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Abstract Mixture of pomegranate juice and whey was eval-
uated as a potential substrate for production of a novel bever-
age by kefir grains. The effects of two different variables,
fermentation, temperature (19 and 25 °C) and kefir grain
amount (5 %w/v and 8 %w/v), on total phenolic content
(TPC) and antioxidant activities of beverage were examined
during a fermentation time of 32 h. TPC and antioxidant ac-
tivities including 1,1-diphenyl-2-picrylhydrazyl (DPPH) radi-
cal scavenging, reducing power, inhibition effect upon linoleic
acid autoxidation and inhibition effect upon ascorbate autox-
idation increased significantly (p<0.05) during fermentation,
but metal chelating effect showed no significant difference.
The highest increases were observed when the temperature
of 25 °C and kefir grain amount of 8 %w/v were applied.
Results proved antioxidant activities of beverages were desir-
able and fermentation by kefir grains has the ability to enhance
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* Fermentation by kefir grains had the ability to enhance TPC.

» Fermentation could enhance antioxidant activities except metal
chelating effect.

*Temperature and inoculation level could have effect on TPC and
antioxidant activity changes.

» Pomegranate juice and whey was a suitable media for producing a novel
dairy-juice beverage.
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these antioxidant activities, as compared with unfermented
beverage. Also pomegranate juice and whey were suitable
media for producing a novel dairy-juice beverage.
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Introduction

Kefir which is made with kefir grains is a refreshing, naturally
carbonated fermented dairy beverage that has a slightly acidic
taste, yeasty flavor and creamy consistency. The traditional
kefir is produced by the addition of small kefir grains to fresh
milk. Kefir grains are like small cauliflower florets, 1-3 cm in
length, lobed, irregularly shaped, white to yellow-white in
color, and have a slimy but firm texture (La Riviére et al.
1967). Lactic acid bacteria (LAB) and yeasts have a complex
symbiotic relationship in kefir grains and are responsible for
lactic acid and alcoholic fermentation, respectively. Since mi-
croorganisms in kefir grains are able to metabolize lactose,
they can be used to ferment cheese whey which is a lactose-
rich waste of negligible cost. Whey is a by-product of the
cheese-making industry, contains about 85-95 % of the milk
volume and is rich in nutrients such as lactose, soluble pro-
teins, lipids, minerals, vitamins, and organic acids. Whey pro-
teins include «-lactalbumin (x-La), (3-lactoglobulin (3-Lg),
bovine serum albumin and immunoglubolins. 3-Lg is a small
and soluble globular protein which has a lot of useful nutri-
tional and functional food characteristics. Also this protein
shows many biological activities such as anti-hypertensive,
anti-cancer, hypo-cholesterolemic and anti-microbial
(Chatterton et al. 2006). «-La is another major protein in whey
that makes up about of 25 % of total whey proteins. «-La is a
calcium binding protein and enhances calcium absorption.
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Amino acids such as lysine, leucine, threonine, tryptophan
and cysteine are present in large amounts in the whey
(Permyakov and Berliner 2000). The antioxidant activity of
antioxidant components have been attributed to various mech-
anisms. To best of our knowledge, among of all antioxidant
properties, radical scavenging, reducing power, metal chelat-
ing effect, total antioxidant activity, inhibition effect upon
linoleic acid autoxidation and inhibition effect upon ascorbate
autoxidation are most commonly used for the evaluation of
antioxidant activity (Liu et al. 2005; Wang et al. 2006;
Marazza et al. 2012; Sun et al. 2009). Some oxidative dam-
ages in food systems and human body are caused by several
free reactive radicals such as superoxide radical, hydroxyl
radical and peroxide radical, which are generated by exoge-
nous or endogenous metabolic processes. These free radicals
can result in diseases including cancer, atherosclerosis, hyper-
tension, arthritis, emphysema and cirrhosis (Kehrer 1993).
Iron is a metal with high reactivity and is known as the most
important lipid pro-oxidant. In pathological conditions, iron
can work as a catalyst for generating of reactive oxygen spe-
cies. Some of diseases like cancer and cardiovascular can be a
result of metal ion catalysis (Liu et al. 2005). Hydrogen and
lipid peroxides break down by the ferrous form of iron and
produce reactive free radicals during Fenton reaction. Mono
and polyunsaturated fatty acids produced during food process-
ing and storage, are major concern for food industry. Lipid
peroxides are toxic and most body cells in the human body
are damaged by them (Liu et al. 2005). In the process of lipid
peroxidation first a fatty acid or fatty acyl side chain is
attacked by any chemical species that features sufficient reac-
tivity to abstract a hydrogen atom from a methylene carbon in
the side chain. Lipid radicals resulted from the reaction then
undergo molecular rearrangement, react with oxygen and pro-
duce peroxyl radicals. These radicals are capable to abstract
hydrogen from adjacent fatty acid side chains and propagate a
chain reaction of lipid peroxidation (Halliwell and Gutteridge
1984). Hence inhibition of lipid peroxidation has great impor-
tant for prevention of the food quality deterioration and human
diseases relating to free radicals.

