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Abstract Kefir grains originate from the Caucasus region and are used for preparing
beverages using sugar solution, milk, and fruit juice. As long as they are formed by a
microbial consortium useful in the intestine, the produced drinks can be called probiotics.
The aim of this study was to determine the antimicrobial activity during kefir fermentation
in sugar broth. Fermentations with three kinds of carbohydrates (molasses, demerara sugar,
and brown sugar) as carbon source were carried out. Brown sugar promoted the greatest
antimicrobial activities, producing inhibition halos corresponding to 35, 14, 12, 14, and
14 mm for Candida albicans, Salmonella typhi, Shigella sonnei, Staphylococcus aureus,
and Escherichia coli, respectively. Different carbon source concentrations and the time of
fermentation influenced the size of the inhibition halos of the pathogenic microorganisms.
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Introduction

Kefir is a natural mixed culture used for centuries in the Caucasus Mountains of Russia,
which lie between the Black Sea and the Caspian Sea. It is a self-carbonated and slightly
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refreshing beverage that can be made with fruit juice, molasses, sugar, and any kind of milk
such as cow, goat, sheep, camel, buffalo, or soy milk [1, 2]. The fermentation is initiated by
white or yellow grains resembling cooked rice or small cauliflower heads. The grains are
insoluble in water, gelatinous and with irregular size, and tend to precipitate at the bottom
of the fermentation broth [3, 4]. These grains are composed of a matrix of different
exopolysaccharides, denominated kefiran [5, 6]. The size of kefir grains ranges between 0.3
and 3.5 cm in diameter, and its chemical composition is (% w/w): water (89–90), lipids
(0.2), proteins (3.0), sugar (6.0), and ash (0.7) [7]. These grains can be persevered by
freezing, lyophilization, and refrigeration.

Kefir beverage differs from other fermented ones as it is not the result of the metabolic
activity of a single species but is made from kefir grains, which are composed of various
microorganisms. In kefir grains, there is a symbiotic association of microorganisms
belonging to a diverse spectrum of species and genera including lactic acid bacteria
(Lactobacillus, Lactococcus, and Leuconostoc), yeast (Kluyveromyces, Candida, Saccha-
romyces, and Pichia), and sometimes acetic acid bacteria (Acetobacter) [8, 9]. The presence
of Torulaspora, Torula, and Debaryomyces in kefir grains has also been reported [4, 10].

The microbes in kefir grains are able to produce lactic acid, acetic acid, ethanol, peptides
(bacteriocins), and other biologically active components that increase the storage capability
of milk and inhibit the growth of undesirable and pathogenic microbes [9]. There are data to
show that many lactobacilli are capable of producing a wide range of antimicrobial
compounds that may be used in the treatment and prevention of vaginal infections [11].

The behavior of three selected food-borne pathogens, Escherichia coli, Listeria
monocytogenes, and Yersinia enterocolitica, was monitored after being added to fermented
and pasteurized kefir. The microorganism concentration increased in 1-day-fermented kefir,
but only E. coli increased in 2-day-fermented kefir during fermentation. Y. enterocolitica
was the most susceptible strain that was present in 1-day-fermented kefir for at least
14 days [12]. Lactic acid bacteria, also present in the kefir consortium, are known to
produce antimicrobial compounds such as bacteriocins. This microorganism showed good
antimicrobial activity against the Gram-positive microorganisms Bacillus cereus, Staphy-
lococcus aureus, and L. monocytogenes as well as the Gram-negative microorganisms
Pseudomonas aeruginosa, Vibrio parahaemolyticus, and Aeromonas hydrophila [13]. Other
authors produced bacteriocins with bacilli homo-fermentative, catalase negative and
microaerophilic in nature, with the antimicrobial compound showing a broad inhibitory
spectrum against L. dyacetilactis and B. cereus [14].

Some studies refer to kefir’s antimicrobial activity and suggest that the probiotic might
influence the gastrointestinal disorders of humans, such as with ulcers and diarrhea [14].
Supposedly, some inhibitory compounds of the kefir beverage, such as bacteriocins,
hydrogen peroxide, and organic acids might be responsible for killing pathogenic
microorganisms. In addition, kefir might also promote competitive adhesion to the
gastrointestinal epithelium surface [15]. Lactobacillus isolated from kefir showed
antimicrobial activity against Enterobacteria and verified that ingestion of kefir specifically
lowered microbial populations of Enterbacteriaceae and Clostridia [1].

