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Abstract
Background: Candida albicans (C. albicans) is known as an opportunistic fungal pathogen, and
although it is a normal flora of the gastrointestinal tract, it has the ability to colonize every
human tissue, causing serious and invasive infections.
Objective: This study focused on the antifungal activity of the produced yogurts and kefirs from
cow, camel, sheep, and goat milk against C. albicans during the storage period at 4 ºC.
Materials and Methods: The pH, titratable acidity, the content of some organic acids, and antiCandida activity of yogurt and kefir samples were evaluated based on the aim of the study.
Results: The titratable acidity of the samples significantly increased after the fermentation,
along with pH reductions. The concentration of lactic and pyruvic acids increased during the
fermentation while citric, uric, and hippuric acid content demonstrated a decrease. The results
revealed that kefir samples had a stronger anti-Candida effect compared to yogurt samples. On
the first day of the storage period, the growth inhibitory effect of sheep milk kefir was 90.20%,
followed by camel kefir (78.37%), goat kefir (74.52%), cow kefir (73.23%), sheep yogurt
(48.56%), camel yogurt (37.51%), cow yogurt (34.42%), and goat yogurt (30.32%). Eventually,
the inhibition rate of sheep milk kefir reached 96.50% after 20 days of storage.
Conclusion: It seems that kefir may be used as a nutraceutical and functional food against
C.albicans infections.
Received June 20, 2020; Revised August 5, 2020; Accepted August 17, 2020

Background
Probiotic food products contain live probiotic
microorganisms that have beneficial effects on the
intestinal microflora and the health of the host 1. Kefir
and yogurt are the most popular probiotic fermented
dairy products in the world. Yogurt is prepared using a
bacterial starter culture (consisting of lactic acid bacteria)
to ferment the milk. Kefir drink originated from the
Caucasus, Eastern Europe, and Russia is fermented
milk produced by kefir grains. These grains consist of a
symbiotic mixture of lactic acid bacteria (Streptococcus
spp., Lactobacillus, Lactococcus, and Leuconostoc), acetic
acid bacteria (Acetobacter), yeasts (Saccharomyces spp.,
Candida, Torula, and Kluyveromyces), and mycelial fungi
aggregated in a glucogalactan matrix named kefiran.
Kefiran is a gelatinous irregularly mass with white or light
yellow color 2. The microbial diversity may vary based
on the origin of kefir, the applied substrate composition
in the fermentation, and the maintenance method of the
starter culture. The microorganisms of the yogurt starter