However there is an inherently anti oxidative system in-
cluding superoxide dismutase, glutathione peroxidase and uric
acid in our body that can protect us from some damages gen-
erated by reactive oxygen species (ROS), but this system is
not enough for protecting against all of these damages (Simic
1988). Many kinds of fruits and vegetables are known as
natural antioxidant sources which are more desirable than
chemical antioxidant. Red fruit juices have got great attention
because of their phenolic content and antioxidant activities.
Phenolic compounds have many beneficial effects on human
bodies and can inhibit some of diseases such as cancer.
Pomegranate (Punica granatum L.) is one of the oldest edible
fruits and contain many kinds of polyphenol components such
as punicalagin isomers, ellagic acid derivatives and
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anthocyanins (delphinidin, cyanidin, pelargonidin 3- and 3,
5-diglucosides) (Pokorny and Schmidt 2003). The antioxidant
activities of pomegranate juice have been studied earlier (Gil
et al. 2000; Zaouay et al. 2012; Fawole et al. 2011). Because
of polyphenol existence in fruits and vegetables that have
redox properties, fruits and vegetables can act as reducing
agent, hydrogen donor and singlet oxygen quencher (Brand-
Williams et al. 1995). Also proteins from several animal
sources can act as antioxidant. Milk protein hydrolysates and
individual peptides released after hydrolysis expressed antiox-
idant activity against some oxidative components. For in-
stance certain amino acid sequences such as histidin and some
hydrophobic amino acids are known as natural antioxidant
sources (Suetsuna et al. 2000).

The aim of this study is to determine the TPC and antiox-
idant activities of a novel fermented beverage based on pome-
granate juice and whey using kefir grains as starter culture.
Also changes of'total phenolic content and antioxidant activity
during fermentation will be examined. In previous study
(Sabokbar and Khodaiyan 2014) apple juice was used and
good results were obtained for sensory evaluation and antiox-
idant activities. Therefore in present study pomegranate will
be used because first examined showed mixture of pomegran-
ate juice and whey would be have good sensory properties
such as color and taste.

Materials and methods

Kefir grains were collected from a household in Tehran, Iran.
The grains were kept in pasteurized milk at room temperature.
Milk was exchanged every 2 days to maintain the grains via-
bility. The commercial concentrated pomegranate juice and
whey used in this study were supplied from Alifard (Sunich,
Iran, Saveh) and Safadasht (Iran, Karaj) cheese making com-
pany, respectively.

