk, where it has been shown to 

survive for several weeks. This demonstrates the potential health risks associated with contamination 

of various dairy foods with this organism [17]. 

3.6.4 Salmonella spp. 

Salmonella is a genus of bacteria belonging to the Enterobacteriaceae family. They are Gram negative, 

facultative anaerobic, non-spore forming, rod-shaped bacteria. With the exception of Salmonella thypi, 

these microorganisms ferment glucose with the production of acid and gas [58]. They do not, however, 

metabolize sucrose or lactose. These pathogens’ temperature growth range usually goes from 5ºC to 

38ºC, this last one being its optimum and they can stand pHs between 4 and 9 [58]. 

Food poisoning caused by Salmonella spp. constitutes its primary way of infection and is associated 

with foods such as raw meats, poultry, and milk and dairy products [60]. Most cases occur through poor 

temperature control, poor handling practices and/or cross-contamination. The intestinal tract of humans 

and animals constitute its primary reservoir. It is excreted in the faeces, where it can remain viable for 

several years. Diseases caused by Salmonella are generally called salmonellosis. Salmonella Typhi 

and Salmonella Paratyphi produce typhoid and typhoid-like fevers, with the first being fatal. The 

pathogenicity of Salmonella spp. is attributed to its enterotoxin and a cytocin [58]. 

Salmonella Typhimurium has been shown to induce adaptive responses to acids, salts, and 

temperature, with possible enhanced survival in harsh environments as consequence [54]. This includes 

resistance to organic acids [54], which enhances its survival in fermented dairy products. 
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3.7 Food challenge testing 

Pathogenic contamination of fermented milks, while possible to occur through air, is mainly due to 

contaminated equipments and packaging materials, poor handling practices and poor hygiene of the 

processing lines or of added ingredients, such as: fruit concentrates; honey; chocolate; and stabilizing 

agents [9, 14, 17]. Potential routes of contamination are usually considered when conducting a hazard 

analysis in order to determine the significant biological hazards. However, challenge testing must also 

be considered [18]. Several types of challenge studies that deal with the validation of food safety 

procedures, product storage conditions and shelf life exist. These vary according to study aims and 

depend on the type of product analysed and production procedures. Food safety-related challenge 

studies include: 

a) Pathogen growth inhibition studies: these allow to evaluate the ability of a particular food product 

formulation with a specific type of processing and packaging to inhibit the growth of certain bacterial 

pathogens when held under specific storage conditions (time and temperature).  

b) Pathogen inactivation studies: evaluate the ability of a particular food product formulation, a specific 

food manufacturing practice, or their combination, to cause the inactivation of certain bacterial 

pathogens. These studies may be impacted by food storage and packaging conditions and must account 

for these variables.  

c) Combined growth and inactivation studies: these studies evaluate the ability of a particular food or 

process to inactivate certain bacterial pathogens and to inhibit the growth of certain other pathogenic 

bacteria, or to achieve a level of inactivation followed by inhibition of the growth of survivors or 

contaminants introduced after processing [19]. 
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4. Materials and Methods 

4.1 Pathogenic bacteria strains and inocula preparation 

The bacterial strains used in this study were kindly provided by Faculdade de Medicina Veterinária, 

Universidade de Lisboa (FMV-UL). The following reference strains were used: Staphylococcus aureus 

ATCC 25923; Listeria monocytogenes CECT 935; Salmonella enteritidis CECT 4300; and Escherichia 

coli DSMZ 682. These strains were preserved in brain heart infusion (BHI) broth (Scharlau Chemie S.A., 

Barcelona, Spain) with 15% glycerol at −80 °C and were revivified before use. Briefly, each strain was 

inoculated in BHI broth and incubated at appropriate temperature (Table 1) for 24h and this procedure 

was performed twice. Strain characteristics were confirmed by colony morphology observation and 

Gram staining before use. Afterwards, each strain was streaked into BHI plates and incubated for 

another 24h at the same temperature. Finally, a single colony for each strain was, once again, inoculated 

in BHI broth and incubated overnight (same temperature – see Table 1). 

Table 1. Incubation temperatures used in this study for each used pathogenic 

microorganism. These temperatures follow the ISO norms indicated in the third column. 

Bacterial species Incubation temperature Reference 

L. monocytogenes 37ºC ISO 11290/2:1995 [63] 

S. aureus 37ºC ISO 6888:1983 [64] 

E. coli 42ºC ISO 16649/2:2005 [65] 

S. enteritidis 37ºC ISO 6579:2002 [66] 

 

Optical density at 600nm (OD600nm) was assessed (Pharmacia Biotech Ultrospec 2000, Virginia, United 

States of America) at different incubation times: 14h, 15.5h, 17h and 18.5h.  

Together with OD600nm measurements, Viable Cell (VC) counts were performed to enumerate bacteria. 

For that, 10-fold dilutions were performed from each overnight suspension and plated in BHI agar. 

Colonies were enumerated after 24h of incubation to confirm a concentration of 5 log cfu ml-1. 

The necessary dilutions would be performed in order to obtain an inocula with a concentration of 5 log 

cfu ml-1 of bacteria in Buffered Peptone Water (BPW) (Scharlau). 