culture and kefiran produce bioactive compounds which
have been reported to possess antibacterial and antifungal
activity, have the potential for improving the function of
the immune system and digestive organs, and help the
treatment of blood hypertension, allergies, metabolic
defects, and antitumour activity 3.
It has been reported that kefir acts against some
pathogenic bacteria (e.g., Staphylococcus aureus, Bacillus
subtilis, Salmonella, Shigella, Escherichia coli, Listeria
monocytogenes, Enterobacter aerogenes, Streptococcus
pyogenes, Proteus vulgaris, and Micrococcus luteus), and
fungi (e.g., Aspergillus flavus, Fusarium graminearum,
and Candida albicans) 4,5. C. albicans is introduced as an
opportunistic fungal pathogen. Although this pathogen
is a normal flora of the gastrointestinal tract, it has the
ability to colonize every human tissue, causing serious
and invasive infections 6. The treatment of candidiasis
is usually drug-based but using anti-candida drugs has
resulted in appearing resistant Candida species and the
failure of subsequent drug treatments. Therefore, research
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should be conducted toward new therapeutic methods 7.
It seems that fermented dairy products such as kefir are
natural safe food preservatives offering protection against
microbial pathogens 4.
The publication is scarce on the antifungal potential
of kefir and yogurt produced from camel, sheep, and
goat milk probably because of the restricted and low
availability of the milk of these species on the market. It is
assumed that fermented dairy products possess different
antimicrobial activities based on their milk sources, starter
culture, and shelf-life. Hence, the aim of the present work
was to determine the antifungal activity of the produced
yogurts and kefirs from cow, camel, sheep, and goat milk
against C. albicans.
Materials and Methods
Materials
All the applied culture media, chemicals, and reagents
were purchased from Merck Company (Darmstadt,
Germany). Raw cow, sheep, and goat milk were obtained
from the dairy farm of Bandpei (Mazandaran, Iran), and
camel milk was purchased from a camel farm in Kalaleh
(Golestan, Iran).
Inoculums Preparation
Yogurt commercial starter culture (L. delbrueckii subsp.
bulgaricus and Streptococcus thermophilus) as the direct
vat set culture was purchased from Danisco (Denmark).
The traditional kefir grains (kefiran) were collected from
the rural kefir producers on the outskirts of Semnan
(Semnan, Iran). The recovery of active kefir grains was
performed by transferring the grains into the heated (90
°
C) and cooled (25-30 °C) low-fat cow milk (approximately
0.45% fat content) and incubated at 25 ± 1 °C for about
24 hours. This step was repeated for 7 consecutive days
8
. Then, to separate the milk curds, the kefir grains were
filtered and washed with sterile distilled water 3 times.
Finally, the grains were inoculated into pasteurized cow
milk and stored at 25 ± 1 °C until its use.
Fermentation
The milk samples were pasteurized in the hot water bath
(90 ± 1 °C for 10 minutes) and cooled to 43 ± 1 °C and 25
± 1 °C for yogurt and kefir production, respectively. Then,
yogurt starter culture (2% v/v) and activated kefir grains
(5% v/v) were inoculated to each milk, and the samples
were incubated (Memmert Incubator 400, Switzerland)
at 43-45 °C (for 8 hours) and 25 ± 1 °C (for 20 hours) to
produce kefir and yogurt, respectively, until obtaining
the desired pH of the product (4.5-4.6 for both kefir and
yogurt). At the end of the fermentation period, the kefir
samples were filtered through a sterile sieve (1.5 mm pore
size) in order to separate the kefir grains and then filled
into 250-mL bottles. All samples were kept at 4 ± 1°C until
analysis. The samples were analyzed on the 1st, 5th, 10th,
15th, and 20th days of the storage period.

Preparation of the Samples
To prepare samples for the chemical assays, 2 g of each
sample was mixed with 20 mL of the extracting solvent
(methanol/water, 70:30 v/v) using a magnetic stirrer
(model RSM-03-10K, Phoenix, Germany) for 4 hours
at 20 ± 1 °C in a dark place. Then, the mixture was
centrifuged (model Z206A, Hermle, Germany) at 3000
rpm (12 minutes) and filtered using a Whatman™ Grade 2
cellulose qualitative filter paper (Diameter: 12.5 cm, pore
size: 8 µm). The supernatants were used to determine pH
and acidity 9.
To prepare samples for anti-Candida experiments, the
fermented products were filtered through a sieve of 1.2mm2 mesh size, and the filtrate was centrifuged at 13500
×g for 15 minute to precipitate the microorganisms.
The obtained kefir/yogurt cell-free supernatants were
sterilized using a nitrocellulose filter (0.22-μm pore size)
and kept at -20 ˚C until using.
pH Measurement
The pH of the kefir and yogurt extracts was measured
using a pH-meter model 913 (Metrohm, Switzerland).
The pH-meter was calibrated before use by pH 4.00 and
7.00 standard buffer solutions.
Measuring Total Acidity and Ethanol Content
The acidity and ethanol content of the samples were
determined according to the AOAC (2002, 2016)
procedure and reported as grams of lactic acid per liter of
the product 10.
Determination of the Organic Acids in the Samples
The composition and concentration of organic acids
in kefir and yogurt samples on the 1st day of the storage
period were determined according to the method used by
GuKzel-Seydim et al (2000). Briefly, 4 g of each sample was
mixed with 25 mL H2SO4 (0.01 N), vortexed for 1 minutes
to obtain the extract of the sample, and kept at 4 °C until
HPLC analysis. Sulphuric acid-extracted samples were
then passed through a 0.45-µm filter and injected into a
PerkinElmer Altus HPLC system, equipped with the A-10
Solvent/Sample Manager, the A-10 column heater, and the
A-10 UV detector. In addition, a PerkinElmer Brownlee
Validated Aqueous C18 5 µm, 4.6 x 250 mm column
was applied for all the analyses (PerkinElmer, Shelton,
CT, USA). The injection volume for both samples and
standards was 10 µL. Degassed HPLC-grade H2SO4 (0.009
N) was used as the mobile phase. The organic acids, lactic,
citric, pyruvic, uric, and hippuric were detected using UV
detection at a wavelength of 275 nm. The applied external
standards for quantifying the organic acids were prepared
in distilled deionized water (ddH2O) and passed through
a 0.45-µm filter. Standard curves were plotted based on
peak height for each organic acid covering a wide range
of concentrations.
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Anti-Candida Activity
The antifungal activity of kefir and yogurt samples
against C. albicans was evaluated according to the method
described by Eddine et al (2020) with some modifications.
C. albicans (ATCC 76615) was kindly donated by the
Department of Mycology of Faculty of Veterinary
Medicine, University of Tehran (Tehran, Iran). C. albicans
was grown in Yeast Potato Dextrose (containing 1% yeast
extract, 2% peptone, and 2% glucose/dextrose) broth
until reaching an optical density of 0.5 of McFarland scale.
The final population of C. albicans was adjusted at 5 ×
105 conidia/mL. The antifungal assay was performed on
Petri dishes and the solid medium consisted of the malt
extract (1% w/v), yeast extract (2% w/v), and agar (2%
w/v). The culture medium was sterilized at 121 ˚C for 15
minutes, and after cooling to 45 ˚C, 20 mL of the medium
was transferred into the Petri dishes (90 mm diameter).
Then, 1 mL of the yeast suspension was uniformly spread
on the plates using a sterile cotton swab. The wells with
a depth of 6 mm and a diameter of 8 mm were formed
in the inoculated plates using a sterile glass tube and a
vacuum pump. Next, 100 μL of the yogurt or kefir extracts
were individually transferred into the wells on all plates.
Ketoconazole (50 μg/mL) was used as a control antifungal
compound. The diameter of the inhibition zone was
measured after 48 hours of incubation at 37 ˚C. The
antifungal activity was investigated on days 1, 5, 10, 15,
and 20 of the storage period of the samples.
Statistical Analysis
All the experiments were carried out three times. The
obtained data were statistically analyzed using the
statistical software package of SPSS (version 22.0). The
results were analyzed by two-way repeated-measures
analysis of variance to determine the effect of starter
culture and storage time on the pH, acidity, and antiCandida activity. The significance level of 5% and 1% was
used, and data were shown as the mean ± standard error
of the mean.

