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Abstract
Kefir grain is a group of microorganisms in symbiosis, mainly yeasts and lactic acid bacteria (LAB), which stands out as a 
carrier of functional components and suitable option for enrichment. In present study, kefir as a functional beverage includ-
ing purslane (Portulaca oleracea L.) seed oil at the different levels (0, 0.5, 1 and 1.5%) is produced. A reduction in pH and 
elevated acidity were detected significantly in all treatments during 1, 7, 14 and 21 days of shelf life. The higher concentra-
tion of seed oil induced more antioxidant capacity and total phenolic content. The elevated survival and activity of LAB 
were found by adding Portulaca oleracea L. seed oil; however, a reverse trend was observed on extended shelf life. The 
highest and lowest percentages of hydrophobicity are related to population for Lactobacillus spp. and Bifidiobacterium spp. 
isolated from treatment containing 1% Portulaca oleracea L. seed oil (72.4%) and control (35.1%) on the 1st and 21st day 
of shelf life, respectively. The sensory assessment outlined that panelists assigned the closest score to treatment with 0.5% 
of seed oil in contrast to control. Portulaca oleracea L. seed oil was extracted and fatty acid profiles were assessed by gas 
chromatography technique, which detected more concentration in treatment including 1.5% Portulaca oleracea L. seed oil 
compared to others. Also, fermentation procedure increased the conjugated linoleic acid in oil presence; as a conclusion, the 
potential application of enrichment kefir beverage has attracted intense attention for production in food industry.
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Introduction

A functional product is consumed in a habitual diet, which 
supplies health benefits or avoidance of disease and physi-
ological improvements beyond traditionally related to 
nutrients [1]. Nowadays, beneficial products with probiotic 
microorganisms and functional organic components have 
received an intense attention [2]. Lactic-alcoholic fermen-
tation of milk with kefir grains or a starter culture produced 
fermented beverage such as kefir, which has abundant health 
promotions due to its anti‐diabetic, anti-inflammatory, anti-
microbial attributes and can adjust the gut microbiota [3]. 
Lactic acid bacteria (LAB) as probiotic bacteria in kefir 

produce antimicrobial constituents such as organic acids, 
antimicrobial peptides, lantibiotics, hydrogen peroxide and 
bacteriocins. Also, LAB cause the control of pathogenic 
agents by reducing competition for nutrients, antagonistic 
activation and adhesion prevention of pathogens to intes-
tinal wall [1, 4]. Hydrophobicity characteristic affects the 
adhesion of probiotics to intestinal membrane and probi-
otic efficiency improves by increasing this factor [2]. Kefir 
grains are considered as irregular granules with distinct size 
in diameter from 3 to 35 mm, which are applied to produce 
ancient beverage obtained from Western and Central Asia 
by fermented milk [5, 6].

There is an enormous attraction for functional product 
with beneficial improvements in different countries all over 
the world [4, 7]. Symbiotic correlations are observed among 
yeasts, acetic acid and LAB, which influence flavor percep-
tion and quality for kefir production [8]. The protein content 
(2.7%), lactic acid (0.6%) and fat level (< 10%) related to 
milk are observed in kefir [7, 8].

Regarding to previous researches, the nutritional status 
of kefir could be improved by applying distinct components 
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such as Linum usitatissimum L. flaxseed (1% w/v), Rosmari-
num officinalis L. essential oil (0.15% w/v) and hazelnut 
milk (25–50–75% w/v), which positively affected on hypo-
glycemic, anti-inflammatory, antioxidant activities and 
microbial survival [9, 10].

Purslane (Portulaca oleracea L.) is applied as a beneficial 
oil for cardiovascular diseases, because is rich in α-linolenic 
acid and ß-carotene as well as in some clinical researches 
for its hepatoprotective and hypolipidemic effects has higher 
volatile terpenoids and phenol components [11]. Portulaca 
oleracea L. seed oil has saturated fatty acids (SFA), mono-
unsaturated fatty acid (MUFA) and polyunsaturated fatty 
acid (PUFA) such as palmitic acid, stearic acid, linoleic 
acid, oleic acid specifically alpha-linolenicacid and less 
omega-6/omega-3 ratio < 2 [11, 12]. It is a prominent factor 
for acceptable equilibrium of mentioned fatty acids (FAs) in 
human body systems and has vitamin [11].

The tocopherols as natural antioxidants can neutralize 
free radicals and assist to the avoidance of correlated disor-
der [13]. Not many researches have been performed on Por-
tulaca oleracea L. application in the food industry such as its 
frozen powder to replace with soy protein in bread [12] and 
extract in yogurt during 21 days [14]. Conjugated linoleic 
acids (CLAs-conjugated linoleic acids) are produced by the 
fermentation of linoleic acid with probiotic bacteria and 
also, these FAs are found naturally in milk and meat [15].

