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Abstract
Kefir is a fermented beverage produced from kefir starter, by means of the milk 

fermentation with kefir grains. These grains are a protein and polysaccharide matrix that 
contains Lactic Acid Bacteria (LAB), Acetic Acid Bacteria (BAA) and yeasts. This study 
aimed to assess the protective activity of the lyophilization process on the activity of 
kefir grains by comparing their microbiological composition, sensory characteristics and 
antimicrobial effect on fermented products obtained either from lyophilized and fresh 
kefir grains. Acidification kinetics and microbial counts were performed on fermented 
milks obtained from fresh or freeze-dried grains. Inhibitory activity tests against 
Escherichia coli and Salmonella enterica serovar Enteritidis were carried out with different 
dilutions of cell free supernatants from fermented milks. On the other hand, similarity 
and acceptability tests were performed to compare the sensory characteristics of 
fermented milks obtained from fresh and freeze-dried grains. The microbiological 
composition and acidification capability of the freeze-dried grains were stable until 6 
months of storage at 4°C. Moreover, the minimum inhibitory concentration of fresh and 
freeze-dried grains was similar (20% v/v) for both pathogens. Additionally, the sensory 
panel did not detect differences between milk fermented with fresh or freeze-dried kefir 
grains; the kefir beverage obtained from the freeze-dried kefir grains fermentation 
showed a wide sensory acceptance among the population surveyed. We considered 
that lyophilization followed by the storage conditions applied were suitable for the 
survival of the kefir micro biota, the sensory characteristics and the antimicrobial 
capability of the fermented beverage after an adequate reactivation process of the 
grains. In conclusion, the reactivation process risk management is an important stage to 
ensure a suitable carriage and therefore maximize the kefir grains for large scale use.

Keywords: Lyophilization; Kefir; Antimicrobial activity; Escherichia coli; Salmonella 
enterica serovar Enteritidis; Sensory evaluation.

Introduction
Kefir is fermented milk traditionally produced from kefir grains. It is obtained by 

fermentation of milk with kefir grains which are composed of diverse Lactic acid bacteria 
(LAB) and yeasts incorporated in a polysaccharide and protein matrix [1]. A symbiotic 
relationship exists between the bacteria and the yeasts [2] and their combined growth 
results in a fermented product with distinct flavor characteristics and effervescence. This 
fermented product is claimed to act against pathogens like Salmonella, Shigella, Bacillus 
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cereus, Staphylococcus, E. coli and fungi [3-8]. Nevertheless, 
there are difficulties to transport high amounts of fresh grains 
due to the need of large volumes of milk and the loss of 
activity during long times of transport of the wet grains. Also, 
fermentation process continues during transportation 
triggering changes of organoleptic properties of kefir, which 
is undesirable.

A pioneering work has been reported by Brially [9] on 
preservation of the intrinsic inhibitory power of dairy kefir 
after lyophilization by testing several desiccation substrates 
and several regeneration media. The tested cryoprotectors 
were ribitol, sodium glutamate and glycerol. After 
lyophilization, the pellets of kefir were regenerated in water 
or milk. Glycerol was the best cryoprotector because of its 
high efficiency and its low cost, white sodium glutamate was 
unsatisfactory. Other group conducted afterwards a study on 
the various kefir preservation techniques as freezing, 
refrigeration, air-drying and lyophilization at -18, 4 and 24°C 
of storage temperatures, showing that the acidification 
activity of the kefir grains continued for 10 months [10]. 
However, the kefir micro biota was not determined. More 
recently, Tugba Kok Tas [11] showed that the conservation of 
kefir grains by lyophilization process protects the embedded 
micro biota during 2 months of storage at 4°C. Nevertheless, 
neither the chemical composition or the sensory analysis nor 
the inhibitory power of the fermented product with freeze-
dried kefir grains was investigated.