The northeast of Brazil has the largest infant mortality rate of the country (in 2005, there
were 31.5 deaths/1,000 births, and the forecast for 2008 is 26.4 deaths/1,000 births) [16].
The Community Organization Pastoral da Criança distributes kefir grains to mothers with
children affected with gastrointestinal diseases and recommends the addition of
approximately 1.2 g of kefir grains in aqueous brown sugar solution (10 g/l), giving the
children the fermented broth 24 h later. The Brazilian northeast region has a strong alcohol–
sugar cane industry. Products and by-products of this industry are readily available in the
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regional market. In the sugarcane-to-sugar process, molasses can be obtained, which is a
thick by-product containing 46.0% sugar, 3.0% protein, 65.0% nitrogen-free extract, and
8.1% ash [17]. In the sugar production process, mainly during the extraction and refining
steps, clarifier, de-surfactant, precipitator, and preservatives are added, which remain after
the refining step. Brown sugar is a sucrose sugar product with a distinctive brown color due
to the presence of 3.5% molasses (light brown sugar) and up to 6.5% molasses (dark brown
sugar). Opposite to refined sugar, brown sugar has no refining step in the processing [18].
Demerara sugar is an intermediate sugar between refined and brown sugar. This sugar is a
partially refined soft sugar consisting of sugar crystals with some residual molasses or
produced by the addition of molasses to refined white sugar.

The price of brown sugar in the local market is $2.98 per kilogram; however, demerara
sugar and molasses cost $1.49 and $0.60 per kilogram, respectively. Kefir grows better in
sugar with no or limited refining step. The goal of this study was to analyze the
antimicrobial activity of kefir grains in the same conditions recommended by the
Community Organization Pastoral da Criança in different kinds and concentrations of
sugar in order to combat pathogenic microorganisms that cause gastrointestinal disorders
and buccal candidiasis.

Materials and Methods

Kefir Culture The kefir grains used in this study, obtained from the Community
Organization Pastoral da Criança in Aracaju, Sergipe, Brazil were maintained at the
Laboratory of Bioprocess Engineering from the Institute of Science and Technology in
Aracaju, Sergipe, Brazil. Kefir grains were grown at room temperature in a brown sugar
solution (10 g/l). The solution was sterilized at 121 °C for 15 min.

Fermentation Process The kefir grains were cultivated in 250-ml Erlenmeyer flasks
containing 200 ml of different sugar solutions (10 g/l) of brown sugar, demerara, and
molasses, as well as in pH 6.0 (adjusted to 5.0 using HCl 0.1 M and NaOH 0.1 M) and at
room temperature. Subsequently, the fermentation procedures were repeated using brown
sugar and molasses concentrations (2, 5, 8, 10, 12, and 15 g/l). An initial amount of 1.2 g
(0.12 g on dry weight bases) of kefir grains (0.38±0.10 mm) was inoculated in each flask.

Assays The pH value was determined using a digital pH meter. Biomass was assayed for
moisture content by drying at 105 °C until constant weight. Reducing and non-reducing
sugar were determined by the Lane–Eynon methods. All determinations were performed in
triplicate (the standard deviations were <0.2) [19].

Antimicrobial Activity When fermentation reached the desired endpoint, the broths were
used to determine the antimicrobial activity. Ketoconazole (50 μg/ml) and Chloramphenicol
(30 μg/ml) were used as antimicrobial compounds for fungi and bacteria (control),
respectively. They were chosen based on their availability at the Centers of Basic
Assistance in Health of the Brazilian Public Health System. The target microorganisms, E.
coli (CCT-0355), S. typhi (CCT-1511), Staphylococcos aureus (ATCC-6533), Shigella
sonnei (CCT-1484), and C. albicans (ATCC-76645) were grown in Bushell–Hass medium
(composition, g/L: MgSO4, 0.2; CaCl2, 0.02; KH2PO4, 1.0; (NH4)2HPO4, 1.0; KNO3, 1.0;
and FeCl3, 0.05) until a similar optical density of 0.5 (MacFallen scale). Suspensions (1 ml)
of these target microorganisms were uniformly spread on the plates (Müller–Hinton
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medium and Sabouraud medium for bacteria and fungi, respectively), and wells of 6 mm in
diameter were formed with a sterile glass tube by means of a vacuum pump. Samples of
fermented broth (50 μl) were then transferred into the wells in the agar plates previously
inoculated with the target microorganisms. The plates were then incubated at 37 °C. The
diameter of inhibition halo was measured after 24–48 h [20]. All determinations were
performed in triplicate (the standard deviations were <1.5).

