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Abstract

The aim of the present study was to evaluate the viability of probiotic bacteria Lactobacillus acidophilus (LA-5)® and Bifidobacterium
lactis (BB-12)® encapsulation using spray drying (SD) with ricotta whey supplemented with gelatin and hydrolyzed collagen
as encapsulating material. Following previous experiments, these gelatin:collagen ratios were defined: 7:3 (gelatin:collagen)
for L. acidophilus LA-5 and 9:1 for B. lactis BB-12, which had reduced bacterial counts of 0.46 and 1.26 log Colony-Forming
Units (CFU)/g, respectively. There was a viability loss of 0.70 log CFU/g and 0.34 log CFU/g for LA-5 and BB-12, respectively,
throughout storage (30 days, 25 °C). When exposed to the simulated gastric juice, encapsulated LA-5 and BB-12 had higher
survival rates (89.91 and 95.83%, respectively) than non-encapsulated microorganisms under the same conditions (54.78 and
57.27%, respectively). In the presence of bile salts, encapsulated LA-5 and BB-12 had survival of 77.44% and 51.05%, respectively,
while free cells showed rates of over 99%. After 30 days, these rates decreased to 71.07 and 50.60%, for encapsulated LA-5
and BB-12, respectively. Therefore, ricotta whey associated to gelatin and hydrolyzed collagen can be considered a potential
encapsulating agent for the SD of probiotic dairy bacteria.
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Practical Application: This study uses an important dairy industry waste product, ricotta whey, for the encapsulation of dairy
bacteria through spray drying. This waste is produced at a large scale and has high polluting potential if discarded inappropriately;
therefore, strategies for reusing it are essential. On the other hand, spray drying is reported as the best cost-benefit method to

obtain powdered lactic cultures, with several advantages compared to other techniques such as lyophilization.

1 Introduction

Probiotics have a beneficial effect on human gut microbiota
via antagonistic effects, competition for nutrients, and immune
effects, rendering the organisms more resistant to pathogens
(Chugh & Kamal-Eldin, 2020; Puupponen-Pimii et al., 2002).
New approaches differentiate probiotic microorganisms into
‘true probiotics’ (TP, when these cells are viable and active),
‘pseudo-probiotics’ (PP, when the cells are viable but inactive, or
in vegetative or spore forms (PP, or PP)), and finally, as ‘ghost
probiotics’ (GP, when cells are non-viable, either intact or ruptured
(GP, or GP,)) (Barros et al., 2020; Zendeboodi et al., 2020).
The major probiotic bacterial genera are Lactobacillus and
Bifidobacterium, which are largely used acid-lactic bacteria
(Brinques et al., 2010; Rokka & Rantamiki, 2010) in the food
industry, as they provide differentiated flavor and scent aside
from probiotic effects (L. Li & Han, 2018). Some strains may
also provide texture improvements (Guimarées et al., 2020),
and even mitigate toxic compounds in food products
(Khorshidian et al., 2020). Probiotic microorganisms are mostly
incorporated in dairy products such as yoghurts and fermented
milk (Alizadeh Khaledabad et al., 2020; Lucatto et al., 2020;
Sarfraz et al., 2019; Shafi et al., 2019), which is why they must

be resistant to the presence of oxygen and high temperatures,
conditions that are typical in food processing (Ferndndez et al., 2015;
Motta & Gomes, 2015).

Additionally, low survival rate in the gastrointestinal tract
(GIT) due to acid pH and high concentrations of bile salts
reduces the potential application of the free form of these
microorganisms in foods. In this regard, encapsulation can add
a protection barrier to probiotic bacteria sensitive to adverse
conditions, increasing their survival rates when going through
the GIT and their viability when incorporated to food products
(De Castro-Cislaghi et al., 2012; Peighambardoust et al., 2011;
Roobab et al., 2020). Moreover, encapsulation of probiotics
enable their controlled release into certain media, prolonging
their beneficial effects (Ilha et al., 2015; Khem et al., 2016b).
Among the encapsulation methods, atomization (spray drying,
SD) is one of the most frequently employed due to its cost benefit
ratio (Pérez-Chabela et al., 2013). The SD technique produces
capsules comprised of a core (containing the microorganisms)
surrounded by encapsulating agents (wall material), forming
particles of sizes that range from millimeters to nanometers
(Pordevic et al., 2014).
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Stability of the encapsulated material (core) is directly
related to the nature of the wall material. Many materials can
be used to encapsulate and protect bioactive substances, e.g.
polysaccharides such as Arabic gum, starch, alginate, carrageenan,
and chitosan, which are largely used in the encapsulation of
microorganisms (Bustos & Bérquez, 2013; Eckert et al., 2018;
Khem et al., 2016a). According to Maciel et al. (2014), the
combination of carbohydrates with proteins is essential to form
resistant capsules, due to the emulsifying property of protein-based
material, which thus allows the formation of resistant films. Gelatin
and hydrolyzed collagen are the most frequently used proteins
due to their gelation properties, as well as their biocompatibility,
and non-toxicity (Li et al., 2009). Moreover, these compounds
are considered inexpensive and biodegradable protein sources
(Gémez-Guillén et al., 2011).

