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Abstract A mixture of human-derived probiotic strains
of Lactobacillus acidophilus, L. agilis and L. rhamnosus
was used as a probiotic culture in ice cream manufacture.
Viability and survival of these probiotic cultures were
investigated in two diVerent ice cream formulations. Ice
cream with sucrose and ice cream with aspartame were
prepared and each of these was divided into two sub-
groups: one with direct addition of the probiotic culture
and one with milk fermented by the same probiotic cul-
ture. Ice cream samples were stored at ¡20°C for
6 months and the survival rate of cultures were deter-
mined monthly. Probiotic cultures underwent tests for
resistance to bile salts, antibiotics, acidic conditions; they
were found to be highly resistant to such challenges.
Chemical analysis of ice cream samples, such as determi-
nation of acidity, pH and solid matter, was also per-
formed. The probiotic cultures remained unchanged in
ice cream stored for up to 6 months regardless of the
sweeteners used. Using probiotic cultures in ice cream
mixes did not alter the characteristics of the product.
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Introduction 

Certain species of lactobacilli, when included in the diet,
can have beneWcial eVects for humans [25, 26]. In order
to provide a beneWcial eVect on the health of the host, it
is necessary that the probiotic strain is able to survive in
the gastro-intestinal tract [11]. It is therefore necessary to
determine the number of lactobacilli in faeces and, if pos-
sible, to identify the diVerent species directly [15].
Recently, a number of novel fermented dairy products

have been developed and are being marketed as probi-
otic products in Germany and in other European coun-
tries [23]. Probiotic bacteria are frequently used as the
active ingredient in functional foods such as bio-
yoghurts, dietary adjuncts and health-related products
[4]. Dairy food products incorporated with probiotic
bacteria are gaining popularity and are experiencing an
increasing market growth [12]. Health aspects attributed
to the consumption of fermented dairy products supple-
mented with probiotic bacteria include improved lactose
utilization, anticarcinogenic activity, control of intestinal
infections and improved Xavour and nutritional quality
[19]. The utilization of lactose during fermentation can
make the product more easily digested by lactose intoler-
ant people [7].

Ice cream is a valuable food with signiWcant nutritive
qualities, and is well assimilated by the body. Ice cream
seems therefore suitable for delivering probiotics in the
human diet. Some studies [6, 14, 16, 17] have demon-
strated that it is possible to produce ice cream-type fro-
zen yogurt using diVerent ratios of fermented mixes. In
order to ensure that the product provides an adequate
content of microorganisms, cells must survive freezing
and refrigerated storage [1].

The aim of this study was to investigate the survival
of probiotic bacteria in ice cream during 6 months of
storage. The eVect of artiWcial sweetener on these micro-
organisms was also included in the scope of this study.
Ice cream made with non-nutritive sweetener is a useful
way to deliver beneWcial bacteria to people with diabetes
and to people suVering obesity.

Materials and methods

Source of probiotic strains

Lactobacillus strains having probiotic properties used in
this study were obtained from a previous study (G. Basyi-
git, unpublished). Resistance to low pH, bile salts and
various antibiotics of the strains were also determined
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previously (G. Basyigit, unpublished). The strains were
isolated from 12 adult males and females hospitalized in
the University Research Hospital. A 1 g (wet weight) fae-
ces sample from each was suspended in 9 ml physiological
saline solution, homogenized (LG-1064 Tissue Grinder,
Glass Pestle, USA) and tenfold dilutions were prepared
(from 10¡1 to 10¡7). One hundred microlitres of each dilu-
tion was plated on MRS agar and incubated aerobically
at 37°C for 72 h [20, 24, 26].

From MRS agar plates of each sample, colonies with
diVerent morphologies were selected and picked. Typical
LAB colonies grown on MRS agar were examined
microscopically. Then the catalase test was applied. The
colonies that did not show catalase activity were selected
for further analysis. All nonspore-forming straight rods
were Wnally tested with API-50 CHL kits (Bio Mérieux,
France), according to the manufacturer’s instructions.

Acidity, bile salts and antibiotics resistance test

The acidity resistance test was performed in MRS broth
at pH 3.5. The initial number of LAB was determined at
the beginning of the experiment by plating on MRS agar
plates. A 0.5 ml aliquot of bacterial suspension was inoc-
ulated into 5 ml sterile MRS broth at pH 3.5 (adjusted
using 0.1 N HCl). The tubes were incubated at 37°C.
After exposure for 3 h to low pH, the number of viable
bacteria was counted on MRS agar (pH 5.6) incubated
for 48 h at 37°C [22, 27].

