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How ice cream manufactured with concentrated milk serves as a protective probiotic
carrier? An in vitro gastrointestinal assay
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Abstract

The skimmed milk was previously concentrated by the block freeze concentration and, thus, used in the manufacture of an
ice cream sample with Bifidobacterium BB-12 addition. This sample was compared with two control samples, one ice cream
manufactured with skimmed milk, and the other an MRS broth, which supplies an excellent base for comparison of the
bacterial survival. All three samples were submitted to the in vitro gastrointestinal assays from the mouth to the large intestine.
The initial Bifidobacterium BB-12 viable cell count (> 8 log CFU/g or mL) of both ice cream samples ensured their classification
as probiotic products. This behavior was noted during all in vitro steps (from the mouth until the colon). From the mouth to
the ileum was observed that both ice creams showed a slight oscillatory probiotic count. For the ice cream manufactured with
concentrated milk, it was observed a high bifidobacteria protective effect in the descending colon, with probiotic viable cells
count and recovery rate values equal to 9.88 log CFU/g and 112.02%, respectively. Finally, it was possible to conclude that as
well as the ice cream with milk, the concentrated milk served as a succesful probiotic carrier.

Keywords: probiotic ice cream; functional food; freeze concentration; Bifidobacterium BB-12; probiotic viability; simulation

gastrointestinal conditions.

Practical Application: The potential of using concentrated milk for the production of probiotic ice cream.

1 Introduction

Functional foods are food products to be consumed as part
of a balanced diet, such as dairy products containing probiotics
(Rodrigues et al., 2012). Zendeboodi et al. (2020) defined the
probiotics as ‘viable or inviable microbial cell (vegetative or
spore; intact or ruptured) that is potentially healthful to the
host. However, it is known that the functional properties of a
probiotic can be influenced by the food carriers used in probiotic
delivery (Ranadheera et al., 2012).

Milk products, such as fermented milk, yogurt, cheese and
ice cream have received considerable attention as functional
food (Mousavi Khaneghah et al., 2020). Al et al. (2020) verified
the effect of recombinant microbial transglutaminase enzyme
on the physicochemical properties of ice cream. Ghandehari
Yazdi et al. (2020) produced a functional ice cream by the addition
of microcapsules of pistachio peel extract, and observed that
phenolic content and antioxidant activity increased about 2.0
and 3.7 fold, respectively, compared with the control samples.
Mehditabar etal. (2020) observed that the pumpkin puree increased
color, intensity of fruit flavors, firmness, total phenolic content,
dietary fiber, and antioxidant activity of ice cream. Akalin et al.
(2018) related that ice cream has good potential to be used as a
probiotic vehicle, because of its composition, as well as its pleasant

taste and attractive texture. Furthermore, these authors affirmed
that probiotics could be able to survive in frozen systems, such
as ice cream matrix because nutritive constituents of milk are
present in its composition. Balthazar et al. (2018) evaluated the
effect of the Lactobacillus casei 01 and inulin addition on sheep
milk ice cream during storage (-18 °C, 150 days). Ranadheera et al.
(2012) affirmed that the delivery of probiotics in a suitable food
matrix is one of the most appropriate means of maximizing
probiotic efficacy. These authors also pointed out that the food may
provide some protection to probiotics by reducing their physical
exposure to the harsh gastrointestinal environment. Muioz et al.
(2019) stated that the probiotic bacteria need to tolerate the
different adverse conditions encountered in the manufacture
of a product; beyond they also must survive harsh conditions
during gastrointestinal conditions. Studies with in vitro methods
in comparison with human in vivo studies are considered faster;
less expensive; highly reproducible; allow for a large number of
samples, being measured in parallel for screening purposes; allow
the choice of controlled conditions; and have no ethical restrictions
(Calvo-Lerma et al., 2019; Minekus et al., 2014). Among these
factors, simulated digestion methods typically include the oral,
gastric, and small intestinal phases and occasionally large intestine
conditions. These methods try to mimic physiological conditions
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in vivo, taking into account the presence of digestive enzymes
and their concentrations, pH, digestion time, digestive fluids,
temperature, and peristaltic movements, as usually occurs during
human digestion (Minekus et al., 2014). Grom et al. (2020) observed
a good correlation between in vitro and in vivo data, in which
the type of dairy matrix affects the anti-hyperglycemic activity.