Preparation of fermented beverage

Whey was diluted with distilled water in a portion of 1:1 and
then mixed with pomegranate juice concentrate to 14° Brix.
Mixture was pasteurized at 60 °C for 30 min. Kefir grains
were removed from milk, washed with distilled water and then
inoculated into the prepared beverage at two levels (5 % and
8 %w/W). The beverage was incubated at two temperatures (19
and 25 °C) for 32 h. The fermentation runs were assessed
through periodic sampling in order to determine characteris-
tics of beverages. After completion of fermentation the kefir
grains were removed, washed with distilled water and
returned to milk and beverage was prepared for further anal-
ysis. Control sample (unfermented beverage) contained the
same proportion of whey and concentrated pomegranate juice,
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but the fermentation process by kefir grains did not
apply for it.

Measurement of total phenolic content

The TPC of each sample was determined according to Folin—
Ciocalteau method (Singleton and Rossi 1965). Briefly
0.2 mL of diluted beverage was added to 1 mL of Folin—
Ciocalteau reagent (prediluted 10-fold with distilled water)
and shaken well. Mixture was allowed to stand at room tem-
perature for 8 min. Then 0.8 mL of sodium carbonate (7.5 %)
was added to mixture, shaken and left at room temperature for
30 min. Absorbance was measured at 765 nm in a spectropho-
tometer (CECIL CE 250). The TPC was assessed by plotting
the gallic acid calibration curve and expressed as milligrams
of gallic acid equivalents per liter of sample. Eight different
dilutions (in the range of 0.22 mg GA/L-80 mg GA/L) were
used to get the gallic acid calibration curve. The equation for
the gallic acid calibration curve was Y=89.014X — 34.479
(where X=measured absorbance and Y =concentration of gal-
lic acid equivalents expressed as milligrams of GA per liter of
sample), and the correlation coefficient was R?=0.9751.

Antioxidant capacity determination

Scavenging effect upon 1, 1-Diphenyl-2-picrylhydrazyl
(DPPH) radicals

The free radical scavenging activity of beverages was mea-
sured by DPPH® using the method of Brand-Williams et al
(1995). Three dilutions of each beverage were prepared. Then
3.9 mL of a 25 mg/L methanolic solution of DPPH® was
added to 0.1 mL of each diluted samples. Mixtures were shak-
en well. The control sample was prepared with the same vol-
ume of methanol instead of beverage. Mixtures were left at
room temperature (in a dark place) for 30 min and after that
absorbance were measured at 515 nm using a CECIL CE 250
spectrophotometer. The DPPH® concentration in the reaction
mixture was calculated using equation y=35.919A5,5—1.9031
(R*=0.9971) as was obtained by liner regression containing
different concentration of DPPH®. The % of remaining DPPH
was calculated as follow:

%DPPH® ., = [DPPH"], / [DPPH®],_,

Where [DPPH*}, and [DPPH*],—, were the DPPH® concen-
tration of reaction mixture after 30 min (steady state) and
DPPH® concentration of control, respectively. The %remain-
ing of DPPH® was plotted against the beverage concentration
to obtain ECso. ECs is the concentration of beverage which
can decrease the initial DPPH® concentration by 50 %. Lower
ECs value shows higher radical scavenging activity.

Ferrous ion chelating ability

The ferrous ion chelating ability of beverages was measured
according to the method of Decker and Welch (1990). Briefly
5 mL of beverage was mixed with 0.1 mL of ferrous chloride
(2 mM) and 0.2 mL of ferrozine (5 mM). The mixture was
shaken and allowed to stand at room temperature for 10 min.
Then absorbance was measured at 562 nm using a spectro-
photometer (CEILE CE 2502, 2000 series, England).
Chelating effect of samples was calculated as follow:

Chelating effect = (AO—A1 / AO) 100
X

Where the A, is the absorbance of control and A; is the
absorbance in the presence of the beverage. The control con-
tains FeCl, and ferrozine, with no beverage.