Aside from gelatin and hydrolyzed collagen, dairy whey
proteins are also promising encapsulating material for probiotics
(Abd El-Salam & EI-Shibiny, 2015). Cheese whey is a by-product
rich in carbohydrates and proteins, obtained from the coagulation
of milk proteins in cheese manufacture. This by-product can be
used in the production of ricotta; however, this process generates
another by-product called ricotta whey (Sansonetti et al., 2009).
These materials are produced at a large scale, and approximately
230 million tons of cheese whey are estimated to be produced
worldwide in 2023 (Rama et al., 2019). If cheese whey is discarded
inadequately into the environment, it might cause environmental
problems due to its large volume and high organic matter
content. Reuse of dairy whey has been studied in order to find
applications that lead to lower amounts of waste to be treated.
Considering the nutritional composition and high treatment
cost of cheese whey and whey permeate (Mollea et al., 2013),
technologies and new applications are sought to use these
by-products, e.g. as ingredients for the formulation of different
dairy products (Fangmeier et al., 2019; Guimaraes et al., 2018,
2019; Monteiro et al., 2018, 2020; Trindade et al., 2019).

Ricotta cheese yield is approximately 4.5 kg/100 L, which
means that 95.5 L of ricotta whey are released for every 100 L
of cheese whey (Knorr Valadio et al., 2016). Studies indicate
that 25% (45 million tons per year) of all processed cheese
whey in the world is transformed into ricotta cheese (Smithers,
2015). By combining these data, it is possible to estimate that
approximately 43 million tons of ricotta whey are produced
every year, with little or no use for the industry. As it is rich in
lactose, ricotta whey combined with the proteins in gelatin and
hydrolyzed collagen becomes an alternative for the production
of capsules containing probiotic bacteria.

Ricotta whey, as opposed to cheese whey, has not been widely
tested as encapsulating agent for the SD of microorganisms,
yet. Therefore, the aim of the present study was to evaluate the
viability of SD encapsulation of probiotic bacteria Lactobacillus
acidophilus (LA-5)® and Bifidobacterium lactis (BB-12)® using
ricotta whey supplemented with gelatin and hydrolyzed collagen
as wall materials. For that purpose, the viability of microorganisms
was evaluated before and after SD, and during a storage period
of 30 days at 25 °C. Survival rate of both encapsulated and free
bacteria under simulated gastrointestinal and intestinal tract
conditions was also evaluated.
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2 Materials and methods

2.1 Material

Ricotta whey, in natura, was donated by a dairy factory from
the Taquari Valley region, RS, Brazil. Physicochemical parameters
were analyzed according to AOAC International (Association of
Official Analytical Chemists, 2012). Total solids were evaluated
using an oven dryer at 105 °C (method No. 990.20), ash was
evaluated using a muffle furnace at 550 °C (method No. 968.08),
fat was evaluated using the Mojonnier method (No. 2000.18)
(Association of Official Analytical Chemists, 2012), and protein
was evaluated using the Kjeldahl method (No. 991.20) (Association
of Official Analytical Chemists, 2012). Lactose content was
evaluated using the dinitrosalicylic acid (DNS) method (Miller,
1959). The commercial lactic bacteria L. acidophilus (LA-5)® and
B. lactis (BB-12)® used in this study were acquired from Chr.
Hansen (Valinhos, Sdo Paulo, Brazil). Cofiber Heg 60 collagen
was acquired from Luchebras® (Cachoeirinha, RS, Brazil) and
gelatin was acquired from Ferga® (Novo Hamburgo, RS, Brazil).
All chemical products, reagents, and culture media were acquired
from either Merck (KGaA, Darmstadt, Germany) or Sigma-Aldrich
(St. Louis, MO, USA).

