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Kefir is a natural fermented dairy beverage obtained by fermenting milk with kefir starter grains. However, up to now, there is still
no efficient approach to producing stable kefir grains by using the pure or cultural mixture of strains isolated from the original
kefir grains. ,erefore, new techniques need to be taken to promote the kefir grain production. To this purpose, an encapsulated
vector produced by entrapment of the dominant strains isolated from kefir grain and the cheese vector which was produced by a
traditional manufacturing method was used to mimic kefir grain forming, respectively. ,en, the composition, microstructure,
and microflora of the two vectors were investigated and were compared with the natural kefir grains. Results indicated that the
protein and polysaccharide content of cheese vector were much higher than encapsulated vector; the distribution of micro-
organisms inside the cheese vector was more similar to that inside the natural kefirs. It indicated that the cheese vector would be
more suitable to mimic kefir grain production. Results of the present investigations reveal the potential of the cheese vector for
kefir grains production at the industrial level.

1. Introduction

Kefir is a viscous, acidic, and slightly carbonated fermented
dairy product known from ancient times, which became very
popular recently. [1, 2]. Kefir became a kind of popular natural
fermented probiotic drink not only for its nutritional value but
also for its effectiveness [3], such as antimicrobial activity [4]
and antiallergenic [5], antimutagenic [6], antitumoral [7], and
hypocholesterolemic [8] effects, against a variety of complaints
and diseases. Since kefir has been consumed by people for
centuries, it is considered safe for human health and is classified
by the US Food and Drug Administration (FDA) as “generally
considered as safe (GRAS)” [9].

Traditionally, kefir fermentation starts with an addition
of “kefir grains” to mammalian milk. Kefir grains consist of a
combination of lactic acid bacteria (Lactobacillus, Lacto-
coccus, Leuconostoc, and Streptococcus spp.), acetic acid
bacteria (Acetobacter), and yeasts (Kluyveromyces, Saccha-
romyces, and Torula), which are held together by a matrix of

complex sugars composed of a mixture of polysaccharide
and casein in semihard granules [1]. Now, more than 50
microbial species are identified in different milk kefirs [10,
11]. ,e microbial composition of kefir grains can change
due to several factors, such as the cultivation conditions (e.g.,
temperature, grain to milk ratio, and milk source) and the
geographical origin of kefir [4]. ,e origins of kefir grains
varied, ranging from that in Argentina, Brazil, Belgium,
China, Ireland, Malaysia, Russia, and Turkey [12].,erefore,
the main factors that influence the development of kefir
industry are the source of kefir grains and its cultivation
method.

Kefir grains are initially very small, but they increase in
size during fermentation and they can only grow from the
preexisting grain. Traditionally, the growth of kefir grains is
achieved by continuous passage of kefir grains into the milk,
resulting in biomass increases of 5–7% per day [13].
However the biomass increase of kefir grains by traditional
methods is not stable and growth very slow.
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Recently, various researches have been undertaken to
improve the kefir grain production such as grain :milk ratio,
cultivation temperature, period of time, and conditions prior
to separation of grains from the fermented milk, washing of
kefir grains, and so on. All these factors influence the mi-
croflora of the kefir starter and fermented milk.,e complex
microbiological composition of kefir grains explains why it is
difficult to obtain a starter with the optimal and constant
composition necessary for a regular kefir production of
standard quality [13, 14]. Several studies on making kefir
grains without preexisting grains have been carried out
[15, 16]. But until now, no successful grains were formed.

Apparently, it is difficult to ferment stable kefir without
stable kefir grains [17]. Furthermore, there is still no efficient
approach to producing stable kefir grains by using the pure
or cultural mixture of strains isolated from the original
grains [18]. New techniques need to be taken to promote the
kefir grains production. Hence, the objective of this study
was to use the cheese and encapsulated vector to produce
kefir grains artificially. Comparative studies on chemical
properties, microstructure, and microflora of different
vectors and natural grains were also undertaken.

2. Materials and Methods

2.1. Kefir Grains and Culture Conditions. Kefir grains, ob-
tained from a household in Harbin, China, were activated
using pasteurized cow milk at 25°C followed by the
removal of the clotted milk by filtering with a sieve and
rinsing with sterile water. Finally, these strains were stored at
4°C [19].

