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In this study, different ratios (A-0%, B-25%, C-50%, D-75%) of kefir were used
in the ice cream mix in order to obtain functional ice cream enriched with
probiotic bacteria. There was no difference between the chemical and physical
properties of the samples (P<0.05), except for acidity and overrun values

(P>0.05). Kefir containing samples showed probiotic properties during 90-day
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storage when the probiotic bacterial counts were considered. In terms of
texture and flavor properties, sample D had the lowest scores, while B and C
had similar scores compared to sample A in sensory evaluation. As a result, B
and C were identified as probiotic products with acceptable properties during

90-day storage.
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Introduction

Ice cream is a product that is produced worldwide and
consumed by individuals of all ages. It is a highly
nutritious product due to the ingredients used. The
composition of ice cream can be changed easily in
comparison to the other dairy products, giving it a special
place among other functional products that are increasing
in production and consumption (38).

Enrichment of ice cream by probiotics and/or
prebiotics has been the subject of majority of research. In
these studies, the production is usually carried out by
adding pure probiotic culture and/or prebiotic compounds
directly to the ice cream mix (4, 18, 30).

Probiotics are microorganisms that have a positive
effect on the intestinal system when consumed in a certain
amount (17). Probiotics in the intestinal microflora
improve the immune system, protect the body against
various diseases and they also have anticarcinogenic and

serum cholesterol-lowering effects (28). Lactic acid
bacteria are the most commonly used bacteria group for
enriching foods with probiotic microorganisms.
Prebiotics, on the other hand, are substances that directly
enter the intestinal system when taken into the body and
stimulate the growth of probiotic bacteria (17). They were
reported to have positive effects on the digestion of sugars,
protective effects against heart disease risk and inhibiting
effects on pathogenic microorganisms (28). Prebiotic
substances are generally classified as inulin,
oligofructoses and fructooligosaccharides (27).

Enriching ice cream with probiotics is a more
appropriate way compared to other dairy products. This
was explained by the higher pH of ice cream compared to
those of fermented milk products since the survival of
probiotic bacteria in low pH environments is low (1).

Kefir, one of the richest products in terms of
probiotic microorganisms, is a fermented dairy product in
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which starter cultures or kefir grains consisting of ~83-
90% lactic acid bacteria and ~10-17% yeast and acetic
acid bacteria are used in the production (20, 39). These
cultures usually include different strains of Lactobacillus,
Lactococcus, Leuconostoc and Acetobacter genera and
also lactose fermenting (Kluyveromyces marxianus) and
non-fermenting yeasts (Saccharomyces unisporus, Sacch.
cerevisiae and Sacch. exiguus) (15, 36). Since most of
these microorganisms have probiotic properties, the
evaluation of kefir in different ways has become an
increasingly interesting issue.

The aim of this study is to enrich ice cream with
probiotic bacteria and to obtain a functional product with
increased nutritional value. For this purpose, kefir, was
added to ice cream mix in different proportions and ice
cream production was carried out. The study is considered
to be important for obtaining an ice cream with probiotics
that is not available in the market and has a higher
nutritional value than both ice cream and kefir.

http://vetjournal.ankara.edu.tr/en/

Materials and Methods

Kefir and ice cream preparation: For the preparation of
kefir, raw cow’s milk (Ankara University Faculty of
Agriculture Research and Application Farm, Ankara,
Tiirkiye) was subjected to heat treatment at 90 °C/10 min
and cooled to 25 °C. Immediately after the cooling
process, kefir culture (CHOOZIT® Kefir DC, LYO 1000
L, Danisco, Germany) was inoculated (according to the
ratio specified on the package, 5 ¢/1000 L) and the
samples were incubated at 25 °C until pH 4.5-4.6 and kept
at +4 °C for ~24 h until being used in ice cream mix
preparation.