4.2 Kefir sample preparation and inoculation with pathogenic bacteria  

The protocol used [47] was used with some modifications. Briefly, three grams of commercial lyophilized 

kefir starter culture (Nat-Ali Nature et aliments, Rezé, France) (Table 2) were added to 500 ml of ultra-

high temperature semi-skimmed milk (Auchan, Portugal) in sterilized glass bottles and mixed. In the test 

samples, milk was previously inoculated with 5 ml of one of the pathogens suspension (5 log cfu ml-1) 

before addition of kefir starter culture. Control samples were also prepared and monitored over time. 

The positive control sample consisted of milk inoculated with one of the pathogens and without kefir 

starter culture and the negative control sample consisting of milk with kefir starter culture and without 

inoculum. 
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Table 2. Lyophilized starter culture composition and use instructions 

Composition Powdered milk (resulting from biological agriculture), 

Lactococcus lactis, Streptococcus thermophilus, 

Lactobacillus, kefir yeasts, microbiota from kefir grains. 

Use instructions Lyophilized ferment, ideally prepared at environment 

temperature (23ºC) and ready for consumption after 24h in 

milk. It can be used five times to produce kefir by 

transferring samples of a prepared batch into new milk 

 

4.3 Microbiological methods for bacterial quantification 

All samples were incubated at 20ºC (Frilabo, France), simulating room temperature throughout the 

experiment. At 0h, 6h, 12h, 24h, 30h, 36h, 48h, 54h, 60h, 72h, 78h, 84h, 96h, 102h, 108h, and 120h 

samples were taken of test and control samples.  

All samples were prepared according to ISO 6887-2:2003 and decimal dilutions were performed in BPW 

(Scharlau Chemie S.A.). Subsequently, Ottavianni Agosti Listeria (ALOA) (Scharlau Chemie S.A.), 

Baird-Parker (Scharlau Chemie S.A.) and Hectoen (Scharlau Chemie S.A.) agar were used in spread 

plate technique for L. monocytogenes, S. aureus and S. enteritidis countings, respectively, while for E. 

coli the incorporation technique was used in tryptone bile glucuronic (TBX) agar (Scharlau Chemie S.A.). 

After 24h of incubation at appropriate temperatures (Table 1), colonies were enumerated in a 

stereoscopic magnifier. Aerobic mesophilic colony counts (AMC) were also performed according to the 

respective ISO norm [66], by incorporation plating in TGA (Scharlau Chemie S.A.) for test and negative 

control samples. After 48h of incubation at 30ºC, colonies were enumerated using a stereoscopic 

magnifier. Lactobacillus spp. enumeration was performed by the spread-plate technique in MRS agar 

(Scharlau Chemie S.A.) supplemented with 1% 2-3-5 triphenyltetrazolium (MilliporeSigma Canada Co., 

Ontario, Canada) and 5% thallium acetate (MilliporeSigma Canada Co.) after incubation at 30ºC for 48h 

for a UHT milk sample and a sample of prepared kefir with 24h of incubation at 20ºC. 

4.4 pH measurements  

Samples pH was assessed at the same sampling times as abovementioned for bacterial quantification. 

While the negative control samples pH was measured using a pH meter 9025 C (Hanna instruments, 

Italy), inoculated samples pH was measured using pH measuring tapes (Carlos Erba Reagents SAS, 

Val de Reuil, France).  

4.5 Data analyses 

Results of microorganism enumerations and pH readings were organized and converted into scatter 

plots in MS Excel 2010 software (Microsoft Corporation, Redmond, USA). 

N values (cfu ml-1) of all microbial cell counts were obtained according to the following formula [66]: 

N = ∑ a / V x (n1 + 0,1n2) x d, 

In which: 

 ∑ a is the sum of the colonies counted in each pair of plates of two successive dilutions (with at 

least 15 cfu in one of the plates); 
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 V is the volume of suspension placed in each petri dish; 

 n1 is the number of plates counted in the first dilution; 

 n2 is the number of plates counted in the second dilution; 

 and d is first dilution used (d=1 if liquid sample is used directly). 

Gradients for the exponential phases of cellular growth and cellular death were obtained through use of 

the following formula and calculus for each inoculation trial [67]: 

ln(𝑐𝑓𝑢. 𝑚𝑙−1)𝑡  =  ln(𝑐𝑓𝑢. 𝑚𝑙−1)𝑡0
+  𝜇(𝑡−𝑡0) (𝑡 − 𝑡 0 )    (=) 

(=)    𝜇(𝑡−𝑡0) =
 ln(𝑐𝑓𝑢.𝑚𝑙−1)

𝑡
− ln(𝑐𝑓𝑢.𝑚𝑙−1)

𝑡0

 (𝑡−𝑡0)
 

Also, for all trials, percentage of pathogen inhibition was calculated between the obtained gradients of 

inoculated kefirs and inoculated milks for each successfully linearized phase of growth using the 

following formula [68]: 

% 𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 = |

 𝜇(𝑡−𝑡0)𝑚𝑖𝑙𝑘
−  𝜇(𝑡−𝑡0)𝑘𝑒𝑓𝑖𝑟

𝜇(𝑡−𝑡0)𝑚𝑖𝑙𝑘

|  ×  100 
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5. Results and Discussion 

5.1 Inocula assessment 

The four pathogenic bacteria suspensions were monitored by Optical Density at 600 nm (OD600nm) 

measurements and Viable Cell (VC) counts, in order to be used as inocula for the kefir inoculation assay.  