Muinoz et al. (2019) used successfully soft fresh cheese
manufactured from milk concentrated by the block freeze
concentration process, as a protective matrix on probiotic survival
under in vitro gastrointestinal conditions. In contrast with other
concentration processes, in the block freeze concentration,
the whole solution is frozen and partially thawed to recover
the concentrated liquid fraction using low temperature. Because of
these low temperatures are minimized the chemical degradation
of milk constituents (Munoz et al., 2017). Petzold et al. (2015)
stated that the industrial future of the freeze concentration has
been associated more with developments in the configuration
of one-step systems, such as the block freeze concentration.
Another advantage described by these authors, which is
related to the one-step system, is the simplicity in terms of the
construction and operation mechanism. In this context, the
present work aims to elucidate if it is possible for an ice cream
manufactured with concentrated skimmed milk, from the block
freeze concentration process, to serve as a protective probiotic
carrier through in vitro gastrointestinal conditions.

2 Materials and methods

2.1 Material

A freeze-dried probiotic culture composed of Bifidobacterium
BB-12 (Bifidobacterium animalis subsp. lactis, Chr. Hansen,
Honsholm, Denmark) was used for the production of probiotic
cream creams. For the preparation of two ice creams were used
the following ingredients skimmed milk (UHT - Ultra High
Temperature, Tirol®, Treze Tilias, SC, Brazil) (8.05 g/100 g

Initial volume of 25 L Freezing at- 20 ¢+ 2 °C

v
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300 mL portions

Figure 1. Skimmed milk block freeze concentration process.

of total solids), commercial sucrose (Uniao®, Sdo Paulo, SP,
Brazil), milk cream (45 g per 100 g of fat, Tirol, Treze Tilias,
SC, Brazil), and sodium chloride (Cristalino®, Mossoro, RN,
Brazil). During mouth, esophagus/stomach, duodenum,
until ileum step were used the following enzymes: o.-amylase
(28.75 U/mg protein), pepsin from porcine gastric mucosa
(400 U/mg protein), and pancreatin from porcine pancreas
(digestive power - 8 X USP specifications); besides the
bovine bile salt (28.75 U/mg protein), all purchased from
Sigma-Aldrich (St. Louis, MO, USA). For the colon steps,
a suitable medium containing the major compounds were
prepared through bacteriological peptone, yeast extract,
tryptone, and Tween 80 acquired from Oxoid (Hampshire,
UK). To mimic colon conditions were also employed NaCl,
KH,PO,, MgS0,-7H,0, KCI, citrus pectin, casein, starch, and
L-cysteine, which were purchased from Sigma-Aldrich (St.
Louis, MO, USA). MRS broth (Difco, Sparks, USA) was used
as a control sample and in the preparation of bifidobacteria
suspension. MRS agar (Difco, Sparks, USA), sodium propionate
(Fluka, Neu-Ulm, Germany), lithium chloride (Vetec, Rio de
Janeiro, Brazil), and AnaeroGen® (Oxoid, Hampshire, UK)
were used in bifidobacteria viable cell count.

2.2 Concentrated manufacture

The block freeze concentration process (Figure 1) was
realized in obtaining the skimmed milk concentrated. An initial
volume of 25 L of skimmed milk was divided into 300 mL
portions, which were subjected to freezing at - 20 £ 2°Cin a
freezer (Electrolux, FE 18, Sao Carlos, Brazil). According to the
protocol used by Munoz et al. (2017), the skimmed milk was
frozen and 50% of its initial volume was thawed at 20 + 2 °C.
The thawed liquid, denoted as concentrated, was used in the
formulation of one of the ice creams. This procedure was carried
out aiming to obtain a concentrated with total solids content
increase of milk approximately 20%. After this procedure, it

| —+ Concentrated milk
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50% of the initial volume was thawed at 20 ¢ 2 °C

Food Sci. Technol, Campinas, v42,e28621, 2022



Original Article

Camelo-Silva et al.

was obtained milk concentrated with 10.27 g/100 g of total
solids content.

2.3 Probiotic suspension preparation

In order to obtain the stock solution, freeze-dried
probiotic cells of Bifidobacterium BB-12 were rehydrated in
sterile skimmed milk (25 g/L) and stored in sterile glass vials
at - 20 = 2 °C (Fritzen-Freire et al., 2012). Stock solution was
added to the MRS broth modified with 0.2 g/100 g of lithium
chloride and 0.3 g/100 g of sodium propionate additions
and submitted to incubation period (37 £ 1 °C for 48 h) in
anaerobic jars with AnaeroGen®. After the incubation period,
bifidobacteria cells were harvested by centrifugation (1,000 x g)
for 10 min (centrifuge from Nova Técnica, Sdo Paulo, Brazil)
at a temperature of 25 + 1 °C. The probiotic cell pellet was
washed twice with a saline solution (0.9/100 g). Probiotics
suspensions were obtained when bifidobacteria cell pellets
were suspended in 20 mL of the skimmed milk, in 20 mL of
the concentrated manufactured, and 20 mL of the MRS broth,
respectively. Bifidobacterium BB-12 viable cell counts were
done for each one probiotic suspension.