All ice cream mixes were formulated to contain 10%
fat (derived from 65% fat cream; Ankara University
Faculty of Agriculture Research and Application Farm,
Ankara, Tiirkiye), 12% milk solids-not-fat (derived from
cream and skim milk powder; Izi Sut A.S., Tiirkiye), 15%
sucrose (derived from sugar obtained from local market)
and 0.5% stabilizer-emulsifier mixture (Cremodan Sim
Veg, Danisco, Germany). Mixing rates of kefir and ice
cream mixes were shown in Table 1. In the preparation of
the mixes, the amount of fat and milk solids-not-fat to be
covered from kefir to be added to each sample was
calculated separately, and these values were subtracted
from the amount of the main substance desired to be in the
final product, and the remaining amount was calculated
from 2250 ml, 1500 ml and 750 ml mixes, respectively.
The prepared mixes were heat treated at 80 °C for 20 min
and homogenized with ultraturrax (DIAX 900, Heidolph,
Schwabach, Germany) for 5 min. Subsequently, the mixes
were promptly cooled to ~25 °C and then aged for
approximately 19 h at + 4°C. At this point, the aged mixes
were inoculated with previously prepared kefir culture in
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the amounts specified in Table 1 and the final mixture was
re-homogenized with ultraturrax for 10 min. 3 L of ice
cream mixes were frozen in a batch freezer (Triomaxx,
Ada, Jiangmen, China) for 15 min and the samples were
packaged and hardened at -25 °C for 20 h. All ice cream
formulations were produced in duplicate.

Table 1. Mixing rates of kefir and ice cream mixes used in ice
cream production.

Sample Kefir Kefir used in Ice cream

code ratio (%)  mixture (ml) mix used in
mixture (ml)

A (Control) 0 0 3000

B 25 750 2250

C 50 1500 1500

D 75 2250 750

Determination of lactic acid, total solid, fat, total protein
and ash contents: Lactic acid contents of the ice cream
samples were determined by using the titration method
and the results were calculated as percent lactic acid (8).
Fat contents were determined by Gerber method (6), total
dry matter and ash contents were determined by
gravimetric method according to AOAC (7) and Goff et
al. (14), respectively. Kjeldahl method was used to
determine the total protein content by multiplying the total
nitrogen content by the factor of 6.38 (6).

Rheological measurements: The rheological properties of
the samples were determined by Malvern Kinexus Pro+
rheometer (Worcestershire, UK) with a cone and plate
geometry (diameter: 40 mm, cone angle: 4°). The
consistency index (K) and flow behavior index (n) of the
samples were determined by dynamic rheometry at 2 mm
gap, 0.1-300 s shear rate at 5 °C. The data obtained from
the analysis were adjusted to the Herschel-Bulkley model
based on the following equation:

T=1+Ky " Q)
where zis the shear stress (Pa), o is the yield stress
(Pa), K is the consistency coefficient (Pa s"), y is the shear
rate (s™%) and n is the flow behavior index.
All measurements were performed at least in
duplicate.

Overrun measurement: Overrun was measured by
comparing the weight of a certain volume of ice cream mix
and the same volume of ice cream. Overrun results were
calculated by using the weights recorded according to the
equation below (14):

Overrun (%) = [(Weight of mix-Weight of ice cream) /
(Weight of ice cream)] x 100 (2)

DOI: 10.33988/auvfd.1008552
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Melting characteristics: The method specified by
Mendez-Velasco et al. (22) was applied in order to determine
the meltdown rates of ice cream. Samples were removed
carefully from the containers and their weight were
recorded. Ice creams were placed on a stainless steel wire
with 2.5 mm? holes and a glass beaker placed underneath
to collect the melted part. The analysis performed at room
temperature (~22 °C) and the first dripping time of each
sample was recorded in min. In addition, the weight of
drained material through the wire was recorded every 20
min for 120 min, and the meltdown rates of ice cream were
calculated according to the following formula:

Meltdown rate (%) = (Weight of drained material /
Weight of ice cream) x 100 (3).

In addition, the average melting rates were calculated
considering the amounts of the dripped portion after a total
of 120 min and expressed in g/min. Also the weight of the
drained material of ice cream after 120 min was recorded
and the percent mass retention was calculated by using the
following equation (40):

Mass retention (%) = 100 — Drained material after 120 min

(%) (4)-

Hardness measurement: The hardness values of the
samples were determined by using a texture analyzer
(TA.Xt Plus, Stabel Micro Systems®) equipped with a 5
mm diameter cylindrical stainless steel probe (Part Code:
P/5, Stable Micro Systems®). The samples were kept at -
15 °C for 24 h before analysis. Three measurements were
recorded from three different containers for each sample
and the average of these measurements was calculated.
The parameters for analysis specified by Akalin et al. (4)
were as follows: penetration distance = 15 mm, force =5.0
g, probe speed during penetration = 3.3 mm s, probe
speed pre- and post penetration = 3.0 mm s,

