Original Article
Food Science and Technology

DOI: https://doi.org/10.1590/fst.92721

ISSN 0101-2061 (Print)
ISSN 1678-457X (Online)

@) |

Effects of kefir on paraoxanase activity (PON1), total antioxidant status (TAS), total
oxidant status (TOS), and serum lipid profiles in smokers and non-smokers

Huda Oflazoglu DIKEN', Berjan DEMIRTAS**

Abstract

, Hacer Kayhan KAYA'

Some scientific evidence indicates that antioxidant-rich diets may prevent the negative effects of free radicals. In this study, we
aimed to evaluate the effects of kefir consumption on paraxonase-1 (PON1) activity, total antioxidant status (TAS), total oxidant
status (TOS), and serum lipid parameters in smokers and non-smokers. At baseline, PON1 activity, TAS, and high-density
lipoprotein cholesterol (HDL-C) levels were lower (P<0.05, P<0.01, and P<0.05, respectively) whereas TOS, triglyceride (TG),
and light-density lipoprotein cholesterol (LDL-C) levels were higher (all P<0.05) in smokers compared to non-smokers. There
were no significant differences in total cholesterol (TC) levels between two groups (P>0.05). After 6-week of kefir consumption,
PONI and TAS values were significantly increased in smokers (both P<0.05) and non-smokers (P<0.05 and P<0.01, respectively).
Kefir consumption did not have any significant effect on TOS, HDL-C, LDL-C, TC, and TG values both in smokers (all P>0.05)
and non-smokers (all P>0.05). Regular consumption of kefir increases the PON1 activity and TAS value in both smokers and
non-smokers. It can be concluded that kefir plays an important role in favor of antioxidants in the formation of antioxidant/

oxidant balance in both smokers and non-smokers.
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Practical Application: Negative impact of smoking may be reduced by regular consumption of kefir.

1 Introduction

It is well known that smoking is one of the basic causes of
several chronic and fatal diseases such as cardivascular disease,
cancer, and respiratory diseases (Aksoy et al., 2012; WHO, 2008;
Peto & Lopez, 2001). Cigarette smoke contains a large amount of
free radicals and other oxidants that may enhance the production
of reactive oxygen radicals (ROS), resulting in oxidative demage.
ROS show their harmful effects mostly on the cell parts, including
the DNA, enzyme inactivation, membrane lipids, and proteins
(Kopani et al., 2006; Pryor & Stone, 1993). ROS also oxidize
lipoproteins, particularly low-density lipoprotein (LDL) which
is more atherogenic than native LDL (Bloomer, 2007).

The human body has several mechanisms to counteract the
damage caused by ROS. Although the basic defense mechanism
is mediated by the endogeneous antioxidant system (Halliwell,
2007; Sies, 1997), the exogeneous antioxidant defense system also
plays an important role to avoid the oxidative damage caused by
ROS (Chario et al., 2014). There is a balance between production
rate of ROS and their destruction by antioxidant defence system.
The imbalance associated with the increase in oxidative products or
the decrease in antioxidant defence mechanisms is called oxidative
stress (Sharifi-Rad et al., 2020; Aslan et al., 2014; Aksoy et al.,
2012). The total effects of all antioxidants in plasma and in
body fluid are measured by the total antioxidant status (TAS)
and the total effects of oxidants are measured by total oxidant
status (TOS) (Karademirci et al., 2018; Erel, 2005; Erel, 2004).
Oxidative stress plays an important role in the pathogenesis of

many diseases such as atherosclerosis, coronary artery disease,
diabetes, and cancer (Karademirci et al.,2018; Onor et al., 2017;
Eom et al.,, 2015; Aksoy et al.,, 2012; Nagamma et al., 2011;
Ambrose & Barua, 2004). Smoking may enhance oxidative stress
either increasing production of ROS or attenuating of antioxidant
defense system (Karademirci et al., 2018; Jansen et al., 2014;
Polidori et al., 2003).

The endogenous antioxidant paraoxanase-1 (PON1) is a
polimorphic calcium-dependent serum enzyme with lipophilic
antioxidant property (Colak et al., 2020). PON1, which is
associated with high-density lipoprotein cholesterol (HDL-C)
hydrolysis of toxic metabolites found in some insecticides,
nerve agents, and esters (Colak et al., 2020; Draganov & La Du,
2004). PON1 also is involved in hydrolysis of lipid peroxidation.
It protects low-density lipoprotein cholesterol (LDL-C) and
HDL-C from oxidation and thus, prevents the occurence of
atherosclerosis and cardiovascular diseases (Altinkaynak et al.,
2018; Aslan et al., 2014). It has been also demonstrated that
the reduced PONT1 activity and concentration in smokers was
associated with coronary heart disease (James et al., 2000).
According to the literature knowledge, there is a corelation
between smoking and lipid alterations (Majid et al., 2021; Sakila
& Valarmathi, 2021).