2.2. Cheese Vector Preparation. ,e cheese vector was
produced by a traditional manufacturing method [20]. 12%
skimmed milk was inoculated with 5% (w/w) kefir milk
which was fermented by 2% (w/v) kefir grains at 28°C for
24 h. When the pH of fermented milk reached 5.8 at 37°C,
0.002% (w/v) rennet (Hannilase L, 690 IMCU/mL, Chr.
Hansen) and 0.01% (w/v) CaCl2 were added and stirred. ,e
fermentation was not finished until coagulation was
achieved. ,e resulting cheese curd was cut into 1 cm3 cubes
and submitted to slow continuous mixing for 5min. After
that, the sweet whey was drained off. Finally, the curd was
pressed at 600 kPa for 1 h and then stored at 4°C.

2.3. Encapsulated Vector Preparation. Kefir grains were
cultured in De Man Rogosa Sharpe (MRS) Broth and M17
Broth at 37°Cfor 48 h and Potato Dextrose Agar (PDA) broth
(OXOID Ltd., China) at 28°Cfor 24 h, respectively. ,e
fermented products of kefir grains were harvested by
centrifuging at 3000×g for 10min and then suspended in
2.0% sterilized sodium alginate solution. ,e alginate
droplets containing bacterial cells were injected into
0.1mol·L−1 CaCl2 solution through a 22-gauge sharp-
pointed injection needle (outer diameter, 0.7mm). After
being blended and stirred for 1 h, the droplets became hard

gradually and formed capsule particle with a diameter of
about 5–8mm and then stored in 0.1% phosphate buffer at
4°C.

2.4. Chemical Analysis. Samples were rinsed with sterile
water and blotted by filter paper. Moisture was determined
by the oven-drying method at 103± 2°C [21]. ,e nitrogen
content was determined by the Kjeldahl method and the
final crude protein content was multiplied by a factor of 6.38
[22]. Polysaccharide was determined by phenol-sulphate
acid method [23]. All of the analyses were performed in
triplicate.

2.5. Physical Structure Analysis. Samples were cut into
1mm3 cubic pieces and immersed in 2.5% glutaraldehyde
fixative for 4 h and then washed by 0.1mol/L phosphate
buffer (pH 6.8, 25°C) for three times. After being dehydrated
in a graded ethanol series (50%, 70%, and 90%) and defatted
in a 1 :1 ratio of chloroform/acetone, the fragments were
freeze-fractured in liquid nitrogen and then mounted on
aluminum stubs by silver paint and coated with gold for
6min in a sputter coater. At least four images of typical
structures were recorded using a scanning electron micro-
scope (SEM) (S-4800, Hitachi Science Systems, Ltd., Japan)
[24].

2.6. Microflora Analysis

2.6.1. DNA Extraction. For the microbial DNA extraction
from natural and artificial kefir grains, 10 g of each kefir
grain sample was homogenized in 90ml of sterile peptone
solution (0.1% (w/v)) using a Stomacher 400 circulator
(Seward Limited, West Sussex, UK) for 15min at 300 rpm.
After the treatment, 1ml of each grain homogenate was
centrifuged at 13000 g for 5min, the supernatant was re-
moved, and the following procedures were adopted
according to the instructions (started with step 3) of
PowerFood™ Microbial DNA Isolation Kit (Mo Bio Labo-
ratories, Inc., Carlsbad, CA, USA) [25, 26]. ,en, PCR
amplification was carried out.

,e primers 338fgc (5-CGC CCG CCG CGC GCG GCG
GGC GGG GCG GGG GCA CGG GGG GAC TCC TAC
GGGAGG CAG CAG-3′) (the GC clamp is underlined) and
518r (5′-ATT ACC GCG GCT GCT GG-3′) [27] spanning
the V3 region of the 16S rDNA gene were used to amplify the
bacterial community DNA, while the primer NL1GC (5′-
GCG GGC CGC GCG ACC GCC GGG ACG CGC GAG
CCG GCG GCG GGC CAT ATC AAT AAG CGG AGG
AAA AG-3′) (the GC clamp is underlined) and a reverse
primer LS2 (5′-ATTCCCAAACAACTCGACTC–3′) [28]
spanning the D1 region of the 26S rRNA gene were used to
amplify the yeast community. Besides, the PCR amplifica-
tion conditions for the bacterial and yeast community were
set according to the methods of Han et al. [29] and Cocolin
et al. [30], respectively.
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2.6.2. DGGE Analysis. ,e PCR products were analyzed by
denaturing gradient gel electrophoresis (DGGE) using a Bio-
Rad DCode Universal Mutation Detection System (Bio-Rad,
Richmond, CA, USA) according to the methods of (Zhou
et al. 2009). ,ese gels were stained for 40min in a SYBR
Green Ι (Invitrogen, Carlsbad, CA, USA) solution (1 :10 000,
v/v) and then photographed under UV illumination. ,e
dominant DGGE bands were excised and reamplified using
the primers without GC clamp [31]. And, the amplification
were sequenced using an ABI 3730 XL DNA analyzer
(Applied Biosystems, Foster, CA, USA) in Sangon
(Shanghai, China). ,e final sequence results were obtained
by analyzing the identity through a GenBank search.