2.4 Ice cream manufacture

Two ice creams mixes were manufactured with skimmed
milk (61.7 g/100 g) or concentrated manufactured from freeze
concentration process (61.7 g/100 g), and denoted as ice cream
1 or ice cream 2, respectively. The other ingredients added
in both ice cream mixes were 22.20 g/100 g of commercial
sucrose, 16.04 g/100 g of milk cream, and 0.06 g/100 g of

sodium chloride. The mixes were pasteurized at 75 £ 2 °C
for 30 min using a water bath (Model DI950M, Dist,
Floriandpolis, SC, Brazil), and cooled to 4 = 1 °C. In sequence,
probiotic suspensions previously prepared were added into
their respective ice cream mix, whipped, and frozen in an
ice cream maker (Cuisinart ICE 21, Nova Jersey, USA). At a
drawing temperature of - 6 £ 1 °C, ice creams were packaged
into 500 mL plastic containers and stored at -18 £ 2 °C until
the analysis. Bifidobacterium BB-12 viable cell counts were
realized for ice cream 1 and ice cream 2 samples.

2.5 In vitro gastrointestinal procedure

In vitro gastrointestinal procedure was carried out in
triplicate following methodology adapted by Barretta et al.
(2019). This methodology simulates the conditions that exist
during the digestive process, which begins in the mouth, and
sequentially follows to the esophagus-stomach, duodenum,
ileum, and ascending, transverse and descending colon (large
intestine). The conditions used in the experiment are summarized
in Figure 2. Therefore, enzyme solutions were sterilized by
filtration using a 0.22 pym membrane filter (MF-Millipore,
Billerica, MA, USA), and kept in an ice bath until the analysis.
The pH values were controlled using NaHCO, (1 mol/L) or
HCI (1 mol/L). The temperature (37 = 1 °C) and peristaltic
movements of the human digestive system were simulated by a
water bath (Dist DI950M, Floriandpolis, SC, Brazil). The colon
steps (ascending, transverse, and descending) were realized
under anaerobic conditions.
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Figure 2. The protocol used during in vitro gastrointestinal steps for both ice creams samples and MRS broth (control sample).
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In vitro gastrointestinal procedures were done with 25 g of
each ice cream sample (ice cream 1 and ice cream 2). Such as the
MRS broth supply an excellent base for comparison of bacterial
strain behavior, it was used for the survival of bifidobacteria
under gastrointestinal conditions. As realized for the ice creams
samples, 25 mL of the MRS broth (control) with 20 mL/L
bifidobacteria suspension addition was also submitted to the
in vitro gastrointestinal experiment. Therefore, the ice cream
1, the ice cream 2, and the control sample (MRS broth) were
evaluated by in vitro gastrointestinal conditions.

2.6 Bifidobacterium BB-12 performance

Bifidobacterium BB-12 viable cell count was realized for
three probiotic suspensions (skimmed milk, concentrated, MRS
broth) added into ice creams, as well as for ice cream 1 and
2 samples. The same analysis was done after each one in vitro
gastrointestinal step. As sample volume increase after in vitro
gastrointestinal procedure, each sample dilution was corrected
with peptone water (0.1 g/100 g) until 225 mL/25 g of each ice
cream or 225 mL/25 mL of MRS broth and blended using a bag
mixer 400 (Interscience, St. Nom, France).

According to Vinderola & Reinheimer (2000), all samples
were serially diluted with peptone water (0.1 g/100 g) and plated
in triplicate on MRS agar modified with the addition of lithium
chloride (0.2 g/100 g) and sodium propionate (0.3 g/100 g).
The plates were incubated in anaerobic jars with AnaeroGen®
at 37 +1°Cfor 72 h. Bifidobacteria viable cell count was carried
out in triplicate and expressed as log colony-forming units per
gram (log CFU/g). Bifidobacteria performance under in vitro
gastrointestinal steps was also evaluated by recovery rate
(Equation 1) (Guo et al., 2009).

