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ABSTRACT

Significant increase in non-communicable diseases (NCD) makes people tend to switch to a
healthier lifestyle, by consuming functional food. One material that has the potential as a
functional food is water kefir. This study aimed to determine the anti-inflammatory and
antioxidant activity of water kefir. Antiinflammatory evaluation was carried out in vitro by
examine the ability of kefir water red blood cell (RBC) stabilization at various
concentrations; and in vivo by evaluate the decrease in edema volume of mouse feet after
administration of water kefir at dose of 112.5 mL/kgBW, 225 mL/kgBW, and 337.5
mL/kgBW. Antioxidant evaluation was performed using the 2,2-diphenyl-1-picrylhydrazyl
hydrate (DPPH) method. The parameter for antioxidant activity was inhibition concentration
(IC50). Results showed that the in vivo anti-inflammatory activity had the effective dose at
45 mL/kgBW. Anti-inflammatory in vitro evaluation showed water kefir’s membrane
stabilizing activity did not differ significantly compared with diclofenac sodium. Antioxidant
evaluation showed that the IC50 water kefir result was 92.65 ppm which could be classified
as a powerful antioxidant. The conclusions of this study indicated that water kefir had strong
anti-inflammatory and antioxidant activity. The mechanism of action of anti-inflammatory
was by stabilizing the cell membrane.
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INTRODUCTION

Diseases involving the inflammatory Most of these diseases are non-
process have a fairly high incidence rate. communicable diseases, such  as
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cardiovascular disease, diabetes, arthritis,
and cancer. The spread of the disease is
universal, regardless of the Ilevel of
socioeconomic development within and
between countries [1, 2]. About 50% of
deaths due to NCD are in low and middle
income countries, especially those aged 15-
65 years. Treatment for NCD in general
must be done for life, so that it requires
compliance and appropriate treatment to
get the optimal therapeutic effect.
Consequently, the cost of treatment is
relatively high. It is estimated that NCDs
and mental health conditions will cost US $
30 trillion for the world economy between
2010 and 2030 if preventive measures are
not taken [3]. Because of this, the
community began to consider a healthy
lifestyle to improve their health status both
as a preventive and curative measure.
Nutrition therapy is one of the solutions
that can be used to prevent the emergence
of the disease.

Most of the NCD is a disease that is closely
related to the inflammatory process and
free radicals. Free radicals are destructive,
highly reactive and able to react with cell
macromolecules, such as proteins, lipids,
carbohydrates, or DNA. The reaction
between free radicals and these molecules
will result in damage to DNA in the cell

nucleus, protein damage, or lipid peroxide

damage. Oxidative damage or damage

caused by free radicals in the body can be
minimized by endogenous antioxidants
such as the enzyme catalase, glutathione
peroxidasse, superoxide dismutase, and
glutathione  S-transferase.  Endogenous
antioxidants are naturally produced by the
body as a protective mechanism against
free radical attacks. However, if there are
too many free radicals, endogenous
antioxidants are unable to neutralize them,
so additional intake of antioxidants is
needed. Antioxidants are classified into two
types: enzymatic antioxidants and non-
enzymatic antioxidants. Enzymatic
antioxidants such as the enzyme superoxide
dismutase (SOD), catalase and glutathione
peroxidase. Non-enzymatic antioxidants,
consisting of: fat-soluble antioxidants, such
as tocopherol, carotenoids, flavonoids,
quinon, and bilirubin and water-soluble
antioxidants, such as ascorbic acid [4, 5, 6].
Inflammation is a vital process in the
immune system. Inflammation can occur
when the body has to deal with dangerous
stimuli, such as pathogens, damaged cells,
toxic compounds, or irradiation [7, 8]. In
response to injured cells, the body will
secrete compounds that will activate the
positive chemotaxis ability of leukocytes.
The activated leukocytes will then
stimulate an inflammatory response |[2].
The inflammatory process itself can be

considered a pathological process, while
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the  anti-inflammatory  response  of
endogenous compounds is considered as an
attempt by the body to maintain its
homeostasis [9]. Metabolic syndrome,
chronic and catastrophic diseases are
diseases that are closely related to
inflammatory processes and free radicals.
Inflammatory  processes  that  occur
continuously cause tissue destructive [10].