2.2 Preparation of microorganisms and encapsulating
agent solutions

Stored in 20% glycerol at -20 °C, microorganisms were
activated in De Man, Rogosa and Sharpe (MRS) broth ata 1:50
ratio (200 pL of culture to 10 mL MRS broth), with incubation
at 37 °C for 24 h, without agitation. Microbial cultures were
transferred (using drop plate technique) from that broth to Petri
dishes containing MRS agar, which were incubated at 37 °C for
24 h, and then, maintained under refrigeration. For encapsulation
experiments, colonies isolated from these dishes were transferred to
50 mL of MRS broth, with incubation at 37 °C for 24 h. After that,
microbial cultivations were centrifuged (2790 x g, 10 min, 4 °C)
and the cells were rinsed according to De Prisco et al. (2015).
L. acidophilus (LA-5)® and B. lactis (BB-12)® were prepared
using the same method.

To prepare encapsulating solutions, the encapsulating agents,
gelatin and hydrolyzed collagen, were weighed and mixed with
ricotta whey. Three ratios of both materials were evaluated:
9% gelatin (w/w) and 1% collagen (w/w); 7% gelatin (w/w)
and 3% collagen (w/w); and 5% gelatin (w/w) and 5% collagen
(w/w). After that, solutions underwent slow bath pasteurization
at 65 °C for 30 minutes and were cooled until they reached
room temperature, and subsequently, the previously prepared
microorganisms were added. Probiotics LA-5 and BB-12 were
added individually to each of the three encapsulating solutions
(feeding solution concentration: 10° CFU/mL), totaling six
different combinations of microorganisms and encapsulating
agents that underwent SD encapsulation. Therefore, all final
solutions contained 0.1 g of the encapsulating agent mixture
per mL of ricotta whey (in ratio 9:1, it means 0.09 g of gelatin
and 0.01 g of collagen per mL, whereas in 7:1 it means 0.07 g
of gelatin and 0.03 g of collagen, and so on).
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2.3 Spray-drying encapsulation of microorganisms

Encapsulation was performed using a spray-dryer (MSD
0.5, LabMag, Brazil), using a 0.7 mm dual-fluid atomizer nozzle,
and inlet and outlet temperatures of 90 and 75 °C, respectively.
Feeding solution was introduced through a peristaltic pump until
the drying chamber, with feeding flow of 4.5 mL/min, drying air
flow of 2.5 x 10° mL/min, and compressor air pressure at 0.3 MPa,
according to Eckert et al. (2017). Encapsulated microorganisms
were retrieved and stored in sterile flasks at 25 °C.

2.4 Viability of microorganisms under spray drying
encapsulation conditions

Drop plating was performed in MRS agar, adapted from
Kim et al. (2008), in order to define the combinations of wall
materials based on viability of microorganisms before and after
encapsulation. Thus, before encapsulation, a 1-mL aliquot was
removed from the feeding solution, diluted in 0.1% (w/v) peptone
water, and plated in MRS agar. For encapsulated microorganisms,
0.1 g of the powder was weighed and added to 9.9 mL of phosphate
buffer (100 mM pH 7); this solution was then submitted to
orbital agitation at 200 rpm for 10 min at 20 °C to break capsules.
Afterwards, samples underwent serial dilution with 0.1% (w/v)
peptone water and subsequent drop plating in Petri dishes
containing MRS agar. Reduction in microbial concentration after
encapsulation was determined and expressed in log terms using
Equation 1, where N, is viable cell count (log CFU/g) before SD
and N_ is viable cell count (log CFU/g) after SD.

Log reduction = log N, — log N, (1)

Comparing the reduction in amount of viable cells after
SD using the different concentrations of wall materials, the
most suitable gelatin/collagen ratio was chosen for each lactic
bacterium evaluated. After that, SD was repeated with LA-5
and BB-12 using this ratio of encapsulating agents with the
same preparation and under the same encapsulation conditions
described in Sections 2.2 and 2.3, respectively.

2.5 Viability of encapsulated microorganisms under
storage conditions

Viability of encapsulated LA-5 and BB-12 with the previously
defined ratios of wall materials was evaluated at 0 and 30 days
of storage at 25 °C, following the methodology described in
Section 2.4 and the resulting counts of viable microbial cells
were expressed in CFU/g.