The fermented milk with adding pro-healthy components 
is attracted much attention due to fat including suitable n-3 
and n-6 FAs; as a result, vegetable oils are employed for 
enriching products with essential FAs [12]. The present 
research aims to explore the impact of Portulaca oleracea 
L. seed oil in kefir beverages with 0, 0.5, 1 and 1.5% concen-
trations on some physicochemical attributes (pH, titratable 
acidity and color), biochemical characteristic (total phenolic 
contents (TPC) and antioxidant activity), survival microor-
ganisms, hydrophobicity of kefir microorganisms, sensory 
stimulation (flavor, color, odor, texture and overall accept-
ance) and FA profiles of fortified kefir.

Materials and methods

Cow milk (whole milk) with 2.5% fat was purchased from 
Kalleh Dairy Co. (Iran, Amol) as well as Kefir grains as a 
starter culture was attained from household in Tehran, Iran 
and glass bottles were applied to maintain the produced 
functional beverage of kefir.

Sodium hydroxide was obtained from Fluka Co. (United 
States of America) and other chemical materials including 
sulfuric acid, isoamyl alcohol, phenolphthalein, sodium sul-
fate, methanol, hexane and MRS media (De Man, Rogosa 
and Sharpe agar) were obtained from Merck Co (Germany). 
Fatty acid methyl ester (FAME) standards were achieved 

from Sigma (Supelco™ 37 component FAME Mix, 
Oakville, ON, Canada).

Portulaca oleracea L. seed oil extraction

The seeds were obtained by the Iranian Agriculture Research 
Center in Karaj, Iran. Since germination enhances unsat-
urated fatty acids (USFA) and reduces SFA of seed, this 
procedure was done before oiling [16]. After germination, 
seeds were mixed by 5% NaClO (about 5 min), after that 
washed and maintained in sterile water for 4 h. Afterwards, 
they were dried at 50 °C during 12 h in an oven and then 
crushed into powder by a grinder with a size range of 0.55 
to 1.0 mm. Crude oil was achieved from dried seeds using 
solvent hexane (1:10, w/v) at 70 °C and for 6 h by a Soxhlet 
apparatus [11].

Preparation of kefir beverage treatments

The pasteurized milk was cooled to 22 °C, inoculated with 
kefir grains at 3% (w/v) and mixed for 15 min. Then, Por-
tulaca oleracea L. seed oil was added at distinct concen-
trations (0, 0.5, 1 and 1.5%) to inoculate milk. After the 
oil addition, milk was homogenized 3 times in Armfield 
Ltd. Ringwood (England) homogenizer under a pressure of 
7 MPa. The obtained treatments were packaged in glass bot-
tles and incubated at 25 °C until reaching the desired acidity 
and then transferred to 4 °C. The treatments were expressed 
as CK,  K1,  K2 and  K3 for 0, 0.5, 1 and 1.5% of Portulaca 
oleracea L. seed oil, respectively and the treatments were 
assayed at 1, 7, 14 and 21 days of shelf life.

Physicochemical attributes

The pH was potentiometrically measured according to 
AOAC (2000) using a pH meter (Seven Compact pH/Ion 
S220, Schwerzenbach, Switzerland), acidity was expressed 
as g/100 mL in anhydrous lactic acid, which were deter-
mined [18]. Color values were evaluated using a Konica 
Minolta CR1 10 colorimeter (Konica Minolta Solutions 
Ltd., Basildon, UK). The determinations were carried out 
according to non-natural light to minimize daylight impacts 
and also color factors L* (lightness), a* (red/greenness) and 
b* (yellow/blueness) of kefir beverages were investigated 
regarding to the International Commission on Illumination 
[19].

DPPH radical scavenging potential

The antioxidant attribute was described by measuring the 
scavenging stability of free radical DPPH (2,2-diphenyl-
1-picryl hydrazyl). In present method, 100 μL treatment 
was blended with 3.9 mL DPPH (0.0227 g/L methanol) 
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and maintained in darkness at 25 ºC during 2 h. Methanol 
was applied as a blank and after centrifugation (10 min at 
1400×g), the solution absorbance was detected at 517 nm 
using the spectrophotometer. The scavenging of DPPH free 
radical (%) was determined through Eq. 1:

Absorption values for blank and treated samples were 
expressed as  A0 and  A1, respectively [12].

TPC assessment

The TPC of kefir beverages were measured using Folin-Cio-
calteu reagent as a standard. Briefly, 1 mL for each treatment 
was added to 6 mL deionized water and 0.5 mL of 1 N Folin-
Ciocalteu phenol reagent; then, the mixture was allowed to 
stand for 5 min and 1 mL sodium carbonate was added. After 
1 h in darkness, the absorbance was calculated at 725 nm by 
spectrophotometry (Thermo Scientific, Madison, WI, USA) 
and the equation of total phenolic standard curve (as Gallic 
acid equivalents, mg/g) was plotted [4].