Based on these descriptions, antioxidant
and anti-inflammatory activities are vital
activities in preventing or treating diseases
that involve the inflammatory process. And
compounds that have these two activities in
theory can be one solution for the
prevention and treatment of NCD. One
example of food that is potentially used as
functional food is water kefir.

Water kefir is a homemade fermented
beverage with a solution of sucrose and
dried fruit as a substrate. Water kefir
contains various microbial species such as
Lactobacillus casei / paracaseli,
Lactobacillus harbinensis, Lactobacillus
hilgardii, Bifidobacterium
psychraerophilum / crudilactis,
Saccharomyces cerevisiae, and Dekkera
bruxellensis. Fermented water kefir has a
slightly acidic taste, fizzy, sometimes
sweet, and a little alcoholic. The main
metabolites of fermented water kefir are
ethanol and lactic acid; Glycerol, acetic

acid, and mannitol are also produced in

small quantities. In addition, some aromatic
and volatile compounds are produced
(relative to their threshold values) such as
ethyl acetate, isoamyl acetate, ethyl
hexanoate, ethyl octanoate, and ethyl
decanoate [11]. Water kefir has a long
history and different names in each place,
such as Tibi grain, California bees, African
bees, Ale nuts, Balm of Gilead, Japanese
Beer Seeds, or Sugary kefir grains [12-15].
Water kefir has been empirically proven to
have many pharmacological effects,

especially in diseases that involve
inflammation, such as hypersensitivity and
cancer.  Previous  research  showed
promising results related to the activity of
kefir water as an antioxidant,
antihyperglycemia, antihyperlipidemia,
antiobesity, anticancer, and activity in
repairing disorders in the digestive tract
[16-20]. Based on the description above
and previous research, this research would
evaluate the antioxidant and anti-
inflammatory activities of water kefir.
MATERIALS AND METHODS
Materials

Water kefir grain (purchased from
Yogyakarta, Indonesia), sugar, dried fruit,
(DPPH),

phosphate buffer pH 7.4), ascorbic acid,

2,2-diphenyl-1-pricrylhydrozyl

diclofenac sodium, citric acid.

Preparation of Water Kefir
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Preparation of kefir water began with the
manufacture of 8% sucrose solution,
sucrose was dissolved in aqua distillate at a
temperature of 70°C while stirring until
homogeneous, filtered. To 1 L sucrose
solution was add 100 g kefir grain and
dried fruit. The container was covered with
cloth, fermented at room temperature for 48
hours. The product of the 48-hour
fermented water kefir were obtained by
filtering the solution containing the starter.
The filtrate was used in the evaluation,
while the water kefir grain could be reused
to produce the next water kefir.
Antioxidant Activity Evaluation

The filtrate was dried using freeze dry.
Freeze-dried kefir water of 25 mg was then
dissolved with methanol in a 25 mL
volumetric flask, so a 1000 ppm water kefir
sample was obtained. Antioxidant activity
was tested by DPPH free radical reduction
method by  spectrophotometry  [21].
Ascorbic acid was used as a standard drug.
Sample and standard in  various
concentrations, each 10 mL, were added
with 190 mL DPPH stock solution (0.01
mM). The mixture was then incubated in a
dark room at room temperature for 30
minutes. Absorbance measurements were
carried out at a wavelength of 516 nm [22].
Percentage of inhibition in DPPH

absorbance was calculated wusing the

formula:

I (%) =[(A0 — As)/A0] x 100%
Where 1 is the percent decrease in
absorbance of DPPH, A0 is the absorbance
of the control solution, and As is the
absorbance of the sample / drug solution
after adding DPPH. The inhibition
concentration value of 50 (IC50) was
determined from the regression equation
obtained by entering a 50% reduction value
as an independent variable [23].
Anti-inflammatory Activity Evaluation
These evaluations were devided into 2
methods: the acute anti-inflammatory
activity using the in vivo method and the
red blood cell stabilization method (in
vitro).