The aim of the present study was to assess the protective 
activity of the lyophilization process on the activity of the CIDCA 
AGK1 kefir grains by comparing its microbiological composition, 
chemical and sensory characteristics and its antimicrobial effect 
with those corresponding to the fermented products obtained 
either from lyophilized and fresh kefir grains.

Materials and methods
Kefir grains, bacterial strains and growth conditions

CIDCA AGK1 kefir grains were characterized previously 
and stored at -20°C at CIDCA (Centro de Investigación y 
Desarrollo en Criotecnología de Alimentos- FCE- UNLP) [12]. 
The kefir grains were reactivated and kept by subcultures in 
UHT whole milk (Sancor®, Santa Fe, Argentina). For the 
assays, the kefir grains were inoculated at a concentration of 
10% (w/v) in UHT whole milk (Sancor®) at 30°C.

Salmonella enteric serovar Enteritidis and Escherichia coli 
ATCC 25922 were used as test microorganisms, which were 
activated in nutrient broth by incubation at 37°C for 24 h. A 
0.5 McFarland suspension of each pathogen was prepared 
(corresponding to 108 CFU.mL-1). The counts of viable bacteria 
and yeasts in fermented products were determined by plating 
serial dilutions in tryptone (1 g.L-1) on Plate Count Agar 
(Merck, Darmstadt, Germany) agar plates. S. entérica serovar 
Enteritidis and E. coli ATCC 25922 were obtained from Instituto 
Biológico Doctor Tomás Perón (La Plata, Argentina). Both 
strains were kept by successive passages in sterile nutrient 
agar (Parafarm, Buenos Aires, Argentina) slant.

Kefir grains lyophilization and storage conditions
Kefir grains were suspended in UHT whole milk, used as a 

cryoprotectant agent, and were frozen, first to -20°C and then 
to -80°C. The frozen samples were lyophilized overnight 
under vacuum at 1 Pa (temperature condition: -39°C), using a 
Rificor L-A-B3 freeze– dryer® (Rificor, Buenos Aires, 
Argentina). Freeze-dried kefir grains were stored for 6 months 
at 4°C. Kefir beverages were produced from these freeze-
dried kefir grains at 0, 1, 3 and 6 months of storage. Previously, 
the freeze-dried kefir grains were reactivated by two 
consecutive passages in UHT whole milk (10% w/v) at 30°C. 
This previous step was made for all determinations, unless 
otherwise noted.

Microbial counts
Serial dilutions from kefir beverages or kefir grains were 

prepared in sterile tryptone (1 g.L-1) (Britania, Buenos Aires, 
Argentina). Previously, kefir grains were disrupted in a mortar 
and suspended in sterile tryptone (1 g.L-1). Viable bacteria and 
yeast concentrations were determined by plating appropriate 
dilutions on agar plates as previously described [13]. Lactic 
Acid Bacteria (LAB) counts were performed on De Man, 
Rogosa, and Sharpe agar medium (Difco, Beauvais, France) 
and yeasts were grown on Yeast Glucose Chloramphenicol 
agar medium (Biokar Diagnostics, Beauvais, France). All plates 
were incubated at 30°C for 48 hours in an aerobic atmosphere. 
Viable counts were performed in duplicate. Results were 
expressed as colony forming units per milliliter (CFU.mL-1) of 
fermented milk or colony forming units per gram of wet kefir 
grains (CFU.g-1), as appropriate [1].

Both freeze-dried and fresh kefir grains had two different 
activation processes. The microbial counts of the freeze-dried 
kefir grains were conducted by activating freeze-dried grains 
by two successive passages in milk or by taking the kefir 
grains directly from the vial. The microbial counts of fresh 
kefir grains were made directly from frozen kefir grains or 
from grains that were active by two successive passages in 
milk.

Acidification kinetics
Acidification kinetics of fermented milk with fresh and 

freeze-dried kefir grains was studied at 0, 1, 3 and 6 months 
of storage (4°C). Kefir grains were inoculated in UHT whole 
milk (10% w/v) and the fermentation was conducted at 30°C. 
Samples were taken at regular time intervals during 
fermentation and pH was measured with an ALTRONIX TPX-
IIITM (Altronix, Taiwan) instrument, until the value was 
constant.

