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Resumen

Se evalud la viabilidad durante el almacenamiento de Weissella confusa incorporada en una matriz de cobertura de choco-
late. La bacteria probidtica se encapsulé empleando tres materiales de pared, gel de Aloe vera, gel Aloe vera + Almidén al
10 % y gel de Aloe vera + Almidén al 15 % y células libres como control. Posteriormente se liofilizé. La bacteria probidtica
encapsulada, se incorporé en una matriz de cobertura de chocolate. Los chips se empacaron y almacenaron durante 5
semanas a 4 °C, cada semana se midieron cambios en la viabilidad de la bacteria probidtica y en la actividad de agua. En
la quinta semana, los chips se sometieron a condiciones simuladas de jugos intestinales. Durante el almacenamiento los
chips mantuvieron su caracter probidtico (>10° UFC/g), sin embargo, cuando la bacteria probiética se encapsulé en gel
aloe vera, se obtuvo mayor nimero de bacterias probiéticas vivas dentro de la matriz sélida (2,1x108 UFC/g). La actividad
de agua vari6 de 0,470 a 0,810. La bacteria probidtica permanecio viva por 2 horas en medios simulados de jugos intes-
tinales, lo cual ratifica que la matriz sélida y los medios de encapsulaciéon seleccionados son adecuados para el desarrollo
de productos sélidos probidticos ricos en grasa vegetal.
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Abstract

Viability during storage of Weissella confusa incorporated in a chocolate coating matrix was evaluated. Probiotic bacteria
was encapsulated using three wall materials, Aloe vera gel, Aloe vera gel + 10 % starch and aloe vera gel + 15 % starch and
free cells as control. Subsequently lyophilized. Probiotic bacteria encapsulated, was incorporated into a chocolate coating
matrix. The chips were packed and stored for 5 weeks at 4 °C, were measured weekly changes in viability of the probiotic
bacteria and water activity. In the fifth week, the chips were subjected to simulated conditions of intestinal juices. During
storage chips remained probiotic character (>10° CFU/g), however, if the probiotic bacteria are encapsulated in aloe vera
gel, the greater number of living probiotic bacteria was obtained within the solid matrix (2,1x10® CFU/g ). Water activity
ranged from 0.470-0,810. Probiotic bacteria remained alive for 2 hours in simulated intestinal fluid media, which confirms
that the solid matrix and the selected encapsulation means are suitable for the development of solid product rich in veg-
etable fat probiotics.
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Introduction for probiotic bacteria are fermented dairy products (Ri-
The selection of adequate food matrices to incorporate vera find Gallardo, 2010). I—!owever‘, there has been a
probiotics is an important factor that must be consid- growing demand for non-dairy probiotic products, and
ered in the development of probiotic food (Ranadheera therefore, probiotics are being incorporated into solid
etal. 2010). It has been reported that the best matrices and liquid matrices and being sold as tablets, capsules
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and freeze-dried (lyophilized) products (Ranadheera et
al. 2010; Rivera and Gallardo, 2010).

The viability of the microorganism within the food ma-
trix and its functional activity must also be taken into
account in the design of these new products (Jankovic
et al. 2010; Da Silva, 2011). The incorporation of pro-
biotic microorganisms into a dry food matrix would
have many advantages compared to liquid matri-
ces (Ouwehand et al. 2004). However, for the solid
probiotic matrix to have beneficial effects on human
health, it is necessary to ensure that the bacteria re-
main alive during storage of the product and that once
consumed, the probiotic microorganisms resist their
passage through the gastrointestinal system (Burgain
etal 2011).

An alternative to increase the effectiveness of probiotic
products is to incorporate them into food matrices that
provide protection (Possemiers et al. 2010). Develop-
ments have been shown in the incorporation of probi-
otics into matrices based on chocolate products such
as mousse, cake and bars (Aragon et al. 2007; Malmo
etal. 2011; Possemiers et al. 2010), demonstrating that
chocolate is a good vehicle for the incorporation of
probiotics because of its fat and carbohydrate content.
One of the chocolate substitutes is chocolate coating
and one of its most common forms is the chocolate
chip, which is used in the preparation of cookies, ice-
cream and cold cakes, thus making it innovative to use
this matrix as a vehicle.

Weisella confusa is a lactic acid bacterium that is cur-
rently considered to have probiotic potential because
it presents antimicrobial activity against different patho-
genic microorganisms (Nam et al. 2002; Serna et al.
2010; Ayenietal. 2011; Lee etal. 2012). Similarly, it has
been found that aloe vera is a promising wall material
to encapsulate this lactic bacterium (Serna et al. 2012).
Therefore, the objective of this work was to evaluate
changes in the viability of the probiotic microorgan-
ism during storage and changes in the water activity
of probiotic chips prepared with a chocolate coating
and with the Weissella confusa lactic acid bacterium
encapsulated in different wall materials. Additionally, it
had the objective of establishing the resistance of the
probiotic microorganism under simulated conditions
of intestinal juices.