Bacteriological analysis: Ice cream samples (10 g) were
diluted in 90 ml sterile Ringer solution (Merck,
Darmstadt, Germany) and homogenized in a Stomacher
(Bag Mixer 400 VW, Interscience, France) for 2 min.
Subsequent serial dilutions were prepared in 9 ml sterile
Ringer solution and poured onto plates of the various
selective and differential agars in duplicate. M17 agar
(Merck, Darmstadt, Germany) and MRS agar (de Man
Ragosa Sharpe Agar, Merck, Darmstadt, Germany) were
used for the enumeration of Lactococcus spp. and
Lactobacillus spp. respectively. All plates were incubated
at 37 °C for 24-48 h. The applied incubation conditions
were aerobic and unaerobic for M17 agar and MRS agar
respectively. Colonies were enumerated after the
incubation and the results were expressed as log cfu/g.

Sensory evaluation: Approximately 25 g of ice cream
were scooped into 50 ml plastic containers and kept at -15

°C for ~2 h before evaluation. For the sensory evaluation
of ice cream samples, a scoring test with 7 experienced
panelists from the academic staff of Ankara University
Department of Dairy Technology were applied. The test
form suggested by Meilgaard et al. (21) were modified and
used for sensory analysis. Panelists were asked to evaluate
the samples over 5 points in terms of appearance, texture
and flavor characteristics. The panelists evaluated the four
samples in the same session. Drinking water and unsalted
crackers were provided to clean the mouth before and
between the samples.

Statistical analysis: Total solid, fat, total protein, ash
contents, rheological characteristics, overrun values,
melting characteristics and hardness values were
determined only on the 1st day of the storage. The other
analysis were performed on the 1%, 30", 60" and 90" days
of the storage. All analysis were performed in duplicate
for each parameter.

Analysis of variance (One-way ANOVA) method
was used to evaluate the differences between kefir ratios
(0, 25, 50, 75%) in terms of total solid, fat, total protein,
ash, rheological characteristics, overrun, first dripping
time, average melting rate, mass retention and hardness
parameters. The Repeated Measures ANOV A method was
used to determine whether the differences between the
level means of the kefir ratios (0, 25, 50, 75%), time (40,
60, 80, 100, 120 min) factors and their interaction on the
meltdown rates are statistically significant. The
differences between the kefir ratios (0, 25, 50, 75%) and
storage time (1, 30, 60, 90 days) and their interaction in
terms of titratable acidity, bacterial counts and sensory
characteristics were evaluated using the Factorial
ANOVA method. Tukey multiple comparison test was
used to separate means of data when significant
differences (P<0.05) were observed. IBM SPSS Statistics
20 software was used for statistical analysis and the results
were expressed as mean + standart error.

Resuits

The chemical composition of ice cream samples: The
chemical composition of ice cream samples is given in
Table 2 (P>0.05). The samples produced in this study were
classified as fatty ice cream according to the Turkish Food
Codex Communique on Ice Cream (35) since the total
solid and fat contents of fatty ice cream should be at least
36% and 8% respectively.

Rheological characteristics: In Table 3, consistency
index (K) and flow behavior index (n) values of the
samples are given. All of the ice cream mixes were
compatible with the "Herschel-Bulkley" behavioral model
(correlation value - R? > 0.99) and no difference was found
between the K and n values of the samples interpreted
according to this model (P>0.05).

DOI: 10.33988/auvfd.1008552
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Table 2. The chemical composition of the samples (n=2).