Determination of wet weight of kefir grains
CIDCA AGK1 kefir grains were sub cultured by successive 

passages in a suitable volume of milk (10% w/v) and incubated 
at 30°C for 24 hours. Kefir grains were washed with sterile 
water, dried between tissue paper, and weighed on a PRECISA 
XB 220 analytical balance (Dietikon, Switzerland) [13]. Biomass 
was expressed as Relative Variation of biomass, which is the 
rate between the final and the initial grain weight.
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Physicochemical analysis
The physicochemical composition of fermented milk with 

freeze-dried grains was studied at time 0, 1, 3 and 6 months 
of storage. Protein content was determined by Kjeldahl 
method and acidity by NaOH 0.1 mol.L-1 titration. The protein 
content was calculated by multiplying the total nitrogen by 
6.38 [14].

Antibacterial activity of cell free supernatants (CFS)
The inhibitory activity of cell free supernatants (CFS) from 

fermented milk with fresh and reactivated freeze-dried kefir 
grains, stored at 4°C for 6 months, against E. coli y S. enteric 
serovar Enteritidis was tested. The minimal inhibitory 
concentration (MIC) and the quantitative inhibitory activity 
were determined.

Inhibitory activity test: CFS were obtained by centrifugation 
at 13,000 g for 15 min and filtered through 0.20 µm cellulose 
acetate membrane (Sartorius, Madrid, Spain). The CFS was 
diluted in nutrient broth to reach concentrations of 20%, 30%, 
40%, 50% and 60% v/v. A volume of 1 mL of each dilution was 
inoculated with 10 µL of pathogen suspension, uniformly 
mixed and incubated at 37°C for 48 hours. Pathogen growth 
was detected by turbidity. The Minimum Inhibitory 
Concentration (MIC) was considered as the lowest percent 
concentration of CFS assayed that completely inhibited the 
visible bacterial growth. Aliquots of suspensions without 
turbidity were sub cultured in nutrient agar (Parafarm) and 
incubated at 37°C for 24 h. The Minimum Bactericidal 
Concentration (MBC) was considered as the lowest percent 
concentration of CFS that prevented bacterial growth [7]. The 
results were used to determine the effect of CFS on the 
growth of these pathogens.

Effect of CFS on E. coli ATCC 25922 and S. enteric serovar 
Enteritidis growth: A volume of 1 mL of sterile nutrient broth 
with CFS was prepared according to the MIC values obtained. 
The solution was inoculated with 100 µL of microorganism 
(0.5 McFarland suspensions), uniformly mixed and incubated 
at 37°C. Counts of viable bacteria at different incubation times 
(1, 4, 7, 10 and 24 hours) in sterile nutrient agar (Parafarm). 
Each treatment was performed in duplicate.

Sensory analysis
The sensory panel was composed of people who regularly 

consumed dairy products like yoghurt and kefir. In order to 
detect differences between samples it is considered as 
enough the selection of individuals with good discriminatory 
power and bearing experience acquired over time of 
consumption [15].

To study the effect of the lyophilization and the storage 
time on the sensory characteristics of kefir, two different 
techniques were performed [16,17]. All sensory assays were 
carried out in a tasting room designed to fulfill the 
requirements stipulated by the International Standards [18], 
consisting of an area for the preparation of the samples along 
with seven separate isolation cabinets for the panelists with 
controlled humidity and luminosity. During the evaluation, 

each panelist was situated in an individual booth under 
incandescent light of intensity approximately 350 lx.

The samples were kefir obtained with freeze-dried kefir 
grains after 6 months of storage at 4°C and kefir fermented 
with fresh kefir grains. A volume of 50 ml of each sample was 
served in transparent plastic cups at 10°C. Tap water was 
provided between samples to rinse the palate. The samples 
were coded by three-digit numbers and given to the panelists 
in aleatory fashion. The order of sample evaluation was 
randomized for each panelist and was presented in such a 
manner that the panelist could not identify the sample.