Viable count measurement

An active isolate culture was first prepared and then 200 µL 
was added to 4 mL of MRS culture medium. After maximum 
serial dilution, Lactobacillus spp. (MRS culture at 37 °C 
for 72 h), Lactococcus spp. (MR17 medium at 20 °C during 
120 h) and Bifidiobacterium spp. (MRS-NNLP (nalidixic 
acid, neomycin sulfate, lithium chloride and paromomycin 
sulfate) at 37 °C about 72 h) were counted and log of colony 
forming units (CFU) was determined in kefir treatments. 
Viable yeast counts were calculated as log CFU count on 
agar medium, which included 0.5% yeast, 1% glucose, 1.5% 
agar and 0.5% polypeptone, before counting, agar plates 
were incubated at 30 °C during 48 h [20].

Hydrophobicity assay of kefir strains

Probiotic microorganisms must be adhere to the intestinal 
wall in order to function properly in the gastrointestinal tract 
and the assessment of hydrophobicity was performed. Ini-
tially, the dilution of kefir sample was performed and incu-
bated using a pour plate technique. Then, Lactobacillus spp. 
(MRS culture at 37 °C about 72 h), Lactococcus spp. (MR17 
medium at 20 °C during 120 h) and Bifidiobacterium spp. 
(MRS-NNLP at 37 °C for 72 h) were cultured until the opti-
cal density  (OD0) reached 0.6 to 0.7. The 3 mL microbial 
suspension was added to 1 mL n-hexadecane and incubation 
was done at 15 min. The tubes containing the treatments 
were vortexed for 3 min, incubated about 30 min at room 

(1)DPPH scavenging rate(%) =
(

A
0
− A

1

)

∕A
0
× 100%

temperature and finally OD was measured. The hydropho-
bicity assay was calculated by Eq. 2:

where  OD0 and OD are related to initial and final absorption 
rate of sample, respectively [21].

Sensory assessment

Sensorial evaluation of kefir beverages was conducted by 
22 trained panelists (equal male and female) and treatments 
were randomly served in transparent glass cups for asses-
sors, after that they reported their feelings by a score scale. 
A hedonic scales were ranged from disliked extremely (1) 
to liked extremely (5), which applied to investigate appear-
ance, flavor, consistency, odor and overall acceptability [22].

FA evaluation using gas chromatography flame 
ionization detector (GC‑FID)

The FA components were investigated using GC-FID (CP-
3800 GC device, Varian, Walton-on Thames, UK) on the 
1st and 21th days of storage. At first, kefir fat was separated, 
then 30 mg of isolated oil were blended with 5% (v/v) sul-
phuric acid (2 mL) and methanol in a glass tube. Trihep-
tadecanoin (C17:0) and toluene (300 μL) were applied as 
a standard; afterwards, mixture was heated and cooled at 
80 °C during 95 min as well as 0.9% NaCl (3 mL) and hex-
ane (2 mL) were added to FAME. After centrifugation, the 
organic component was placed into a GC and FAMEs were 
assessed on a Varian GC-450 system with auto samplers, 
FID detector and a capillary RTX column (25 m × 0.25 mm 
ID, 0.25 μm thickness) and also Excalibur software (Fisons) 
was applied. Treatments were run at a flow rate (1.5 mL/
min) with helium (with 99.99% purity) as a carrier gas as 
well as injector and detector temperatures (260 °C). The 
temperature of oven was changed from 150 to 240 °C about 
3 and 10 min, respectively; after that, treatments were main-
tained at this situation and FAME standards were injected 
individually for peak detection [23].

Statistical analysis

Test was performed by three repetitions with mean and 
standard deviations; therefore, 0, 0.5, 1 and 1.5% Portulaca 
oleracea L. seed oil were evaluated on 1, 7, 14 and 21 days 
of storage, respectively. Duncan's multiple test was done 
at 0.05 level and statistical analysis was conducted using 
Minitab software Version 15.

(2)Hydrophobicity% =

[

OD
0
− OD

OD
0

]

× 100
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Results and discussion

Physicochemical aspects

The pH value of kefir beverages decreased and titratable 
acidity increased during incubation time (p < 0.05). These 
results implied that changes in pH and titratable acidity 
were correlated with each other and pH of kefir beverages 
is reduced during 21 days of storage (Fig. 1a). The highest 
and lowest pH were obtained for  K3 (4.31) and CK (4.02) 
on 1st and 21st days, respectively. It should be noted that no 
significant difference was observed between treatments on 
14th and 21st days (p > 0.05). However, the pH of samples 
enriched by oil is longer than control without additive dur-
ing whole shelf life, so this factor was enhanced using add-
ing oil. Titratable acidity of kefir beverages produced from 
milk fortified with Portulaca oleracea L. seed oil is given 
in Fig. 1b. The highest acidity for CK (87.96°D) and lowest 
value in  K3 (74.89°D) were recorded on 21st and produc-
tion days, respectively. Also acidity increased significantly 

(p < 0.05) during storage and CK and  K1 indicated the high-
est level (p < 0.05).