Results and Discussion
pH
Table 1 provides the variations in the pH value in kefir
and yogurt samples during 20 days of the storage period
at 4 ºC. It should be noted that in dairy products produced
through fermentation, the change in the pH value is a
determining factor that expresses the fermenting ability
of the microorganisms of the starter culture and has a
considerable effect on the sensory properties and the
quality of the product during the shelf-life period. It
is demonstrated that the microbial growth rate and the
fermentation potential of the starter culture significantly
depends on the origin of milk, the nutrient compositions
of milk (i.e., protein, peptide, lactose, oligosaccharides,
and micronutrients), storage temperature, and the length
of the incubation period 11. In the present work, a decrease
was observed in pH values in all kefir and yogurt samples
(P < 0.01) and the level of reductions varied relying on
the milk source and the starter culture. Similar pH values
(6.08-6.55) were found for all kefir and yogurt samples at
the very beginning phase of the fermentation process, and
then pH values decreased during the acidification period
to reach the final pH. The pH values of kefir samples were
lower than those of the yogurt samples, revealing that the
microorganisms of the kefir grain had higher fermentation
capacity compared to the yogurt starter culture. On day
1, the pH of kefir and yogurt samples was 4.52 ± 0.034.63 ± 0.1 and 4.56 ± 0.1-4.68 ± 0.05, respectively. No
significant difference was detected between the pH values
of the products prepared from different types of milk
(P > 0.01). At the end of the storage period (day 20), the
pH of goat and camel kefir samples decreased to 3.65 ±
0.07 and 3.25 ± 0.05, respectively, while that of sheep and
cow kefirs reached 4.02 ± 0.07 and 4.19 ± 0.03 (P < 0.01).
It is reported that the pH of sheep milk kefir decreased
from 4.50 to 3.70 during the 28-day storage period 12,
which showed more pH changes compared to our results
for sheep kefir. Yilmaz-Ersan et al found that the pH of
cow kefir was slightly higher in comparison to sheep kefir
13
, which is similar to our results. The significant decrease