3. Results and Discussion

3.1. Physical Appearance ofKefirGrains andDifferentVectors.
Physical appearances of natural kefir grains and artificial
vectors were observed by photographing (Figure 1). Natural
kefir grains were irregularly shaped hard granules, with firm
texture and slimy appearance, yellowish-white color, which
resemble miniature cauliflower blossoms. ,ey vary in size
and are generally between 0.5 and 3.5 centimeters in di-
ameter (Figure 1(a)). It was consistent with the results re-
ported by Ahmed et al. [32]. ,e encapsulated vector was
shaped as translucent jelly with a diameter of 5–8mm, with
no viscosity, odorless, and clear boundaries between grains
(Figure 1(b)). ,e cheese vector was similar to traditional
fermented cheese, with certain viscosity and milk flavor
(Figure 1(c)). Additionally, the fracture surface of cheese
vector was irregularly shaped as cauliflower florets. ,us, in
terms of appearance, the cheese vector was more similar to
the natural kefir grains than the encapsulated vector.

3.2. Chemical Components of Kefir Grains and Two Vectors.
As shown in Table 1, the main components of natural kefir
grains were moisture (761.9± 10.2 g/kg), polysaccharide
(122± 17 g/kg), and protein (69.9± 4.8 g/kg). Polysaccharide
and protein accounted for 51.2% and 29.4% of dry matter,
respectively. ,ey were supposed to play an important role
in the formation of kefir and in maintaining the structure
and special viscoelasticity of kefir granules. As for the two
artificial vectors, the moisture of encapsulated vector was
much higher, reaching 98%, while the protein content was
1.2% and polysaccharide content was 0%. ,e components
of cheese vector was basically in line with the traditional
cheese, containing a moisture content of 59%, a protein
content of 26%, and a polysaccharide content of 8%.

Compared with the natural kefir grains, the two kinds of
artificial vectors are quite different from natural ones in the
content of main components. Nevertheless, the protein and
polysaccharide contents of cheese vector were much higher
than those of the encapsulated vector. Furthermore, it is
speculated that the protein may provide more favorable
conditions for the attaching microorganisms and growth of
the kefir grains, while the polysaccharides might be the
products of microbes in the fermentation process. ,us, the

cheese vector seemed more suitable for the growth of grains
than the encapsulated vector.

3.3. Microstructure of Kefir Grains and Two Vectors. ,e
external and internal microstructure of kefir grains and
artificial vectors were observed by the scanning electron
microscope (SEM)method (Figure 2).,e flora distribution,
quantity, and internal connective matrix of natural kefir
grains were different in different regions. Each of them was
made up of bacteria and yeasts that adhere to a substrate of
kefir grains. ,e exterior surface of natural kefir grains was
smooth and densely populated by lots of short lactobacilli
(Figure 2(a)) and nearly no yeasts could be found, while the
interior surface was rough, covered with longer lactobacilli
and yeasts (Figure 2(b)). ,ere were more bacteria than
yeasts, and yeast appeared to be embedded in the bacterial
community. Moreover, filamentous appendages were also
observed in the interior of kefir grains.

,e encapsulated vector was embedded with sporadic
yeast and lactobacilli on the exterior surface (Figure 2(c)).
,e inner layer was more porous and rougher (Figure 2(d)),
with filamentous appendages same as that in natural kefir
grains. Yet, no bacteria could be observed. It may be due to
the fact that the microbes were too dispersed to be found and
were affected by the surface tension of encapsulated vector
that made the microorganism less and mainly distribute on
the outer surface of encapsulated vector. As for microor-
ganisms, the distribution of microorganisms on the outer
surface of cheese vector is similar to that of the encapsulated
vector, with small number of bacilli distributed on the
surface (Figure 2(e)). But the interior surface was rough with
some irregular protuberances. ,e bacteria distribution in
the inner cheese vector was similar to the natural grains
which were mainly bacillus and a few yeasts. However, there
was cheese matrix, but no filamentous appendages existed
between bacteria (Figure 2(f )).

,e scanning electron microscopy also indicated that
the microflora distribution of natural kefir and the two
carriers was different. Although lactobacillus and yeast
were observed in both carriers, the microflora of the two
artificial carriers was less than that of the natural grain.,at
may result in the shorter time generation of microbes in
two artificial vectors. ,is may be because the two vectors
have just been made without passing through generations
leading to the lack of mass reproduction of
microorganisms.

