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Abstract Microbial, chemical, physical, and sensorial
analyses of kefir samples produced using kefir grains
embedded with Gluconacetobacter spp. were investigated
using kefir samples with Gluconacetobacter spp. inclusion
(KA), and regular kefir grains (control, KC) lacking
Gluconacetobacter spp. The genus Gluconacetobacter,
(identified using PCR) isolated from apple cider vinegar,
was embedded in kefir grains. Inclusion of Gluconacetobacter
spp. provided a significant biomass increase (p<0.01). The
Lactobacillus spp., Lactococcus spp., yeast, Lactobacillus
acidophilus, and Bifidobacterium spp. contents of KA were
similar to KC. The acetic acid bacterial content of KA was
3.86 log CFU/mL. A significant (p<0.05) increase was
observed in the exopolysaccharide content and viscosity of
KA compared with KC. Inclusion of a different useful
bacterium not naturally present in kefir grains is herein
reported. Kefir grains can be an important carrier for
microorganisms.

Keywords: kefir, Gluconacetobacter spp., biomass, exo-
polysaccharide

Introduction

Kefir is a fermented dairy product obtained from milk
using a natural starter culture known as kefir grains. The
microflora in kefir grains is mostly composed of lactic acid
bacteria (LAB) and yeast, in addition to some acetic acid
bacteria (AAB) (1,2). Kefir produced from fermentation by
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this microflora is a functional product because kefir delivers
positive effects to humans (3,4).

Variations in the microfra of kefir grains may cause
variations in the aroma, composition, and organoleptic
characteristics of a final product (4). The microflora may
vary based on the milk, the production techniques, the
inoculation ratio, and the origin of kefir grains, which are
a unique biomass composed of predominantly lactic acid
bacteria and yeast.

In recent years, fermented natural vinegar has increased
in importance. Vinegar is produced when bacteria produce
acetic acid via oxidization of ethanol produced from
fermentable sugar by yeast. When acetic acid bacteria
oxidize alcoholic liquids to form acetic acid and water, the
process is called acetic acid fermentation (5,6). Acetic acid
bacteria are rod-shaped, Gram-negative, and obligate aerobes
(7). The new species Gluconacetobacter sacchari sp. nov.
of the family Acetobacteriaceae was isolated from the leaf
sheath of sugar cane in Queensland and northern New
South Wales, Australia (8). Vinegar exhibits the health-
related properties of anti-tumor, anti-microbial, anti-oxidant,
and cholesterol-lowering effects, and promotes cardiovascular
health (5,9,10). The positive health effects of vinegar might
originate from ingredients and/or the AAB culture, more
studies of which have appeared in recent years. The anti-
microbial effect of AAB has been used in dermatology as
AAB positively affects neural transmission and enhances
the barrier function of the skin. The use of cellulose
produced by acetic acid bacteria during wound treatment is
an example of an application (11,12).

The naturally occurring AAB in kefir grains have been
identified (13,14). However, many studies have reported
that only lactic acid bacteria and yeast are present in the
kefir grain structure. Kefir grains from Turkey do not
contain Gluconacetobacter spp. The aim of this research
was to investigate inclusion of Gluconacetobacter spp. in
kefir grains since acetic acid bacteria exhibit health-related
properties. The microflora of kefir was investigated after
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Gluconacetobacter spp. inclusion, and the quality of kefir
was evaluated.

Materials and Methods

Kefir grain and vinegar production Kefir grains were
obtained from Danem Ltd. in the Lakes District Technopark
at Suleyman Demirel University (Isparta, Turkey). The
vinegar used to isolate Gluconacetobacter spp. was produced
using traditional techniques (15) and natural cider and cider
vinegar obtained from the Department of Food Engineering,
Suleyman Demirel University, Isparta, Turkey were mixed
in a 3:1 ratio at 24°C and allowed to stand for 20 days (15).