Similarity test: Two successive triangle tests placed on a 
tray were given to each panelist. Each tray consisted of 3 
samples: 2 identical and 1 different samples (two samples 
obtained with freeze-dried grains and one sample obtained 
with fresh grains or one sample from freeze-dried grains and 
two samples from fresh grains).

A number of 27 panelists were asked to taste the samples 
in the order indicated on their ballot sheets [19], and to 
identify the different sample. The values obtained were 
analyzed using the following equation.

LS%=[(1.5x(x/n)–0.5)+1.5 × Zβx√((n.x-x2)/n3)] × 100, 
Equation 1, where LS%=upper limit of the panelist´s 
percentage; x=number of correct answers; n=number of 
panelists; Zβ=1.64 (value corresponding to one tail of the 
normal curve), β=5%. Statistical parameters for similarity were 
α=0.10; β=0.05 with an estimated proportion of discriminators 
(Pd) of 30% [20].

Acceptability test: This test was made in order to assess the 
acceptability of the kefir obtained with freeze-dried kefir 
grains stored for 6 months at 4°C. This test was carried out in 
a public place into the Universidad Nacional de La Plata. 
Randomly, people who passed by the place was asked to 
taste the sample and to qualify the product in a 9-point 
hedonic scale. A total of 93 untrained panelists qualified the 
product with a score between 1 (“dislike very much”) to 9 (“I 
like very much”) [21].

Statistical analysis
The results obtained for microbial counts, physicochemical 

analysis and the acidification kinetics during milk fermentation 
were expressed as means ± SD of at least three independent 
triplicate trials. For statistical comparisons, ANOVA and 
Fisher’s test at a 0.05 level of significance were performed.

Results
Biomass increase of fresh and freeze-dried kefir grains 
during milk fermentation process

Both fresh and freeze-dried kefir grains increased their 
biomass at the end of the assay after 23 days. Fresh kefir 
grains increased their biomass 1.77 times compared to their 
initial biomass, whereas freeze-dried kefir grains increased 
their biomass 1.32 times compared to their initial biomass 
(Figure 1).
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Figure 1. Biomass increase of reactivated freeze-dried CIDCA AGK1 
kefir grains stored for 6 months at 4°C (○) and fresh CIDCA AGK1 

kefir grains (●). The assay was performed during 23 days.

Microbial counts of fresh and freeze-dried kefir grains 
and fermented milks obtained from them

Microbial counts of freeze-dried and fresh kefir grains 
were conducted in two ways to assess whether the 
lyophilization affects the microorganisms’ survival in the 
grains with or without a reactivation step. Table 1 shows that 
no-significant difference was observed between the plate 
counts for Lactic Acid Bacteria (LAB) and yeasts of fresh and 
freeze-dried kefir grains with reactivation step (stored for 6 
months). However, freeze-dried kefir grains without 
reactivation presented a significant decrease of three and 
four logarithmic orders in LAB and yeasts, respectively. 
Therefore, the reactivation step is essential to achieve equal 
microorganism concentration, both in freeze-dried and fresh 
kefir grains (Table 1).

Table 1. Microbiological composition of freeze-dried kefir grains 
stored for 6 months at 4°C.

Treatment LAB (CFU.g-1) Yeasts (CFU.g-1)
Fresh kefir grains 6.14 ± 0.56 × 108 0.94 ± 0.41 × 108

Freeze-dried kefir grains, 6 months of 
storage, without reactivation 3.30 ± 0.62 × 105* 1.97 ±1.28 × 104*

Freeze-dried kefir grains, 6 months of 
storage, reactivated 2.88 ± 0.70 × 108 1.25 ± 0.17 × 108

Results obtained for microbial counts were expressed as means ± SD of at 
least three independent triplicate trials. Different stars indicate significant 
differences (p<.05), analyzed by ANOVA, followed by Fisher´s test.