Reducing power

The reducing power of beverages was measured according to
the Oyaizu’s method (1986). 2.5 mL of each beverage was
mixed with 2.5 mL of sodium phosphate buffer (0.2 M, pH=
6.6) and 2.5 mL of potassium ferricyanide (1 %). The mixture
was incubated at 50 °C for 20 min. Then 2.5 mL of thrichloro
acetic acid (1 %) was added to the mixture and mixture was
centrifuged at 1400 g for 10 min. The upper layer of solution
(5 mL) was mixed with 5 mL of distilled water and 1 mL of
ferric chloride (0.1 %). The absorbance of the mixture was
measured at 700 nm in a spectrophotometer (CECIL CE 250,
England). Greater absorbance shows greater reducing power.

Inhibition effect upon lipid peroxidation

The inhibition effect of beverage upon lipid peroxidation was
determined according to Yen et al. (2000). The linoleic acid
emulsion was prepared by mixing equal volumes of linoleic
acid, Tween 20, and phosphate buffer (0.02 M at pH 7.0).
Then samples (0.5 mL) were mixed with 2.5 mL of linoleic
acid emulsion (0.002 M) and 2 mL of phosphate buffer (0.2 M
at pH 7). The reaction mixture was incubated at 50 °C in the
dark, and the degree of oxidation was measured according to
the thiocyanate method (Yen et al. 2000). Ethanol (4.7 mL,
75 %), 0.1 mL of ammonium thiocyanate (30 %), 0.1 mL of
sample solution, and 0.1 mL of ferrous chloride (20 mM) were
added sequential in HCI (3.5 %). Then mixture was stirred for
3 min and peroxide value was determined by reading the ab-
sorbance at 500 nm. The relative inhibition of linoleic acid
peroxidation was calculated as below:

Lipid peroxidation inhibition (%) = (A¢—A;/Ao), 100

Where the A, is the absorbance of control and A, is the
absorbance in the presence of the beverage.
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Inhibition effect upon ascorbate autoxidation

The method of Mishra and Kovachich (1984) was used to
determine the inhibition of ascorbate autoxidation. 0.1 mL
of sample or distilled water (control) was mixed with an ascor-
bate solution (0.1 mL, 5.0 mM) and phosphate buffer (9.8 mL,
0.2 M, pH 7.0). Mixture was placed at 37 °C for 10 min and
then the absorbance of this mixture was measured at 265 nm.
The ascorbate autoxidation inhibition rate of the sample was
calculated according to the following equation:

Inhibition effect (%) = [(Al /Ao)—l] % 100

Ay is the absorbance of control and A is the absorbance of
sample.

Statistical analysis

All experiments were carried out in triplicate. Statistics on a
completely randomized design were performed with the anal-
ysis of variance (ANOVA) procedure. Duncan’s multiple
range tests were used to compare the difference among mean
values of beverage’s properties at the level of p=0.05. SAS
software (version 9.1; statistical analysis system institute Inc.,
Cary, NC, USA) was used for analysis.

Results and discussion
Total phenolic content

As shown in Table 1, total phenolic contents in the examined
beverages were the highest in beverage fermented with
8 %wA kefir grains at temperature of 25 °C, 249+£7.01 mg
GA/L. Lower total phenolic contents were present in beverage
fermented at temperature of 19 °C with 8 %w/v kefir grains
and 25 °C with 5 %w/v kefir grains, and the lowest in
fermented beverage with 5 %w/v kefir grains at temperature
of 19 °C. Fermentation affected the TPC as shown in Table 1.
On the other hand it can be seen from Table 1 that type of
fermentation could affect the total phenolic content changes.
In beverages fermented with different levels of kefir grains but
in same temperature, with increase in kefir grain level from
5 %w/v to 8 %w/v increase in total phenolic contents was
significantly (P<0.05) higher. Also temperature of 25 °C
was more effective on TPC increase in beverages fermented
with the same level of kefir grains. This might be duo to the
optimum temperature for enzymes or metabolic activities of
microorganisms in kefir grains. Also, it was observed that
different fermentation conditions resulted in difference at pH
(Sabokbar and Khodaiyan 2014). Therefore, this difference is
another reason for these results, knowing that optimum pH
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influences the liberation of enzymes derived from the micro-
organisms (Boskov-Hansen et al. 2002).