These findings illustrated that fermentation procedure was 
occurred using the production of acids. The pH values for 
kefir beverages were slightly higher with seed oil because 
the microbial inhibition effect [24]. The changes in pH and 
acidity are mainly associated with the production of certain 
organic acids, ethanol,  CO2 and other volatile components, 
which caused by microbial population in kefir beverages [3].

In line with results of present study, a pH range was 
diminished from 4.31 to 4.24 for kefir beverage by adding 
10% black mulberry, pomegranate and strawberry during 
shelf life [25] as well as 4.34 to 4.25 in fortified kefir with 
walnut and Camelina sativa oil [20]. However, the pH was 
increased from 4.31 to 4.36 using 10 to 25% black carrot in 
kefir beverage during 0 to 12 weeks of storage [25] which 
was in contrast to present research. The acidity was lowered 
by adding and 3% (w/w) honey [10] as well as increased by 
using 2% (w/v) brown lentils [26] and 15% (w/w) pome-
granate juice [27] in kefir beverage, which were similar to 
present study.

The L*, a* and b* parameters for color are investigated on 
1, 7, 14 and 21 days of shelf life, which portrayed in Table 1. 
All color factors were affected by supplementation of Portu-
laca oleracea L. seed oil and also highest and lowest values 
for L* were about 74.16 and 52.63 in CK (1st day) and K3 
(21st day), respectively; on the contrary, a* and b* values 
were elevated significantly by adding seed oil (p < 0.05). The 
highest a* (− 0.78) and b* (11.03) were achieved for  K3 at 
the 21st day and these factors were significantly influenced 
due to anthocyanins of seed oil (p < 0.05). The addition of 
Portulaca oleracea L. seed oil has significantly darkened the 
kefir color and reduced its brightness. Storage time until the 
14th day had no significant effect on L* factor, but it changed 
significantly at the 21st day. The control had higher L* com-
pared to the other treatments, which was associated with 
casein micelles and its role in light reflection. In general, 
there is a significant difference between the color factors 
of distinct treatments and the reduction in color quality is 
caused by Portulaca oleracea L. color, which is dark yellow 
or light brown and its interior is light yellow [28]. The reduc-
tion in L* and enhanced a* were observed by adding 15% 
(w/w) pomegranate juice [27] and 30% (w/v) honey [10] in 
treatments of kefir beverages.

Biochemical evaluation of kefir beverages

The biological attributes of treatments are outlined in Fig. 2 
and antioxidant activity was elevated by adding seed oil such 
as  K2 and  K3, which was in contrast to extended fermenta-
tion. The highest capacity of antioxidant was found the high-
est levels (72.12%) for  K3 on 1st day and the lowest (29.78%) 
in control on 21st day.
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Fig. 1  pH  (1a) and acidity values  (1b) of kefir beverages supple-
mented with different purslane seed oils (CK: 0%,  K1: 0.5%,  K2: 1% 
and  K3: 1.5%) on 1, 7, 14 and 21 days of storage (a to b indicates a 
significant difference between different samples (p < 0.05). Small let-
ters have been used for comparison of times in each treatment (row) 
and capital letters have been used for comparison of treatments in 
each times (column) (p < 0.05).
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Milk and its derivative products have antioxidants such as 
lactoferrin, beta lactoglobulinand bovin serum albumin [24]. 
This study demonstrated that kefir supplemented with Por-
tulaca oleracea L. had high antioxidant activity which was 
consistent with previous findings [24, 29]. The major active 
compositions of Portulaca oleracea L. are beta-carotene, 
alpha-tocopherol, phenolics, ascorbic acid and glutathione 
[30]. The produced polystyrene (predominantly kefiran) 
with LAB had distinct functional groups (–COOH, –OH 
and –CO), which could react with free radicals and finally 
quench [3]. This benefit of kefiran and expanded polystyrene 
showed important applications in food industry and used as 
natural antioxidants in human diet [31, 32]. The previous 
results illustrated that 30% w/v honey [10], 0.15% w/v Ros-
marinum officinalis L. essential oil [10], 8% v/v cinnamon 
[24], 5% w/v soy whey [20] and 5% w/v mango peel [31] 
indicated superior antioxidant activity in kefir, which were 
in line with present study.