Table 2. Characteristics of the fermented milk obtained from 
freeze-dried kefir grains at different storage time at 4°C. Fermented 
milk was always prepared with reactivated freeze-dried kefir grains.

Treatment
Acidification 

slope
(0 to 7 h)

Time 
required 
to reach 
pH 4 (h)

Microbial counts of the kefir 
beverage

LAB
(CFU.g-1)

Yeasts
(CFU.g-1)

Fresh (Control) -0.34 8 0.81±0.01x108* 2.27±0.65 x106*

Freeze-dried, zero time -0.13 22 2.07±0.21x108*,** 4.64± 0.38 x106*, **,***

Freeze-dried, 1 month -0.16 13 2.36±1.06x108**,*** 2.34±0.66x106**

Freeze-dried, 3 months -0.24 18 3.12±0.56x108**** 2.29 ±0.84x107****

Freeze-dried, 6 months -0.21 17 2.64±0.20x108*** 1.26 ±0.47 x107***

Results obtained for microbial counts were expressed as means ± SD 
of at least three independent triplicate trials. Different stars indicate 
significant differences (p<.05), analyzed by ANOVA, followed by 
Fisher´s test.

The LAB counts of milk fermented with fresh and reactivated 
freeze-dried kefir grains showed significant difference. Moreover, 

the freeze-dried grains LAB counts were one order higher than 
those obtained with the fresh grains. A similar result was obtained 
with the yeast counts. The freeze-dried grains yeasts counts 
were one order higher than those obtained with the fresh grains 
at the 3 and 6 months of storage (Table 2).

Acidification kinetics during milk fermentation with fresh 
and freeze-dried kefir grains

Results showed that freeze-dried kefir grains kept the 
acidification ability without showing a significant difference 
between the treatments and the fresh grains (Table 2).

Figure 2 shows that all treatments produced a pH decrease 
when the kefir grains were inoculated in milk. The acidification 
kinetics for all treatments was pronounced during the first 
hours approximately between 3 and 7 hours. Once the first 15 
hours was passed, the acidification rate decreased until it 
reached a plateau. The acidification kinetics between fresh and 
freeze-dried grains did not show significant differences.
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Figure 2. Acidification kinetics of milk fermented with CIDCA AGK1 
kefir grains. Fresh (○) and freeze -dried kefir grains at storage time 
0 (●) and storage time 6 months (ρ). Kefir grains were reactivated 
by two successive passages in UHT milk. The acidification kinetics 

assays were carried out under the following conditions: 10% w/v of 
CIDCA AGK1 kefir grains in commercial UHT milk at 30°C.

Physicochemical analysis of the fermented milk with freeze-
dried kefir grains

Protein concentration of fermented milk with freeze-dried 
grains showed no statistically significant differences between 
all the values during the storage (Table 3). The titratable acidity 
did not show statistically significant differences between 
values obtained at 0 and 1 month, but if at 3 and 6 months of 
storage. The titratable acidity (except months 0 and 1) and 
protein concentration values were within the limits required by 
the national legislation [22].

Table 3. Physicochemical analysis of fermented milk with freeze-
dried kefir grains. Protein concentration and Titratable acidity at 0, 

1, 3 and 6 months of storage.
Storage time
(months)

Protein concentration
(g.100.g-1)

Titratable acidity
(lactic acid g.100.g-1)

0 3.35 ± 0.07 0.43
1 3.60 ± 0.23 0.49
3 3.95 ± 0.09 0.85
6 3.56 ± 0.09 0.74
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Antibacterial activity of fermented milk with fresh and 
freeze-dried kefir grains

Inhibitory activity test: Inhibitory activity of CFS obtained 
from the fermentation of freeze-dried (with reactivation in 
milk) and fresh kefir grains at different concentrations (20% to 
60% CFS) were tested. All the CFS concentrations tested (from 
fresh and reactivated freeze-dried kefir grains) showed a 
bactericidal effect on E. coli ATCC 25922 and S. enteric serovar 
Enteritidis, with a reduction of 99.9% of the initial counts. The 
minimal inhibitory value from all the concentrations assayed 
was 20% v/v for both pathogens. These results suggest that the 
lyophilization did not affect the antimicrobial activity of kefir.