Acute Anti-inflammatory Activity

Male Wistar rat 2-3 months old weighing
150-200 g were kept at standard laboratory
conditions at 24-26 ° C, humidity 70-75%,
and 12 hours light / dark cycle. Animals
were fed with standard chow and water ad
libitum. The methods in this study were
performed in accordance with ethics and
guides for animals care and use. Ethical
approval was published by the Padjadjaran
Ethics

registration number 0219020261.

University Committee  with
Rats were divided into 6 groups, namely
the negative control group, positive control
group, the standard drug sodium diclofenac
4.5 mg / kgBB, water kefir at a dose of
112.5 mL / kg bw, 225 mL / kg bw, and
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337.5 mL / kg bw. Each rat measured its
initial leg volume (V0) wusing a
pleitismometer. Then, the rats were treated
according to their group. After 30 minutes,
a solution of 5% egg yolk as much as 0.3
mL was administered intraplantar as an
induction of acute inflammation. Rat’s foot
volume was measured every 60 minutes for
360 minutes.

Red Blood Cell Membrane Stabilization
Method

A rat blood sample of 10 mL was inserted
into a centrifuge tube containing 10 mL of
a sterile (anticoagulant) Alsever solution.
The mixture was then centrifuged at 3000
rpm  for 10 minutes at 27°C. The
supernatant formed is separated using a
sterile pipette. The remaining blood cells
were then washed with isosalin solution
and re-centrifuged. The process was
repeated 4 times until isosalin was

saturated. Blood cell volume was measured

and suspended with isosalin so that a red
blood cell suspension with a concentration
of 10% v/v was obtained. The blood cell
suspension was stored at 4°C if not used
immediately [24].

Evaluation of anti-inflammatory activity of
kefir water in vitro was carried out by
measuring the stabilization ability of
erythrocyte membranes in hypotonic
solutions. The 10% v / v blood suspension
devided in several groups, namely the
negative control group, positive control
group, sodium diclofenac (50, 100, 200,
400, 800 ppm), and water kefir (50, 100,
200, 400 , 800 ppm). The composition of
the solution for each test group is shown in
Table 1. Each mixture was incubated at
37°C for 30 minutes and centrifuged at
3000 rpm for 10 minutes. The supernatant

was collected and measured using UV-Vis

spectrophotometer at 560 nm [25, 26].

Table 1: Mixture composition

Group
Component Negati i
P cgative Positive control ~ Water kefir .Sodlum
control diclofenac
Phosphate buffer
1 mL 1 mL 1 mL 1 mL
0.15M, pH 7.4 m m m m
BIOOd. 0.5mL 0.5 mL 0.5 mL 0.5 mL
suspension
Hiposaline 0 2mL 2mL 2 mL
Isosaline 2 mL 0 0
Sodium
diclofenac 0 0 I mL
Water kefir 0 1 mL 0
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RESULTS AND DISCUSSION

Kefir water is a fermented beverage which
is the result of a symbiosis of bacteria and
fungi that produces the main products,
namely: lactic acid, ethanol in small
amounts and carbon dioxide [23].
Characterization results showed that kefir
water had 1.08% lactic acid content, 0.76%
alcohol content, and pH 4. Lactic acid and
alcohol are the main metabolites produced
by kefir water. The bacteria contained in
kefir water are mostly a group of lactic acid
bacteria (LAB) [11]. This group of bacteria
has the ability to metabolize carbohydrates
and produce lactic acid as the end product.
The main genus of LAB are Lactobacillus,
Leuconostoc, Pediococcus and
Streptococcus [27].

Antioxidant activity of water kefir

The result of antioxidant activity evaluation
showed that water kefir had ICsy at a
concentration of 92.65 ppm, while ascorbic
acid as a standard drug had ICsy 6.35 ppm.
Based on ICs, values, water kefir could be
categorized as strong antioxidants (51-100
ppm) and very strong antioxidant for
ascorbic acid (<50 ppm). The potential of
kefir water as a great antioxidant was also
shown from the other study [16]. The
strong antioxidant activity exhibited by
kefir water was caused by the lactic acid

bacteria contained in it. The antioxidant

activity of lactic acid bacteria had been

extensively studied and shown positive
results [28-30]. The antioxidant activity
provided by kefir water occured because
kefir water in its fermentation process
produced bioactive components in the form
of exopolysaccharides that had the ability
to increase the body's immune system,
inhibit oxidative stress, reduce oxidative
damage, reduce the production of Reactive
Oxygen Species (ROS). Exopolysaccharide
production was influenced by lactic acid
bacteria found in water kefir [31].
Antiinflammatory activity of water kefir
Antiinflammatory activity testing was
carried out in vivo and in vitro. The results
of in vivo anti-inflammatory evaluation
were shown in Table 2.