Table 1. Changes in the pH of Kefir and Yogurt Samples Produced From Sheep, Camel, Goat, and Cow Milk During Storage at 4 °C
Storage Period (day)
1

5

10

15

20

Sheep kefir

4.63±0.01

4.57±0.07

4.41±0.01

4.28±0.05

4.02±0.09bD

Sheep yogurt

4.68±0.03aA

4.61±0.09aA

4.56±0.00bA

4.49±0.06bA

4.45±0.01bA

Camel kefir

4.6±0.01

4.31±0.00

4.1±0.01

dD

3.9±0.05

3.65±0.03eE

Camel yogurt

4.6±0.04aA

4.41±0.01bB

4.31±0.02cC

4.2±0.07dC

4.05±0.00eD

Goat kefir

4.55±0.00

4.35±0.07

Goat yogurt

4.65±0.01aA

Cow kefir
Cow yogurt

aA

aA

aA

bB

bB

cD

bB

4.02±0.03

dD

3.91±0.05

3.28±0.10eF

4.29±0.05bC

3.95±0.03cE

3.44±0.06dE

3.01±0.04eG

4.52±0.07

4.41±0.03

4.4±0.00

4.31±0.11

4.19±0.08cC

4.56±0.10aB

4.43±0.09bB

4.42±0.02bB

4.37±0.05bB

aB

aB

bB

bB

cE

bB

bB

Note. Different lowercase superscripts in a row express a significant difference between the means during the storage period (P < 0.01).
superscripts in a column indicate a significant difference between the means for kefir and yogurt samples (P < 0.01).
a–g
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in the pH of kefir samples revealed the higher metabolic
activity of kefiran compared to the commercial yogurt
starter culture. Furthermore, it seems that differences
in the pH values of kefir and yogurt samples during the
storage period are related to the buffering properties of
the types of the milk and the fermentation potential of the
applied microbial populations.
2 Titratable Acidity
The ethanol content of samples measured on the 1st day
of the storage period was obtained as 1.7%, 1.2%, 1.08%,
1.03%, 0.011%, 0.009%, 0.006%, and 0.005% for cow
kefir, camel kefir, goat kefir, sheep kefir, cow yogurt,
camel yogurt, goat yogurt, and sheep yogurt, respectively.
The results of measuring the titratable acidity of kefir
and yogurt samples during storage at 4 °C are shown
in Table 2. During the storage period, the acidity value
increased in all the samples. Similar observations have
been reported for cow milk kefir 14, goat and cow milk
kefir 15, and Tibetan kefir 16. The rapid multiplication of
the microorganisms of kefiran and yogurt starter cultures
such as yeasts and lactic acid bacteria and thus the
production of lactic acid, acetic acid, CO2, alcohol, and
volatile compounds resulted in increasing the acidity of
the product. Accordingly to several studies, the metabolic
activity of lactic acid bacteria and the production of lactic
acid and bacteriocins have a great inhibitory effect on
the growth and metabolism of pathogens and spoiling
microorganisms 17,18.
In our study, the acidity of yogurt samples was lower
than that of kefir samples for the same milk type although
there was no significant difference between the samples
(P > 0.01) except for goat kefir and yogurt (P < 0.01).
According to Table 2, the highest titratable acidity
belonged to goat kefir, which may be due to the fatty acid
composition of goat milk and the high content of medium
and short-chain fatty acids (e.g., caproic, caprylic, and
capric acids) 19. Our findings of sheep milk kefir and
yogurt are consistent with the results of de Lima et al,
representing an increase of up to 27 g lactic acid/L in the