Table 3. Values of OD600nm and VC counts of each suspension of pathogenic bacteria at four sampling 

points. 

 L. monocytogenes 
CECT 935 

S. aureus 
ATCC 25923 

E. coli 
DSMZ 682 

S. enteritidis 
CECT 4300 

Time (h) OD600nm log cfu ml-1 OD600nm log cfu ml-1 OD600nm log cfu ml-1 OD600nm log cfu ml-1 

14 0.790 9.204 0.983 7.971 1.285 9.146 1.104 9.146 

15.5 0.797 9.114 0.859 8.000 1.313 9.204 1.108 9.176 

17 0.790 9.230 0.842 8.114 1.316 9.342 1.123 9.255 

18.5 0.786 9.114 0.825 8.342 1.334 8.954 1.140 ND 

ND - Not Determined. 

OD600nm and VC counts revealed to be fairly similar during sampling time points for all strains, exhibiting 

slight variations. OD600nm values for S. aureus ATCC 25923 exhibited a decreasing trend, while for E. 

coli DSMZ 682 and S. enteritidis CECT 4300T an increasing trend was registered during the studied 

period of time. Nevertheless, VC counts exhibited an increasing trend for all strains (Table 3). 

VC and OD600nm values were not coincident in most cases. This is due to the nature of each method of 

determination: while OD600nm measures total biomass - living cells, dead cells, and extracellular debris; 

while the VC enumeration method only considers living cells [69]. Therefore, whenever possible, VC 

counts are the method of choice, not considering the delay in results (after 24h for most bacterial 

species). 

Results seem to indicate that all strains were in a stationary phase of growth during the considered time. 

Regarding the obtained VC values for each strain, prepared bacterial solutions contained, at least, 8 log 

cfu ml-1 after 14h of incubation. Because the desired inocula should have approximately 5 log cfu ml-1, 

a dilution was performed. 

 
Figure 1. Evolution of VC counts of the studied bacterial suspensions during sampled time points. Filled 

squares (■) correspond to L. monocytogenes CECT 935; filled circles (●) to samples contaminated with S. aureus 

ATCC 25923; unfilled circles (○) to S. enteritidis CECT 4300T contaminated samples; and filled triangles (▲) to E. 

coli DSMZ 682. 
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Nonetheless, a slight growing tendency can be noticed between 15.5h and 17h of incubation for all 

pathogens. These results are supported by Figure 1, in which all four strains’ viable cells counts are 

represented against time. Thus, an incubation time of 16 hours was chosen for obtaining bacterial 

suspensions with 5 log cfu ml-1 for kefir inoculation in the following assays. Consequently, directly 

applicable solutions were chosen to be produced using this same procedure by addition of a dilution 

step, so as to obtain new solutions containing, approximate, the desired bacterial load. 

5.2 pH measurements 

Exact pH measurements of negative control samples are shown in Figure 2. Approximate pH values 

representative of all three groups of samples, i. e., negative controls, positive controls and test samples, 

are shown in Table 4.  

 
Figure 2. Average and standard deviation of pH in negative control samples. 

Table 4. pH values of all inoculated kefir samples and respective controls. 

 pH 

Time (h) Negative Controls Contaminated Kefirs Positive Controls 

0 6.0 6.0 6.0 

24 4.5 - 5.0 4.5 - 5.0 6.0 

48 4.5 4.5 6.0 

72 4.0 - 4.5 4.0 - 4.5 5.7 

96 4.0 - 4.5 4.0 - 4.5 5.7 

120 4.0 - 4.5 4.0 - 4.5 5.7 

 

Initial pH of negative controls was around 6.5 (Figure 2), with values dropping to 4.5 to 4.0 after 24h 

and reaching around 4.0 after 48h, remaining there until the end of the study. Typical pH value of kefir 

is stated to be around 4.4 by the end of the active period of fermentation [26]. Here, this value was 

attained shortly after 24h (Figure 2). This is coincident with some studies [54], while in others, only 12h 

of fermentation were needed for the same result [70, 71]. However, it should be noted that many other 

variables – such as type and composition of the kefir starter culture, milk and origin and processing 

technology – can play a role in determining this parameter of the product. Nonetheless, and according 

to the product’s use instructions, these results are expected. 
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It should be noted that, while the decreasing tendency of this parameter in plain kefir samples (negative 

controls) is in accordance with that of the available literature and the results shown in Table 4, initial pH 

values are not coincident between both employed methods (Figure 2 and Table 4). Such discrepancies 

are, probably, majorly attributable to the inherent lack of accuracy of the used pH measuring paper, 

either due to certain ranges of values being identified as being the same, final value; or a reliance on 

the operator’s own discernment when distinguishing similar end-colorations. As such, this last method 

proves to be simply an estimate or indication, and, thus, not reliable enough for asserting pH values and 

their intrinsic variations in simultaneously analysed samples. 