Isolation and amplification of Gluconacetobacter spp.
Gluconacetobacter spp. isolated and identified using yeast
glucose chloramphenicol agar (YGC agar; Merck, Darmstadt,
Germany) was obtained from natural cider vinegar. First,
25 mL samples of cider vinegar were centrifuged (NF 048
BENCH-TOP Centrifuge; Nuve Inc., Ankara, Turkey) at
2,100xg for 10 min to collect the cell pellet of approximately
1 mL in volume. Then, 100 uL of each cell pellet sample
was incubated for 5 days at 30°C with enrichment using
yeast glucose broth (YG broth; 5% glucose, 1% yeast
extract) (13,16). The YG broth was incubated for 72 h at
30°C. The content of Gluconacetobacter spp. was determined
by spread plate method using YGC agar.

Kefir grains produced using Gluconacetobacter spp.
Pasteurized milk containing 2% kefir grains were inoculated
with isolated Gluconobacter spp (4%). and incubated at
25°C for 22 h. The incubation procedure was repeated for
15 days. After the 15 day period, kefir grains were produced
with Gluconacetobacter spp. over 25 days (KGA) (Fig. 1).

Kefir production Kefir was produced by inoculating 2%
natural kefir grains containing Gluconacetobacter spp.
(7.36 log CFU/mL) (KGA) isolate into pasteurized milk at
25°C for 20 h. The fermentation was ended at pH 4.6. The
kefir grains were removed under aseptic conditions and
washed with sterile water (Fig. 1). Kefir (KA) was produced
with KGA (Fig. 1). The same process was used to produce
the control sample of kefir (KC): Control group kefir grains
(KGC) were inoculated into pasteurized milk, followed by
fermentation under the conditions described in Fig. 1.

PCR analyses of kefir grains containing Gluconacetobacter
spp. DNA from Gluconacetobacter spp. obtained from
vinegar, and kefir grains containing Gluconacetobacter
spp. were isolated using the modified procedure described
by Trcek et al. (17). Bacterial genomic DNA was extracted
using a QIAgen Mini Stool Kit in accordance with the
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manufacturer’s instructions.

The 16S rDNA genes from the kefir bacterial population
were captured using culture-dependent approaches and
amplified from purified genomic DNA using the primers
NuniADHfw 5-TGG(T/C)(A/T)CGG(C/T)AT(T/C)CC(G/C)
GG-3' and NuniADHrev 5-GT(G/C/A)GCGTC(A/G)TA
(A/G)GC(A/G)TGGAA-3' (17). PCR reactions were carried
out in a thermocycler (Thermal Cycler; Bio-Rad Laboratories,
Inc., Hercules, CA, USA). Each PCR reaction tube contained
PCR Master Mix (Progema) composed of a 2x concentrated
solution of 0.05 v/uL of Tag DNA polymerase (pH 8.5),
reaction buffer, 4 mM MgCl,, 0.4 mM dNTP, dATP, dCTP,
dGTP, and dTTP, 1 pL of isolated DNA, and 1 uM of each
primer. Reaction mixtures were adjusted to a total of 50 puL.
using water.

For bacteria, the initial 4 min denaturation step at 94°C
was followed by 30 cycles of a 3 stage program (30 s at
94°C, 1 min at 55°C, 2 min at 72°C, and a final 7 min of
elongation at 72°C). The sizes of the PCR products
(approximately 200 bp) were confirmed using 2% (w/v)
agarose gel electrophoresis (Sub-Gel GT Agarose Gel
Electrophoresis System; Bio-Rad Laboratories, Inc.).
Amplified fragments were purified using an Applied
Biosystems Bigdye Cycle sequencing kit and sequenced at
RefGen-Gene Research and Biotechnology (Ankara, Turkey).
Sequencing results were analyzed based on comparison of
each sample base sequence with rDNA sequences in the
nucleotide sequence database (3130 XL Genetic Analyzer;
ABI, Applied Biosystems, Foster city, CA, USA) at the
National Centre for Biotechnology Information (Bethesda,
MD, USA) using the basic local alignment search tool
(BLAST) search program (18).