Also Fig. 2 demonstrated changes in TPC for distinct fer-
mented treatments during 21 days of fermentation (p < 0.05). 
 K3 had the highest 109.85 (mg GAE/g) TPC and the lowest 
level was presented 48.28 (mg GAE/g) in CK. In a con-
stant time,  K2 and  K3 exhibited more TPC in comparison 
with CK and  K1 as well as TPC was lowered by extending 
fermentation. Portulaca oleracea L. seed oil had antioxi-
dant feature and  IC50 values of 0.388 ± 0.2033 mg/mL for 
hydroxyl free radical scavenging activity [33]. Furthermore, 
the antioxidant function and TPC for this oil were in the 
rage of 53.90 to 63.01% and 66.51 to 155.65 mg GAE/kg oil 
and also vegetable oils are considered as an enriched source 
of volatile terpenoids and TPC [34]. Portulaca oleracea L. 
includes more USFAs (especially high omega-3 FAs) and 

Table 1  Color parameters of 
kefir beverages supplemented 
with purslane seed oils (CK: 
0%,  K1: 0.5%,  K2: 1% and  K3: 
1.5%) on 1, 7, 14, and 21 days 
of storage

Small letters have been used for comparison of times in each treatment (row) and capital letters have been 
used for comparison of treatments in each times (column) (p < 0.05)

Parameters Treatment Storage period (days)

1 7 14 21

L* CK 74.16 ± 1.30aA 73.23 ± 0.85aA 70.99 ± 0.32bA 70.80 ± 0.20bA

K1 69.9 ± 0.20aB 69.07 ± 0.97aB 68.4 ± 1.12aB 67.91 ± 0.8bB

K2 61.4 ± 1.72aC 60.94 ± 1.31aC 58.04 ± 1.07bC 56.84 ± 0.70cC

K3 56.6 ± 1.2aD 56.04 ± 0.45aD 54.34 ± 1.01bD 52.63 ± 0.28cD

a* CK − 2.78 ± 0.11aD − 2.62 ± 0.07aD − 2.22 ± 0.02bD − 2.12 ± 0.06cD

K1 − 1.95 ± 0.02bC − 1.95 ± 0.01bC − 1.93 ± 0.03bC − 1.86 ± 0.05aC

K2 − 1.65 ± 0.0bB − 1.67 ± 0.03bB − 1.69 ± 0.04bB − 1.15 ± 0.04aB

K3 − 0.85 ± 0.01bA − 0.85 ± 0.09bA − 0.83 ± 0.02bA − 0.78 ± 0.03aA

b* CK 4.27 ± 0.2dD 4.39 ± 0.4cD 4.58 ± 0.4bD 5.11 ± 0.07aD

K1 5.78 ± 0.19bC 5.99 ± 0.24bC 6.19 ± 0.66bC 7.08 ± 0.06aC

K2 8.34 ± 0.45cB 8.48 ± 0.10cB 8.67 ± 0.41bB 9.51 ± 0.20aB

K3 9.60 ± 0.81cA 9.89 ± 0.20cA 10.53 ± 0.12bA 11.33 ± 0.10aA
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Fig. 2  An antioxidant activity and TPC of kefir beverages supple-
mented with purslane seed oils (CK: 0%, K1: 0.5%, K2: 1% and K3: 
1.5%) on 1, 7, 14 and 21 days of storage. Small letters have been used 
for comparison of times in each treatment (row) and capital letters 
have been used for comparison of treatments in each times (column) 
(p < 0.05).
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polyphenols, which are great absorbers of reactive oxygen 
and causes a significant antioxidant in this seed [11, 33]. 
Free radicals of oil was removed by antioxidant function 
and inhibit the chain reaction, thus prevent the lipid oxida-
tion and effect on stability behavior [34]. Polyphenols are 
recognized to interact with proteins of milk and constitute 
insoluble composition that reduced free total polyphenol 
[19]. The TPC for kefir were improved by adding 20% (w/w) 
aqueous extract of dried berry and 2% (w/v) brown lentils 
[26], which were similar to present research.

Survival of LAB, mold and yeast

The results of LAB count are represented in Table 2 and the 
highest populations for Lactobacillus spp., Lactococcus spp. 
and Bifidiobacterium spp. were 8.25, 8.89 and 28.3 log CFU/
mL for  K2 on the 7th day and the lowest number were 7.12, 
6. 39 and 7.4 log CFU/mL in  K3 at the 21st day, respectively. 
The effect of shelf life was investigated on bacteria count 
and it could be concluded that microorganism numbers did 
not change significantly until the 14th day, but after that a 
reduction trend was considerably observed on the 21st day, 
which was corresponded to a lower substrate (lactose) and 
also inhibition influence of seed oil [35]. During inocula-
tion of starter culture, microorganisms fermented lactose to 
LAB, alcohol and carbon dioxide as secondary metabolites, 
which could limit their growth due to reduction of lactose/
lactic acid ratio [3]. The population of Lactobacillus spp., 
Lactococcus spp. and Bifidiobacterium spp. in  K3 is signifi-
cantly lower than other treatments, which is probably owing 

to the inhibition effect of oily substrate. The enriched plant 
forms (extract, essential oil and etc.) with polyphenols and 
other antimicrobial components such as saponins acted as 
inhibitor factors and diminished microbial growth [19]. Fur-
thermore, kefiran exopolysaccharide influenced on microbial 
growth and redox potential by LAB with microbial cells 
through coating a thin film that lowered oxygen transfer [3].