Effect of CFS on the growth of E. coli ATCC 25922 and S. 
enterica serovar Enteritidis: E. coli ATCC 25922 showed a 
relative resistance to inhibition, decreasing only by 1 log cycle 
during the incubation time with both CFS (Figure 3a). On the 
other hand, S. enteric serovar Enteritidis was strongly affected 
by the CFS from fresh and reactivated freeze-dried grains, 
decreasing 5 log cycles during the incubation time (Figure 3b).

Figure 3. Viability of E. coli ATCC 25922 (A) and S. enterica serovar 
Enteritidis (B) exposed against Cell Free Supernatants (CFS) 

obtained from milk fermented with fresh and reactivated freeze-
dried CIDCA AGK1 kefir grains during 24 h (○): Microorganisms 
exposed against CFS from fresh kefir grains; (●). Microorganisms 
exposed against CFS from reactivated freeze-dried kefir grains. 

Sensory analysis of kefir fermented milk with freeze-dried 
and fresh CIDCA AGK1 kefir grains

Similarity test: A number 54 triangle sets of kefir beverages 
obtained with fresh and freeze-dried grains were evaluated. 
The different samples were discriminated in a total of 23 
triangle sets. According to the general answer obtained 

during the panel (“Which one was the different sample?”), we 
determined from equation 1, a LS value of 30%. This value 
was equal to the Pd value, showing that the two samples did 
not show significant differences in their sensory characteristics. 
In summary, the panel did not detect differences between 
kefir obtained with fresh or freeze-dried kefir grains.

Acceptability test: The kefir obtained with freeze–dried grain 
was evaluated by 93 untrained persons. An average of the 
ratings assigned by each one was performed and a value of 
7.88 ± 0.35 was obtained, which correlates with “Like very 
much”.

Discussion
Previous studies have shown that the kefir grains’ biomass 

increases with successive sub culturing, indicating the viability 
of the microbial community [13,23]. The freeze-dried grains 
stored at 4°C for 6 months exhibited a significant reduction in 
their biomass increase compared to fresh grains (Figure 1). 
The reduction of the ability to produce biomass could be 
attributed to the change in some microorganisms within kefir 
community such as Lactobacillus kefiranofaciens, which is the 
main microorganism responsible for the protein matrix 
production [24-26].

In agreement with these observations, other researchers 
have showed that the resistance of kefir isolated microorganisms 
(Saccharomyces cerevisiae CIDCA 8112, K. marxianus CIDCA 
8154, Lactobacillus plantarum CIDCA 83114 and L. kefir CIDCA 
8348) to lyophilization is a strain-dependent trait [27].

Other researchers have stated that kefir grains stored 
during 4 months at 4°C lose their capability to increase their 
biomass [13]. According to these results, it is possible that not 
only the lyophilization but the storage conditions affected the 
biomass kinetics of the kefir grains. Nevertheless, the use of 
milk as cryoprotectant could have reduced the microbial 
injury as it has been previously reported [28-31].

Microbial populations decreased by 3 log cycles during 
the storage time on the freeze-dried kefir grains that were not 
activated in milk. In spite of the observed microbial reduction, 
we could demonstrate that the damage was reversible because 
the counts reached the same values obtained in the fresh kefir 
grain once the reactivation step was performed (Table 1). 
Then, we determined that reactivation of two successive 
passages on milk was enough to recover the microbial 
community viability, obtaining similar counts to those of the 
fresh grains and ensuring the proper acidification of milk.

