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Abstract

This work aimed to evaluate the viability of Lactobacillus acidophilus immobilized in calcium alginate sphere under different stress

condifions. For the preparation of the sphere was dripped info a solution of 5 % (w/v) sodium alginate bacterial suspension of Lactobacillus
acidophilus, previously activated. To simulate the acid stress, free and immobilized bacteria were exposed to pH values 2.5, 3.5 and 7.0, for
4 hours, incubated at 37°C. The same was done for salf stress, at concentrations of 0.85 %, 4 % and é %. For freezing stress, the bacteria free
and immobilized was stored at -20°C for three months. In all simulations of stress conditions (pH, salts and freezing) changes in count for the
immobilized bacteria were lower, with the greatest protection occurred when Lactobacillus acidophilus immobilized was subjected to high
osmotic pressure in a concentration of 6 % NaCl and freezing. We can conclude calcium alginate acted as a protective agent in adverse
conditfions, providing protection to the microorganism. Therefore, the immobilization fechnique in calcium alginate has good prospects for

the development of new probiotic foods.
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Introduction

Several everyday aspects such as, urbanization, industrialization and
globalization, may adversely affect the quality of modern life, and, with
that, the intake of functional foods that improve health is increasingly
sought by consumers [1]. Due to this interest, the development of healthy
and attractive products that meet this demand has attracted the attention
of both industry and the scientific community. This new demand for
products has become a major challenge, since they must meet the sensory
and technological aspects as well as ensure safety and welfare of the
consumer [2].

Functional foods are those that, in addition to providing basic nutrition,
bring other health benefits. They have the potential to promote health
through mechanisms not provided by conventional nutrition, a role that
should be emphasized that this effect is limited to prevention rather than
curing disease [3]. The main ingredients responsible for the functionality
of these products are constituted by dietary fiber, fish oils, plant sterols,
minerals, vitamins, probiotics and prebiotics [4,5].

The internationally accepted definition is that probiotics are live
microorganisms which when administered in adequate quantities confer
health benefits to the host [6]. Besides these features, probiotics must also
resist the pH of the gastric juice, tolerate the pancreatic and intestinal
secretions without carrying antibiotic resistance genes in the genome,
possess antimutagenic and anticarcinogenic properties, retain viable in a
long time and be safe [7-11].

Some lactic acid bacteria besides promoting desirable technological
effects in products to which they have been added are able to exert
functional effects for those who ingest them, being therefore called
probiotic. A requirement for probiotic microorganism is that it must resist
the digestive enzymes of the gastrointestinal tract, multiply and colonize
the intestine, at least temporarily, by adhering to the intestinal epithelium
[12,13].

An extensively used lactic acid bacteria, Lactobacillus acidophilus,
when compared to other species of the genus Lactobacillus, is one of the
most recommended as probiotic, because of its high capacity for adhesion
to the intestinal epithelium and the benefits to the host, as regulation of the
gastrointestinal tract [14]. This is the reason it has been one of the most
used and studied probiotics in recent years [15].

Several factors undertake the growth and viability of probiotic bacteria
in food products. Among them stands pH, the acidity increase during
storage, the storage temperature, the presence of preservatives and other
microorganisms, the oxygen concentration contained in the product,
its permeability through the packaging and the availability of growth
factors [16]. An alternative to ensure a greater survival and viability of
these organisms in adverse conditions during the shelf life of a food is its
immobilization [17].

Cell immobilization decreases cell death and increase its viability,
which may be affected by the storage, product processing, or during the
actual food intake, since the immobilized cells have a greater resistance to
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the action of biological fluids related to the digestive process. Furthermore,
immobilization provides a lower interaction of microorganisms and food
constituents of reducing susceptibility to infection [18]. This technique
consist in lodged inside or on the surface of an immobilizing agent
enzymes or cells, the calcium alginate gel and K-carrageenan are the most
commonly used matrix [19,20].

Alginates belong to a family of heterogeneous polymers with a wide
range of chemical compositions, molecular size and functional properties.
Chemically, they are unbranched polysaccharides composed of waste
1,4-linked B -D-mannuronic acid and a-L-guluronic acid monomers in
varying proportions [21]. Gel properties can be summarized in its porosity
and mechanical strength necessary to the process. Porosity is directly
linked to the ability of the gel to protect the cells and modify the effective
diffusivity of the substrate [22].

In this context, the present work aimed to study the viability of
Lactobacillus acidophilus immobilized in calcium alginate beads under
different stress conditions.