The results of mold and yeast counts are presented in 
Table 2 and the highest rate was about 13.2 CFU/mL for  K2 
on 1st day and the lowest was 1.8 CFU/mL for CK on 21st 
day of incubation. The mold and yeast counts are gener-
ally higher in fermented dairy products especially kefir than 
natural bacterial flora, which is related to rapid growth [36]. 
In general, the effect of storage was significant on mold and 
yeast count; so, the highest population was obtained on 1st 
day in all treatments as well as the lowest was achieved at 
21st day of fermentation. Accordingly, the most level for 
mold and yeast was observed in kefir beverage at beginning 
of storage due to more lactose presence, but their popula-
tions were reduced over a time [35]. Yeast and mold are 
considered as key factors in preparation of fermented dairy 
products, which supplied essential nutrients such as vita-
mins, amino acids, pH, ethanol and  CO2 [37]. Yeasts in kefir 
clearly provided a favorable environment for bacteria growth 
producing metabolites that contributed to flavor and mouth 
feel [3].

The amount of 2% w/v brown lentils [26], 1% w/v Linum 
usitatissimum L. as flaxseed [9], 5% w/v soy whey [38] 
and 3% w/v Viciafaba L. bean [39] indicated higher LAB 
population, which were similar to present study. Ginger and 

Table 2  Lactic acid bacteria, 
mold and yeast counts (log 
CFU/mL) of kefir beverages 
supplemented with different 
purslane seed oils (CK: 0%, K1: 
0.5%, K2: 1% and K3: 1.5%) on 
1, 7, 14 and 21 days of storage

Small letters have been used for comparison of times in each treatment (row) and capital letters have been 
used for comparison of treatments in each times (column) (p < 0.05)

Parameters Treatment Storage period (days)

1 7 14 21

Lactobacillus spp. CK 7.8 ± 0.3aA 7.93 ± 0.85aA 8.10 ± 0.32aA 7.89 ± 0.2aA

K1 8.02 ± 0.2aA 8.17 ± 0.97aA 7.8 ± 1.12aA 7.3 ± 0.8bA

K2 8.20 ± 0.72aA 8.25 ± 1.31aA 8.22 ± 1.07bA 7.95 ± 0.70bA

K3 6.9 ± 1.2aB 6.87 ± 0.45aB 6.6 ± 1.0aB 6.39 ± 0.28bB

Lactococcus spp. CK 8.64 ± 0.1aA 8.75 ± 0.07aA 8.51 ± 0.02bB 7.93 ± 0.06cC

K1 8.75 ± 0.02aA 8.86 ± 0.01aA 8.9 ± 0.03aA 8.71 ± 0.05bB

K2 8.87 ± 0.01aB 8.89 ± 0.03aA 8.51 ± 0.04bB 8.41 ± 0.04cA

K3 7.47 ± 0.01aC 7.51 ± 0.09aB 7.43 ± 0.02aC 7.12 ± 0.03bD

Bifidiobacterium spp. CK 8.29 ± 0.2aA 8.39 ± 0.4bA 8.41 ± 0.4bA 8.11 ± 0.07cA

K1 8.31 ± 0.19aA 8.47 ± 0.24aA 8.52 ± 0.66aA 8.08 ± 0.06bA

K2 8.34 ± 0.45aA 8.38 ± 0.10aA 8.33 ± 0.41aA 8.1 ± 0.20bA

K3 7.60 ± 0.11aB 7.89 ± 0.20aB 7.72 ± 0.12aB 7.4 ± 0.10cB

Mold and yeast CK 12.2 ± 0.2aC 7.0 ± 0.4bC 3.0 ± 0.4cD 1.8 ± 0.07dD

K1 12.8 ± 0.19aB 8.2 ± 0.24bB 4.0 ± 0.66cC 2.0 ± 0.06dB

K2 13.7 ± 0.45aA 10.0 ± 0.10bA 5.5 ± 0.41cA 3.0 ± 0.02dA

K3 13.2 ± 0.81aA 9.7 ± 0.20bA 4.9 ± 0.12cB 1.9 ± 0.01dC
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cinnamon extracts were supplemented into goat milk kefir, 
which reduced LAB from 1 ×  1010 for kefir without extract 
to 9 ×  109 with 8% cinnamon and 3.2 ×  109 with 12% ginger 
[24].