Determination of the kefir grain biomass Kefir grains
containing Gluconacetobacter spp. (KGA) and control
grains (KGC) were activated for 15 days without interruption.
Increases in the kefir grain biomass were determined
gravimetrically (19). Grains were aseptically separated
from fermented milk using stainless steel sieves (@ 5 cm).
Grains were washed using sterile distilled water and
transferred into autoclaved sterile aluminum weighing dishes
containing sterilized paper towels to remove excess water.
After the paper towels were removed, the kefir grains were
weighed using an analytical balance. Biomass was
expressed as a percentage of the difference between final
and initial grain weights to initial grain weights.

Microbiological analysis Lactobacilli counts were
determined using de Man, Rogosa, and Sharpe (MRS)
medium (Accumedia 7543; Accumedia, East Lansing, MI,
USA) after incubation at 37°C under CO, (5%) for 48 h.
Lactococcus and Streptococcus spp. were plated on M17
medium (Oxoid, Basingstoke, UK) and incubated under
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Fig. 1. Flow chart for kefir sample production and experimental design. KA, kefir produced from grains embedded with
Gluconacetobacter spp. (KGA); KC, kefir produced from control grains (KGC)

5% CO, at 37°C for 48 h. Yeasts were grown on Potato
Dextrose Agar (Merck, Darmstadt, Germany) with 0.14%
added lactic acid at 25°C for 5 days (20). Lactobacillus
acidophilus and Bifidobacterium spp. were cultured on
MRS with sorbitol (10%) and on MRS with NNLP (20%)
containing neomycin sulfate (100 mgL), nalidixic acid (50
mgL), lithium chloride (3,000 mgL), and paramycin sulfate
(200 mgL) (21). Acetic acid bacteria were grown on YGC
(Merck) with 4 mg/L. of cycloheximide (Sigma) added to
inhibit yeast growth (13,22) at 30°C for 5 days (16).

Chemical analyses of kefir The pH, titratable acidity
expressed as the lactic acid content, ash content, and dry
matter in kefir samples were determined according to
previously described methods (23).

Purification and quantification of exopolysaccharide
Separation and quantification of exopolysaccharide (EPS)
were carried out as reported by Zisu and Shah (24).
Proteins from 50 mL of a diluted kefir sample were
precipitated using 2 mL of 20% (w/v) trichloroacetic acid
(TCA) and separated by centrifugation (Sorvall RT7;
Kendro Instruments Australia Pty Ltd., Sydney, Australia)
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at 3,313xg for 30 min at 4°C. The pH of the supernatant
was adjusted to 6.8 using 40% (w/v) NaOH. A supernatant
sample was heated (Schutzart DIN, Schwabach FRG
Germany) in a sealed container to 100°C for 30 min to
denature whey proteins, which were removed by centrifugation
(NF 048 BENCH-TOP Centrifuge; Nuve Inc.) at 3,313xg,
30 min, 4°C. The carbonhydrate pellet was resuspended in
10 mL. of distilled water and treated for 1h at room
temperature in a sonication bath (FX 14PH sonication bath;
Unisonics Pty Ltd., Sydney, Australia). The suspension
was dialyzed (Spectrum Laboratory Products Inc., CA,
USA) against tap water at 4°C for 2 weeks using a membrane
tube (spectra/por dialysis Mebrane) with a 12,000 Da
molecular weight (My,) cut-off (Carolina Biological Supply
Company, Burlington, NC, USA). Water was changed twice
per day. The EPS concentration in the dialyzed suspension
was quantified using the phenol-sulfuric method and was
reported as glucose equivalents (25).

Rheological analysis A Brookfield Rotational Rheometer
(DV-II Pro LV; Brookfield Engineering Laboratories,
Middleboro, MA, USA) was used to determine the
rheological properties of kefir samples. Viscosity was
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determined at 100 rpm every 20 s at 4°C using a DV-4
spindle (26).