3.4. Microflora of Kefir Grains and Two Vectors. Kefir grains
and two artificial vectors were collected and pretreated. ,e
V3 region of the 16S rRNA gene of bacteria and D1 region of
the 26S rRNA gene of yeast were amplified, and the resulting
PCR products were analyzed by DGGE (Figure 3).

Figure 3(a) is the fingerprints of the bacterial community
in natural kefir grains and two kinds of artificial vectors.
Compared with the similar sequences of GenBank, the final
sequence results are shown in Table 2. It was clearly
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indicated that the natural kefir grains contained five bands
(Figure 3(a)-1) (band A was identified as Leuconostoc sp., B
as Lactobacillus helveticus, C as Lactobacillus kefiranofaciens,
D as Lactococcus lactis, and E as Lactobacillus kefiri) (Ta-
ble 2), and the cheese vector contained four bands
(Figure 3(a)-2), while the encapsulated vector contained five
(band F was identified as Leuconostoc mesenteroides, G as
Lactobacillus helveticus, I as Lactococcus lactis, and J as
Lactobacillus kefiri) (Figure 3(a)-3). Due to the low strength
of band H, it cannot be removed from the gel and be
identified. However, it can be speculated that the H zone is
Lactobacillus Kefiranofaciens according to the correspond-
ing position in Figure 3(a)-1.

By contrast, there was a slight difference between cheese
vector and encapsulated vector. Leuconostoc mesenteroides

were only present in the encapsulated vector but not in the
cheese vector. When compared with the natural kefir grains,
the two artificial vectors were found with higher level of
Lactobacillus helveticus content, while the content of Lac-
tobacillus kefiranofaciens was relatively lower.

Figure 3(b) is the fingerprints of the yeast community in
natural kefir grains and two kinds of artificial vectors.
Figure 3(b)-1 shows that there were mainly 6 different yeasts
existing in the natural kefir grains. According to Table 2, the
Kazachstania servazzii corresponded to the band B, the
Saccharomyces cerevisiae corresponded to the band C, the
Pichia fermentans corresponded to the band E, and
Kazachstania unispora and Candida inconspicua corre-
sponded to band A and band D, respectively (Table 2). ,e
reason why bands E and F were corresponding to the same

(a) (b)

(c)

Figure 1: Physical appearance of natural kefir grains and different vectors: (a) Natural kefir grains; (b) encapsulated vector; (c) cheese vector.

Table 1: Chemical properties of natural kefir grains and different vectors (g/kg).

Natural kefir grains Encapsulated vector Cheese vector
Moisture 761.23± 8.01∗ 982.7± 15.2∗ 589.9± 7.9∗
Polysaccharide 122± 17∗ 0∗ 8.2± 2.4∗
Protein 69.9± 4.8∗ 1.2± 0.2∗ 260.2± 18.8∗

,e data are average values of triplicate± standard deviation. ∗Mean values on the same line are significantly different (P< 0.05).
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(a) (b)

(c) (d)

(e) (f )

Figure 2: Scanning electron micrographs of natural kefir grains and different vectors: the external structure of (a) natural kefir grains, (c)
encapsulated vector, and (e) cheese vector. ,e internal structure of (b) natural kefir, (d) encapsulated vector, and (f) cheese vector.
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strains but different positions might lie in the degradation of
the extracted yeast DNA during storage.

Figures 3(b)-2 and 3(b)-3 show that there was no sig-
nificant difference between the two artificial vectors. Both of
them contained four bands, which were identified as

Kazachstania servazzii (G), Saccharomyces cerevisiae (H),
Candida inconspicua (I), and Pichia fermentans (J) (Table 2).
When compared with the natural kefir grains, the yeast
community in two artificial vectors was almost the same
except the lack of Kazachstania unispora.
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Figure 3: PCR-DGGE fingerprinting of the bacteria and yeast community in natural kefir grains and two different vectors: (a) bacteria
community; (b) yeast community. 1�natural kefir grains; 2� cheese vector; 3� encapsulated vector.
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4. Conclusions

Various findings indicated that the cheese vector was more
similar to the natural kefir grains than the encapsulated
vector from the structure, chemical components, micro-
structure, and microflora aspects. Despite the lack of sub-
culture stability and fermentation flavor experiments, it can
be concluded from the above experiments that the cheese
vector as a potential kefir grain substitute is better than
encapsulated vector to produce kefir milk. However, it still
needs to be further researched in the artificial vector growth,
the change of microorganism with the growth of vector, and
the quality of fermented milk.
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