In all fermented beverages TPC increased significantly
(»<0.05) from initial amount of 1015 mg GA/L for control
(unfermented) beverage to higher level, depending on type of
fermentation. Also Fig. 1 shows that changes in TPC of dif-
ferent fermented samples during 32 h of fermentation. It can
be seen TPC enhanced as the fermentation period extended.
These results can be explained by the fact that the metabolic
activities of microorganisms in kefir grains can modify the
levels of bioactive components such as different phenolic
compounds. During fermentation enzymes such as B-
glycosidase derived from the fermentative microorganisms
are responsible for hydrolyzing of complex phenolic com-
pounds to simpler types and increase in quantitative amount
of TPC (Mousavi etal. 2011). Other enzymes such as protease
derived from the microorganisms or whey can have contrib-
uted to the modification of beverage compositions. It has been
reported by other researchers that fermentation by lactic acid
bacteria or other microorganisms can increase the level of total
phenolic content, too (Dordevié et al. 2010; Voung et al. 2006;
Coda et al. 2012).

Antioxidant capacity
DPPH radical scavenging

DPPH radical scavenging (was expressed as ECs) of different
beverages are shown in Table 1. As can be observed the
highest DPPH radical scavenging ability was found in bever-
age fermented with 8 %w/v kefir grains at temperature of
25 °C since ECsq value for this beverage was 0.27+
0.03 mL/mL. The lower DPPH radical scavenging was ob-
served for fermented beverages with 8 %w/v kefir grains at
temperature of 19 °C and 5 % w/v kefir grains at 25 °C. While
the highest value for ECso and hence the lowest DPPH radical
scavenging among fermented beverages was found in bever-
age fermented with 5 %w/v kefir grains at temperature of
19 °C with ECs, value of 0.43+0.03 mL/mL. DPPH radical
scavenging activity depended on type of fermentation
(Table 1). In beverages fermented at different temperature
but with the same level of kefir grains, with increase in tem-
perature from 19 °C to 25 °C DPPH radical scavenging in-
creased significantly (»<0.05). This might be duo to the opti-
mum temperature for metabolic activities of microorganisms
in kefir grains which can have effect on antioxidant activities.
About beverages fermented in the same temperature increase
in the level of kefir grains inoculation led to increase in DPPH
radical scavenging. In this situation it can be said transferring
of antioxidant compound (which was cited before) at the
higher level of inoculation was higher.

The changes in ECs, value during different cultivation of
kefir grains in substrate are depicted in Fig. 2. It was noted
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Table 1 TPC and antioxidant activities of various fermented beverages and control sample
Sample TPC ECs Reducing Chelating Inhibition effect upon linoleic Inhibition effect upon
(mgGA/l) (mL/mL)  power effect (%)  acid autoxidation (%) ascorbate autoxidation (%)
Fermentation Kefir grains (absorbance
temperature (°C) inoculation at 700 nm)
(%ow/v)
19 5 191£621° 0.4320.03° 0.660+0.038° 51.00+2.00* 42.32+2.00¢ 17.90+0.79¢
19 8 216£6.52° 0.34£0.02° 0.802£0.030° 50.90+£2.01° 56.90+1.85" 24.03+0.91°
25 5 214+4.11° 0.35£0.02° 0.790£0.035° 50.37+1.80* 49.98+1.80™ 20.2140.85
25 8 249+7.01° 0.27+0.03¢ 0.951+0.032* 50.80+2.02* 64.09+2.00° 25.34+1.00%
Control (unfermented) 101£5.03% 0.76£0.03* 0.100£0.029% 50.00£1.92* 20.03+1.50° 10.20£0.65¢