Nevertheless, and as also shown by Table 4, the observable decreasing tendency in the kefir/milk 

samples containing kefir starter culture, is within the expected range of results, as supported by Figure 

2. It is also shown that, in the UHT milk samples inoculated with one of the used pathogenic reference 

strains (positive controls), no sharp reduction of the estimated range in pH is observable. These results 

seem to indicate that in this study final pH is, indeed, majorly determined by the inherent microbiota of 

the kefir starter culture. 

5.3 Aerobic mesophilic colony counts 

Aerobic mesophilic colony (AMC) counts of the negative control samples are presented in Figure 2. 

 

Figure 3. Average and standard deviation of AMC log cfu ml-1 in negative control samples. 

Regarding AMC counts (Figure 3) an increase is noticeable in the first 48h of fermentation. Initially 

approximately 1 log cfu ml-1 was detected, which increased to 3.6 log cfu ml-1 after 24h, reaching 7.7 log 

cfu ml-1 at 48h and stabilizing there. The initially low AMC counts obtained at time 0h relate to the nature 

of lyophilized cultures: most microorganisms were not found in a culturable state at this point, and had 

to adapt to the new environment factors, independently of the initial bacterial load of the starter [72]. In 

this last aspect, it should also be noted that the recommended ratio of commercial starter culture to milk, 

in kefir production, varies according to each manufacturer instructions, and is dependent on the nature 

of the microbial species included in the starter and on the starter culture concentration procedures [72]. 
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AMC counts in finished kefirs appear to revolve around 6 log to 8 log of bacteria [73]. Thus, the hereby 

obtained results are in accordance with those findings. However, a few similar studies have failed to 

obtain data on this parameter for unspecified reasons [54]. 

A study by [74] showed that, in kefir produced using kefir grains, while several changes in the prevailing 

groups of microorganisms occurred throughout the active period of fermentation, total counts of lactic 

acid bacteria and yeast remained throughout the study. In this study, the analysis of AMC counts was 

performed in order to monitor if the reduction of pathogen counts - to be shown in Section 5.5 - was 

accompanied by a reduction in the aerobic mesophilic microbiota of kefir. If so, pathogen death could 

be a result of a low pH or of a lack of nutrients after fermentation. AMC counts after pathogen’s death 

reveal that kefir still has available nutrients and an adequate pH for aerobic mesophilic bacteria. Also, 

when analysing the results obtained from negative control samples, it is possible to notice and relate 

the accentuated decrease of pH on the initial 48h (Figure 2) to increases in total microorganisms at 

30ºC for the same period of time (Figure 3). 

5.4 Lactobacillus spp. enumeration 

Members of the genus Lactobacillus are largely believed to possess probiotic characteristics – including 

production of antimicrobial substances, and are often associated with well-being and health [75]. Their 

presence in the used kefir starter could, thus, be associated with possible inhibition other than the effects 

related to pH decrease, also caused by these species of microorganisms [75]. As such, the quantification 

of Lactobacillus spp. in a prepared samples of kefir was analysed. 

Results revealed countings of Lactobacillus spp. of approximately 7 log cfu ml-1 in the prepared kefir 

sample. A total of 28 isolates of Lactobacillus spp. were recovered. All isolates were confirmed to be 

gram-positive, bacilliform bacteria, usually found in pairs and growing in aggregated structures (Data 

not shown). It was not possible to recover Lactobacillus spp. from the milk sample. 

However, kefir microorganisms are a probable cause of pathogen death when co-cultured in milk [26]. 

This action has been mainly attributed to the action of lactic acid bacteria (LAB) species, while yeasts 

usually confer stability to the product and pay no direct role in this action [51]. Main mechanisms include 

production of antimicrobial substances and, specially, production of organic acids – mainly lactic acid, 

which are responsible for a drop in initial pH of inoculated milk [17]. As such, the findings of this study 

are, once again, in accordance to the available literature. 

5.5 Pathogenic bacteria 

No pathogenic bacteria were recovered from negative control samples at any sampling time point 

(Annex III, Annex IV, Annex V and Annex VI). As such, all test runs and respectively collected data 

were validated. 

5.5.1 Inoculation with L. monocytogenes 

Results of enumeration of L. monocytogenes and AMC countings for samples inoculated with Listeria 

monocytogenes CECT 935 are shown in Figure 4. 
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Figure 4. Average and standard deviation of AMC counts in kefir samples and of L. monocytogenes counts 

in kefir and milk samples inoculated with L. monocytogenes CECT 935 for 120h. Filled squares (■) correspond 

to counts of L. monocytogenes in kefir samples, unfilled squares (□) to AMC counts in kefir samples and filled 

triangles (▲) to samples of inoculated UHT milk. 

In kefir samples, an increase in L. monocytogenes countings occurs in the first day of fermentation 

(Figure 4), with a peak occurring at the 24h mark. Afterwards, a gradually accentuating decrease was 

observed. Similarly, during the first 24h of fermentation, L. monocytogenes counts in the positive control 

samples (inoculated UHT milk) also increased and at a more marked pace than those of the inoculated 

kefir samples. However, and in contrast to the test samples, in inoculated UHT milk, countings continued 

to increase until 48h. After this increase, counts of L. monocytogenes in milk samples remained stable 

until the end of the experiment (Figure 4). AMC counts of these samples were also investigated. 