Previous studies have evaluated the yeast survival from 
freeze-dried commercial kefir grain and determined that the 
count decreased by 1 log cycle (103 CFU.mL-1) after the 2 
months of storage [11], whereas our results showed an increase 
in the yeast concentration, showing a count of 1 log cycle over 
the fresh grains counts during the 6 months of storage. We 
also assessed the microbial counts of the milk fermented with 
fresh and freeze-dried grains. Our results showed that the milk 
fermentation with freeze-dried grains stored at 4°C for 6 
months, produced a kefir beverage (Table 2) according to the 
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conditions required by legislation [22] and the LAB counts were 
above the yeast counts, as described by Garrote et al. [1].

The acidification kinetics carried out with fresh grains was 
similar to that obtained by Garrote et al. [4]. Moreover, the 
acidifications carried out with freeze-dried kefir grains did not 
show significant differences with that obtained with fresh 
grains, indicating that the fermentative activity was not 
significantly affected by the lyophilization and the storage 
conditions (Figure 2). These results were according with those 
obtained by Withun et al. [10], who demonstrated that freeze-
dried kefir grains stored up to 10 months preserve the 
fermentative activity of the grains.

Protein concentrations determined in this work were 
within the reference values required by the national legislation 
[22]. Also, these results are in agreement with those reported 
by Garrote et al. [2], who worked with CIDCA AGK1 fresh 
grains. On the other hand, titratable acidity of kefir at 3 and 6 
months of storage were also within the reference values 
required by legislation [22].

In this study, we established a MIC value for S. enterica 
serovar Enteritidis and E. coli of 20% v/v of CFS obtained from 
milk fermented with fresh and freeze-dried grains.

Results obtained in this work confirm values determined 
in previous works that report that MIC values of 30% from 
whey fermented with CIDCA AGK10 grains are effective 
against Salmonella entérica and E. coli [7,8].

Once the MICs were determined, the death kinetics of two 
pathogens was studied. A bacterial decrease by 5 log cycles 
and 1 log cycle from S. enterica serovar Enteritidis and E. coli 
was obtained, respectively, during the incubation time. These 
results agreed with those reported on the antimicrobial activity 
of CFS from whey fermented with fresh CIDCA AGK10 kefir 
grains [7]. It is remarkable that CFS from fresh and freeze-dried 
kefir grains evidenced the same inhibitory ability. Lyophilization 
does not affect the inhibitory ability of CFS on the studied 
pathogens. This is an additional advantage of the lyophilization 
as a preservation technique for CIDCA AGK1 kefir grains.

The similarity test herein established that there were no 
detectable differences between fermented beverages with 
fresh and freeze-dried kefir grains. Additionally, the kefir 
fermented by CIDCA AGK1 freeze-dried kefir grains obtained 
a wide acceptability among the surveyed population. These 
results are also in agreement with those obtained by Kakisu et 
al. [32], who studied the sensory attributes of beverages 
fermented with 2 and 3 strains isolated from kefir grains. The 
fermented milk with the two-strain or three-strain starter was 
judged as acceptable (P ≤ 0.05).

Conclusion
Lyophilization followed by the appropriate storage 

conditions is suitable for the survival of the kefir microbiota 
and the stability of the fermentation activity of the kefir grains. 
A critical parameter relates with the need to reactivate the 
freeze-dried kefir grains before their use. Moreover, it was 
determined that a recovery time is necessary in order to 

obtain biomass production. The inhibitory activity of CFS 
against E. coli and S. enterica serovar Enteritidis is affected by 
lyophilization but this effect is clearly reverted after the grain 
reactivation process. On the other hand, there was no 
significant difference between fermented milk with fresh and 
freeze-dried kefir grains. Fermented milk with freeze-dried 
grains shows a very good acceptance.

These results are important for storage of kefir grains 
during wide periods of time and support their transport 
without refrigeration. The reactivation process is an important 
stage to ensure a suitable carriage and therefore maximize 
their industrial use.
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