In recent years, adding certain nutrients to diets for increasing
and optimizing the physiological functions is an attractive option
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(Rosa etal., 2017). Kefir, which is produced by fermenting milk
with kefir grains, is an excellent source of probiotic with potential
benefits for health. Kefir which contains a large diversity of
microorganisms including bacterial species and yeasts is a good
carrier for probiotics (Almeida Brasiel et al., 2021; Goktas et al.,
2021). There are sme sensory differences among the different
origins of kefir (Mitra & Ghosh, 2020). Sensory acceptance and
health benefits of kefir are improved by adding different types of
sugar in kefir (Larosa et al., 2021a; Larosa et al., 2021b). The results
of many studies demonstrate that kefir possesses antioxidant
activity and it may be considered among the most promising
food in terms of preventing oxidative stress (Kumar et al.,
2021; Larosa et al., 2021b; Ali et al., 2020; Barboza et al., 2018;
Punaro et al., 2014; Liu et al., 2005; Giiven et al., 2004). There
are conflicting reports on the effect of kefir on serum lipids.
Some previous studies report that kefir causes a decrease in lipid
parameters (Ghizi et al., 2021; Huang et al., 2013), while others
report that kefir has no effect on lipid profiles (Ostadrahimi et al.,
2015; St-Onge et al., 2002).

To our knowledge, there is no study about the effect of
kefir on PONT1 activity, TAS, TOS levels, and serum lipids in
smokers. Most of the studies on the protective role of kefir against
oxidative stress were carried out in animal models or in vitro
studies. Therefore, in this study we investigated the effect of kefir
on PONI activity, TAS, TOS, HDL-C, LDL-C, total cholesterol
(TC), and triglyceride (TG) levels in smoker and non-smoker
healthy volunteers.

2 Materials and methods

2.1 Study design and subjects

Experimental protocol is presented in Figure 1. A total of
30 healthy male volunteers (n=15 smokers and n=15 non-smokers)
within the age range 25 to 55 years were included in the present
study. Smokers consumed >1 pack of cigarette per day for more
than 5 years whereas the non-smokers had no smoking history.
The subjects were recruited from the staff of Dicle University
School of Medicine. None of the subjects had any systemic
diseases, nor signs or symptoms of infectious disease. Potential
volunteers were excluded from study if they had lactose intolerance,
took medication, took supplements, consumed kefir or any
other probiotic-containing products in the last 2 months. This
study was performed in accordance with the guidelines of good
clinical practice and the Helsinki declaration, and the Clinical
Research Ethics Committee of the Dicle University School of
Medicine approved the study (118-22.04.11). All participants
were informed about the study and signed the informed consents.
At the begining of the study (baseline), biometric values and vital
indications were measured and fasting venous blood samples
were collected. Thereafter, each subject consumed 200 mL/day
kefir (Altinkilic, Turkey) at lunch for 6 weeks. At the end of
6 weeks (endline), biometric values and vital indications were
meausured (Table 1) and fasting blood samples were collected
again. All blood samples at the beginning of study and after

Healthy males (n=30)
Age range (25-55)
without any lactose intolerance, taking no medication or
other probiotic products

Non-smokers (n=15)
No smoking history
Biometric characteristic and vital
indications,
PONI1 activity, TAS, TOS and serum lipid
levels were measured

Smokers (n=15)
> ] pack of cigarette /day for at least 5 years
Biometric characteristic and vital indications,
PONI activity, TAS, TOS and serum lipid
levels were measured

6-week interval:
consumption of 200 ml
kefir/day

Biometric and vital indications, PON1
activity, TAS, TOS and serum lipid
levels were measured

Biometric and vital indications, PON1
activity, TAS, TOS and serum lipid
levels were measured

Figure 1. Flow chart for experimental protocol. PON1: paraxonase-1; TAS: Total antioxidant status; TOS: Total oxidant status.
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Table 1. The biometric characteristics and vital indications of the subjects.