As can be observed in Figure 4, AMC counts remained high – approximately 8 log cfu ml-1 until the end 

of the experiment, while the initial values were of 3 log cfu ml-1. These initial values in kefir samples 

suggest that the kefir microbiota was not yet active, as previously suggested. This fact can be attributed 

to the nature of lyophilized cultures – whose microorganisms take, usually, 12h to 18h to become active 

at similar temperatures (23ºC) [71].  It can be considered that the used kefir starter culture influenced 

the growth of L. monocytogenes CECT 935 that was inoculated. 

The occurrence of a visible variation between test and positive control samples was statistically 

assessed. Gradients of cellular growth and/or cellular death and percentage of L. monocytogenes 

inhibition for each of the 24h segments presented in Figure 4 until 72h of incubation were calculated. 

Results of this analysis are presented in Table 5. 

Table 5. Gradients of cellular growth and cellular death and percentage of inhibition of L. monocytogenes 

in each 24h segment until 72h. 

  Positive Control Test Sample  

t0 (h) tf (h) (log.cfu.ml-1)t0 (log.cfu.ml-1)tf µ(tf-t0) (h-1) (log.cfu.ml-1)t0 (log.cfu.ml-1)tf µ(tf-t0) (h-1) % Inhibition 

0 24 3.228 6.846 0.151 3.186 6.191 0.125 16.96 

24 48 6.846 8.207 0.057 6.191 6.069 -0.005 108.94 

48 72 8.207 8.188 -0.001 6.069 5.028 -0.043 5357.37 

A few other studies relating to survival of L. monocytogenes in kefir or other demanding environments 

have been, previously, performed. In the study conducted by [47] the ability of single strains of Listeria 
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monocytogenes, Staphylococcus aureus, Escherichia coli O157:H7, Salmonella enteritidis and 

Salmonella typhimurium to survive the process of kefir fermentation at 20ºC was assessed. Results 

showed that Listeria monocytogenes was detected in kefir samples in all sampled time points for 72h, 

although total microbiota of kefir was not examined. 

Similarly, [70] had also assessed the inhibitory activity of kefir during production with kefir grains. Strains 

of L. monocytogenes, S. aureus, E. coli and Bacillus cereus were used as inocula and the selected 

fermentation temperature was 25ºC. Microbial countings were performed every 4h from 0h to 30h of 

fermentation at that temperature. As with the results obtained in the present study, a small increase in 

L. monocytogenes countings was observed in test samples, before stabilizing at that maximum value, 

and then declining until the end of the experiment. In the case of [70] this process happened at a much 

faster pace: at the 12h mark, L. monocytogenes counts were reaching their peak value - when pH began 

to stabilize around 4.0 to 4.5. A decrease was observed at as soon as 24h of incubation, whereas in the 

present study, 48h to 72h of fermentation seem to have been needed for this very same occurrence. 

Temperature of fermentation and nature of starter may be concurrent facts to explain the different 

results. 

5.5.2 Inoculation with S. aureus 

Results of S. aureus and AMC countings for samples inoculated with Staphylococcus aureus ATCC 

25923 are shown in Figure 5. 

 
Figure 5. Average and standard deviation of AMC counts in kefir samples and of S. aureus counts in kefir 

and milk samples inoculated with S. aureus ATCC 25923 for 120h. Filled squares (■) correspond to counts of 

S. aureus in kefir samples, unfilled squares (□) to AMC counts in kefir samples and filled triangles (▲) to samples 

of inoculated UHT milk.  

Results shown in Figure 5 seem similar to the results obtained in the L. monocytogenes assay. While 

for L. monocytogenes a decrease was observed in the period raging from 24h to 48h, in the case of S. 

aureus, an increase was verified. This increase, may possibly be attributed to a higher resistance of S. 

aureus ATCC 25923 to the applied experimental conditions comparatively to L. monocytogenes CECT 

935. In milk samples, however, S. aureus counts exhibit an increasing trend, as observed for L. 

monocytogenes. As for AMC countings in kefir, stabilization occurs between 24h and 48h and remains 

for the rest of the experiment (Figure 5). 
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As was the case with L. monocytogenes, S. aureus growth seems to be negatively influenced by kefir. 

Thus, gradients of cellular growth and/or cellular death and percentages of inhibition were calculated for 

all three presented measurement intervals and are desplayed in Table 6. 

 

Table 6. Gradients of cellular growth and cellular death and percentage of inhibition of S. aureus in each 

24h segment until 72h. 

  Positive Control Test Sample  

t0 (h) tf (h) (log.cfu.ml-1)t0 (log.cfu.ml-1)tf µ(tf-t0) (h-1) (log.cfu.ml-1)t0 (log.cfu.ml-1)tf µ(tf-t0) (h-1) % Inhibition 

0 24 3.211 6.026 0.117 3.383 5.029 0.069 41.50 

24 48 6.026 7.144 0.047 5.029 5.513 0.020 56.75 

48 72 7.144 8.537 0.058 5.513 3.442 -0.086 248.67 

From this table, and by comparison with the results obtained for L. monocytogenes, it can be seen that 

the growth rate of the latter was superior to that of S. aureus between 0h and 24h of incubation time for 

both inoculated kefir and milk samples. However, differences in growth rates for both types of samples 

were superior in those corresponding to the assay with S. aureus and, thus, corresponding to a higher 

percentage of inhibition on this time interval (0h – 24h). Inhibition values were also superior in the other 

two intervals for this pathogen when compared to L. monocytogenes. 