Materials and Methods

Probiotic Bacteria

A cryopreserved strain of the Weissella confusa lactic
acid bacterium was used, which was isolated in previ-
ous studies by Serna et al. (2010). To obtain the neces-
sary amount of bacteria, discontinuous fermentation
was carried out using MRS broth (Scharlau, Spain) (De
Man et al. 1960) to which 40 gL' of glucose was added
as a source of carbon. The substrate was inoculated

with 10% of previously inoculated broth according to
the volume of the substrate. Four fermentations were
carried out in a 1000 ml Erlenmeyer flask, which was
ellipsoidally agitated at 100 rpm, for 6 hours at 37 °C
(Incubating Orbital Shaker model 50001, USA). After
the fermentation time had passed, the bacteria were
separated, centrifuging the fermented material to 4480
x g (Eppendorf AG, Germany). The supernatant was
discarded and the precipitate was washed with 5 ml of
NaCl at 0.9% and it was centrifuged for 5 minutes at
4480 x g. The precipitate was washed again with 10 ml
of sterile distilled water, it was centrifuged for 5 min-
utes at 4480 x g and the supernatant was discarded.
Later, the probiotic bacteria were encapsulated.

Encapsulation of Probiotic Bacteria

Aloe vera (Aloe barbadensis Miller) gel and commercial
starch (Industrias del maiz AMISOL 2143, Colombia)
were used in two concentrations, 10% and 15%, as en-
capsulation materials (better encapsulation results not
documented). The aloe vera gel was subjected to ther-
mal treatment at 65 °C for 15 minutes in a thermostatic
bath (Julabo 13A, Germany), and it was refrigerated at
4 °C. The starch with 10% and 15% concentrations
was used in combination with aloe in the proportion of
1:1. The probiotic bacteria obtained by fermentation
at a concentration of 10" CFU/g was mixed at a ratio
of 1:4 with the encapsulation materials. AV treatment
was appointed to the bacteria encapsulated in aloe
vera, encapsulated in aloe vera + starch with 10% con-
centration (AA10%) and encapsulated in aloe vera +
starch at 15% (AA15%). Later, the encapsulated bacte-
ria were lyophilized (Eyela FDU 1100, Japan) (freezing
at-20 °C, vacuum pressure of 2 Pa, temperature in the
condenser at-60 °C, and drying temperature at 25 °C).
As a control treatment, a non-encapsulated probiotic
bacterium (W. confusa) was used, diluted in sterile dis-
tilled water (CL). The CL control was lyophilized in the
same conditions as described above.

Preparation and Storage of Probiotic Chocolate Chip
Coating

Dark chocolate coating was used (Nacional de Choco-
lates, Colombia) with a fat content of 37 g/ 100 g .
The chocolate coating was melted at 48 °C and it was
tempered at 30 °C. Later, the AV, AAT0, AA15 and CL
treatments were added to the melted chocolate coat-
ing and they were manually standardized. The mixture
was poured into PET (caliber 15) models for chips with
a diameter of 6 mm. The chips solidified at a tempera-
ture of 4 °C, they were taken out of the molds and
packed in polyamide bags, covered with low-density
polyethylene with a permeability of 4.4 - 4.9 g/m?*/h/
atm. The probiotic chips were refrigerated at 4 °C. The
temperature of 4 °C was selected because the chips
are widely used for the manufacturing of products in-
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cluding refrigerated cakes and desserts, as well as ice-
cream.

Determining the Viability of Probiotic Bacteria

The viability of the probiotic bacteria was measured
immediately after the lyophilization process, and the
chips every week during storage (5 weeks).

To establish the number of live bacteria in each treat-
ment, 1 g of chips of each treatment (or 1 g of the
control treatment) and 9 ml of peptone water at 0.1%
previously cooled to 48 °C were taken in dilution flasks
and they were shaken for 1 minute in a vortex mixer
(Heidolph Reax control, Germany) to release the bac-
teria from their encapsulation material. Later, decimal
dilutions were carried out using 0.1% peptone water,
the samples were deeply planted in MRS agar and they
were counted after 48 hours of incubation at 37 °C.
The boxes were counted, which contained 30 to 300
colonies, and the count of live cells was expressed in
CFU g'.

The viability of the microorganisms was established
with Equation 1:

N
Viability % = N (Eq. 1)

Where, for encapsulation: No is the number of live bac-
teria per gram before the encapsulation process, and
N is the number of live bacteria per gram after the
encapsulation process.

For lyophilization, No is the number of live bacteria per
gram after encapsulation and N is the number of live
bacteria per gram after lyophilization.