Non-smokers n=15

Smokers n=15

Parameters Before Kefir (Baseline) After Keﬁr Before .Keﬁr After Keﬁr
Mean + SD (Endline) (Baseline) (Endline)
Mean + SD Mean + SD Mean + SD
Age (years) 34+5 32+5
Height (meter) 1.71 £0.05 1.70 £ 0.04
Weight (kg) 73.1%+7.6 739+7.8 67.8+9.9 68.1+9.6
BMI (kg/m?) 239+25 247 £ 2.1 23.1+3.1 23.6 £3.0
Sistolic Blood Pressure (mmHg) 117.4 +12.8 116.5+59 1144 +55 111.9+4.9
Diastolic Blood Pressure (mmHg) 83.0+12.9 78.6 £9.1 783+7.4 74.6 £ 6.1
Heart Rate (BPM) 703 +7.4 714+ 6.9 720%7.6 740+ 7.1

SD: Standard Deviation; BMI: Body Mass Index; BPM: Beat Per Minute. (all p>0.05).

6 week of kefir consumption were centrifuged at 6000xg for
10 min at 4 °C, and serum supernatants were separated and used
immediately for the measurement of lipid parameters. A part
of the supernatants were stored at -80 °C until the analyses of
PONI activity, TAS, and TOS.

2.2 Measurement of PON1 activity

PONI1 activity was determined using paraoxon as a substrate
and was measured by increases in the absorbance due to the
formation of 4-nitrophenol as already described by Eckerson
HW et al. (1983). Briefly, the PON1 activity was measured at
25°Cbyadding 50 pL of serum to 1 mL Tris-HCl buffer (100 mM
at (pH 8.0) containing 2 mM CaCl, and 5 mM of paraoxon.
The rate of generation of 4-nitrophenol was determined at 412 nm
by using Shimadzu UV 1280 spectrophotometer. Paraoxonase
activity is expressed as U/L.

2.3 Measurement of TAS

Serum TAS levels of all samples were determined using
a novel, automated method described by Erel (2004). Briefly,
the rate of potent free-radical reactions initiated by hydroxyl
radical was monitored by following the absorbance of colored
dianisydl radicals. The antioxidative effect of samples was
measured against the potent free radicals by supressing the
color formation. TAS levels are expressed as mmol trolox
equivalent per litre (mmol Trolox equiv/L). All measurements
were performed using an automated analyzer (Abbott Architect
C 16000, USA).

2.4 Measurement of TOS

Serum TOS levels of all samples were determined using the
new automated colorimetric method decribed by Erel (2005).
This method is based on spectrophotometric measurement of
the colored complex formed by the reaction of ferric ions with
xylenol orange in an acidic medium following the oxidation
of ferrous ion-o-dianisidine complex to ferric ion. The assay
was calibrated with hydrogen peroxide (H,0,) and the results
are expressed in terms of micromolar hydrogen peroxide
equivalent per litre (umol H,0, Eq/L). All measurements were
performed using an automated analyzer (Abbott Architect
C 16000, USA).
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2.5 Measurement of lipid parameters

Serum HDL-C, LDL-C, TC, and TG levels were estimated by
standard automated techniques (Abbott Architect C 16000, USA)

2.6 Kefir and its microbial composition

Commercial kefir (Altinkilic, Turkey) beverage, which is
produced from cow milk with 3% fat content and stored in
appropriate conditions, was used in this study. Microbial flora
of the kefir was composed of bacteria (Lactobacillus, Lactic acid
Streptococcus, Acetic acid bacteria) and yeasts (Kluyveromyces
marxianus, Torulaspora delbrueckii, Saccharomyces cerevisiae,
Candida). The concentration of bacteria was 7-10 million per
10 milliliter.

2.7 Statistical analysis

All statistical analyses were performed using the SPSS for
Windows version 18.0 (SPSS Inc. Chicago, IL, USA). The results
were expressed as mean + SD. The normality of the distributed
variables was assessed by the Kolmogorov-Smirnov test.
The parameters were evaluated using the one-way analysis of
variance (one-way ANOVA) followed by the Dunnett post-hoc
test to correct for multiple comparision treatments. Statistical
significance was set at the P<0.05 level.

3 Results

The biometric characteristic and vital indications of the
subjects were summarized in Table 1. At baseline, there were no
significant differences in age, weight, body mass index (BMI),
sistolic - diastolic blood pressure, and heart rate values between
smokers and non-smokers (all P>0.05). Following six weeks of
kefir consumption, the baseline and endline values were compared
in both smokers and non-smokers. Kefir consumption did not
have significant effect on weight, BMI, sistolic - diastolic blood
pressure, and heart rate in both groups (all P>0.05).