titratable acidity of sheep kefir during 28 days of storage at
4 °C. Several factors such as the variety and the metabolic
activity of microorganisms, the fermentation period, and
the fermentation rate affect the production of organic
acids and increasing the acidity 20.
Organic Acid Composition
Organic acids are produced in dairy foods as a result of
the hydrolysis of fatty acids, biochemical reactions, and
bacterial or fungal metabolism. Lactic acid is the common
final product of bacterial and yeast fermentation. The
concentrations of lactic acid in milk, kefir, and yogurt
samples (Table 3) showed that lactate production
increased during the fermentation (P < 0.01). It is reported
that lactose is degraded to glucose and galactose by
microorganisms and, glucose is metabolized to pyruvate
during the homofermentative pathway. Therefore, the
concentration of pyruvic acid represents an increase. The
lactic acid content in cow milk kefir samples was reported
8.76 g/L 21 and 6.40 g/L 22 in previous studies. In this
work, yogurt starter culture produced 10.45, 5.50, 7.33,
and 9.43 g/L lactic acid in the sheep, camel, goat, and cow
milk yogurt, respectively, upon one-day of fermentation.
Thus, kefir samples had lower lactic acid (i.e., 9.05, 4.81,
5.80, and 8.19 g/L lactic acid in the sheep, camel, goat,
and cow milk kefir, respectively) content compared
to yogurt samples. This could be due to the use of a
heterofermentative pathway with a resultant production
of CO2 which leads to the over-acidification problem in
yogurt, this problem rarely occurs in kefir. Concurrent
with lactic acid production, pyruvic acid content
increased during fermentation (P < 0.01). Streptococcus
lactis, as a common component of the kefiran, produces
pyruvate, which is converted to lactate, acetaldehyde, and
diacetyl 22.
The citric acid concentrations of sheep, camel, goat,
and cow milk samples were 1.84, 0.35, 0.65, and 1.80
g/L, respectively. As shown in Table 3, the citrate content
decreased by the completion of fermentation (P < 0.01).
It may be because citrate is the preferred substrate for

Table 2. Acidity Variations of Kefir and Yogurt Samples Produced From Sheep, Camel, Goat, and Cow Milk During Storage at 4 °C
Storage Period (day)
1

5

10

15

20

Sheep kefir

26.05±0.15

26.29±0.40

26.93±0.37

Sheep yogurt

26.12±0.55

26.36±0.21

26.55±0.30

26.85±0.46

27.06±0.25cC

Camel kefir

25.90±0.41aA

26.71±0.57bA

26.94±0.32bA

27.46±0.11cB

27.74±0.24cB

Camel yogurt

25.79±0.28aB

26.15±0.35bB

26.39±0.63bC

26.51±0.40bC

26.80±0.17cD

Goat kefir

25.84±0.71

26.75±0.15

27.12±0.38

cA

28.36±0.50

29.28±0.43dA

Goat yogurt

26.20±0.64aA

26.44±0.70aA

26.60±0.92bB

26.84±0.60bC

27.16±0.21cC

Cow kefir

25.86±0.35

26.30±0.82

26.34±0.50

cC

26.70±0.33

27.18±0.49dC

Cow yogurt

25.65±0.58aB

26.37±0.46bB

26.45±0.23bC

26.61±0.65bC

26.85±0.31cD

aA
aA

aB

aB

aB

aA

aA

bB

bA
bB

bA

bC

cB

27.35±0.43

27.33±0.19bC

bC

Note. a–gDifferent lowercase superscripts in a row express a significant difference between the means during the storage period (P < 0.01). A–EDifferent uppercase
superscripts in a column represent a significant difference between the means for kefir and yogurt samples (P < 0.01).
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Table 3. Organic Acid Composition of Milk, Kefir, and Yogurt Samples at the 1st Day of the Storage Period
Organic Acid Composition (g/L)
Lactic Acid