For storage: Ny is the count of live bacteria at the time
the probiotic chips are prepared, and N: is the number
of live bacteria per gram at each week of storage.

Water Activity (aw)

The water activity of the probiotic chips was measured
during storage using a water activity meter (Agualab
Model Series 3 TE, USA) at a temperature of 25 °C.

Resistance of Probiotic Bacteria to Simulated
Intestinal Juices

The greatest component in the chocolate chips' nutri-
ents is vegetable fat. The process of fat absorption is
mainly carried out in the small intestine where the bile
and pancreatic lipase intervene, both with an alkaline
pH (Cueto and Aragoén, 2012). Therefore, after five
weeks of storage, the different treatments were sub-
jected to simulated environments of intestinal juices us-
ing the modified methodology of Malmo et al. (2011).
The intestinal juices (1)) were prepared with bile salts
4.5% (w/v) (Sharlau, Barcelona, Spain) and adjusted to
pH 8.0 with sterile NaOH 0.1 mol/L. The solution was

sterilized by filtration using a membrane of 0.22 ym.
The probiotic chips were softened and 0.5 g of chips
were added to 45 ml of the 1) solution, they were taken
to ellipsoidal agitation (80 rpm) in a shaker (Incubating
Orbital Shaker, VWR, Radnor, Pennsylvania, USA) for
2 hours at 37 °C. The viability of the probiotic bacteria
was measured when chips were mixed with the I) and
at 2 hours. The viability was measured in the same way
as described above.

Experimental Design

To evaluate the effect of the encapsulation materials
on the viability of the probiotic and the product's water
activity during the probiotic chips' storage, a one-factor
design was used with repeated measures. As a factor,
encapsulation material with three levels (AV, AA10%
and AA15%) was used for the probiotic bacteria. The
response variables were the water activity and the vi-
ability percentage of the probiotic. The response vari-
ables were measured at 6 times (0, 1, 2, 3, 4 and 5
weeks of storage). A Tukey test was carried out for
differences between the means with a significance
level of p < 0.05 and the data were analyzed using the
SAS software, version 9.3. Additionally, the viability of
the probiotic was measured after lyophilization in the
three treatments, AV, AA10% and AA15%, and after
each treatment, it was subjected to two hours of intes-
tinal juices.

Results and Discussion

Viability of the Probiotic Bacteria after
Lyophilization in the AV, AA10% and AA15%
Treatments

The AV treatment presented the greatest percent-
age of live probiotic bacteria after the lyophilization
process (Table 1). These results coincide with those
reported by Abadias et al. (2001), who assessed the vi-
ability of Candida sake when covering it with different
protective materials during lyophilization, obtaining a
viability of 0.2% when a 1% concentration of glucose
and fructose was used and a viability of 1% when a 1%
solution of galactose was used.

An explanation for the drastic reduction in viability dur-
ing lyophilization can be attributed to the formation
of ice crystals in the freezing process, which damage
the cell membrane of the bacteria (Homayouni et al.
2008). Added to this is the low solubility of starch and
the possible nucleation and separation of phases (crys-
tallization) of the two aloe vera sugars (Pehkonen et al.
2007), because the crystallization of sugar deactivates
the interaction between the sugar and the cell struc-
tures; an interaction which provides additional protec-
tion to the cells (Crowe et al. 1998 cited by Foerst et
al. 2011).
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Table 1. Viability percentage of the probiotic (W. confusa)
after the lyophilization process and initial count of the
probiotic once it has been incorporated into the chocolate.

Cells in Chocolate

Treatment Viability %
(CFU/g)
CL 0.084 £0.010 2.8x109 £ 4.24x107
AV 1.184 +£0.110 4.2x108 = 1.41x106

AA10 0.183 £ 0.065 2.8x107 £ 4.24x105

AA15 0.005 + 0.001 1.0x106 + 4.24x104

Viability of Probiotic Bacteria in Chocolate Coated Chips
during Storage

Significant differences (p < 0.0001) arose between
treatments in the first week (Figure 1). The CL treat-
ment presented the greatest viability, followed by the
AV, AA15 and AA10 treatments.
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Figure 1. Viability percentage of Weissella confusa in chocolate
chips stored for 5 weeks.

The uppercase letters indicate significant differences (p
< 0.0001) for the same treatment during the assessed
period. The lowercase letters indicate significant differ-
ences (p < 0.0001) between different treatments in the
same week.