http://vetjournal.ankara.edu.tr/en/
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Samples*
A B C D
Total solid (g/100 g) 36.87 £0.019 36.68 £ 0.019 36.61 £0.015 36.81 £ 0.027
Fat (g/100 g) 10.50 £ 0.000 10.25 +0.250 10.25 +0.250 10.25 +0.250
Total protein (g/100 g) 3.56 +0.035 3.56 + 0.060 3.57 £0.055 3.54 +0.050
Ash (g/100 g) 0.87 £0.011 0.83 £0.015 0.85 + 0.002 0.85 + 0.009
*A: 0% kefir - Control, B: 25% kefir, C: 50% kefir, D: 75% kefir.
Table 3. The consistency index (K), flow behavior index (n) and hardness values of the samples (n=2).
Samples*
A B C D
K (Pa.s) 0.23 £0.006 0.23 +£0.002 0.23 +£0.009 0.23 +£0.003
n 0.72+0.011 0.72+0.024 0.72+0.013 0.72 +£0.008
Hardness (g) 15539 + 190 16 096 + 315 15 628 + 886 15945 + 390
*A: 0% kefir - Control, B: 25% kefir, C: 50% kefir, D: 75% kefir.
Overrun: As it is seen from Figure 1, the overrun values
of the samples C and D with the highest kefir content were
found to be the highest, while sample A without kefir was -
determined as the sample with the lowest overrun 40 . A 2
(P<0.05). 35 c = |
g 30
Melting characteristics: It was determined that there was % ;5,
no difference between the first dripping times, average 315
melting rates, and remaining mass retentions at the end of 10
120 min (P>0.05) as it is seen from Table 4. Similarly, no Z
difference was found between the meltdown rates of the A B c D

samples at 40, 60, 80, 100 and 120 min (P>0.05) (Figure
2).

Hardness: Hardness values of the ice cream samples are
given in Table 3. According to the results, kefir addition
did not affect the hardness values of the samples (P<0.05).

Lactic acid: Use of kefir in ice cream mix affected the
lactic acid content of the final product during 90-days of
storage (Table 5). As the amount of kefir in mix increased,
the lactic acid content of the product was also increased at
all storage days.

Bacterial counts: As expected, Lactococcus spp. and
Lactobacillus spp. counts increased for each day of
storage (P<0.05) as the kefir amount increased (Table 5).
In addition, Lactococcus spp. counts were higher
compared to Lactobacillus spp. counts at all storage days.
However, bacterial viability decreased for both probiotic
bacteria during 90-days of storage (P<0.05), but all of the
samples still maintained their probiotic properties since
they contained at least 107 cfu/g (7 log cfu/g) of probiotic
bacteria.

Samples

Figure 1. Overrun values of the samples.
A: 0% kefir - Control, B: 25% kefir, C: 50% kefir, D: 75% kefir.
Values with the different letter are significantly different (P<0.05).

100
90
80
70
60
50
40
30
20
10

Meltdown rate (g/100 g)

40 60 80 100 120
Melting time (min)

— B e e D

Figure 2. Meltdown rates of the samples at 40, 60, 80, 100 and
120 min.
A: 0% kefir - Control, B: 25% kefir, C: 50% kefir, D: 75% kefir.

DOI: 10.33988/auvfd.1008552
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Table 4. First dripping time, average melting rate and mass retention values of the samples (n=2).

Samples*
A B C D
First dripping time (min) 32.00 +2.000 33.00 + 1.00 34.00 + 1.000 40.00 +2.000
Average melting rate (g/min) 0.80 +0.030 0.79 £ 0.030 0.79 £ 0.025 0.66 +0.040
Mass retention (%) 4.48 £2.320 8.13 £3.230 9.32+£3.740 21.53 £6.050
*A: 0% kefir - Control, B: 25% kefir, C: 50% kefir, D: 75% kefir.
Table 5. Lactic acid content, Lactococcus spp. and Lactobacillus spp. counts of the samples during storage (n=2).
Storage Samples*
(Day) A B C D

Lactic acid 1 0.26 % 0.005¢ 0.41 +0.010° 0.58 £0.010° 0.69 +0.0052
(9/100 9) 30 0.25 +0.010 0.41 +0.005¢ 0.58 + 0.005° 0.68 +0.010?

60 0.25 % 0.000¢ 0.41 £0.005° 0.58 £0.015° 0.69 +0.0052

90 0.25+0.0109 0.42 + 0.005°¢ 0.58 + 0.005° 0.68 £ 0.0052
Lactococcus spp. 1 NDA 8.27 £+ 0.0404° 9.02 £0.07° 9.34 +0.075%2
(log cfu/g) 30 NDA 8.16 + 0.045A8¢ 8.74 + 0.0608° 9.15 + 0.080A82