Sensory analyses The sensory characteristics of kefir
samples were evaluated using descriptive analyses of 12
staff and student panelists from the Department of Food
Engineering, Suleyman Demirel University, based on
interest, availability, and consumption of kefir made from
cow’s milk. Panelists included 5 males and 7 females aged
20-42 years who had used descriptive sensory methodology
on a regular basis over the previous 2 years. Panelists were
trained using traditional kefir with the sensory descriptive
method established by Coggins ef al. (27). Samples were
evaluated using a 5 point intensity scale where O=not
detected and 5=extremely strong in respect to the sensory
attributes of homogeneous structure, mild foam, white
yellowish color, mounth coating, viscosity, structure without
separation of serum, typical odor, fermented odor, sourish
odor, non-animal odor, typical taste, refreshing taste,
fermented taste, sourish taste, mild sweetish taste, and non-
foreing taste. A total of 2 kefir samples were presented to
the panel group at each session. Kefir samples (KA and
KC) were served and presented to panelists in cups bearing
a random 3 digit number. Sensory data were measured
using a sensory assessment form.

Statistical analysis All analyses were replicated 3 times
and performed in duplicate. Data were analyzed using
SPSS Base 16.0 software (SPSS, Inc., Chicago, IL, USA).
Rheological and EPS data were statistically evaluated
using the repeated measures analysis of variance (ANOVA)
technique. Tukey’s multiple comparison test was used to
evaluate differences within groups. Significance was defined
as p<0.05. More significance was defined as p<0.01. And
no significance was defined as p>0.05.

Results and Discussion

PCR analysis of Gluconacetobacter spp. isolated from
vinegar and Kefir grains Gluconacetobacter spp. was
identified based on analysis of DNA sequences using the
BLAST database (28). Isolated DNA was most similar to
Gluconacetobacter saccharivorans. Identification to the
species and genus levels in kefir grain samples was defined
as 100% similarity of the 16S rDNA gene to relative
sequences in the database (Fig. 2). Fernandez-Pérez et al.
(106) isolated G europaeus, Ga. xylinus, Ga. hansenii, and
Acetobacter pasteurianus. These AAB produce vinegar
from red and white grapes and from apple cider. The genus
Gluconacetobacter is usually isolated from apple cider
vinegar, implying that Gluconacetobacter is important for
apple cider vinegar fermentation. Gluconacetobacter has a
high tolerance toward acid environments. Therefore, this
genus was suitable for incorporation into kefir grains to
resist conditions of kefir production.

G europaeus is resistant toward 10% acetic acid, and G
intermedius is resistant toward 6% acetic acid (17). Yang et
al. (29) studied interactions between kefir and the microflora
of combou tea, which is a fermented product containing
LAB, AAB, and yeasts. Gluconobacter spp. A4 isolated
from combou tea produced D-saccharide 1,4 lactan (DSL).
There is a reported symbiotic relationship between LAB
isolated from kefir and Gluconobacter spp. A4 (29). DSL
production increased due to fermentation.

Changes in the kefir grain biomass Kefir grains are
used as a natural starter culture to make kefir. During
fermentation, kefir grains grow from pre-existing kefir
grains and the amount of biomass is slowly increased. The
amount of milk used in fermentation increases as the kefir
grain biomass increases. Increases in the kefir grain biomass

Gluconacetobacter saccharivorans strain: LMG 1584

100 | KA

KGA

Gluconacetobacter saccharivorans strain: Gs1

Gluconacetobacter intermedius strain: TN-613

Gluconacetobacter persimmonis

100 _|——G{uconacembacrer hansenii strain: NBRC 14820
69

Gluconacetobacter kombuchae Strain: RG3

—
0.0005

Fig. 2. Phylogenetic tree for species of Gluconacetobacter spp. and related taxa. This tree was based on 16S rRNA gene sequencing
data and constructed using the neighbor-joining method (KA, kefir sample; KGA, kefir grain).
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Fig. 3. Biomass increases in kefir grains.

were determined on the 1%, 5, 10™ and 15™ days for KGA
and KGC samples. The KGA grain biomass increased very
significantly (p<0.01) more than the KGC grain biomass.
The biomass increase was significantly (p<0.05) different
between the KGC and KGA samples beginning on the 10™
day (Fig. 3). The biomass increased by 89.4 and 217.6%
for KGC and KGA, respectively. Valepyn er al. (30)
reported that the genera Gluconacetobacter and Acetobacter
produced extracellular polysaccharides of interest. Therefore,
inclusion of Gluconacetobacter spp. in kefir grains may
increase the kefir grain biomass because Gluconacetobacter
spp. produced exopolysaccharides. Guzel-Seydim er al.
(19) reported that biomass increases for kefir grains varied
when the different fermentation parameters of atmospheric
CO, content and whey protein content in the growth
medium were changed. The biomass increased by 392%
for kefir grains grown in a medium enriched with whey
proteins. Inclusion of a whey protein isolate or modified
whey protein accelerated kefir biomass growth with
preservation of microflora.