2.6 Viability of encapsulated microorganisms under
simulated gastric and intestinal tracts

These assays are based on the methods published by Meira et al.
(2012). Survival rate going through simulated gastric and intestinal
tracts was determined for encapsulated LA-5 and BB-12 using the
previously defined ratios of wall materials. This evaluation was
conducted at 0 and 30 days of storage at 25 °C. Simulated gastric
juice was prepared with 3 mg/mL pepsin in a solution of 5 g/L
NaCl, adding hydrochloric acid (HCI) for acidification up to
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pH of 2, 2.5, and 3. For simulated intestinal juice, a solution
containing 5 g/L NaCl and 1 mg/mL pancreatin with pH 8 was
prepared with and without bile salts at a concentration of 0.5%
w/v (1:1 mixture of sodium cholate and sodium deoxycholate).
Solutions were sterilized by filtering with 0.22 um-pore membrane.

For this evaluation, 0.1 g of each encapsulated microorganism
was exposed to each gastric and intestinal tract condition: simulated
gastric tract at pH 2, 2.5, and 3; and simulated intestinal juice with
and without bile salts. Encapsulated microorganisms (0.1 g) were
added to 1 mL of each solution and the mixture was homogenized
using a tube agitator at 3800 rpm. Solutions simulating gastric and
intestinal juices were incubated at 37 °C for 180 min and 240 min,
respectively. After this period, 1 mL of each solution was removed
and mixed with 9 mL of phosphate buffer (100 mM pH 7), and
submitted to orbital agitation at 200 rpm for 10 minutes at 20 °C
to break capsules. Afterwards, samples underwent serial dilution
with 0.1% (w/v) peptone water and subsequent drop plating in
Petri dishes containing MRS agar. Survival rate (%) of encapsulated
LA-5and BB-12 under each condition was obtained using Equation
2 (Bao et al., 2010), where N is viable cell count in encapsulated
microorganisms after going through these simulated gastric and
intestinal tract conditions and N is viable cell count of encapsulated
microorganisms before going through these conditions.

log N; o

Survival rate(%) = 100 @)

og N,

Free LA-5 and BB-12 cells underwent the same conditions
of simulated gastric and intestinal tracts. For that purpose,
microbial cultivations were prepared as described in Section 2.2,
and bacterial cells were resuspended in sterile phosphate buffer
(10 mM, pH 7). 200 uL of free-cell suspension were added to
1 mL of each solution of simulated gastric and intestinal juices,
and the resulting solution was incubated at 37 °C for 180 min and
240 minutes, respectively. Afterwards, samples underwent serial
dilution with 0.1% (w/v) peptone water and subsequent drop
plating in Petri dishes containing MRS agar for the evaluation
of survival rate of free microorganisms, following Equation 2.

2.7 Statistical analysis

All experiments and analyses were performed in triplicates.
The results of mean viability of microorganisms after SD were
submitted to an Analysis of Variance (Anova) followed by Tukey’s
Test, using BioEstat 5.3 to determine significant differences
among mean values, with p < 0.05.

3 Results and discussion

3.1 Viability of microorganisms under spray-drying
encapsulation conditions

Ricotta whey composition was 50.63 +2.40 g/L of total solids,
3.98 £0.37 g/L of ashes, 4.99 + 0.53 g/L of fats, 2.50 + 0.55 g/L of
proteins,and 46.17 + 1.04 g/L of lactose. This composition is similar to
that proposed by Sansonetti et al. (2009) and Guimarées et al. (2010).
Results obtained in the evaluation of viability of microorganisms
to SD encapsulation are described in Table 1. The wall material
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Table 1. Viability of LA-5 and BB-12 during spray drying encapsulation using ricotta whey supplemented with gelatin and collagen as wall material.