60 NDA 8.00 + 0.0508¢ 8.58 £ 0.1108¢P 8.92 + 0.0908Ca

90 NDA 7.92 + 0.0908¢ 8.47 £0.0750¢0 8.81 £0.055¢
Lactobacillus 1 NDA¢ 5.07 £0.055% 5.79 +0.095%2 5.99 £ 0.085%2
Spp. 30 NDAd 3.99 +0.0658¢ 4.67 +0.05580 5.11 £ 0.05082
(log cfu/g) 60 NDAd 3.71 +0.080C 427 +0.0855 4.64 +0.075%

90 NDAd 3.54 +£0.060¢¢ 4.06 = 0.055C 4.43 £0.045%

*A: 0% kefir - Control, B: 25% kefir, C: 50% kefir, D: 75% kefir.
Values with the different lower case letter within the same row and upper case letter within the same column are significantly different (P<0.05).
ND: Not detected.

A A
5 —_

A A
B B
B B BB

B BB
4,5 I L B = 8 ,
. II | |I |
3 3

1 30 60 90

Storage period (day)

Aab
AaAab @
Bab.

Ab_ Ba  gap 8", Ba~ > Bab
Bab 1.7"8b 1 Bb
I I | I | | II I II
1 30 60 %

Storage period (day)

Texture score
Sy
- v

Appearance score
~

w
%]

a
4,5 aa

a a
a a a a
I I b I b
4 b
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30

Flavor score

Storage period (day)

mA WB mC mD HA WmB mC HD
HA mB mC mD
Figure 3. Sensory evaluation results of the samples during storage (n=2).

a a 4a
I I |
90
A: 0% kefir - Control, B: 25% kefir, C: 50% kefir, D: 75% kefir.

Values with the different lower case letter within different samples in the same storage day and upper case letter within different storage days for the
same sample are significantly different (P<0.05).
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Sensory evaluation: Scoring test results performed by
experienced panelists are given in Figure 3. The ratio of
kefir did not affect the appearance of the samples
(P>0.05), however, the effect of storage was found to be
significant in terms of the same property (P<0.05). All of
the samples had the highest scores on the 1st day of
storage, and the scores did not statistically change after the
30th day until the end of storage. Unlike the appearance,
both the ratio of kefir and the effect of storage duration
were statistically significant on textural characteristic
(P<0.05). Sample D, which has the highest kefir ratio, had
the lowest scores for texture property during the storage
where samples B and C were not different from the control
sample. All samples had the highest scores on the 1% day
of storage, and the scores did not change on the 30", 60t
and 90" days. Considering the flavor characteristic, there
was no difference between samples A, B and C (P>0.05),
however, sample D got the lowest scores for each day of
storage (P<0.05).

http://vetjournal.ankara.edu.tr/en/

Discussion and Conclusion

All of the ice cream samples were standardized in terms
of total solid and fat contents. Therefore, there was no
statistical difference between the chemical composition of
ice cream samples (P>0.05) (Table 2).

Similarly, there was no difference in the rheological
properties of the samples examined. It is well known that
the rheological properties of foods greatly affect the
acceptability of the product by consumers (3). The
rheological properties of ice cream are generally related to
the dry matter content and the components with
hydrocolloid properties such as stabilizers in the mix
composition (14). Since the same type and amount of
stabilizer was used in all ice cream samples in this study
and no difference was found between the dry matter
contents of the samples, it is an expected result that there
was no difference in the rheological properties examined.

All of the ice cream mixes showed non-Newtonian
flow characteristics since the n values were found to be
below 1. Goff et al. (13) stated that the flow behavior
index of a typical ice cream mix should be ~0.7. As it is
seen from Table 3, the n values of the samples were
determined close to this value as they should be.

The weight of ice cream per unit volume is one of the
important physical properties that affect the quality of the
product. The overrun of the product varies depending on
the air given to the mix during the freezing process. It has
been stated that the overrun of high-quality ice creams
should be between 15% and 50% (33). According to this
definition, the ice creams obtained in this study are of high
quality (Figure 1). The main reason that the overrun values
obtained in the study were not very high is that it is very
difficult to exceed 35-40% overrun values of ice creams
produced in batch type freezers (2).