Microbiological analysis Lactobacillus spp. and Lactococcus
spp. contained in kefir samples (KA, KC) ranged from
9.02 to 8.53 log CFU/mL, and 9.28 to 9.27 log CFU/mL,
respectively (Fig. 4). These results were similar to values
reported by Kok-Tas et al. (31). Lactobacillus spp. content
of KA were significant (p<0.05) compared with KC.
Lactococcus spp. content of KA were not significant
(p>0.05) compared with KC. The yeast contents of KA and
KC were 2.08 and 2.0 log CFU/mL, respectively. The yeast
contents of KA was not significant (»>0.05) compared
with KC.

The L. acidophilus and Bifidobacterium spp. contents in
kefir samples (KA, KC) ranged from 6.31 to 6.19 log
CFU/mL and 5.98 to 5.95 log CFU/mL, respectively. The
L. acidophilus and Bifidobacterium spp. contents of KA
was not significant (p>0.05) compared with KC. Contents
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Fig. 4. Microbiological content of the Kkefir samples.

of L. acidophilus and Bifidobacterium spp. were between
5.78 and 6.43 log CFU/mL, respectively (31). Therefore,
inclusion of Gluconacetobacter spp. in kefir grains did not
negatively affect the existing probiotic kefir microflora.
The Gluconacetobacter spp. content was 3.86 log CFU/mL
in KA. The Gluconacetobacter spp. content was not
determined for KC (control kefir sample). Microbial
compositions of kefir grains originating from Taiwan,
Russia, Ireland, Turkey and some other countries have
been identified (14,22,32). Marquina et al. (22) reported
that kefir grains were present at a level of 4.1 log CFU/mL
of acetic acid bacteria. Guzel Seydim ef al. (32) reported
only lactic acid bacteria and yeasts in Turkish kefir grains.
Kefir grains in Turkey do not contain Gluconacetobacter
spp. (32). Furthermore, AAB inoculation did not adversely
affect the grain microflora, particularly the existing probiotic
kefir microflora. Therefore, the therapeutic properties of
kefir were enhanced with inclusion of Gluconacetobacter
spp.

The Gluconacetobacter spp. contents of KGA were
measured for 25 days (at 1, 5, 10, 15, 20, and 25 days) to
assess continuity. In this study, Gluconacetobacter spp.
was grown with a balanced, native, kefir grain microflora.
The Gluconacetobacter spp. content was continuous at a
level from 2.91 to 2.56 log CFU/mL (Fig. 4).

Chemical analysis of kefir The pH values, lactic acid,
dry matter, and ash contents of KA and KC samples were
470, 4.68; 1.18, 1.53; 12.56, 12.18, and 1.18, 1.26%,
respectively (Table 1). Chemical analytical results were
consistent with previous reports (13,26). The titratable
acidity values (as lactic acid equivalents) of KA sample
were statistically more significant (p<0.01) than the titratable
acidity values (as lactic acid equivalents) of KC sample.
This difference arose due to inclusion of Gluconacetobacter
spp. in kefir. Gluconacetobacter spp. generates the organic
acids, acetic acid and carbon dioxide from organic molecules
in the surrounding environment. The reduction in the lactic
acid content might have been caused by competition
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Table 1. Chemical analysis of kefir samples

Kefir Samples pH Lactic Acid (%) Dry Matter (%, w/w) Ash Content (%, w/w)
KA 4.70+0.02 1.18+0.02 12.56+0.06 1.18+0.12
KC 4.68+0.01 1.53+0.04 12.18+0.05 1.26+0.06
120 400
98.62 3309
; 350 |
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w 300 |
a
80 E 20 |
= 59.068 %‘ s b 1954
£ e g
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so |
20 5 &
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Fig. 5. EPS contents of the kefir samples.

between LAB and AAB for the lactose bacterial substrate.