The induction process was carried out by
administering 0.3 mL of 5% egg yolk.
From Table 2, it could be seen that the
induction process was successfully carried
out, shown by the significant differences
between the induced groupsand the
negative control group at 1%hour. A
decrease in edema volume occurred at the
4™ hour, marked by a significant difference
shown by the sodium diclofenac group to
the positive control group. Sodium
diclofenac has the ability to inhibit the
enzyme cyclooxygenase 2 (COX-2) in the
process of biosynthesis of prostaglandins,
inhibits neutrophil aggregation, inhibits

chemotaxis, decreases pro-inflammatory
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levels of cytokines [32]. At the same time,
a significant decrease in edema volume was
also demonstrated by the 3 groups of water
kefir. Reduction in the volume of edema
water kefir also did not show significant
differences with the sodium diclofenac
group. This mean that at the 4th hour, water
kefir had the same onset and activity as the
standard anti-inflammatory drugs. The
same results were also shown at the 6"hour
of evaluation. The percentage of edema
inhibition at the 6th hour for the sodium
diclofenac group, water kefir 112.5 mL / kg
bw, 225 mL / kg bw, and 337.5 mL / kg bw

respectively. Anti-inflammatory ability of
kefir water was in line with the previous
research [33].

Anti-inflammatory  activity was also
evaluated in vitro using the red blood cell
membrane stabilization method. Table 3
showed that water kefir had a membrane
stabilizing activity that played a role in its
anti-inflammatory ability. From the value
of percent stability, water kefir activity was
similar to sodium diclofenac’s. From these
two anti-inflammatory evaluations, it was

concluded that water kefir had anti-

inflammatory activity with the mechanism

were 60%, 38%, 47%, and 51%; of action of stabilizing cell membranes.
Table 2: Edema volume during treatment
Edema Volume at Hour(s)-
Group
0 1 2 4 5 6 24
0.134£0.05*  0.13£0.05*  0.13£0.05* 0.13+0.05% 0.13£0.05*
Negative control = 0.13+0.05 0.13£0.05*  0.13+0.05
# # # #
Positive control = 0.13:0.05 = 0.43£0.05 = 0.58£0.09 = 0.73£0.05  0.75:0.104 0.70 =0.09% 0.55+0.054 0.15+0.57
Diclofenac
i 0.15£0.05 = 0.40£0.08 047005 0.63+0.13  048+0.09% 035+0.09% 023 £0.09% 0.15£0.05
. 48+0.05%* 35+0.13%
Waterkefir 112.5 13005 038£005 0484009  073:009 0.55:0.12% O485005% 0.3520.13% 11005
mL/kg BW # #
45+0.05%*

Waterkefir225 15005 0454005 0584009 070008 052:0.13% C45005% 0 501008% 0152005
mL/kg BW #
Water kefir 337.5 0.45+0.09%

aterkefir 337.5 131005 0434005 0534009 058+0.08 035+0.08% 0.28+0.05* 0.1320.05
mL/kg BW #

Table 3: Percentage of membrane stabilizing activity

Concentration Percentage of Stability (%)
(ppm) Sodium diclofenac Water kefir
50 29.770 +1.630 23.450 £0.120
100 32.160 + 1.620 26.650 £0.911
200 33.410 £2.480 29.121 £0.809
400 36.050 +2.060 31.186 £ 0.669
800 40.500 +0.900 33.738 £0.305
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CONCLUSION

The conclusions of this study indicated that

water kefir had strong anti-inflammatory

and antioxidant activity. The mechanism of

action of anti-inflammatory was by

stabilizing the cell membrane.
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