Ankara Univ Vet Fak Derg, 70 e 3, 2023

The overrun value of ice cream can be affected by
the state and denaturation level of the proteins in the
product composition as well as the acidity and the freezing
point of the product. Salem et al. (29) reported that the
addition of different types of probiotics has an effect on
the overrun of ice cream, and this is due to the change in
the nature of the proteins and the freezing point of the
product affected by the increase in acidity depending on
the probiotic used. Therefore, in this study, it is thought
that the destabilization of casein, which has an important
role in the stabilization of air bubbles in the structure of
ice cream, with the increase in acidity due to the addition
of kefir, may have an effect on the overrun value of the
product. It is probably due to fact that the emulsifying
ability of casein increases with destabilization and
therefore the overrun of ice cream increases due to the
decrease of the interfacial tension (14).

The increase in overrun value with the increase in
kefir ratio might also be related to the ability of
microorganisms in kefir to produce Exopolysaccharides
(EPS) during fermentation. It was stated that EPS can
contribute to the formation of a matrix that can increase
the amount of entrapped air and keep oxygen more
efficiently. EPS are polysaccharides and contribute to
keeping the air in the system of ice cream since they have
the foam stabilizing ability (18).

Melting properties are one of the most important
physical properties of ice cream, and the rapid melting of
the product is undesirable particularly for consumers.
Environmental conditions affect the melting properties of
ice cream. When the ice cream is left to melt, the warm air
in the environment penetrates into the ice cream and the
ice crystals in the product begin to melt. The water
occurred by the melting of ice crystals spreads into the
unfrozen serum phase and as a result, the solution formed
begins to flow from ice cream (24). In addition to
environmental conditions, production conditions, type of
milk, the composition of the mix, dry matter content,
rheological properties, type and amount of stabilizer used
are highly influential on the melting properties of ice
cream (14, 19, 24, 30).

In this study, all production parameters including the
composition of ice cream mixes and the rheological
properties were the same. It is therefore no differences in
melting behaviour of the ice cream samples were observed
(P>0.05) (Figure 2). In addition to this, it has become clear
that the use of kefir in ice cream production did not affect
the melting properties of the product. Agreeing with the
result of previous studies (12, 30), the addition of
probiotics did not affect the melting properties of ice
cream. Additionally, all of the samples can be classified as
good quality ice cream in terms of meltdown properties,
since Arbuckle (5) stated that a good quality ice cream

DOI: 10.33988/auvfd.1008552
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should remain at room temperature for ~10-15 min
without melting.

Hardness value refers to the strength required to
create a certain deformation in ice cream (9) and it is a
significant physical property for the acceptability of the
product by consumers.

There was no difference in hardness values among
the ice cream samples produced in this study (P<0.05)
(Table 3). The hardness value of ice cream is closely
related to the total dry matter content (14). Similar results
were reported (19), indicating that there was no difference
between the hardness values was due to the lack of
difference between the soluble solid and fat in the product
as in this study. Another reason could be speculated that
the same stabilizer was used in the same amount in all of
the samples yielded the similar results. As a matter of fact,
it is known that the type and amount of hydrocolloid used
in ice cream production affect the hardness of the product
(32). Similarly, mix viscosity has a significant effect on
the hardness value of ice cream as it is a measure of the
viscosity of the unfrozen phase of the product (24).
Therefore, the fact that there was no difference between
the consistency index values obtained in this study was
also effective on the hardness values.

The effect of the kefir ratio used on the acidity values
during the storage period of ice creams was found to be
significant (P<0.05). As in this study, ice cream mixes
containing 12% non-fat dry matter are expected to have a
titration acidity (lactic acid%) of ~0.2 (14) and sample A
had approximately this value (Table 5). In addition, as the
amount of kefir in ice cream increased, the acidity value
of the product was found to be higher at all storage days
(Table 5). This is related to the use of kefir, which consists
various microorganisms that have a high ability to
metabolize the lactose into lactic acid (37). There are other
studies (26, 34) reporting that use of probiotic bacteria in
ice cream increases the acidity of the product. The
increased acidity of ice cream samples containing kefir
can protect the product against spoilage microorganisms
during storage, thus yielding longer shelf life of the
product. Neverthless, increased titratable acidity of ice
cream, may adversely affect the sensorial acceptability of
the product (18).

Normally the acidity of the fermented products is
expected to increase during storage due to post-
acidification (31). However, this study showed that the
acidity values of the samples, even those containing kefir,
did not change as the storage time progressed. This
situation is likely to be caused by the slowing down of the
metabolic activity of lactic acid bacteria present in the
product with the storage of ice creams at very low
temperatures (-25 °C). Farias et al. (11) and Turgut et al.
(34) also reported that the lactic acid contents of probiotic
ice creams did not change during the storage period.