PONT activity, TAS, TOS values, and lipid parameters
(TC, LDL-C, HDL-C, TG) before (baseline) and after kefir
consumption (endline) are presented in Table 2. In comparison
of the baseline values of two groups, PONI1 activity, TAS, and
HDL-C levels were significantly lower (P<0.05, P<0.01 and
P<0.05, respectively) while TOS, TG, and LDL-C levels were
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Table 2. The effects of kefir on PONT1 activity, total antioxidant status (TAS), total oxidant status (TOS), the levels of serum total cholestrol (TC), low-
density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), and triglyceride (TG) levels in smokers and non-smokers.

Groups
Non-smokers (n=15) Smokers (n=15)
Parameters Before Kefir After Kefir Before Kefir After Kefir
(Baseline) (Endline) (Baseline) (Endline)
Mean + SD Mean + SD Mean + SD Mean + SD
PONI1 (U/L) 50.20 £ 11.88 62.04 + 19.75* 3947 +12.19* 53.39+7.24"
TAS (mmol Trolox equiv/L) 1.83+0.13 2.19 £ 0.18** 1.67 £ 0.19 ** 1.89+0.12F
TOS (pmol H,0, equiv/L) 2191 +£3.51 21.47 £3.22 26.09 +5.92* 24.61 £4.30
TC (mg/dL) 157.80 £ 22.19 171.13 £ 24.18 165.67 + 30.49 163.87 + 30.95
LDL-C (mg/dL) 103.00 + 17.82 114.93 £ 22.41 120.04 + 19.31* 112.40 £ 28.35
HDL-C (mg/dL) 43.73 £ 4.14 44.66 * 4.60 39.66 + 3.81* 42.20 £ 5.04
TG (mg/dL) 104.47 + 40.90 113.53 + 37.86 131.20 +41.94 * 127.47 + 47.06

*P<0.05; **P<0.01= smokers versus non-smokers at baseline; *P<0.05; **p<0.01= endline versus baseline in non-smokers; "P<0.05 = endline versus baseline in smokers. SD: Standard Deviation.

significantly higher (all P<0.05) in smokers than those of
non-smokers. There was no significant differences in the
baseline value of TC between two groups (P>0.05). In order
to evaluate the effect of kefir consumption on PON1, TAS,
TOS, and serum lipid parameters (TC, LDL-C, HDL-C, TG)
in smokers and non-smokers, the baseline and endline values
of each group were compared. At endline, kefir consumption
increased the PON1 activity and TAS level significantly both
in smokers (both P<0.05) and non-smokers (P<0.05 and
P<0.01, respectively) compared to their each baseline values.
The increases in PONI1 activity and TAS values were 35%
and 13% for smokers and 24% and 20% for non-smokers,
respectively. TOS, TC, TG and LDL-C levels showed slight
decreases and the HDL-C level showed a slight increase in
smokers after kefir consumption, but these alterations were
not statistically significant (all p>0.05).

4 Discussion

Cigarette smoking is one of the most harmful habits which
causes many diseases and deaths all over the world. There are
claims that kefir has health benefits. In this present study, the
effects of kefir on PON1 activity, TAS, TOS, and some serum lipids
between smokers and non-smokers were studied. Cigarette smoke
contains many oxidants which are the causes of many diseases.
Smoking initiates oxidative stress by impairing the antioxidant/
oxidant balance. (Sharifi-Rad et al., 2020; Polidori et al., 2003).
In our present study, smoking caused a significant decrease in
TAS value, but a significant increase in TOS value. These results
are consistent with the literature knowledge. Previous studies
have shown that smoking reduces TAS values while increasing
TOS values (Ahmadkhaniha et al., 2021; Karademirci et al.,
2018; Jansen et al., 2014; Aksoy et al., 2012). In animals, rats
and rat offsprings which were maternally exposed to smoke
had lower TAS value and higher TOS value (Celik, 2020;
Erdem Guzel et al., 2020). These results indicate that as a result
of exposure to the smoke, the increase in oxygen radicals and
the decrease in antioxidants impair the scavenging of the ROS
and cause oxidative stress. Oxidative stress has been correlated
with the pathogenesis of many diseases (Karademirci et al.,
2018; Onor et al., 2017; Eom et al., 2015; Nagamma et al., 2011;
Ambrose & Barua, 2004).