In the study of [47], S. aureus was detected in kefir samples until 24h of fermentation time. From the 

following measurement time (48h) onwards, S. aureus could not be detected. Results obtained in the 

present study differ from these results: S. aureus countings were, still, performed until 96h of incubation 

time. Also, and despite S. aureus countings at 120h being inferior to 1 cfu ml-1, it is possible that the 

detection method could have revealed the presence of S. aureus at that sampling time point (120h). 

Discrepancies in these studies may result from use of different pathogenic strains and different raw 

materials for kefir production. 

5.5.3 Inoculation with E. coli 

Results of E. coli and AMC counts for samples inoculated with Escherichia coli DSMZ 682 are shown in 

Figure 6. 

 

Figure 6. Average and standard deviation of AMC counts in kefir samples and of E. coli counts in kefir and 

milk samples inoculated with E. coli DSMZ 682 for 120h. Filled squares (■) correspond to counts of E. coli in 

kefir samples, unfilled squares (□) to AMC counts in kefir samples and filled triangles (▲) to samples of inoculated 

UHT milk.  
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Slightly higher countings of E. coli are noticeable in kefir samples comparatively to those of milk during 

the first 24h of incubation. Then, an increase in E. coli counts in milk can be seen, while an accentuated 

decreasing tendency is noted for kefir samples. 

As depicted in Figure 6, high numbers of AMC counts were still found in both types of samples by 48h, 

which extended until the end of the experiment (Figure 6). 

Gradients of cellular growth and/or cellular death and percentage of inhibition of E. coli between both 

sets of samples were also calculated and are presented in Table 7. 

Table 7. Gradients of cellular growth and cellular death and percentage of inhibition of E. coli in each 24h 

segment until 72h. 

  Positive Control Test Sample  

t0 (h) tf (h) (log.cfu.ml-1)t0 (log.cfu.ml-1)tf µ(tf-t0) (h-1) (log.cfu.ml-1)t0 (log.cfu.ml-1)tf µ(tf-t0) (h-1) % Inhibition 

0 24 2.275 3.822 0.064 2.318 4.771 0.102 58.63 

24 48 3.822 6.813 0.125 4.771 3.241 -0.064 151.13 

 

As is suggested by Table 6, inhibition of E. coli occurred in kefir samples in comparison to milk samples 

between 24h and 48h of incubation, being, in this period, higher than that of L. monocytogenes and S. 

aureus. E. coli counts of 0 log of bacteria were obtained for this pathogen at the 72h and 96h, while the 

previous two strains reached these values only at 120h of incubation. 

[47], who used E. coli O157:H7 in their study, found that it survived until 72h of fermentation in kefir 

produced with kefir grains during the product’s formation. No more analysis were performed for this 

pathogen in the referred study. These findings are in accordance with the present study. 

5.5.4 Inoculation with S. enteritidis 

Results of S. enteritidis and AMC counts for samples inoculated with S. enteritidis CECT 4300T are 

shown in Figure 7. 

 
Figure 7. Average and standard deviation of AMC counts in kefir samples and of S. enteritidis counts in 

kefir and milk samples inoculated with S. enteritidis CECT 4300T for 120h. Filled squares (■) correspond to 

counts of S. enteritidis in kefir samples, unfilled squares (□) to AMC counts in kefir samples and filled triangles (▲) 

to samples of inoculated UHT milk.  
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In the case of S. enteritidis CECT 4300T, contrarily to the other three species, only one assay was 

successfully completed until 120h. As such, results are less representative than those of the other 

strains. From the analysis of Figure 7, a sharp decrease in S. enteritidis counts in kefir comparatively 

to milk was observed, while AMC counts exhibited an increase and remained stable. Implications of 

these results have already been discussed for the other strains, which also apply to the assays of S. 

enteritidis. As such, gradients of cellular growth and/or cellular death and percentage of inhibition for 

this pathogen in both media were also analysed. Results are presented in Table 7. 

 

Table 8. Gradients of cellular growth and cellular death and percentage of inhibition of S. enteritidis in each 

24h segment until 72h. 

  Positive Control Test Sample  

t0 (h) tf (h) (log.cfu.ml-1)t0 (log.cfu.ml-1)tf µ(tf-t0) (h-1) (log.cfu.ml-1)t0 (log.cfu.ml-1)tf µ(tf-t0) (h-1) % Inhibition 

0 24 3.127 7.164 0.168 3.097 6.124 0.126 25.02 

24 48 7.164 8.633 0.061 6.124 3.658 -0.103 267.87 

48 72 8.633 8.737 0.004 3.658 0 -0.152 3641.07 

 

S. enteritidis had the highest percentage of inhibition for the time of 24h to 48h and the most accentuated 

gradients of death in kefir samples at both this interval and the one from 48h to 72h, while for the first 

period of 24h of fermentation, results were only superior to those of L. monocytogenes. S. enteritidis 

CECT 4300T was, of all four studied pathogenic strains, the one with the highest percentage of inhibition. 