Citric Acid

Pyruvic Acid

Uric Acid

Hippuric Acid

Sheep milk

0.071±0.005G

1.84±0.230aA

NDaC

0.20±0.000aA

0.041±0.009aB

Sheep kefir

9.05±0.711cB

0.740±0.151bC

0.021±0.001bA

0.08±0.002bB

NDbD

Sheep yogurt

10.45±0.520bA

0.618±0.035cD

0.027±0.005bA

0.1±0.072bB

NDbD

Camel milk

0.013±0.000

aH

0.35±0.060

ND

aF

0.10±0.028

aC

0.18±0.056aA

aB

Camel kefir

4.81±0.300cF

0.30±0.059aF

0.011±0.001bB

0.04±0.003bC

NDBD

Camel yogurt

5.50±0.149

0.28±0.075

0.017±0.000

0.05±0.000

NDbD

Goat milk

0.06±0.001aG

0.65±0.030D

Goat kefir

5.80±0.02

0.515±0.08

Goat yogurt

7.33±0.91bD

Cow milk

bE

aG

bB

NDaC

bC

0.012±0.000aC

0.010±0.003aC

0.019±0.001

bD

ND

NDbD

0.545±0.005bE

0.023±0.007bA

NDbD

NDbD

0.07±0.000aG

1.80±0.031aA

NDaC

0.062±0.001B

0.014±0.005aB

Cow kefir

8.19±0.331

1.20±0.055

Cow yogurt

9.43±0.110bB

cE

bE

cC

bB

0.015±0.001

bB

bB

0.635±0.082cD

0.016±0.000bB

ND

NDbD

bD

0.030±0.005cC

NDbD

Note. ND: Not detected; a–gDifferent lowercase superscripts express a significant difference between the means of the organic acid content of milk, kefir, and
yogurt for each species (P < 0.01). A–EDifferent uppercase superscripts in a column denote a significant difference between the means for milk, kefir, and yogurt
samples (P < 0.01).
Table 4. Anti-Candida Activity of Kefir and Yogurt Samples Produced From Cow, Camel, Sheep, and Goat Milk Against Candida albicans During Storage at 4 °C
Inhibition Zone (mm)*
Cow Kefir

Cow Yogurt

Camel Kefir

aC

bD

Camel Yogurt

30.1±0.42

bA

25.0±0.64

11.5±0.70

28.7±0.61

11.1±0.23

33.5±0.27

15.1±0.33

26.5±0.72

10.3±0.65bF

Day 10

26.3±0.20cD

15.8±0.61cE

29.5±0.92bB

13.5±0.54cF

35.3±0.51cA

16.0±0.15cC

27.9±0.57cC

13.5±0.23cF

Day 15

28.0±0.82dD

19.1±0.55dE

33.0±0.51cB

14.1±0.50dG

36.5±0.70dA

17.5±0.81dF

30.0±0.56dC

17.6±0.37dF

Day 20

28.7±0.45

22.5±0.38

34.5±0.24

15.5±0.33

37.8±0.65

20.3±0.46

31.8±0.64

19.5±0.81eF

dB

bE

eG

eA

13.9±0.21

bC

Goat Yogurt

Day 5

eE

9.6±0.37

bB

aD

aC

Goat Kefir

8.4±0.29

dD

25.5±0.50

Sheep Yogurt

aA

23.5±0.35

bE

aB

Sheep Kefir

Day 1

aE

eF

aC

24.0±0.63

6.8±0.25aF

bC

eC

Note. The inhibition zone diameter of Ketoconazole was 21.1±0.58 mm. Different lowercase superscripts in a column express a significant difference
between the means for kefir and yogurt samples for each microorganism (P < 0.05). A–EDifferent uppercase superscripts in a row indicate a significant difference
between the means during the storage period (P < 0.05).
*

a–g

diacetyl and acetoin production by lactic acid bacteria.
Moreover, hippuric and uric acids decreased (Table 3)
after one-day fermentation (P < 0.01) to a non-detectable
level. Similar reductions in hippuric acid content were
observed during yogurt and kefir fermentation by other
researchers 22,23. Considering that hippuric acid is a
precursor in the synthesis of benzoic acid by lactic acid
bacteria, it probably decreased as a result of the metabolic
activity of lactic acid bacteria to form benzoic acid 22,23.
Antifungal Activity
The antifungal activity of kefir and yogurt samples
against C. albicans was determined using an in vitro
culture method. The diameter of the growth inhibitory
zone was measured as well (Table 4). Totally, kefir
samples showed the highest inhibitory activity against
C. albicans in comparison to yogurt samples (P < 0.05).
Based on the results, sheep milk kefir demonstrated
the highest antifungal activity against C. albicans. For
example, its inhibitory effect was 90.20% on the first day
of the storage period, followed by camel kefir (78.37%),
goat kefir (74.52%), cow kefir (73.23%), sheep yogurt
(48.56%), camel yogurt (37.51%), cow yogurt (34.42%),
98