Material and Methods
Immobilization of Lactobacillus acidophilus

In preparing the alginate sphere was dripped, with the aid of a
pipette in a solution of 5% (w / v) sodium alginate (Gastronomy lab), the
bacterial suspension of Lactobacillus acidophilus, previously activated in
reconstituted skimmed milk (LDR 10%) with 6.67% of skimmed milk
powder to increase the viscosity (the same amount of milk powder was
also added in bacteria not immobilized). The sphere remained at rest for
30 minutes so that the reaction of formation of calcium alginate occurred.

Stress condition -pH

To evaluate the pH stress condition, 1 ml of the bacterial suspension of
Lactobacillus acidophilus was added to 9 ml of physiological saline (0.85%
NaCl) containing lactic acid at three pH values, 2.5, 3.5 and 7.0, following
the methodology described by Aradjo [23]. The mixture was incubated at
37°C for 4 hours for evaluation of the stress applied. During this period,
four temporal cells samples were obtained every our hour by centrifugation
(Sorvall centrifuge) at 6000 g for 6 minutes for survival analysis for viable
cell count. To this purpose, the cell pellet was resuspended in 9 mL of
saline (0.85% NaCl) and then we performed serial dilutions in were
made saline (0.85% NaCl) to countsurvivor cells on MRS agar (Merck)
after incubation under anaerobic conditions at 37°C for 48 hours. Plates
containing between 25-250 colonies were selected and we counted colony-
forming units (CFU.mL") counted and the results expressed as log". The
same procedures for evaluating the stress condition of acid were made to
Lactobacillus acidophilus cells immobilized in calcium alginate.

To quantify the amount of sphere which corresponds to 1 ml of
bacterial suspension of Lactobacillus acidophilus, we dropped 1 ml of the
cell suspension in a solution of 5% (w / v) sodium alginate spheres were
at rest, and then were weighed on an analytical balance. We repeated this
procedure 25 times. The average weight obtained was 1.5 g corresponding
to 1 mL.

Stress Condition-NaCl

For salt stress condition, 1 ml of the bacterial suspension of Lactobacillus
acidophilus was added to 9 ml of physiological saline solution with varying
NaCl concentrations (0.85, 4 and 6%). The mixture was incubated at 37°C
for 4 hours for evaluation of the stress applied. Each one hour the cells
were collected for counting of viable cells, to this the same procedures of

the stress condition with acid were made. This same procedure was done
for to Lactobacillus acidophilus immobilized in calcium alginate.

Stress condition-freezing

In temperature stress condition, 1 mL of the bacterial suspension of
Lactobacillus acidophilus was added to 9 mL of physiological saline (0.85%
NaCl). The mixture was stored at -20°C (freezing) for 3 months. During this
period, the bacterial count was determined before freezing, after freezing
and 30 in 30 days during the 90 days of storage as previously performed
[24]. For each time analyzed the cells was collected for counting of viable
cells, making the same procedures of the stress condition with acid. This
same procedure was done for to Lactobacillus acidophilus immobilized in
calcium alginate.

Statistics

The experiment was conducted in triplicate with three replications. The
results were analyzed using descriptive statistics.

Results and Discussion

Stress condition-pH

The viable cell count of Lactobacillus acidophilus free and immobilized
subjected to stress condition, pH of analysis at different times (from 1 to 4
hours) is shown in Tables 1 and 2.

For free bacteria minimum and maximum cell counts ranged from 8.04
to 8.71 Log CFU.mL" in different pH values. While for the immobilized
bacteria such variation was from 8.12 to 8.46 Log CFU.mL™.

It is noted that for pH 2.5 the free bacteria tend to have a steeper decay
than the immobilized since bacteria as the free bacteria count ranged from
8.58 to 8.33 Log-CFU.mL", having 0.25 of difference, and the immobilized
ranged from 8.32 to 8.27 Log CFU.mL", the difference being 0.05.At pH 3.5
the reduction in bacterial count immobilized was markedly in initial three
hours, however, the further reduction of free bacteria counts occurred after
the third time analysis. The difference between the initial and final count
for bacterium free is 0.30, on the other hand the difference immobilized
bacteria is 0.04.At pH 7.0 both free as the immobilized bacteria exhibited
similar behavior. However, the reduction in the free bacterial count was
0.36 and immobilized 0.21.