In order to determine bile salts resistance of the
strains, a 0.5 ml aliquot of bacterial suspension was inoc-
ulated into 5 ml sterile MRS broth supplemented with
0.30% ox bile (Oxoid). The number of viable cells was
determined as described above in the Acidity, bile salts
and antibiotics resistance test. The tubes were incubated
at 37°C. After exposure to ox bile for 3 h, the number of
viable bacteria was counted on MRS agar (pH 5.6) plates
incubated for 48 h at 37°C [9].

Antibiotic resistance of the isolates was tested against
12 selected antibiotics, including amoxicillin (10 �g),
amoxicillin–clavulanic acid (30 �g), bacitracin (10 IU),
carbenicillin (100 �g), cephalothin (30 �g), chloramphe-
nicol (30 �g), clindamycin (2 �g), Nystatin (100 IU),
oXoxacin (5 �g), polymyxin (300 IU), streptomycin
(10 �g) and vancomycin (30 �g). Strains were grown in
MRS broth (Oxoid) at 37°C for 24 h. The optical density
of the cultures was adjusted to 0.5 Mcfarland using unin-
oculated MRS broth as blank. The cultures were inocu-
lated (0.1%) into MRS agar kept at 45°C and poured
into petri plates to solidify. After solidiWcation of the
inoculated agar plates, antibiotic discs (Oxoid) were
placed on the surface of the plates. Following a 24-h
incubation at 37°C, the diameters of inhibition zones
around the discs were measured.

Ice cream manufacture

Two diVerent ice cream recipes were utilized. One of the
ice cream mixes included 15% sucrose and other one

manufactured with 4% aspartam (Sanpa Brand Aspar-
tame Sweetener Bilim Pharmaceuticals Co., Istanbul,
Turkey). Furthermore, both of ice cream mixes con-
tained 6% milk fat, 10% nonfat milk solids, 0.3% stabi-
lizer, 0.3% natural Xavour (vanillin).

The cream, milk, condensed skim milk, sucrose and
stabilizer were provided by the University Dairy Plant
(SDU, Isparta, Turkey) and ice cream manufacture was
carried out at the Department of Food Engineering,
SDU.

All ingredients were mixed with milk and the mixes
were pasteurized at 95°C for 20 min. The mixes were
then homogenized, cooled and Wnally stored at 4°C.
After 24 h aging at 4°C, each mix was divided into two
parts, one with sucrose and the other with aspartame and
each of these were then divided into three additional
parts. The Wrst part was used as control group (sample 1)
without any culture. In the second part, (sample 2 with
sucrose and sample 5 with aspartame) probiotic cultures
were directly mixed with the ice cream to obtain a high
initial cell count between 106 and 108 cfu/g. Fifty percent
fermented milk which contained probiotic cultures was
added into the ice cream mix for the third part (sample 3
with sucrose and 6 with aspartame). Fermented milk was
made from milk that was homogenized in an Odmez
(Ukraine) homogenizer with a 140 kg/cm2 force at 65°C,
then pasteurized at 82°C for 30 s in a pasteurizer (GEA-
VT 10, Germany). The milk was then cooled down to
37°C and inoculated with probiotic cultures and mixed
thoroughly to yield an initial population of 107 cfu/g. The
mixture was then incubated at 37°C for 3 h. After incu-
bation the fermented milk was added into the ice cream
mix.

The same manufacturing procedure was employed for
ice cream with sucrose and aspartame. All ice cream
samples were incubated at 37°C for 2 h, and then dis-
pensed into 200 ml sterile cups and stored at ¡20°C for
6 months. The samples were analysed monthly for cell
viability during 180 days.

Ice cream analyses

In order to determine the changes in the chemical com-
position of ice cream samples during storage, all samples
were tested for pH, acidity, nonfat solids, fat content on
the Wrst day of manufacture. All analyses were repeated
at 30-day intervals. Chemical analysis and bacterial
counts were repeated twice for all samples.

The pH of the samples was measured with a pH-
meter (InoLab WTW-537, Germany). The average of
two measurements was recorded. Titratable acidity of ice
cream samples was determined by titration with 0.1 N
NaOH, using phenolphthalein as an indicator. Results
were expressed as milli equivalent of NaOH per gram of
product.