Hydrophobicity

As can be seen in Table 3, the most and least percentages 
of hydrophobicity are related to Lactobacillus spp. isolated 
from  K2 on the 1st day (72.4%) and Bifidiobacterium spp. 
isolated from CK on 21st day (35.1%). The hydrophobic-
ity rate of Lactobacillus spp. was higher in all treatments 
compared to others and this level for kefir containing oil was 
more than without oil and also a significant effect was not 
observed on hydrophobicity until the 14th day, but a notice-
able reduction was found on the 21st day. Also,  K3 had a sig-
nificantly higher hydrophobicity percentage throughout the 
shelf life among different treatments. Several factors affect 
the hydrophobicity characteristic such as chemical and struc-
tural properties including protein, amino acid, polysaccha-
ride and lipid compositions in bacterial cells, environmental 
agents and growth [21]. The hydrophobicity of cell surface 
was reported to be 50.32 to 77.8% by previous research-
ers [40]. Various agents are involved in the adhesion of dif-
ferent probiotics to intestinal cells, which can mention the 
hydrophobic and hydrophilic properties for cell membrane 
of microorganisms [2]. Distinct culture mediums have an 
influence on FAs in cell membrane and its effects change the 
hydrophobicity and hydrophilicity of cell membranes [21]. 
Therefore, the ability to adhere surfaces for epithelial cells 
is one of the most important conditions in probiotic selec-
tion [41]. The constituents of microorganism culture have 
a great effect on changing cell wall and its function [42]. 
The effect of the culture components has been observed on 

microorganisms in various researches [21]. Membrane com-
position, morphology and technical functions of Lactobacil-
lus johnsonii NCC 533 were significantly changed by enrich-
ment with oleic, linoleic and linolenic acids [43]. When 
10 μg/mL non-USFAs were added to culture medium, the 
ratio of SFAs to USFAs in the bacterial membrane decreased 
by almost two times [43]. The impacts of elaidic acid on the 
growth and surface hydrophobicity of Lactobacillus bacteria 
could change the physicochemical attributes [41].

Sensorial quality

The sensory attributes of beverages supplemented with dif-
ferent Portulaca oleracea L. seed oil concentrations are 
depicted in Fig. 3. All scores were received by panelists, 
which significantly lessened (p < 0.05) using seed oil addi-
tion in treatments. Accordingly, the highest general accept-
ance was assigned to  K1 that was closest to CK; so, panelists 
preferred kefir with a slightly acidic or alcoholic flavor and 
odor instead of higher acidity.

According to sensory aspects, the addition of 3% w/w 
honey [10] and 15% w/w pomegranate juice [27] to kefir 
production reduced red color intensity, acidity and increased 
viscosity with sweetness at the same time. All kefir treat-
ments indicated acceptable sensory scores by adding 5% w/v 
soy whey [38] and 2 to 4% w/v black and green tea [14] in 
contrast to 8% v/v cinnamon [24], during 21 days of storage.

FA components of fortified kefir

The SFAs and USFAs of CK,  K1,  K2 and  K3 (1st and 21st 
day) are detected by GC (Fig. 4). According to obtained 
results, FA of  K3 is higher than others and also the low-
est was observed in CK. The addition of oil and this 

Table 3  Hydrophobicity 
percentage of isolated lactic 
acid bacteria from kefir 
beverages supplemented with 
different purslane seed oils 
(CK: 0%,  K1: 0.5%,  K2: 1% 
and  K3: 1.5%) on 1, 7, 14 and 
21 days of storage

Small letters have been used for comparison of times in each treatment (row) and capital letters have been 
used for comparison of treatments in each times (column) (p < 0.05)

Parameters Treatment Storage period (days)

1 7 14 21

Lactobacillus spp. CK 60.4 ± 1.5aB 61.7 ± 0.49Ac 59.1 ± 0.8aC 57.1 ± 0.3bC

K1 65.9 ± 0.2aB 65.5 ± 0.97aB 64.8 ± 1.12aB 62.3 ± 1.1bC

K2 72.4 ± 1.72aA 71.87 ± 1.31aA 70.22 ± 1.07bA 67.95 ± 0.50bA

K3 71 ± 1.2aA 70.97 ± 0.45aA 68.9 ± 1.0aA 65.15 ± 0.  8bB

Lactococcus spp. CK 56.13 ± 1.1aC 55.78 ± 0.43aC 53.1 ± 0.18bD 50.2 ± 0.5cD

K1 59.76 ± 0.39aB 59.32 ± 0.28aB 56.71 ± 0.75bC 53.1 ± 0.56cC

K2 62.07 ± 0.4aA 59.1 ± 0.22bB 58.41 ± 0.49bB 55.63 ± 0.21cB

K3 62.14 ± 1.08aA 61.69 ± 0.9aA 60.3 ± 0.47aA 57.99 ± 0.73bA

Bifidiobacterium spp. CK 41.91 ± 0.3aD 41.75 ± 0.74aD 38.76 ± 0.4bD 35.1 ± 0.07cC

K1 45.73 ± 1.05aC 47.25 ± 1.24aC 45.9 ± 0.56aC 41.39 ± 0.49bB

K2 49.1 ± 0.63aB 48.13 ± 1.00aB 47.1 ± 0.71aB 44.81 ± 0.90bA

K3 51.85 ± 1.37aA 51.42 ± 1.02aA 48.99 ± 0.72bA 44.56 ± 0.6cA
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fermentation had increased FA in treatments as well as 
PUFA was a prominent composition of Portulaca oleracea 
L. seed oil and present result was in agreement with previous 
articles [28, 30].