Lactobacillus acidophilus tolerates acid environments in the range
of 0.3% to 1.9% of lactic acid and the optimum pH ranging from 5.5 to
6.0.It is resistant to the gastric acidity and bile salts, as the survival in the

Time (hours)
pH 1 2 3 4
7,0 8,40+ 0,36 8,43 +0,25 8,67 +0,19 8,04 + 0,26
3,5 8,64 + 0,06 8,57 0,17 8,71+ 0,30 8,34 £ 0,21
2,5 8,58+ 0,24 8,42+ 0,23 8,40+ 0,15 8,33+0,17

Table 1: Number of viable cells of free Lactobacillus acidophilus (Log CFU.
mL") subjected to stress pH.

Time (hours)
pH 1 2 3 4
7,0 8,33+0,29 8,39 +£0,23 8,16 £ 0,22 8,12 +1,87
3,5 8,46 + 0,22 8,24 £ 0,21 8,23+ 0,11 8,42 +0,23
2,5 8,32+0,18 8,24 +0,23 8,17 £ 0,20 8,27 £ 0,25

Table 2: Number of viable cells offree Lactobacillus acidophilus (Log CFU.
mL") subjected to stress pH.
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gastrointestinal tract is estimated between 2% and 5% to reach sufficient
concentrations in the colon [25]. This resistance may explain the notable
counts to acid stress found in this study. Oliveira [26] also found high
counts of Lactobacillus acidophilus microencapsulated, approximately 10°
CFU.mL", even after 3 hours of incubation at pH 1 and 3.

Yoon et al. [27] studying the behavior of lactic acid bacteria in tomato
juice, found that Lactobacillus acidophilus, Lactobacillus plantarum,
Lactobacillus casei and Lactobacillus delbrueckii grew rapidly in this drink,
reducing the levels of sugars, an increase the concentration of lactic acid.
Although the pH of the juice after 72 hours of fermentation was reduced
to pH 3.5; the viability of lactic cultures remained above 10° CFU g’
after 4 weeks of storage at 4°C. Similar results were found in this study
in similar conditions, once all counts at pH 3.5 were more than 10° CFU.
mL" at different times analyzed. This evidence may be related to a greater
adaptation of Lactobacillus acidophilus lactic acid, since this is a natural
metabolite of its mechanism of energy production.

The trend lines of the behavior of immobilized Lactobacillus acidophilus
in free form and in different pH values are shown in Figure 1.

Through the trend lines, we may observe that the immobilization provided
greater protection when these were subjected to different pH values, since
in all conditions the reduction of counts was lower in bacteria immobilized
bacteria, besides having more linear trends of count during the test.

In the study by Krasaekoopt et al. [28] the encapsulation with alginate
and chitosan were also effective for enhancing the viability of Lactobacillus
acidophilus and Lactobacillus casei in yoghurt when applied at pH 4.7 and
placed in refrigerated conditions at 4°C, there was a difference of one cycle
log relative to the probiotics free.

Mandal et al. [29] evaluated the tolerance of Lactobacillus casei
NCDC 298 encapsulated by the technique of emulsification at different
concentrations of sodium alginate and exposed to low pH, high
concentrations of bile salts and heating. As this study the authors found
that immobilized of probiotic improved the resistance to the conditions

tested when compare with free form. Furthermore was observed that
the increase in viability increased proportionally to the concentration of
sodium alginate used.

Stress condition-NaCl

To the stress at different salt concentrations (0.85%, 4% and 6%) to
count viable cells of Lactobacillus acidophilus free and immobilized in the
different analysis times (1 to 4 hours) are shown in Tables 3 and 4. Behavior
of immobilized Lactobacillus acidophilus and free form in different salt
concentrations, are shown in Figure 2 through trend lines.

At a concentration of 6% salts the free bacteria count ranged from 8.60
to 7.40 Log CFU.mL", occurred a reduction of more than one log cycle.
On the bacteria immobilized the difference was 0.19, ranging from 8.35
to 8.16 Log CFU.mL™. This indicates that the calcium alginate provided
greater protection for the Lactobacillus acidophilus when it was subjected
to a stress higher of osmotic pressure. Moreover, the trend lines for the
concentration of 6% salt shows that further reduction of free bacteria
occurs between time 3 and 4, on the other hand with immobilized bacteria
have almost a line constant during the analysis counting.

According to Gomes and Malcata [30] the species of Lactobacillus
acidophilus has the particularity of being tolerant to salinity of the medium.
As expected, in this paper we note that when the free bacteria were
subjected to a higher concentration of NaCl (6%) occur one reduction of
1.2 log cycles, showing that in this concentration of salt the microorganism
becomes less resistant to osmotic effects.