Fat content of ice cream mixtures was determined by
Gerber’s method [2]. Nonfat solid material in the ice
cream samples was determined with automated equip-
ment (Scaltec SMO-01, Heiligenstadt, Germany).
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The preparation of the samples and dilutions for
microbiological examinations was performed according
to IDF standard 122C:1996 [3]. The number of LAB in
the samples was determined by plating appropriate dilu-
tions on MRS agar plates and incubated at 37°C for
48 h. Cell counts of ice cream samples were recorded at
the beginning and during 180 days of storage.

Statistical design

The complete experiment was repeated twice. Data were
analysed with one-way variance analysis of the values
using a general linear model procedure. Ice cream sam-
ples were analysed for chemical and microbiological
changes during storage. Also, the eVects of sucrose and
aspartame on the survival of probiotic cultures were
compared by Tukey’s new multiple-range test. All statis-
tical analyses were performed using the MINITAB® Ver-
sion 13, program (MINITAB Inc., USA).

Results and discussion

Isolation and identiWcation of Lactobacillus

The results of the low pH, bile salts and antibiotic resis-
tance tests indicated that Wve of the isolated strains were
suitable for probiotic ice cream manufacture. These Wve
isolates were determined to be nonspore-forming straight
rods by microscopic examination. All strains were also
tested using API-50 CHL kits (Bio Mérieux, France) for
identiWcation at the species level. The strains that showed
probiotic properties were presumptively identiWed as
L. acidophilus AB5-18, L. agilis AA17-73, L. agilis
AC18-88, L. rhamnosus AB20-100, L. acidophilus AK4-14.
An equal mixture of these strains were prepared and
used in probiotic ice cream manufacture.

Resistance to low pH, bile salts and antibiotics

Resistance of the strains to acidic conditions was exam-
ined at pH 3.5; the results indicated that all of the strains
were resistant to low pH (Table 1). Similar results were
obtained after the bile salt resistance tests. After 3 h of

incubation in MRS broth with pH 3.5 or MRS broth
supplemented with bile salts, the number of viable cells
remained the same or showed a slight increase (Table 1).

Antibiotic resistance is an important criterion for the
selection of cultures to be used as probiotics [18]. The
antibiotics used in the experiment are the most fre-
quently applied antibiotics to determine the antibiotic
resistance of Lactobacillus strains to be selected as probi-
otics. According to the results (Table 2), strains were
resistant to most antibiotics. The antibiotics most fre-
quently used in the selection of an LAB as a probiotic
organism are Nystatin, oXoxacin, polymyxin, streptomy-
cin and vancomycin [5]. Table 2 shows that the strains
were resistant to these important antibiotics.

Survival of probiotic cultures

The survival of the probiotic cultures was determined
during the storage of the ice cream. As can be seen in
Fig. 1, the numbers of bacteria during storage did not
decrease in any of the ice cream samples. The type of
sugar had no eVect on the survival of the probiotic cul-
tures (P > 0.05). However, the manufacturing process
had a signiWcant eVect (P < 0.05) on the initial number
of LAB for two ice cream samples. The initial number of
LAB was 6.0 £ 108 cfu/ml (sample 3) and 8.1 £ 108 cfu/
ml (sample 6) for the ice cream samples made by the
addition of fermented milk. After 180 days of storage,
the number of bacteria decreased to 4.2 £ 108 and
3.9 £ 108 cfu/ml, respectively. The initial number of LAB
in the samples made by the direct addition of pregrown

Table 1 Bile salts and low pH resistance of strains

Strains Resistance (log10 cfu/ml)

Bile salts Low pH (3.5)

Initial Final Initial Final 

L. acidophilus AB5-18 6.83 7.04 6.53 6.57
L. agilis AA17-73 7.17 7.63 6.75 6.86
L. agilis AC18-88 6.93 7.02 5.69 5.91
L. rhamnosus AB20-100 6.17 6.14 6.21 6.29
L. acidophilus AK4-14 7.14 7.21 5.30 6.30

Table 2 Resistance of probiotic strains to various antibiotics

+++ Resistant (zone diameter < 10 mm), ++ moderately susceptible (zone diameter between 10 and 20 mm), + sensitive (zone
diameter > 20 mm) (Charteris et al. [5])
AMC Amoxicillin–clavulanic acid (30 �g), AML amoxycillin (10 �g), B bacitracin (10 IU), C chloramphenicol (30 �g), CAR carbenicillin
(100 �g), DA clindamycin (2 �g), KF cephalothin (30 �g), NS nystatin (100 IU), OFX oXoxacin (5 �g), PB polymyxin (300 IU), S streptomy-
cin (10 �g), VA vancomycin (30 �g)