Cell concentration prior

Cell concentration after

Gelatin:clollagen MO o encapsulation encapsulation Reduction Reductionopercentage

ratio (log CFU/g) (log CFU/g) (log CFU/g) (%)
LA-5 10.66 (0.04)° 9.92 (0.07)¢ 0.74 (0.04) 6.90 (0.35)

o BB-12 9.89 (0.00)° 8.63 (0.19)° 1.26 (0.19)* 12.74 (1.75)*

3 LA-5 10.62 (0.06)° 10.12 (0.06)" 0.46 (0.01)¢ 4.35(0.07)¢
BB-12 9.71 (0.00)¢ 8.66 (0.05)° 1.04 (0.05) 10.73 (0.48)
LA-5 10.73 (0.03) 10.16 (0.02) 0.57 (0.01)° 5.28 (0.06)°

> BB-12 10.06 (0.08)* 8.94 (0.00)* 1.12 (0.08)" 11.06 (0.71)*

MO: microorganism. 9:1: 9% (w/w) gelatin and 1% (w/w) collagen; 7:3: 7% (w/w) gelatin and 3% (w/w) collagen; 5:5: 5% (w/w) gelatin and 5% (w/w) collagen. ** Mean (standard
deviation), n = 3. Different superscript letters in the same column indicate significant difference (p < 0.05), according to Tukey’s Test, between concentrations of encapsulating material

for the same microorganism.

ratio with the lowest reduction (4.35%) of LA-5 was 7:3 (w/w) of
gelatin:collagen. Since there was no significant difference (p > 0.05)
between the three ratios of wall materials for BB-12, the ratio of
encapsulating agents defined for this microorganism was the one
with the lowest collagen concentration (9:1 (w/w)), because of the
hygroscopic property of this protein (Gémez-Guillén et al., 2011),
which could add undesirable moist to the capsules. Regardless of
the ratio of encapsulating materials, LA-5 showed higher resistance
to SD encapsulation than BB-12. Nunes et al. (2018) also observed
higher survival rates of SD-encapsulated LA-5 (84.61%) than
BB-12 (79.73%), using a mixture of Arabic gum, maltodextrin,
glycerol, and Tween 80. Using goat milk as encapsulating agent,
Ranadheera et al. (2015) also observed that LA-5 had lower loss
of viability during SD than BB-12. According to Ranadheera et al.
(2015) bifidobacteria are more susceptible to high temperature
than lactobacilli.

In fact, the genus Lactobacillus has been largely studied for
SD encapsulation. Published studies refer to different lactobacillus
species encapsulated with a wide array of wall materials, e.g. sodium
alginate, skimmed milk, trealose, maltodextrin, and components
derived from plants such as Aloe Vera (Ceja-Medina et al., 2020;
Eckert et al., 2017; Gbassi et al., 2009; Liao et al., 2017;
Tripathi & Giri, 2014). There are also studies describing the
encapsulation of Bifidobacterium species with several wall
materials (De Castro-Cislaghi et al., 2012; Dianawati et al., 2013;
Picot & Lacroix, 2004; Prasanna & Charalampopoulos, 2018).
Dianawati et al. (2013) alone have studied the combination of
four protein sources with three different sugars: sodium caseinate,
whey protein concentrate, skimmed milk, and soy protein
isolate; and glycerol, mannitol, and maltodextrin. These studies
show that the encapsulation of these microorganisms is viable,
even though the high temperatures in SD might hamper their
survival. Therefore, the novelty in the present study is the choice
of encapsulating agents to protect probiotic lactic bacteria,
particularly ricotta whey, which is as highly pollutant a waste
product as it is underused in the industry (Carvalho et al., 2013;
Guimardes et al., 2010), unlike cheese whey, which already has
several reuse alternatives cited in literature (Ahmad et al., 2019;
Smithers, 2015; Trindade et al., 2019).

Consequently, choosing suitable encapsulating agents is
essential to ensure that a minimum concentration of 10° CFU/mL

Food Sci. Technol, Campinas, 41(3): 576-586, July-Sep 2021

of microorganisms are viable after the SD (Food and Agriculture
Organization, 2002). Gelatin and hydrolyzed collagen are protein
sources, which ensure the formation of structured and resistant
capsules, thus preventing them from breaking, as well as from
adhering to the wall of the drying equipment (Khem etal., 2016b).
Lactose, on the other hand, undergoes a phenomenon called
caking during SD (Fox et al., 2015). The amorphous disaccharide
absorbs water and is transformed into monohydrate crystals.
In fact, lactose crystallization in SD has also been studied by
Islam et al. (2013). Regarding encapsulation, the interaction
between lactose and cell membranes of lactic acid bacteria
has been proposed by many authors, including Ananta et al.
(2005), Santivarangkna et al. (2008a, b), and Gong et al. (2014).
This interaction possibly mitigates damages caused by SD and favors
the viability of microorganisms during storage (Maciel et al., 2014).
Those are the reasons why LA-5 and BB-12 had high survival
rates after SD encapsulation in this study.