Means within the same column with different letters are significantly (P<0.05) different. Data are means+standard deviation

regardless of level of kefir grains and fermentation tempera-
ture, the ability of fermented beverages to scavenge DPPH
radicals increased as the fermentation period extended.
Possible antioxidant activities of milk whey have been sug-
gested. Chelatation of transition metals by serum albumin and
lactoferrin, an iron-binding glycoprotein, and free radical
scavenging activity by amino acids such as tyrosine and cys-
teine are some of these antioxidant activities (Chatterton et al.
2006). Also, antioxidant activity for some peptide chains in
whey such as Trp-Tyr-Ser-Leu-Ala-Met-Ala-Ala-Ser-Asp-Ile
was reported (Hernandez-Ledesma et al. 2005). This peptide
had higher radical scavenging activity as compared to butyl-
ated hydroxianisole (BHA). Another compound of beverage
prepared in this study which can have antioxidant activity is
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Fig. 1 Changes in TPC of beverages during the fermentation process.
Fermentation temperature of 19 °C: open symbol, Fermentation
temperature of 25 °C: closed symbol, kefir inoculation of 5 %w/v:
circle, kefir inoculation of 8 %w/A: square. Bars represent the standard
deviation

phenolic compounds, since antioxidant activities (DPPH rad-
ical scavenging) of phenolic compounds in fruits have been
reported (Lu and Foo 2000). Fermentation with kefir grains
had a positive influence on DPPH radical scavenging of bev-
erage (Table 1). ECsq value decreased significantly (p<0.05)
from initial amount of 0.76+0.03 mL/mL in control
(unfermented) beverage to different values in fermented bev-
erages depending on fermentation conditions. Also, it has
been reported by Marazza et al. (2012) that fermentation of
soymilk by L. rhamnosus can increase the DPPH radical scav-
enging. Similar results have been reported by other re-
searchers (Liu et al. 2005; Voung et al. 2006; Dordevi¢ et al.
2010). During fermentation antioxidant compounds in kefir
grains are transferred to beverage and lead to increase in
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Fig. 2 Changes in ECs, value of beverages during the fermentation
process. Fermentation temperature of 19 °C: open symbol, Fermentation
temperature of 25 °C: closed symbol, kefir inoculation of 5 %ow/: circle,
kefir inoculation of 8 Y%ow/v: square. Bars represent the standard deviation
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DPPH radical scavenging activity (Liu et al. 2005). Also, both
intact cells and intracellular cell free extracts of L.acidophilus
have ability of DPPH radical scavenging (Lin and Chang
2000) and L.acidophilus is one of the bacteria found in kefir
grains. Fermentation can release amino acids such as cysteine
in peptide chains of whey protein. Cysteine is able to donate
hydrogen atom to DPPH radicals and therefore can neutralize
this radical from the purple color to yellow color of non-
radical form (diphenyl-picrylhydrazine). Besides, synergistic
effect of phenolic compounds with each other or other com-
pounds can have positive effect on antioxidant activity in-
crease such as DPPH radical scavenging (Shahidi et al.
1994). Polyphenols in pomegranate (Gil et al. 2000) and other
fruits showed good antioxidant activities (Khanizadeh et al.
2008). As regards to results it can be said increase in TPC after
fermentation with kefir grains have positive effect on DPPH
radical scavenging activity, since both of them increased after
fermentation.

Metal chelating effect

The ferrous ion chelating activities of unfermented and
fermented beverages are shown in Table 1. It can be seen that
the beverage fermented with different levels of kefir grains in
different temperature did not reveal a significant (p<0.05)
increase in their ferrous ion chelating activity as compared to
control. Figure 3 shows the changes of ion chelating activities
during fermentation period. The chelating effect of present

60

55

50

45

40

35

Chelating effect (%)

30

25

20

0 8 16 24 32
Time (hour)