AMC AML B C CAR DA KF NS OFX PB S VA

L. acidophilus AB5-18 + + + + + + + +++ ++ +++ +++ +++
L. agilis AA17-73 + + + + + + + +++ +++ +++ +++ +++
L. agilis AC18-88 + + + + + + + +++ +++ +++ +++ +++
L. rhamnosus AB20-100 + + + + + + + +++ +++ +++ +++ +++
L. acidophilus AK4-14 + + + + + + + +++ ++ +++ +++ +++
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cultures was 5.3 £ 107 cfu/ml (sample 2) and 2.5 £ 108 cfu/
ml (sample 5). LAB counts of these two samples after stor-
age were 3.5 £ 107 and 4.9 £ 107, respectively. The num-
ber of LAB in ice cream samples made by the
fermentation method was high in samples containing
sucrose and aspartame (samples 3 and 6 in Fig. 1).
Although the initial numbers of LAB were high in fer-
mented ice cream samples compared to the samples
made by the direct addition of pregrown cultures, the
decrease was the same for both types during the 180 days
of storage. Various studies have been done on ice cream
or frozen yogurt using diVerent sugar and fat concentra-
tions [1, 13, 16, 21]. Most of these studies showed that
probiotic LAB can survive in ice cream and frozen
yogurt for up to 6 months in frozen conditions (¡18 to
¡28°C). However, it was shown that in regular yogurt
stored at refrigeration temperatures (2–5°C), LAB cul-
tures cannot survive that long. In the study done by
Nighswonger et al. [21], the viability of L. acidophilus
and L. casei was investigated in fermented milk products
after storage. In the same study, pregrown cultures were
also added directly in the mixture and similar results
were obtained. 

Ice cream analyses 

Total solids

The initial amounts of total solids were diVerent among
groups depending on the type of sweetener used. Total
solids did not change in any of the ice cream samples
during storage. Total solids of the samples made with
sucrose and aspartame were 38 and 30%, respectively.
Although some researchers have stated that solids in fro-
zen yogurt samples assist the survival of LAB [12], solid
material had no eVect on the survival rate of these bacte-
ria in our study. The survival of probiotic cultures was
the same in both the ice cream samples made with
sucrose and with aspartame.

Acidity and pH 

The acidity of the samples was determined by two diVer-
ent methods. NaOH titrations and pH measurements
were repeated every 30 days during the 180-day storage.
Acidity of the ice cream samples made by fermentation
was higher than those made by the direct addition of cul-
tures. This can be explained by conversion of lactose to
lactic acid during fermentation. The pH of fermented
samples was between 5.0 and 5.5, and 5.7 and 6.6 in the
samples manufactured by the direct addition of pre-
grown cultures without fermentation. Although Nighs-
wonger et al. [21] reported that the initial pH of frozen
yogurt samples was 4.5 to 5.0 and was reduced to 4.2 to
4.4 after 28 days of storage at 7°C, the acidity of all ice
cream samples in this study remained unchanged during
the 6 months, presumably because of the low storage
temperature (¡20°C). Probiotic cultures are expected to
be resistant to high acid conditions in order to pass
through the digestion process [8, 10, 18]. Results showed
that the probiotic strains used in this study were not
aVected by high acidity.

Conclusion

The aim of this study was to investigate the survival rate
of added human-derived probiotic cultures during stor-
age of ice cream manufactured with sucrose and aspar-
tame. Neither frozen conditions during the storage
period nor the type of sweeteners used had any undesired
eVect on the survival of probiotic cultures.

Ice cream is a dairy product which can be stored for a
long time without any change in its chemical composition.
Also, in this study, the number of viable probiotic cells in
ice cream was unaltered during storage, demonstrating
their stability. In some products that are kept at higher
temperatures (1–4°C) like yoghurt, viability of cultures can
be a problem. Thus ice cream can serve as an excellent envi-
ronment to deliver probiotics without a loss in their beneW-
cial eVects. In this regard, ice cream has an advantage as a
probiotic carrier over any other food. It can be successfully
used commercially to deliver probiotic bacteria to children
and other consumers from diVerent age groups. 
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