In the study of [47] S. enteritidis was only detected at 24h after fermentation. Once again, differences in 

these results may be explained by use of different pathogenic strains in both studies, differing raw 

materials for production of the kefir samples; and, consequently, differing values in final pH of samples 

at the studies. Also, in this study, the enumeration method was used, while in [47] detection was 

performed. In another study by [54] in which kefir samples were inoculated with S. typhimurium, which 

was then enumerated, results showed that it was possible to recover the pathogen after six days of 

analysis. As abovementioned, these differences might be due to different starter culture composition, 

as distinct starter cultures were used. 
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6. Conclusion 

All four pathogenic strains studied in this work, i. e., L. monocytogenes CECT 935, S. aureus ATCC 

25923, E. coli DSMZ 682 and S. enteritidis CECT 4300T, were shown to be inhibited when 

experimentally inoculated in kefir, revealing that this dairy drink, when prepared with commercial starter 

cultures, possesses inhibitory activity against potentially contaminanting pathogenic bacteria. pH 

monitoring revealed that kefir samples exhibited a decrease, reaching steady values of 4.0 - 4.5 from 

72h onwards. AMC counts revealed an increasing trend of growth in kefir samples inoculated with 

pathogens throughout the studied time frame of 120h. As expected, no pathogenic bacteria were 

recovered from negative samples in any of the sampled time points. Of the four inoculated pathogens, 

S. enteritidis CECT 4300T was the one that revealed the most prompt inhibition, at 72h, followed by E. 

coli DSMZ 682 at 96h and by L. monocytogenes CECT 935 and S. aureus ATCC 25923, both at 120h. 

However, an increase in pathogen countings was detected for all four strains, with a peak occurring at 

24h. This peak coincides with the time indicated on the used starter culture for conclusion of the 

fermentation process and, thus, for consumption of the beverage. Safety of these dairy food products 

may be compromised by a contamination occurring during production of the fermentation mixture, 

especially if the drink is to be consumed after 24h of incubation.  
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8. Annexes 

 

Annex I – Exact pH readings of negative controls. 

  pH 

Time (h) Assay 1 Assay 2 Assay 3 Assay 4 Mean Value Standard Deviation 

0 6.64 6.63   6.40 6.557 0.104 

24 5.10 4.80 4.90 4.46 4.815 0.185 

48 4.45 4.53 4.06 4.16 4.300 0.190 

72 4.26 4.30 4.05 4.32 4.233 0.091 

96 4.30   4.34 4.320 0.020 

120 4.04 3.97   4.30 4.103 0.131 
 

 

Annex II – AMC counts in negative controls samples. 

 Assay 1 Assay 2 Assay 3 Assay 4 Mean Value 

Time (h) cfu ml-1 log cfu ml-1 cfu ml-1 log cfu ml-1 cfu ml-1 log cfu ml-1 cfu ml-1 log cfu ml-1 log cfu ml-1 

0 ND ND ND ND ND ND 8.18E+02 2.913 0.728 

24 ND ND ND ND 5.94E+06 6.774 6.22E+07 7.794 3.642 

48 1.10E+08 8.041 4.55E+07 7.658 1.44E+07 7.157 8.45E+07 7.927 7.696 

72 2.03E+07 7.307 1.96E+07 7.293 1.20E+07 7.079 6.20E+07 7.792 7.368 

96 2.60E+07 7.415 2.00E+07 7.301 5.34E+06 6.727 5.20E+07 7.716 7.290 

120 2.15E+07 7.332 2.15E+07 7.332 6.29E+06 6.799 9.27E+07 7.967 7.357 
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Annex III – Enumeration of Listeria monocytogenes in kefir and UHT milk samples inoculated with L. monocytogenes CECT 935. 

 Plain kefir Inoculated kefir Inoculated milk 

 Mean Assay 1 Assay 2 Assay 1 Assay 2 

Time (h) log cfu ml-1 cfu ml-1 log cfu ml-1 cfu ml-1 log cfu ml-1 cfu ml-1 log cfu ml-1 cfu ml-1 log cfu ml-1 

0 0 1.09E+03 3.037 2.16E+03 3.334 1.32E+03 3.121 2.16E+03 3.334 

6 0 1.90E+03 3.279   2.70E+03 3.431   

24 0 1.08E+06 6.033 2.23E+06 6.348 2.72E+06 6.434 1.81E+07 7.258 

48 0 9.04E+05 5.956 1.52E+06 6.182 1.05E+08 8.022 2.47E+08 8.393 

72 0 2.19E+05 5.341 5.20E+04 4.716 1.00E+08 8.000 2.38E+08 8.377 

96 0 2.66E+03 3.425 1.80E+02 2.255 1.18E+08 8.073 1.40E+08 8.146 

120 0 0 0 0 0 9.36E+07 7.971 8.20E+07 7.914 
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Annex IV – Enumeration of Staphylococcus aureus in kefir and milk samples inoculated with S. aureus ATCC 25923. 