Recovery rate (%) = % %100 1)
0

where N is the Bifidobacterium BB-12 viable cells count (log
CFU/g) after exposure to each in vitro gastrointestinal step, and

N, is bifidobacteria viable cells count (log CFU/g) before in vitro
gastrointestinal step.

2.7 Statistical analysis

Statistical analysis was realized using STATISTICA
13.3 software (TIBCO Software Inc., Palo Alto, CA, USA).
One-way analysis of variance (ANOVA) followed by Tukey
test was performed to determine the significant differences
(p < 0.05) between the samples. Data were expressed as mean
+ standard deviation.

3 Results and discussion

Table 1 shows Bifidobacterium BB-12 viable cells count
performance for MRS broth (control sample), ice cream 1, prepared
with skimmed milk, and ice cream 2, with the concentrated from
the first step of skimmed milk freeze concentration process,
after their exposures to each in vitro gastrointestinal steps.
Bifidobacteria initial samples count ensured that all samples,
including MRS broth (control sample), can be classified as a
probiotic product. According to Hill et al. (2014) for a product be
considered with potential benefits to the human health, it must
have a viable cell counts equal to or > 6 log CFU g™'. Therefore, we
confirmed that both ice creams were a protective matrix for
bifidobacteria during the adverse conditions encountered in the
manufacture of samples. Kalicka et al. (2019) investigated the
effect of polyols on physical and sensory properties of probiotic
ice cream, as well as the survival of Bifidobacterium BB-12
during freezing over 28 days of frozen storage. These authors
observed that the viable bifidobacteria counts remained above
8 log cfu/g in all samples.

The bifidobacteria performance can be viewed in Figure 3.
It must be highlighted that the MRS sample as control is necessary
because according to Madureira et al. (2011) the behavior of
probiotic bacteria in the MRS broth provides an excellent base
for comparison, being able to assess the protective effect of the
ice cream with different compositions. Furthermore, the short
duration and neutral pH conditions found in the mouth step
would not have been expected to impact bifidobacteria viable cells

Table 1. Results expressed as mean * standard deviation of Bifidobacterium BB-12 viable cells count (log UFC/g) from MRS broth (control
sample), ice cream 1 sample and ice cream 2 sample after their exposures to each in vitro gastrointestinal step.

MRS broth Ice cream 1 Ice cream 2

Probiotic suspension 10.10 9.82
Initial sample count 8.81+0.07<¢ 9.10+0.13% 8.82+0.13®
Mouth 8.61 +£0.08% 8.53 +£0.06% 8.63 +0.08%<*
Esophagus/stomach 8.61+0.13% 8.85 £ 0.04 8.68 £ 0.114<E
Duodenum 8.64 +0.05% 8.61 +£0.04 8.60 £0.03
Tleum 8.63 £ 0.06%® 8.76 £ 0.06°M8 8.78 £0.06*

Ascending 9.75£0.01*4 9.41 +0.32b8 9.21+0.10*
Colon Transverse 9.56+0.11% 9.73£0.17*4 9.20 £ 0.04%®

Descending 8.54 +0.09%® 9.64 +0.04%® 9.88 £ 0.40%*

¢ Within a column, different superscript lowercase letters denote significant differences (p < 0.05) among the different steps of the simulated gastrointestinal conditions for each
sample. ® Within a line, different superscript uppercase letters denote significant differences (p < 0.05) among the same sample after the simulated gastrointestinal conditions step.
Probiotic suspension represents the bifidobacteria viable cells count added into the ice cream mixes and MRS broth. Ice cream 1 = ice cream mix was prepared with skimmed milk; Ice
cream 2 = ice cream mix was prepared with concentrated manufactured from the first stage of the freeze concentration process. Three experimental trials were carried out and three

replicates of each sample were analyzed each time.
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Figure 3. Bifidobacterium BB-12 mean survival rate after exposure to
each in vitro gastrointestinal steps: (a) control sample (MRS broth); (b)
Ice cream 1 = ice cream mix was prepared with skimmed milk; (c) Ice
cream 2 = ice cream mix was prepared with concentrated manufactured
from the first stage of the freeze concentration process. The error bars
represent the standard deviation. Three experimental trials were carried
out and three replicates of each sample were analyzed each time.