Salar-Behzadi et al. (2013) also encapsulated BB-12 using
gelatin as encapsulating agent, having found that this material
was able to protect the cell membrane of this microorganism
under the adverse conditions of SD. In the same study, the
authors observed that the efficiency of gelatin was similar to that
of Arabic gum and pectin, and higher than that of maltodextrin
and skimmed milk. Gelatin also had better results for the
encapsulation of Lactobacillus sp. compared to maltodextrin and
Arabic gum, allowing a higher survival than these materials after
SD, by 2 and 1 log CFU/g, respectively (Guergoletto et al., 2017).
Regarding sugars, disaccharides other than lactose have been
employed for the encapsulation of probiotic bacteria, especially
trealose. Oluwaseun Sunny-Roberts & Knorr (2011) have found
that this sugar alone enables 69% of survival to L. rhamnosus
GG, while a supplementation with monosodium glutamate
increases this rate to 80%. When compared to maltodextrin
(an oligosaccharide), trealose was more efficient in protecting
L. casei, with survival rates of 34% and 56%, respectively.

3.2 Viability of encapsulated microorganisms under storage

After the suitable gelatin and hydrolyzed collagen ratios
were defined for the SD encapsulation of LA-5 and BB-12,
these microorganisms were observed to survive under storage
conditions at 25 °C at 0 and 30 days, and these results are shown
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in Table 2. For this evaluation, LA-5 and BB-12 were encapsulated
with ricotta whey supplemented, respectively, with 7:3 and 9:1
(w/w) of gelatin:collagen.

After 30 days of storage, viability loss of 0.70 and 0.34 log CFU/g
was observed for LA-5 and BB-12, respectively. On one hand, LA-5
showed a lower reduction of cell viability during SD encapsulation,
which is possibly due to the higher resistance of lactobacilli to high
temperatures compared to bifidobacteria (Ranadheera etal., 2015).
BB-12, on the other hand, had a lower viability reduction during
30 days of storage at 25 °C. Therefore, Khem et al. (2016b)
theorized that the survival of encapsulated microorganisms
might be linked to the adhesion of cells to the protein core of
capsules, via hydrophobic bonds. Therefore, denatured proteins
have a higher potential for interacting with bacterial cells due to
the decompaction of their globular structure and the consequent
exposure of reactive groups, providing higher protection to
bacterial cells. Considering that gelatin is the denatured form of
collagen (Wang et al., 2016), it is possible that BB-12 benefitted
from the higher concentration of this protein component it its
capsules, and that is why it might have maintained higher viability
throughout the 30 days of storage at 25 °C.

De Castro-Cislaghi et al. (2012) obtained constant viability
of encapsulated BB-12 throughout 120 days of storage at 4 °C.
Actually, storage at higher temperatures, such as the one used in
the present study (25 °C) causes higher loss of microbial viability
(Golowczyc et al., 2011). This was also observed by Huang et al.
(2017), who performed SD of Lactobacillus casei BL23 using cheese
whey as wall material, and compared the effects of storage at 4
and 25 °C on the viability of this encapsulated microorganism.
The authors observed that L. casei population remained stable
throughout the first two months of storage at 4 °C, while there
already was reduction in the first 7 days at a higher temperature.
By the end of 30 days, L. casei had a reduction of 2 log CFU/g
during storage at 25 °C. Therefore, both encapsulated LA-5 and
BB-12 had better viability results during storage than those studied
by Huang et al. (2017), which is possibly related to the fact that we
used gelatin and hydrolyzed collagen to supplement dairy whey
in its protective action. When exposed to heat in SD, proteins
present in these materials denature, causing a higher interaction
with the lactose from ricotta whey, and consequently, with cell
membrane components; this, according to Maciel et al. (2014),
provides higher protection to microorganisms. Additionally, the
characteristics of lactic bacterial strains used here might have
affected resistance to stressful conditions, since certain bacterial
species have already been observed to be more resistant than
others to a series of adverse conditions (Ferrando et al., 2016;
Huang et al., 2018; Lavari et al., 2015).

Table 2. Viability (in CFU/g) of encapsulated LA-5 and BB-12 with
ricotta whey supplemented with gelatin and collagen, after 0 and 30
days of storage at 25 °C.