In general, total SFA increased at the end of 21st days, 
but MUFA and PUFA reduced in all kefirs. Based on pervi-
ous result, the main FAs are detected stearic and oleic acids 
in LAB population [20]. The number of microorganisms 
and their diversity in kefir produced with starter culture can 
change during the shelf life and increase oleic acid [42]. The 
effect of fermentation and adding 2 g/100 g camellia oil on 
arachidic acid can be related to long chain FAs with a length 
of C:20 to C:24 by Lactobacilli; as a result, these factors 
play an important role in increasing SFA [37]. The reduc-
tion of MUFA especially in oleic acid (C18:1, n-9) has been 
obtained in present study, which turns this phenomenon into 
products and also increases the stiffness of cell membrane 
and its permeability as well as a decrease in stress conditions 
caused by storage [44]. According to results of this study, 
CLA lowered in kefir medium containing vegetable oil dur-
ing the shelf life [20]. These FAs were probably reduced as 
a result of oxidation (more sensitivity for MUFA and PUFA 
to oxidation), metabolism and Lactobacilli dominance in the 
environment during storage [20]. CLAs are spatial and posi-
tional isomers of octadecadienoate (18:2), which are found 
in foods prepared from ruminants (sheep, cattle and dairy 
products manufactured) [37]. Carcinogenesis is reduced 
when a mixture of FA isomers is given to animals that have 

suffered various cancers such as breast, intestine and skin 
with chemicals [1]. FA isomers also play a role in treatment 
of diabetes, osteoporosis (improving calcium absorption), 
weight loss (more fat lipolysis), heart diseases and have high 
antioxidant activity [45]. Nowadays, FA is available in the 
market as a supplement and CLA is synthesized by LAB 
especially probiotic bacterial strains [46]. The substrate 
for the synthesis of CLAs is required through linoleic acid 
fermentation by microorganism, which has been reported 
by Lactobacillus and Bifidobacterium genera and vegetable 
oils are a rich source of FA [11]. Reactions of hydration, 
dehydration and change in the position of double bond by 
short chain dehydrogenase, oxidoreductase and acetoacetate 
decarboxylase are involved in synthesis of CLA from lin-
oleic acid [47].

Isomerization and conjugation of USFAs are probably 
caused by linoleic isomerase, which is produced by various 
bacterial strains, mainly probiotics [16]. Bifidobacterium 
animalis subsp. lactis Bb-12 as one of the most popular pro-
biotic strains can convert 27% of free linoleic acid to cis-9 
and trans-11-CLA, when grows in MRS medium [48]. The 
differences in CLA synthesis are due to distinct isomerase 
activities among species or strains of microorganisms [15]. 
Three isomers for CLA, butyric, palmitic and palmitoleic, 
oleic acids were higher in kefir than yogurt or milk [42]. 
Since stearic and vaccinic acids are the final and interme-
diate products of CLA metabolism, respectively [5]. As a 
result, FAs were increased by adding oil and fermentation 
of kefir in parallel with linoleic acid.

Fig. 3  Sensorial parameters of 
kefir beverages supplemented 
with different purslane seed 
oils (CK: 0%,  K1: 0.5%,  K2: 1% 
and  K3: 1.5%) on 1, 7, 14 and 
21 days of storage
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Fig. 4  Chromagoram GC of kefir beverages supplemented with dif-
ferent Purslane seed oil (CK: 0%,  K1: 0.5%,  K2: 1% and  K3: 1.5%) on 
1 and 21 days of storage. Small letters have been used for comparison 

of times in each treatment (column) and capital letters have been used 
for comparison of treatments in each times (row) (p < 0.05).
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Conclusion

The supplementation of Portulaca oleracea L. seed oil has 
affected FA, physicochemical, antioxidant, microbiologi-
cal and sensorial attributes of kefir beverages. According 
to obtained results, FAs in treatment containing 1.5% oil 
are more than others and the lowest was observed in con-
trol. Also, fermentation improved CLAs in oil presence; 
in general, SFA enhanced during the storage period, but 
mono and PUFAs declined as well as higher concentra-
tion of seed oil induced more antioxidant capacity and 
TPC level. A negative correlation was observed between 
TPC, antioxidant potential and survival of LAB in kefir 
beverages supplemented with Portulaca oleracea L. seed 
oil. Hydrophobicity of Lactobacillus spp., Lactococcus 
spp. and Bifidiobacterium spp. isolated from oil-enriched 
kefir treatments has elevated, which indicates the improve-
ment of their efficiency in the human digestive system. 
Otherwise, the addition of seed oil into kefir beverages 
lessened sensory quality compared to control and also 
sensorial aspects of  K1 were quite similar to CK. Portu-
laca oleracea L. Therefore, reasonable levels of seed oil 
could be applied as natural preservatives and antioxidants 

especially in probiotic dairy products, which could have 
several beneficial effects on human health.
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