Lactococcus spp. and Lactobacillus spp. counts were
both increased as the amount of kefir in ice cream mix was
increased. It was seen that Lactococcus spp. counts
detected in the samples were higher in each day of storage
compared to Lactobacillus spp. counts. This situation
might be related to the culture used in kefir production, as
well as due to the fact that Lactobacillus strains are more
sensitive to low temperatures (19, 25). In addition, it is
known that the growth of anaerobic Lactobacillus strains
decreases with the increase of oxygen in the external
medium (11). Lactobacillus spp. cannot synthesize ATP
by respiration and their oxygen-scavenging systems are
reduced or disappeared completely. As a result, oxygen is
incompletely reduced to hydrogen peroxide and toxic
oxygen metabolites (O,, OH™ and H.0,) accumulate in
the cell; and finally leads to cell death (10, 23). Therefore,
it is thought that the amount of air given to the mix during
freezing process and the fact that this air is kept in the
product matrix during the storage period also negatively
affect the growth of Lactobacillus spp.

Reduction in the both of bacterial strains counts
during the storage period (P<0.05) is possible to be caused
by the destruction of the microorganisms due to low
temperature storage conditions. Osmotic pressure, which
also changes with the decreasing temperature, causes
dehydration in the bacterial cells, leading to cell damage
(30). Ice crystals forming in ice cream could be another
factor causing cell lysis by destroying the cell walls or
membranes of microorganisms. The cells may be
damaged as a result of mechanical stresses of ice crystals
that may form inside the cell (23). Furthermore, toxic
metabolites that may occur during storage may also cause
cell lysis (31).

According to the International Dairy Federation, in
order for food products to have probiotic properties, they
must contain at least 107 cfu/g (7 log cfu/g) of probiotic
bacteria during the storage period (16). The survival of
probiotics in a food product varies depending on many
factors such as acidity, the presence of other
microorganisms in the medium, and bacterial metabolites;
these bacteria can generally maintain their stability in ice
during storage (26). As it is seen in Table 5, kefir
containing samples (B, C and D) did not lose their
probiotic properties during the storage. The number of
probiotic bacteria were above the minimum required level
at all times during the storage, although it tended to
decrease towards the end of the storage. It was determined
that only the control sample (A) did not contain
Lactococcus spp. and Lactobacillus spp. Similarly,
Ahmad et al. (2), Parussolo et al. (26) and Salem et al. (29)
reported that although the ice cream samples containing
various Lactococcus and Lactobacillus strains had a
gradually decreasing bacterial count during storage, they
still retained their probiotic properties.
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In sensory evaluation, kefir addition did not affect
the appearance property of the samples. However, the
texture and the flavor characteristics were affected with
the amount of kefir added. While there was no difference
between samples A, B and C in terms of the mentioned
properties, sample D with the highest kefir content had
lower scores than the other samples. This was probably
due to the fact that sample D had the highest acidity value.
It was already mentioned that the increase in acidity in ice
cream has a negative effect especially on the flavor
properties since the product normally does not have a high
acidity wvalue (10). In addition, panelists detected
fermented taste in kefir-containing samples, and this
flavor was most intense in sample D. This was one of the
reasons why sample D getting the lowest score. In similar
studies (4, 19, 34), it was reported that the flavor scores of
probiotic ice creams decreased with the increase in acidity.
Asitis seen from Figure 3, it has been determined that the
storage time had no effect on the flavor scores of the
samples (P>0.05). As a matter of fact, no difference was
observed in acidity values of the samples during storage.

All in all, all of the ice cream samples were found
acceptable considering the chemical and physical
properties. In addition, all of the samples maintained their
probiotic properties during the 90-day storage period.
However, due to the increase in acidity with the increase
of kefir ratio, it was observed that sample D, which had
the highest kefir ratio (75%), had lower scores from the
panelists compared to the other samples in terms of texture
and flavor properties. It was determined that samples B
and C were not different from the control sample on each
day of storage considering the same properties. Therefore,
it is possible to produce probiotic ice cream with generally
acceptable properties with the production method applied
in samples B and C.

http://vetjournal.ankara.edu.tr/en/
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