. Viability at Viability
Gelatin:collagen . . .
ratio Microorganism time zero after 30 days
(CFU/g) (CFU/g)
7:3 LA-5 7.60 x 10° 1.50 x 10°
9:1 BB-12 5.60 x 10 2.55x 10°
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3.3 Viability of encapsulated microorganisms under
simulated gastric and intestinal tracts

Concentrations of viable LA-5 and BB-12 cells encapsulated
with ricotta whey supplemented with 7:3 and 9:1 (w/w) of
gelatin:collagen, respectively, at 9 and 30 days of storage at 25 °C
are shown in Figure 1, after undergoing simulated gastric (pH 2,
2.5,and 3) and intestinal tract conditions (with and without bile
salts). In the evaluation of simulated gastric tract, the concentration
of viable cells of both microorganisms was higher than 8 log
CFU/g in both periods evaluated, which is a concentration
higher to the recommended by the Food and Agriculture
Organization and the World Health Organization (Food and
Agriculture Organization, 2002). Furthermore, the presence of
pepsin (3 mg/mL) and low pH (2.0 to 3.0) did not significantly
affect survival of the encapsulated microorganisms, which is a
relevant result, considering that resistance of probiotics to these
conditions is critical for their activity in the human organism (Del
Piano et al., 2011; Tripathi & Giri, 2014). When going through
simulated intestinal tract conditions, however, the reductions in
the viability of both encapsulated microorganisms were more
significant in the presence of bile salts (0.5% w/v). At 0 days of
storage, survival rates of LA-5 and BB-12 were 77.44 and 51.05%,
respectively, and after 30 days, these values were 71.07 and 50.60%.

Comparing encapsulated and non-encapsulated probiotic
lactic bacteria (Figure 2), encapsulated LA-5 and BB-12 had higher
survival going through the gastric tract than non-encapsulated
microorganisms. Under the most extreme gastric condition
(pH 2), LA-5 and BB-12 survived at rates of 89.81 and 95.83%,
respectively, while free bacteria had survival rates of 54.78 and
57.27%. Importantly, BB-12 had higher tolerance to all simulated
gastric tract conditions, and it therefore had higher survival
rates, which might be considered a characteristic of the strain.
These results emphasize the importance of encapsulation to
maintain the viability of probiotics in the gastric tract. Figure 2
also shows similar survival rates of LA-5 in the presence of
bile salts, as the survival of the free cells of this bacterium was
81.55%. Free BB-12 microorganisms had a survival rate of
89.22% under the same condition, which is higher than BB-12
encapsulated with ricotta whey supplemented with 9:1 (w/w) of
gelatin:collagen (51.05%). However, in the absence of bile salts
(with only 1 mg/mL of pancreatin), survival rates remained
higher than 89% in both free and encapsulated LA-5 and BB-12.
This was also observed by Eckert et al. (2017) and Huang et al.
(2017), and corroborated by Ding & Shah (2007, 2009), who
state that probiotic bacteria are sensitive to bile salts, especially
at concentrations of 0.5% (w/v) or higher.

These salts are in fact polarized steroids that play an important
role in absorbing fat in the intestines, especially through
the mechanism of micelle formation (Bodewes et al., 2015).
Therefore, bile salts have the ability to imbalance the fat-aqueous
interface of molecules, and therefore, displace proteins, peptides,
and other active compounds in food products (Euston et al., 2013;
Maldonado-Valderrama et al., 2011). These salts also have powerful
antimicrobial effects (Bruno, 2012; Sannasiddappa et al., 2017).
Following this logic, encapsulated bacteria already undergo stressful
conditions during SD, as its inactivation mechanisms are driven
by either dehydration or high temperatures (Gong et al., 2014).
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Figure 1. Viability (in log CFU/g) of LA-5 (black bars) encapsulated with ricotta whey supplemented with gelatin and collagen (7:3, w/w) and
BB-12 (white bars) encapsulated with ricotta whey supplemented with gelatin and collagen (9:1, w/w) after going through simulated gastric and
intestinal tracts, at 0 and 30 days of storage at 25 °C under the following conditions: (A) pH 2; (B) pH 2.5; (C) pH 3; (D) with bile salts; and (E)
without bile salts.