count. Nevertheless, it was noted that all samples, including MRS
broth, showed a decrease (p < 0.05) in the bifidobacteria viable
cells count in comparison with initial samples count. The recovery
of probiotic cultures in the gastric phase of digestion is one of
the most crucial steps, due to the low pH of the medium and the
presence of digestive enzymes (Chen et al., 2012). However, at
this stage of digestion the probiotic strain remained virtually
unchanged in all samples. In ice cream samples ice cream 1 and
ice cream 2, the presence of large amounts of total solids such
as fat, proteins and other components of milk, may have had
physically protected cells against extreme pH values (cytoplasmic
pH close to neutrality) and against the action of digestive enzymes
(Homayouni etal., 2012). According to Picot & Lacroix (2004) fat
confers a protective effect on microorganisms, making it difficult
to diffuse H', organic acids, water and oxygen through the lipid
membranes. This behavior was verified by Verruck et al. (2017),
where the sample of Bifidobacterium BB-12 microencapsulated
with goat’s milk that had the highest fat content was the least
negatively affected when exposed to the esophagus-stomach
conditions. According to Magarifos et al. (2007), the chemical

Food Sci. Technol, Campinas, v42, e28621, 2022

composition of dairy products is important in maintaining
the metabolic activity of probiotic cells. Ranadheera et al.
(2012) when studying the recovery of Lactobacillus acidophilus
LA-5 cells, Bifidobacterium animalis subsp. lactis BB-12 and
Propionibacterium jensenii 702 in ice cream and yogurt produced
with goat’s milk after be exposed to gastrointestinal conditions,
found that the ice cream is an excellent carrier matrix and
provided a positive influence on the viability retention of each
probiotic during gastric transit with simulated gastric juice at pH
2.0. Balthazar et al. (2021) observed that sheep milk ice cream
with Lacticaseibacillus casei 01 or nonfat symbiotic can reduce
chemically induced mouse colon carcinogenesis.

After exposure to the duodenum step, it was observed a
slight decrease (p < 0.05) in bifidobacteria viable cells count
in the ice cream 1 sample, and its recovery rate (Figure 3b).
The bile salts act as facilitators of digestion because they are
natural detergents that absorb the hydrophobic components
of the die. Therefore, the antimicrobial nature of bile arises
mainly from its detergent property, which dissolves the bacterial
membranes (Madureira et al., 2011). The bile consists mainly of
conjugated bile acids, the hydrolysis of which releases taurine or
glycine. These acids are toxic and are capable of hindering the
development and recovery of probiotic strains (Bustos etal., 2011),
affecting the membrane integrity of most Gram-positive and
Gram-negative bacteria, causing growth inhibition and even cell
death (Kurdi et al., 2006). Despite this, the sample of ice cream
produced with freeze concentrated skimmed milk (Ice cream
2) appears to have a protective effect on Bifidobacterium BB-12
cells against the presence of pancreatin and bile salts, once that
it was not negatively affected at this stage in relation to the stage
of the esophagus-stomach. This same behavior was verified by
Muioz et al. (2019) for the sample of fresh cheese produced with
freeze concentrated milk. According to Begley et al. (2005) food
components can bind to bile acids, reducing their toxic effect
on probiotic cells. And according to Boylston et al. (2004), the
increase in pH to 5.0 may also be a favorable condition for the
recovery of bifidobacteria.