 Plain kefir Inoculated kefir Inoculated milk 

 Mean Assay 1 Assay 2 Assay 1 Assay 2 

Time (h) log cfu ml-1 cfu ml-1 log cfu ml-1 cfu ml-1 log cfu ml-1 cfu ml-1 log cfu ml-1 cfu ml-1 log cfu ml-1 

0 0 9.40E+02 2.973 6.20E+03 3.792 5.80E+02 2.763 4.56E+03 3.659 

6 0 2.20E+03 3.342   3.40E+03 3.531   

10 0 7.40E+03 3.869   8.00E+03 3.903   

24 0 2.86E+05 5.456 4.00E+04 4.602 1.50E+06 6.176 7.50E+05 5.875 

30 0 3.10E+05 5.491   1.10E+07 7.041   

34 0 3.30E+05 5.519   1.90E+07 7.279   

48 0 1.44E+05 5.158 7.37E+05 5.867 9.70E+06 6.987 2.00E+07 7.301 

54 0 4.30E+04 4.633   9.30E+07 7.968   

58 0 5.40E+03 3.732   1.10E+08 8.041   

72 0 4.50E+02 2.653 1.70E+04 4.231 2.74E+08 8.438 4.32E+08 8.635 

78 0 1.50E+02 2.176   2.80E+08 8.447   

82 0 3.00E+01 1.477   2.50E+08 8.398   

96 0   4.40E+02 2.643   7.10E+08 8.851 

120 0   0 0   7.70E+08 8.886 
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Annex V – Enumeration of Escherichia coli in kefir and milk samples inoculated with E. coli DSMZ. 

 Plain kefir Inoculated kefir Inoculated milk 

 Mean Assay 1 Assay 2 Assay 1 Assay 2 

Time (h) log cfu ml-1 cfu ml-1 log cfu ml-1 cfu ml-1 log cfu ml-1 cfu ml-1 log cfu ml-1 cfu ml-1 log cfu ml-1 

0 0 2.70E+03 3.431 1.60E+02 2.204 1.10E+02 2.041 3.23E+02 2.509 

6 0 4.50E+03 3.653   5.60E+03 3.748   

12 0 1.90E+04 4.279   1.00E+04 4.000   

24 0 1.50E+05 5.176 2.32E+04 4.365   2.20E+03 3.342 

30 0 1.10E+05 5.041   2.30E+05 5.362   

36 0 3.80E+04 4.580   2.60E+05 5.415   

48 0 3.80E+04 4.580 8.00E+01 1.903 ND  6.50E+06 6.813 

54 0 1.40E+04 4.146       

60 0 8.10E+03 3.908       

72 0 1.50E+03 3.176 0 0.000 ND  ND  

78 0 8.20E+02 2.914       

96 0   0 0.000 5.00E+09 9.699 4.13E+08 8.616 

102 0 5.00E+01 1.699       

120 0   0 0.000   2.65E+08 8.424 
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Annex VI – Enumeration of Salmonella enteritidis in kefir and milk samples inoculated with S. enteritidis CECT 4300T. 

 
Plain kefir Inoculated kefir Inoculated milk 

 Mean Assay 1 Assay 2 Assay 3 Assay 1 Assay 2 Assay 3 

Time (h) log cfu ml-1 cfu ml-1 log cfu ml-1 cfu ml-1 log cfu ml-1 cfu ml-1 log cfu ml-1 cfu ml-1 log cfu ml-1 cfu ml-1 log cfu ml-1 cfu ml-1 log cfu ml-1 

0 0 6.40E+02 2.806 1.16E+03 3.064 1.25E+03 3.097 5.80E+02 2.763 1.42E+03 3.152 1.34E+03 3.127 

6 0 1.90E+03 3.279 3.20E+03 3.505   2.70E+03 3.431 3.30E+03 3.519   

12 0 4.10E+04 4.613 4.70E+04 4.672   2.00E+04 4.301 2.70E+04 4.431   

24 0 4.76E+05 5.678 7.50E+05 5.875 1.33E+06 6.124 4.44E+06 6.647 4.16E+06 6.619 1.46E+07 7.164 

30 0   8.70E+04 4.940      3.20E+07 7.505   

36 0   1.60E+05 5.204      1.60E+07 7.204   

48 0     4.55E+03 3.658      4.30E+08 8.633 

54 0   1.20E+04 4.079      3.50E+08 8.544   

72 0     0 0      5.45E+08 8.737 

96 0     0 0      3.45E+08 8.538 

120 0         0 0         3.00E+08 8.477 

  

Annex VII – AMC counts in kefir samples respectively inoculated with L. monocytogenes CECT 935. S. aureus ATCC 25923. E. coli DSMZ 682 and S. enteritidis CECT 4300T. 

 L. monocytogenes S. aureus E. coli S. enteritidis 

Time (h) cfu ml-1 log cfu ml-1 cfu ml-1 log cfu ml-1 cfu ml-1 log cfu ml-1 cfu ml-1 log cfu ml-1 

0 2.71E+03 3.433 3.00E+03 3.477 2.85E+03 3.455 2.91E+03 3.464 

24 1.05E+08 8.023 2.69E+07 7.430 1.50E+07 7.176 1.90E+07 7.294 

48 1.11E+08 8.045 6.74E+07 7.828 2.00E+07 7.301 2.00E+07 7.301 

72 1.00E+08 8.000 5.95E+07 7.775 1.59E+07 7.202 1.35E+07 7.132 

96 7.90E+07 7.898 4.43E+07 7.646 1.01E+07 7.004 1.65E+07 7.219 

120 7.91E+07 7.898 4.15E+07 7.618 1.34E+07 7.126 1.26E+07 7.102 

 