Fig. 3 Changes in chelating effect of beverages during the fermentation
process. Fermentation temperature of 19 °C: open symbol, Fermentation
temperature of 25 °C: closed symbol, kefir inoculation of 5 %ow/: circle,
kefir inoculation of 8 Y%ow/A: square. Bars represent the standard deviation
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drink can have attributed to whey proteins since the ability
of lactoferrin, serum albumin, casein, and a high molecular-
weight fraction of whey to chelate ferrous ion have investigat-
ed by several researchers (Tong et al. 2000). Milk fractions
which have high greater number of phosphoseryl serine group
show greater affinity for iron. Although carboxyl group of the
amino acids asparagine and glutamine have good ability for
binding iron (Wong and Kitts 2003). Chelating effect of bev-
erage also can be attributed to phenolic compounds and pome-
granate contains different phenolic compounds. Phenolic
compounds derived from soybean, were able to chelate fer-
rous ion and make a safe and catalytically inactive form
(Moran et al. 1997). Besides of goodish chelating effect prop-
erties gotten for beverage, but It was observed chelating effect
were constant during fermentation. These results are accord-
ing to Liu et al. (2005) that reported ferrous chelating activity
of milk and soy milk did not change by fermentation with
kefir grains. Fermentation may alter the composition, structure
and polarity of antioxidant biofactors in fermented beverage.
Therefore fermentation may be releases some Fe**-binding
factors, breaks some of them or changes the position of the
others, for example the phosphoseryl residue located on the
surface of casein micelle which according to Wong and Kitts
(2003) can have Fe*"-binding effect . To the best of our
knowledge only a few previous studies focused on this issue.
Nevertheless, the variation of these Fe**-binding factors pres-
ent in pomegranate juice, kefir grains and whey and duo to
fermentation remained to be further investigated.

Reducing power

Reducing power of different beverages is shown in Table 1.
Beverage fermented with 8 %w/v kefir grains at the tempera-
ture of 25 °C possessed a higher reducing power than others
expressed as absorbance at 700 nm (0.951+0.032) and
followed by fermented beverage with 8 %w/ kefir grains at
temperature of 19 °C and 5 %w/ kefir grains at temperature
of 25 °C. The lowest reducing power in fermented beverage
was 0.660+0.038 (absorbance at 700 nm) observed in sample
prepared with 5 %w/v kefir grains at 19 °C. Changes in reduc-
ing power of fermented beverages are depicted in Fig. 4. It can
be seen reducing power enhanced as the fermentation temper-
ature increased. Furthermore, data in Table 1 show fermenta-
tion with kefir grains was also noted to increase significantly
(»<0.05) the reducing activity of beverage expressed as com-
pared to unfermented beverage. Like DPPH radical scaveng-
ing activity type of fermentation could affect the reducing
power (Table 1) and similar results were obtained about the
effect of fermentation temperature and kefir grains inoculation
on reducing power.

It has been reported by Liu et al. (2005) the reducing power
of both milk and soymilk increased significantly after
fermentation by kefir grains. Wong and Kitts (2003) attributed
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Fig. 4 Changes in reducing power of beverages during the fermentation
process. Fermentation temperature of 19 °C: open symbol, Fermentation
temperature of 25 °C: closed symbol, kefir inoculation of 5 %ow/: circle,
kefir inoculation of 8 %ow/A: square. Bars represent the standard deviation

reducing activity of certain butter milk solids to the sulthydryl
and free hydroxyl groups. Whey is a rich source of sulthydryl
amino acids such as cysteine and liberation of cysteine during
fermentation can increase reducing power. In addition, forma-
tion of reductants during fermentation may be another reason
for the increase in reducing ability. These reductants can react
with free radicals, stabilize them and suppress radical chain
reactions. It has been reported reducing power of some lactic
acid bacteria is excellent (Lin and Yen 1999). Increase in re-
ducing power may be also contributed to the intracellular an-
tioxidants, peptides of the starter organisms and their
hydrogen-donating ability (Yang et al. 2000). Besides,
Pomegranate is a rich source of phenolic components and
Khanizadeh et al. (2008) showed correlation between pheno-
lic components and antioxidant activity. After fermentation
TPC increased too, this could lead to increase in the reducing
power.