PONT1 has an antioxidative property and protects lipids from
oxidation (Ahmed et al., 2002). In our study, PON1 activity was
significantly decreased in smokers compared to non-smokers.
It has been shown that cigarette smoking and cigarette smoke
extract reduced the PON1 activity significantly in vivo and
in vitro (Ramanathan et al., 2014; Solak et al., 2005; Nishio &
Watanabe, 1997). Nishio & Watanabe (1997) indicated that
cigarette smoke extract inhibits PON1 activity in a dose- and
time-dependent manner. Contrary to our results, Aslan et al.
(2014) found that smoking did not affect the TOS, TAS values,
and PONT1 activity. This might be due these parameters being
affected by many factors such as environmental factors, diet,
mild viral infection, and smoking pattern.

Smoking alters the normal profile of serum lipids (Sakila
& Valarmathi, 2021; Arslan et al., 2008). In our study, TG and
LDL-C levels were significantly higher, whereas the HDL-C level
was significantly lower in smokers. Previous studies demonstrate
that cigarette smoking increases TC, TG, and LDL-Clevels, but
decreases HDL-C (Sakila & Valarmath, 2021, Whitehead et al.,
1996). It has been also shown that the TC level is not affected in
smokers (Majid et al., 2021). In our study, there was slight but not
significant increase in TClevel. This might be due to the fact that
the higher HDL-C and the lower LDL-C levels compensate for
each other, thus resulting in no statistically significant increase
in TClevel or the number of participants in our study was lower
compared to previous studies.

Kefir has many nutraceutical effects such as being anti-
inflammatory, anti-oxidative, anti-cancer, anti-microbial, anti-diabetic,
anti-hypertensive, and anti-hypercholesterolemic (Azizi et al.,
2021; Ghizi et al., 2021; Larosa et al., 2021b; Barboza et al., 2018;
Rosaetal., 2017). Sensory acceptance of kefir has been associated
with the emotion intensities of consumers (Larosa et al., 2021a).
The plain kefir used in our study was highly appreciated by the
participants in terms of taste, and texture and did not seem to
affect the appetite of the consumers. It has been shown that
kefir consumption has a beneficial effect on nicotine cessation-
induced depression in rats (Noori et al., 2014). In our study, kefir
consumption significantly increased the PON1 activity and TAS
value in both smokers and non-smokers. In mice, it has been
shown that kefir has gastroprotective effects by preventing the
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oxidation of macro molecules (Barboza et al., 2018). An in vitro
study indicates that kefir attenuates hydrogen peroxide-induced
oxidative stress by up-regulating endogenous antioxidant levels
in neuroblastoma cells (Kumar et al., 2021). A previous study
also demonstrates that kefir increases TAS value in rats with the
hepatic injury-induced oxidative stress. In the same study with
rats, TG, TC, and LDL-C levels were decreased while HDL-C
value was increased after kefir consumption (Ali et al., 2020).
Kullisaar et al. (2011) has shown that kefir enriched with probiotic
Lactobacillus fermentum ME-3 reduces postprandial lipemia
and oxidative stress (Kullisaar et al., 2011). Ghizi et al. (2021)
demonstrated that, after kefir consumption, patients with metabolic
syndrome have lower TG and LDL-C values and higher HDL-C
values. On the contrary, it has been also shown that kefir has no
effect on plasma lipid levels in hypercholesterolemic patients.
Similar to that study, Ostadrahimi et al. (2015) reported that
kefir has no effect on plasma lipids in type II diabetic patients.
In our study, there were slight decreases in TOS, TG, TC, and
LDL-C values and a slight increase in HDL-C value after kefir
consumption in smokers. However, these values were not
statistically significant. All the previous results about the effect
of kefir on serum lipids were conducted with animal models or
with patients of different illnesses. Our study was carried out
with healthy people. Thus, this might be one of the reasons of no
significant changes in these parameters. Moreover, the amount
of kefir, and the type and concentration of bacteria in kefir were
different in each study.

5 Conclusion

According to our knowledge, there is no study about the
effects of kefir on PONT1 activity, TOS, TAS, and serum lipids in
smokers. We found that regular consumption of kefir increases
the PONT1 activity and TAS values, thus plays an important role
on antioxidant/oxidant balance in the favor of antioxidants in
smokers. However, further studies are needed to evaluate the effect
of kefir on other endogenous antioxidants and lipid peroxidation
products in smokers. Furthermore, sensory acceptance of kefir
might be important for consumers to include kefir in their daily
diet. The relationship between sensory acceptance and antioxidant
property of kefir might be studied in humans in the future.
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