Results and Discussion

During the fermentation process, a gradual increase in the acidification broth from pH 6.91
to 2.12 was observed for all sugars used in this investigation (Fig. 1). Some authors have
also verified a decrease of pH after 18 h of fermentation when kefir lyophilized grains were
used, even though the minor pH value had been 4.88 [9]. Other authors utilized kefir grains
(2.50 g/l) in sugar cane broth (12% w/v)-to-ethanol production and demonstrated that the
pH changed from an initial 4.95 to 4.48 after 7 days of fermentation [21]. The acidity
increase was due to the conversion of the carbohydrates to alcohol (action of yeasts of the
consortium) and to the subsequent formation of organic acids, such as acetic acid (action of
bacteria of the consortium).

The non-reducing sugar was probably converted enzimatically to reducing sugar, and
this carbohydrate concentration increased until the end of fermentation. Each sugar
substrate was assessed by the determination of the produced biomass and residual sugar
(reducing and non-reducing sugar) at the end of fermentation, and the by-product as
acetic and lactic acid (checked by monitoring the value of pH). It was observed that the
conversion of initial sugar in these products and by-products was 11.06%, 28.19%, and
77.04% for demerara sugar, brown sugar, and molasses, respectively. However, the
biomass yield had an opposite evolution of 0.58, 0.27, and 0.15 g/g, respectively. The
pH value, at the end of fermentation, was 2.12, 2.79, and 3.28 g/g for demerara sugar,
brown sugar, and molasses, respectively. Conversion of sucrose and glucose mixtures
using kefir grains were above 98.7%, and the biomass yield was between 0.43 and
0.65 g/g [2]. The residual sugar at the end of fermentation was due to the possible
inhibitory effects of the fermentation by-products (alcohols and acids, amongst others), the
presence of unfermented sugar, the sugar refining step, or other nutrient starvation, since
the media used in this study had the same composition with that recommended by the
Community Organization Pastoral da Criança, containing only sugar. This finding cor-
roborates the data found in literature [18].

Table 1 shows the action of fermentation broth on different pathogenic micro-
organisms, which were used as target microorganisms (E. coli, S. sonei, and S. thyphi)
and are known to promote gastrointestinal disorders like diarrhea. This disease is still the
most prevalent and important public health problem in developing countries despite
advances in knowledge, understanding, and management that have developed during
recent years [22]. Usually, the problem is associated with the ingestion of food con-
taminated with infectious or toxigenic microorganisms (S. aureus and S. sonei) and is a
major cause of morbidity and a serious cause of death throughout the world [23, 24]. The
yeast C. albicans is present in the human buccal cavity of children. The interaction of this
microorganism with mucosal cells is believed to be one of the critical initial events in the
development of candidiasis [25, 26]. In this research, the effect of type and sugar con-
centration on antimicrobial activity, using the target microorganisms cited, was
investigated. It was observed that the largest amount of pathogenic microorganisms was
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inhibited in the fermentation broth of brown sugar after 144 h. The inhibition halo zones
for C. albicans, S. typhi, S. sonnei, E. coli, and S. aureus were 28, 12, 12, 12, and 14 mm,
respectively, as shown in Table 1. Ketoconazole promoted a halo zone for fungal
inhibition lower than those submitted to the fermented broth, and chloramphenicol
presented a halo zone of bacterial inhibition of 16 mm, with this value being very close to
what is found when using fermented broth (12 mm). The bacteria used as target
microorganisms were resistant because S. typhi, S. sonnei, and E. coli were not inhibited
with this antimicrobial agent.

A medium consisting of sugar only is not efficient for biomass production in
fermentation carried out under oxygen-limited conditions (no agitation or air supply)
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Fig. 1 Results of fermentation
by kefir grains using demerara
sugar (A), brown sugar (B), and
molasses (C) in the concentration
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where alcoholic and lactic acid fermentation should be favored over biomass production.
Therefore, the products of sucrose fermentation, apart from biomass, would be ethanol and
lactic acid. The presence of these organic acids in the fermented broth can be considered as
being responsible for the inhibition of the pathogens. In fermentation with kombucha, the
antimicrobial activity observed was due to organic acids, primarily acetic acid, and was
eliminated when samples were neutralized [27]. In this work, fermented broth containing
demerara sugar had the lowest pH value; however, the halo zone of inhibition for this broth
was not observed. Probably, the low pH value, due to organic acid production, was not
the only factor responsible for the pathogen inhibition, suggesting that bacteriocin
production occurred. Demerara sugar solution led to the highest biomass yield and presented
a small halo zone of inhibition for C. albicans (14 mm) or none for bacteria. On the other
hand, molasses and brown sugar (unrefined products) presented the largest halo zone
of inhibition.