Evaluation of the exopolysaccharide contents of kefir
EPS contents of KA and KC sample were 98.62 and
59.07 mg/L, respectively (Fig. 5). The EPS content of KA
was increased significantly (p<0.05) compared with KC,
due to increased biomass production of EPS in the
presence of Gluconacetobacter spp. (33). The EPS content
is important for the physico-chemical, rheological, and
organoleptic properties of kefir. EPS is produced by native
microorganisms within kefir grains, such as L. kefiranofaciens.
The content and characteristics of EPS depend on
biodiversity in the microflora, the fermentation conditions,
and the growth environment (34). Kok Tas ef al. (31)
reported that the EPS content of kefir grains ranges
between 79-130.15 mg/L. Gluconacetobacter spp. produces
EPS and cellulose (35). Therefore, the EPS produced by
Gluconacetobacter spp. contributed to the kefir EPS levels.

Rheological analysis The viscosity values of KA and
KC samples were measured at 100 rpm (Brookfield
Rotational Rheometer, DV-II Pro, LV; Brookfield Engineering
Laboratories, Middleboro, MA, USA) as 330.9 and
195.5 mPa, respectively (Fig. 6). The viscosity values of
KA samples that included Gluconacetobacter spp. was
significantly (p<0.05), higher than KC samples. Growth of
Gluconacetobacter spp. in Kefir improved the product
viscosity. Irigoyen ef al. (13) reported that the viscosity
values of kefir samples produced using different concentrations
of kefir grains (1 and 5%) were 293 and 372 mPa,
respectively, at 100 rpm. The viscosity values increased
with an increase in the kefir grain concentrations used for
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inoculation. Kok Tas et al. (31) reported that viscosity
values of kefir samples ranged between 225-315 mPas at
10 rpm. Ertekin and Giizel-Seydim (26); however, reported
viscosity values of kefir samples produced using skimmed
milk to be 180 mPa at 10 rpm. Similarly, Tratnik et al. (36)
reported that the viscosity values for kefir samples prepared
from cow and goat milk with additives, including insulin,
whey protein concentrate, and dried milk, ranged between
42.2-166.6 mPa. Babina and Rozhokova (37) noted that
both LAB and AAB increased kefir viscosity. Moreover,
some studies have suggested that A. aceti and A. rancens
both increase kefir viscosity and consistency (38). KA
samples in this study exhibited high viscosity values because
a high EPS content contributed to an increase in viscosity.

Sensory analysis Sensory evaluation data are reported in
Fig. 7. KA and KC samples were evaluated according for
texture, odor, and taste attributes. For taste, KA samples
that included Gluconacetobacter spp. scored significantly
(p<0.05), higher than KC samples, particularly for a mild,
sweetish flavor. This result would be satisfactory for consumers.
KA samples scored significantly (»<0.05) higher than KC
samples for foam formation. Foaming is a desirable
appearance attribute. No significant (p>0.01) difference
between KA and KC samples was observed for odor.
Generally, KA samples scored higher for all attributes than
KC samples. Acetic acid bacteria are rarely present in
unmodified kefir grains. A recent report describing the
microflora of kefir grains indicated that the grains did not
contain acetic acid bacteria (39). The inclusion of a useful
microorganism that is not naturally present in kefir grains
is first reported herein. The structure of the kefir grain can
be used to carry useful bacteria.
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In this study, Gluconacetobacter spp. was successfully
incorporated into kefir grain microflora without disrupting
the native lactic acid bacteria or yeast. Acetic acid bacteria
contributed to production of exopolysaccharides and
increased the grain biomass without negatively affecting
the natural microflora or the sensory properties of kefir.
Moreover, the sensory properties of kefir were improved
with inclusion of Gluconacetobacter spp. Kefir consumption
rates may improve when products generated from grains
incorporating acetic acid bacteria become more widely
known for enhanced qualitative characteristics, including
appearance-texture, smell, and taste.
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