In the concentration of 4% we observed that the count of free bacteria
decreased from 9.18 to 8.61 log CFU. mL" (difference of 0.57). Regarding
the immobilized bacteria, the difference of count was 0.54, with an initial
count at the end of 8.66 and 8.12 Log CFU. mL" respectively. However, the
trend lines show that this concentration for the free bacteria the reduction
time occurred between 2 and 3 hours whereas for the immobilized bacteria
the reduction occurred between the first and third hour, keeping more
linear trends of counts when compared with free bacteria.
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Figure 1: Trend lines of count versus time (hours) under stress condition of pH (2.5, 3.5 and 7.0) for free and immobilized Lactobacillus acidophilus.
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The count for Lactobacillus acidophilus free at concentration of
0.85% varied from 8.54 to 8.75 Log CFU.mL", increasing 0.21. For the
immobilized bacteria count ranged from 8.03 to 8.51 Log-1 CFU.mL"
increasing 0.48. This behavior is expected since the bacterium is in a
favorable osmotic pressure to maintaining their metabolic activity [31].

Stress condition-freezing

The behavior of the immobilized and free Lactobacillus acidophilus
form during freezing for three months is shown in Figure 3 through trend
lines.

The count of free bacteria ranged from 9.04 to 7.50 log UFC.mL"

(difference of 1.54). For the immobilized bacteria the difference was 0.60,
reducing from 8.53 to 7.93 Log UFC.mL"! respectively. It is observed that
the cell count of Lactobacillus acidophilus in immobilized form was higher
than the free form when exposed to freezing temperatures, which suggests
abetter protection of the microorganisms immobilized in calcium alginate.

The same happened in the study by Lorenz [1], where the survival of
microencapsulated cells was higher than that of free cells. The counting
showed a decrease of 4.3 log cycles on the viability of free cells after
12 weeks of storage at -18 + 2°C. In the same period, the viability of
microencapsulated cells decreased 1.77 log and 1.75 log cycles when
produced by emulsification and spray drying respectively.
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Figure 2: Trend lines of count versus time (hours) under stress condition of salt (0.85, 4.0 and 6.0%) for free and immobilized Lactobacillus acidophilus.
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Time (hours)

%Salt 1 2 3 4
0,85% 8,03+0,11 8,80 + 0,05 8,33+0,28 8,51 +0,30
4,0% 8,66 + 0,09 8,41+0,20 8,14 £ 0,14 8,12+ 0,07
6,0% 8,35+0,42 8,64 +0,12 8,29 £ 0,31 8,16 £ 0,24

Table 3: Count (Log CFU.mL™") of viable cells of Lactobacillus acidophilus
free subjected to salt stress.

Time (hours)

%Salt 1 2 3 4
0,85% 8,564 £ 0,27 8,41 +0,58 8,76 £ 0,14 8,75+ 0,21
4,0% 9,18 £ 0,41 9,25+ 0,05 8,568 0,35 8,61+0,28
6,0% 8,60 + 0,08 8,75+ 0,56 8,63 £ 0,20 7,40 £ 0,50

Table 4: Count (Log CFU.mL™") of viable cells of Lactobacillus acidophilus
immobilized subjected to salt stress.

According to Desmond et al. and Tsen et al. [32,33], several studies
have shown that lower temperatures may ensure a higher survive of
microencapsulated cells, however, the mortality of the cells increases with
storage time.

However, in this study, we note that the highest fatality occurred
shortly after freezing, and over time in three months the counts tended
to remain constant. This can be explained by the slow formation of ice
crystals occurring almost exclusively during this phase, these crystals can
cause denaturation of proteins and enzymes and may also cause lesions in
the cell membrane leading to death of the microorganism [30].

Conclusions

In all simulations of stress conditions (pH, salts and freezing) the
lethality to Lactobacillus acidophilus immobilized was lower than in the
free form, indicating that the calcium alginate acted as a protective agent
in unfavorable conditions cell viability. The greater protection occurred
when the probiotic immobilized was subjected to high osmotic pressure
in a concentration of 6% NaCl and the freeze condition. This shows as an
alternative to the development of probiotic foods that have similar stress
conditions.

The immobilization technique using calcium alginate with Lactobacillus
acidophilus has proved to be an important alternative for the development
of new probiotic products having adverse conditions.
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