Illustratively, Fig. 2 shows the monitoring of the halo size for C. albicans with the three
carbohydrate sources used in this work during the fermentation process. It was observed
that after 24 h of fermentation (when the highest pH value was registered), the highest
values of inhibition halos were verified. The data reported herein corroborate with the
suggestion that the antimicrobial activity might be attributed to antimicrobial substances
secreted (bacteriocins) during the fermentation and not simply to low pH values.
Nevertheless, the chemical structure of the antimicrobial compound produced has not been
determined so far. Bacteriocins which have been produced by lactobacilli, as those present
in kefir grains, have shown a broad inhibitory spectrum against different target
microorganisms [14].
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Table 1 Antimicrobial activity of fermented broth kefir grains (10 g/l initial carbohydrate concentration) at
144 h.

Diameter of halo zone (mm)

Sugar C. albicans S. typhi S. sonnei E. coli S. aureus

Demerara sugar 14 0 0 0 0
Brown sugar 28 12 12 12 14
Molasses 20 0 0 0 0
Ketoconazolea 17 – – – –
Chloramphenicola – 16 0 0 0

– not determined
a Control for antimicrobial assay
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Brown sugar concentration influences expressively the antimicrobial activity, and the
best results were observed in the case of the smallest and largest concentrations tested (2
and 15 g/l). In addition, antimicrobial activity for all pathogenic microorganisms used in
this work was verified in the case of 15 g/l concentration. The greatest inhibition was
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obtained for C. albicans (28 mm). The profile of pH values, as well as the concentration of
reducing and non-reducing sugars, followed the same trend independently of the
concentrations, which ranged from 2 to 15 g/l (Fig. 3).

The kefir grains entered into stationary phase at approximately 48 h of fermentation,
although the greatest antimicrobial activity was found at 144 h of fermentation when
2 g/l of brown sugar (14 mm, S. sonnei), 12 g/l (14 mm, E. coli; 16 mm, S. aureus), and
15 g/l (28 mm, C. albicans; 12 mm, S. typhi) was used, as shown in Table 2. The kefir
grains used in this work produced a 2.5 pH value, 0.37 to 6.10 g/l residual non-
reducing sugar after 168 h of fermentation. When kombucha colonies were used, the
total acid after 9 h was 3.3%, and the highest antimicrobial activity observed in the
fermentation process was 16 mm in 35 g/l dry black tea and 16 mm in 17 g/l dry black
tea for E. coli and Salmonella, respectively [27].

Molasses demonstrated the largest inhibition halo to pathogenic microorganisms at 168 h
of fermentation. The pH, as in the previous fermentations, had the same reduction profile.
This source of carbohydrate was more easily assimilated (between 30% and 53% of
reducing sugars was consumed in the first 24 h of fermentation). Consequently, excellent
hydrolysis occurred in reducing sugars, leading to their conversion in biomass (Fig. 3). An
antibiotic action was not effective against S. typhi. The strongest effect in antimicrobial
activity was observed in the case of high molasses concentrations (14 mm for E. coli,
12 mm for S. aureus, 12 mm for S. sonnei), except for C. albicans (30 mm in 2% of
carbohydrate), as shown in Table 3. When 55% (w/v) of commercial sugar was used with
kombucha colonies, the inhibition halo zone of S. typhi (32 mm at 21 h of fermentation)
and E. coli (16 mm at 14 h of fermentation) was observed [28].

Table 3 Antimicrobial activity of fermented broth kefir grains (molasses) at 144 h.

Initial sugar
concentration (g/l)

Diameter of halo zone (mm)

C. albicans S. typhi S. sonnei E. coli S. aureus

2 30 0 0 0 0
5 30 0 0 0 0
8 28 0 10 0 10
10 24 0 12 16 12
12 22 0 12 14 12
15 20 0 0 0 0

Table 2 Antimicrobial activity of fermented broth kefir grains (brown sugar) at 144 h.

Initial sugar
concentration (g/l)

Diameter of halo zone (mm)

C. albicans S. typhi S. sonnei E. coli S. aureus

2 24 0 14 10 12
5 22 0 0 0 10
8 20 0 0 0 10
10 24 0 0 12 12
12 24 0 0 14 16
15 28 12 12 12 14
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Conclusion

Kefir grains promoted the hydrolysis of non-reducing sugars, which are converted into
organic acids and substances capable of producing inhibition halos in experiments with
pathogenic microorganisms. Brown sugar was the most effective carbohydrate source with
antimicrobial action, mainly against C. albicans (35 mm halo zone).
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