Food Sci. Technol, Campinas, 41(3): 576-586, July-Sep 2021 581



Ricotta whey for the encapsulation of probiotic lactic acid bacteria

. A B
100 - 100 4
80 - Bl <
T - £ e
] i
™ ®
2z 2
£ a0 z 404
- =1
i @
20 - 20
] ; 0 -
BB-12 BE-12
c
D
100 - 100
80 80 T
= ey
£ ol £ a0
& ) T
@ =
] =
2 =
= a0 & 40
= | 2
wy o
20 4 20 4
0 L 04
aE-12 BE-12
E
100 o = i
80 -
=
£ 50
o
[
N
=
S 4D
=)
5]
20 -
04— s

LA-5 BB-12

Figure 2. Survival rates (%) of encapsulated (black bars) and free (white bars) LA-5 and BB-12 encapsulated with ricotta whey supplemented

with 7:3 and 9:1 (w/w) of gelatin:collagen, respectively, after going through simulated gastric and intestinal tracts under the following conditions:
(A) pH 2; (B) pH 2.5; (C) pH 3; (D) with bile salts; and (E) without bile salts.
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Once they reach intestinal environment and capsules are dissolved,
stressed bacteria are more likely to be affected by bile salts, since
the non-encapsulated ones have higher survival rates in these
conditions. We have observed this outcome in the results of
this study as well as in others published by our research group
(Eckert et al., 2017; Rama et al., 2020).

Liao et al. (2017) encapsulated L. casei LK-1 via SD using
maltodextrin, trealose, and skimmed milk as encapsulating
agents, and evaluated the survival of this microorganism under
simulated GIT. There was a more pronounced reduction in viability
of L. casei encapsulated with trealose and maltodextrin, while
skimmed milk provided higher protection to lactic bacteria, thus
emphasizing the potential of lactic proteins for the encapsulation
of probiotics. Similarly, de Andrade et al. (2019) evaluated the
survival of SD-encapsulated Lactobacillus species under simulated
GIT conditions, using cheese whey as wall material. These authors
observed, as did Liao et al. (2017), that reduction in cell concentrations
of free bacteria was more significant under gastric and intestinal
tract conditions compared to encapsulated bacteria.

In addition, it is worth noting that cell viability has been
considered an essential condition for the delivery of the benefits
associated to probiotic incorporation in food products so far.
However, Barros et al. (2020) shows that many of the advantages
related to probiotics are not linked to active cells at all. In fact,
these authors state that non-viable cells, microbial parts, or
cell debris could also promote health benefits for consumers.
Therefore, viability may not always be the most important aspect
in terms incorporating probiotic bacteria in food products.
As projective tests, further sensory studies based on innovative
methods of consumer perception must be conducted in order
to evaluate the impacts of the addition of these microorganisms
in food (Chetachukwu et al., 2019; Judacewski et al., 2019;
Pinto et al., 2018; Soares et al., 2020).

4 Conclusion

Ricotta whey associated to gelatin and hydrolyzed collagen
provided protection to L. acidophilus LA-5 and B. lactis BB-12
under the adverse conditions of SD encapsulation. During the
storage period of 30 days at 25 °C, the encapsulating agents were
also capable of maintaining the viability of both microorganisms.
When going through simulated gastric and intestinal tract
conditions, the encapsulation of microorganims with ricotta
whey associated to gelatin and hydrolyzed collagen provided
significant protection, especially under gastric conditions of low
pH and presence of pepsin, under which survival rates of both
LA-5 and BB-12 were higher than those of non-encapsulated
microorganisms. The presence of bile salts, however, was damaging
to the survival of both encapsulated bacteria, which had viabilities
similar to those of free microorganisms. Therefore, the major
advantage of using ricotta whey to encapsulate probiotics is its
very low cost (zero cost, when considering that it is a residue
of the dairy industry), and the fact that the disposal of such a
pollutant waste in the environment is prevented. It is a suitable
material to be used as encapsulating agent, especially because of
its stability during storage and resistance to acidic environment.
The disadvantage, however, is that ricotta whey, combined with
gelatin and collagen, did not provide enough protection against

Food Sci. Technol, Campinas, 41(3): 576-586, July-Sep 2021

the stresses caused by SD, which led to major loss in viability when
in the presence of bile salts. Therefore, further studies aiming at
applying these materials for encapsulating probiotic bacteria are
required in order to maximize their use at an industrial scale.
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