Inhibition effect upon linoleic acid autoxidation

Results of inhibition effect upon linoleic acid autoxidation are
shown in Table 1. It can be observed all fermented beverages
significantly (p<0.05) showed higher inhibition rate as com-
pared with the control sample and the highest rate was ob-
served for the beverage fermented by 8 %w/v kefir grains at
temperature of 25 °C (64.09+2 %). Also, Fig. 5 shows the
changes of inhibition effect upon linoleic acid autoxidation
during fermentation. The highest inhibition rate was obtained
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Fig. 5 Changes in inhibition effect upon linoleic acid autoxidation
during the fermentation process. Fermentation temperature of 19 °C:
open symbol, Fermentation temperature of 25 °C: closed symbol, kefir
inoculation of 5 %w/: circle, kefir inoculation of 8 %owA: square. Bars
represent the standard deviation

after 32 h of fermentation. It means inhibition effect upon
linoleic acid autoxidation for all beverages increased during
fermentation process.

It has been previously reported that fermentation by kefir
grains could increase inhibitory effect of milk and soy milk
upon linoleic acid peroxidation (Liu et al. 2005). Pena-Ramos
and Xiong (2001) showed that peptides deriving from milk
protein hydrolysates inhibited oxidation and they related this
effect to the specific amino acid residue side-chain groups or
the specific peptide structure of the antioxidative peptides.
Thus, we suggest that the peptides deriving from whey pro-
teins might be contributed to the increase of inhibitory effects
of beverage upon lipid peroxidation.

Inhibitory effect upon ascorbate autoxidation

Table 1 shows that fermentation of beverage with kefir grains
significantly (»p<0.05) increased the inhibition rate of ascor-
bate autoxidation. Also, Fig. 6 shows the change of inhibition
effect upon ascorbate autoxidation during 32 h of fermenta-
tion. It can be observed in all beverages the inhibition effect
upon ascorbate autoxidation increased as the temperature en-
hanced but this change depended on type of fermentation. At
higher level of kefir grain amount, different temperature
couldn’t have significant (p<0.05) effect upon inhibitory effect,
but when lower level of kefir grains (5 %w/) was applied it
was observed at temperature of 25 °C inhibitory effect was
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Fig. 6 Changes in inhibition effect upon ascorbate autoxidation during
the fermentation process. Fermentation temperature of 19 °C: open
symbol, Fermentation temperature of 25 °C: closed symbol, kefir
inoculation of 5 %w/: circle, kefir inoculation of 8 %ow/A: square. Bars
represent the standard deviation

higher as compared with 19 °C. The inhibition of ascorbate
autoxidation observed with beverage may be attributed to the
phenols found in pomegranate juice. Wang et al. (2006) found
soymilk exhibited inhibition of ascorbate autoxidation and they
attributed this to soybean phenol components. Liberation of
some phenol content (Chien 2004) throughout the some enzy-
matic catalytic actions and intracellular antioxidants of starter
organisms (Lin and Yen 1999) may be accounted for the in-
crease of ascorbate autoxidation inhibition.

Conclusion

The results of this survey confirmed kefir grains fermentation of
present beverage showed good results of TPC and antioxidant
activities. Also it can be said mixture of whey and pomegranate
juice could be used as new substrate for producing novel
fermented beverage with kefir grains. Generally, TPC, DPPH
radical scavenging, reducing power, inhibition effect upon
linoleic acid autoxidation and inhibition effect upon ascorbate
autoxidation increased after fermentation but no significant
change was observed about metal chelating activity. On the basis
of this study it was obtained fermentation with kefir grains has
beneficial effects on beverage since it can enhances the antioxi-
dant activities. So, more research can be done for producing novel
fermented beverage by kefir grains. Also, more uses of whey can
be applied to change it from a waste to a delicious beverage.
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