and goat yogurt (30.32%). After 20 days of storage, the
inhibition rate of sheep milk kefir reached 96.50%. It
should be noted that kefir samples had higher inhibitory
potential compared to ketoconazole. These results are in
agreement with those found by Rodrigues et al, indicating
the growth inhibitory zone diameter of kefiran and kefir
against C. albicans was 23.2 and 28.0 mm, respectively,
and significantly higher compared to ketoconazole 24. It
has been demonstrated that kefir inhibited the growth of
fungi and the microorganisms of kefir grain possessed
the potential of producing antifungal metabolites 25. In
our study, cow yogurt had lower acidity in comparison
with other samples and inhibited the growth of the tested
fungus weakly although both sheep and camel milk
kefir and yogurt showed higher acidity, stronger antiCandida activity, and significantly inhibited the fungal
growth. Based on the results (Table 4) that the efficacy of
the samples for inhibiting the growth diameter reduced
toward the end of the storage period. The same results
were reported by Taheur et al representing that the long
storage period decreased the antifungal activity of whey
permeates fermented by kefir grains 14. Kefiran consists
of polysaccharides, peptides, and proteins, which are the
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substrates for the microorganisms regarding produce
several organic acids and bioactive compounds that inhibit
the activity or the growth of pathogenic microorganisms.
In addition to the low pH, the antifungal activity of
fermented products is attributed to the organic acids
such as lactic, citric, pyruvic, propionic, and acetic acids
formed during the fermentation period disrupting the
proton transfer gradient in the intracellular membranes
26
. Given that organic acids do not completely dissociate
in water, they are considered as weak acids. It should be
noted that the dissociation degree widely depends on pH
27
. The decreasing of pH results in a higher concentration
of protons and enhancing acid diffusion across the cell
membrane and into the cytoplasm. Therefore, a lower
level of the pH of the product leads to a higher growth
inhibitory effect.
In addition to intracellular acidification, the presence
of weak organic acids leads to internal aggregation of
the negatively charged counter-ion resulting in multiple
deleterious effects on yeast cells including oxidative stress,
increases in turgor pressure, and finally, the depletion
of ribosomal RNA and relevant cofactors 28. Several
studies have demonstrated the above-mentioned effects
in the model yeast Saccharomyces cerevisiae, C. glabrata,
and C. albicans 29-31. In another study, lactic and acetic
acids produced in the fermented foods were shown as
fungal inhibitors 32. Furthermore, Segun investigated
the inhibitory potential of lactic acid bacteria (LAB)
isolated from several types of yogurt (home-made and
commercially available yogurts) against C. albicans. The
produced inhibition zone by LAB ranged from 5.8 mm
to 13.3 mm, which is lower than our results. Additionally,
Segun claimed that drinking natural yogurt and its
direct application to an infected area helps in curing
or preventing candidiasis 33. The mechanism by which
LAB inhibits the growth of pathogens is the production
of organic acids such as lactic acid, antimicrobial
metabolites, and antibiotic-like compounds which have
antagonistic actions against pathogens 34. It was reported
that bacteriocins such as acidophilin by L. acidophilus and
bulgarican by L. bulgaricus effectively inhibited the growth
of C. albicans 35. An antimicrobial compound named
bacteriocin F1, produced by L. paracasei in Tibetan kefir
grains, had antifungal activity 36. Similarly, it was found
that metabolites produced by L. plantarum inhibited the
growth of C. albicans 37. In the present study, the antiCandida activity of kefir samples was stronger than that
of yogurt samples, which may be due to the diversity of
fermenting microorganisms and antimicrobial substances
produced in kefir. It is shown that the production rate of
the bioactive metabolites and organic acids decreased by
the end of the storage period and reductions in nutrients
and substrates for microorganisms. Accordingly, milk
containing higher amounts of protein and carbohydrates
(e.g., sheep and camel milk) provides enough nutrients
for the microorganisms, and the produced yogurt and

kefir have stronger antifungal activity compared to
other types of milk. Totally, the inhibitory capability of
the available probiotics in yogurts and kefirs against C.
albicans emphasizes the health benefits resulted from the
consumption of these products.
Conclusion
In general, this study investigated the anti-Candida
potential of kefir and yogurt produced from cow, camel,
sheep, and goat milk. The results revealed the higher
antifungal activity of kefir samples compared to yogurt
samples. The sheep and cow milk kefir expressed the
highest and the lowest anti-Candida activity, respectively.
It seems that kefir may be used as a nutraceutical and
functional food against C.albicans infections and invivo studies are needed to understand its anti-Candida
mechanism.
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