The behavior of CL in the first and second weeks of
storage indicates that the chocolate coating is a food
matrix that alone provides initial protection to the cells
(Nebesny et al. 2007; Aragon et al. 2007). However, at
the third week of storage, CL presented a drastic drop
in viability. This behavior could be explained by the fat
present in the chocolate coating (37 g / 100 g) pro-
viding protection to the probiotic bacteria, preventing
the cells from being exposed to water (present in the
chocolate coating and in the space at the top of the
packaging) and preventing stress factors such as those
produced by the H+ ions (Lahtinen et al. 2007). How-

ever, it is possible that as the storage time passes, the
layers of fatin the matrix form cracks through which wa-
ter can directly migrate (Weinbreck et al. 2010). Other
causes attributable to the decrease in the probiotic's
viability may be the reactions to the deterioration of
the chocolate coating, such as the oxidation of phytos-
terols, which may generate several kinds of hydroxyl,
epoxy and keto and derivatives of triol (Botelho et al.
2014), which have antimicrobial activity (Brudzynski,
2006). Additionally, chocolate substitutes, such as the
chocolate coating, contain polyphenols which come
from cacao and have antimicrobial effects (Possemiers
et al. 2010), with the consequent loss of viability.

Figure 2 presents the cell count during 5 weeks of stor-
age. For all the treatments, the final cell concentration
was within the range in which food is considered to be
probiotic (10° - 107 CFU/g) (Krasaekoopt et al. 2003),
recommended concentrations for the consumption of
probiotic foods (FAO/WHO, 2001). The products that
contain probiotics must be kept refrigerated to main-
tain high viability. The expiry period for these products,
whether for a juice or bar, is shorter than for products
without probiotics (Christopher et al. 2009).
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Figure 2. Count of W. confusa in the different treat-
ments assessed during five weeks of storage at 4 °C.

The chips were packed in packaging with high perme-
ability to water vapor (4.4 - 4.9 g/m?/h/atm), and there-
fore, they presented a substantial increase in a, during
the five weeks of storage (Figure 3) with an average of
0.6 to 0.8. This may be explained by a phenomenon
that occurs in chocolate called crystallization (also
known as “Bloom”), where water is released and water
activity could increase (Vercet, 2003). This increase in
water activity could affect the texture of the chip. Katz
and Labuza (1981) show that an increase in water ac-
tivity from 0.4 to 0.45 could induce a loss of hardness
in products with a low humidity content, as well as
the proliferation of mold or yeast, which directly influ-
ences the deterioration of the food (Beuchat, 2002).
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Figure 3. Water activity of chocolate coated chips during stor-
age at 4 °C in polyamide packaging with permeability of 4.4
-4 g/m?/h/atm.

One of the important criteria for the selection of a pro-
biotic is its capacity to survive stress conditions caused
by a low or high pH (Cook et al. 2012); like in the case
of the gastrointestinal tract. The number of probiotic
microorganisms that managed to survive in the choco-
late chips after five weeks of storage and after being
subject to 2 hours in a simulated system of intestinal
juices (pH 8.0) are presented in Table 2. All of the treat-
ments showed tolerance to the bile salts with reduc-
tions equal to or lower than 1 logarithmic unit. This
same behavior was presented in the results of Lee et al.
(2012), who showed a reduction of 1 logarithmic unit
(5.6x10" to 7.2x10° CFU/g) when evaluating the same
microorganism (W. confusa) in the same conditions of
this study. The concentration used in this study (0.3%
bile salts) is considered to be a critical concentration
used for the selection of resistant strains (Gilliland et al.
1984). It is known that fats are hydrophobic molecules
that need the activity of bile salts for their absorption,
because the bile salts present a hydrophobic region
that interacts with the fat globules, and a hydrophilic
region which is orientated toward the watery environ-
ment, allowing enzymes, such as pancreatic lipase, to
hydrolyze the fat in fatty acids for their later absorp-
tion in the small intestine, thus permitting the reduc-
tion of serum cholesterol (Manzano et al. 2012). The
bile salts as well as the lipase have an alkaline pH, and
therefore, with the results, it can be confirmed that the
chocolate matrix as well as the W. confusa probiotic
are suitable for the design of solid probiotic products
because they resist storage and stay alive during their
passage through the small intestine. Resistance to bile
salts is one of the criteria for a product to be consid-
ered a probiotic.

Table 2. Count of W. confusa in chocolate covered chips
subject to a simulated system of intestinal juices.

Treatment (CFU/g)
Time
CL AV AA10 AA15
t=0 min. 7.45x107 | 2.10x108 1.96x107 1.30x106
t=120 min. | 8.15x106 | 1.34x108 | 4.90x106 1.28x106

Conclusions

The chocolate coating and W. confusa lactic acid
bacterium are ideal for the development of probiot-
ic products in solid matrices. The chocolate covered
chips maintained their probiotic nature for at least
five weeks, because more than 10° microorganisms
per gram of product remained alive. The water activ-
ity increased for all the treatments, which suggests us-
ing packaging with lower transmission of water vapor
and storing in conditions with relatively low humidity.
The incorporation of encapsulated and free W. confusa
into a chocolate coating matrix presents resistance to
the intestinal environment with the AV and AA15 treat-
ments presenting the lowest loss of viability.
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