In the next step (ileum) was verified an increase (p < 0.05)
for the bifidobacteria viable cells count and its recovery rate for
both ice creams samples. In accordance with Madureira et al.
(2011), this behavior occurs because of the neutral pH used in this
step (pH ~ 6.5). In order to colonize the colon, Gu et al. (2019)
affirmed that probiotics must survive the harsh conditions during
passage through the upper gastrointestinal tract. In particular,
they must resist deactivation by the deleterious actions of acids
and bile salts within the gut (Gu et al., 2019). The survival
stability of bifidobacteria in our samples also could be related
to EPS production. Ruas-Madiedo et al. (2009) detected the
production of EPS by B. animalis subsp. lactis in the presence of
bile. This detection confirmed that bile promoted the synthesis
of EPS by B. animalis subsp. lactis, possibly as a mechanism of
protection against this toxic compound (Ruas-Madiedo et al., 2009).
Moreover, Mousavi Khaneghah et al. (2020) cited that the concept
of probiotic is correlated to providing the viable bacterial cell or
secreted components from the bacterial cell defined as post-biotics
which can be applied in the treatment of intestinal microbiota,
disorders and consequently increase in gut permeability.
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As a bacterium that has successfully adapted to living in the
colon, Bifidobacterium BB-12 added in the ice cream was also
evaluated in the large intestine conditions. Moens et al. (2017)
reported that the human colon represents one of the densest
microbial ecosystems in terms of bacterial communities, with
bifidobacteria representing prominent members of this complex
ecosystem. Xu et al. (2019) highlighted that this bacterium has
been widely reported to play vital roles to host health and disease,
such as the regulation of intestinal microbial homeostasis. It was
demonstrated representative growth and recovery rate when
the bifidobacteria reached the large intestine. The growth and
the recovery rate increased (p < 0.05) through the descending
colon, showing that the best performance was for the probiotic
ice cream 2 sample, manufactured with concentrated skimmed
milk. This behavior was extremely important because according to
Liao & Nyachoti (2017) the beneficial effect of probiotics on human
health was linked to the modification of the colon bacteria. For ice
cream 2, in comparison to the other samples, including the MRS
broth, the lowest bifidobacteria viable cells count (p < 0.05) and
recovery rate (p < 0.05) found in ascending and transverse colon,
could be due to the bacterium adaptation. Therefore, during the
first few hours of simulation in the colon Bifidobacterium BB-12
needs to adapt to the colon environment to produce extracellular
enzymes such as carbohydrases to perform lactose hydrolysis.
Similarly, caseins had to be reduced to amino acids from the
enzymes present in the predecessor’s steps. The increase in recovery
rate and viable cells count after 48 hours in the colon stage may
also be associated with a number of adaptative mechanisms, such
as electromagnetic transport system, proton pumps, chaperones
capable of repairing damaged proteins, amino acids involved with
homogenesis and elements involved in the maintenance of cells
(energetic metabolism, cellular envelope) that interfere in acid and
bile resistance (Botes et al., 2008). It is important to note that cells
that have undergone sub-lethal damage on their DNA or wall,
caused by low pH and bile, for example, can enter a reparative
state before being regenerated after replacement and/or repair
of damaged molecules (Ben Amor et al., 2002). According to
Hoover (2014), cysteine is considered one of the essential amino
acids for the metabolic process of the strain involved in this study.
Some studies in the literature have also shown that the incorporation
of whey proteins (a-lactalbumin and B-lactoglobulin) into dairy
products has a growth promoter activity of the probiotic strain,
in order to increase the count of bifidobacteria (Janer et al., 2004;
Souza et al,, 2017). It is noteworthy that it is at the colon step that
the Bifidobacterium BB-12 strain begins to perform its desired
biological activities, such as intestinal flora balance, improvement
of gastrointestinal motility, and efficacy in the management of
lactose absorption, for example, from the adhesion to the wall of
the large intestine (Shah, 2007).

Among probiotic food carriers, the use of ice cream as a
matrix offer suitable conditions for probiotic bacteria to survive
and even grow. According to Mousavi Khaneghah et al. (2020),
this fact could be due to some factors such as high water activity,
low concentrations of salt, adjusted pH above 5, and the absence
of common preservatives. Therefore, the ice cream manufactured
with the skimmed milk concentrated from the first step of the
freeze concentration process could be considered an ideal carrier
of the probiotic bacteria Bifidobacterium BB-12 through in vitro

gastrointestinal conditions. As the understanding of skimmed
milk concentrated used in the ice cream manufacture was possible
as a probiotic carrier, helping establish and/or maintain the
bifidobacteria viable cells count since the mouth until reaching
the colon step. In the end, it was possible to note that both ice
creams provide some protection to probiotics by reducing their
physical exposure to the harsh gastrointestinal environment. In
addition, the concentrated milk in the ice cream manufacture
interacted with the probiotic maintaining and improving their
performance by in vitro gastrointestinal conditions.

4 Conclusions

The initial Bifidobacterium BB-12 viable cell count of all samples
ensured their classification as probiotic products. From mouth
until ileum step, both probiotic ice creams, manufactured
with milk and concentrated milk, showed a slight oscillatory
behavior in relation to the probiotic count. However, the most
remarkable is that bifidobacteria viable cell counts shown a
number that ensured a probiotic product during all in vitro
step assays. The greatest protective effect was observed by the
ice cream with concentrated milk in the last stage of the in vitro
assay, i.e., in the descending colon, which was also represented
by the great recovery rate of bifidobacteria. All conclusions are
also representing by the great ice cream recovery rates achieved,
which were comparable with MRS broth, classified as the best
base for probiotic survival. Through the in vitro gastrointestinal
assays we concluded that as well as the ice cream with milk, the
concentrated milk served as a probiotic carrier.
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