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Probiotic bacteria and bioactive compounds obtained from plant origin stand out as ingredients
with the potential to increase the healthiness of functional foods, as there is currently a recurrent
search for them. Probiotics and bioactive compounds are sensitive to intrinsic and extrinsic
factors in the processing and packaging of the finished product. In this sense, the present study
aims to evaluate the co-encapsulation by spray dryer (inlet air temperature 120 °C, air flow 40
L / min, pressure of 0.6 MPa and 1.5 mm nozzle diameter) of probiotic bacteria (L.plantarum)
and compounds extracted from red beet stems (betalains) in order to verify the interaction
between both and achieve better viability and resistance of the encapsulated material. When
studying the co-encapsulation of L.plantarum and betalains extracted from beet stems, an
unexpected influence was observed with a decrease in probiotic viability in the highest
concentration of extract (100%), on the other hand, the concentration of 50% was the best
enabled and maintained the survival of L.plantarum in conditions of 25 °C (63.06%), 8 °C
(88.80%) and -18 °C (89.28%). The viability of the betalains and the probiotic was better
preserved in storage at 8 and -18 °C, where the encapsulated stability for 120 days was
successfully achieved. Thus, the polyfunctional formulation developed in this study proved to

be promising, as it expands the possibilities of application and development of new foods.

Keywords: probiotic, betalains, bioactive, residue, beet stem, spray dryer.

1 Introduction

The growing demand for quality foods that provide not only nutrition, but also health,
has gained prominence. This directly reflects in the growing and progressive evolution in food

science and nutrition research (Manzoor et al., 2021). The consumer profile of today's post-
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pandemic is highlighted by the search for a healthy and balanced diet through the acquisition

of new products, which present in their composition ingredients that bring benefits to health.

It is already reported that bioactive compounds from natural pigments are trends and if
consumed in a balanced diet can promote health benefits (Cunningham et al., 2021). Similarly,
the theme gut is latent, having as main representatives the probiotic bacteria, which are directly
linked to the balance of the intestinal microbiota, as well as, it is recurrent and strong the appeal
of the narrative, the relationship of the gut with the brain (gut-brain), where it is believed that a
balanced microbiota promotes benefits not only to the gut, but there is also a reflection of this
good functioning on the entire human system (Snigdha et al., 2021). Probiotics are defined by
regulatory bodies as, live microorganisms that when ingested in adequate amounts and with
frequency, have the potential to adhere to the intestinal epithelium in order to promote health
and well-being, and other related secondary benefits (FAO / WHO, 2002; Koirala & Anal,
2021). Probiotics are already known to produce biotherapeutic compounds that exert various
health effects, some Lactobacillus spp. strains, such as Lactobacillus plantarum help in the
regulation of intestinal microbiota, antioxidant action and antimicrobial against pathogenic
bacteria, regulation of intestinal pH, as well as restoring the microbiota after cases of diarrhea
(Zendeboodi et al., 2020; Echegaray et al., 2023). However, the studies of biologically active
molecules present mainly in plants are contemporary, and have been highlighted in the
development of new products aimed at health and nutrition (Abuga et al., 2021; Pires et al.,
2021). A strong current representative of this class of bioactive molecules are betalains, which
stand out against other compounds because they are relatively more stable to pH changes, have
a unique solubility and high antioxidant activity that promotes health benefits, in addition to a
potential anti-inflammatory and antitumor activities (Spiegel et al., 2021; Martinez-Rodriguez
et al., 2022). Betalains are found in abundance in the beet root, however a challenge is the reuse

of the less noble parts of this tuber, such as the stems and leaves that are usually rejected, yet
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are matrices as nutritionally and biologically valuable as the beet root (Rodriguez-Amaya,

2019; Coman et al., 2020; Sadowska-Bartosz & Bartosz, 2021a).

Both highlighted compounds, suffer from intrinsic (enzymes) and extrinsic (pH,
oxygen, light, temperature) factors when added without some protection in food processing,
moreover, they are negatively affected during human digestion, reducing or completely losing
their efficiency, therefore protecting the efficiency of compounds of interest is a major
challenge that needs to be addressed during the development of new functional food products (
Rezaei et al., 2022, Sawicki et al., 2016, Tossi etal., 2021; Chuah & Mao, 2020). In this sense,
there are already new technologies aimed at reducing this problem (Raddatz & Menezes, 2021).
Among them, microencapsulation by spray dryer is already known and presents a promising
solution in the food area, where it provides a coating of solid or liquid particles inside, with the
premise of targeted delivery of the coated compounds in the exact fraction of the intestine,
where their action will occur, thus resisting the pH changes during digestion (Kuley et al., 2021;
Sharifi et al., 2021a), with the main advantage of obtaining powdered microcapsules, which
facilitate the application and maintenance of the stability of the compounds (Sabarez, 2021).
Therefore, microencapsulation enables the broad exploitation of different compounds inside.
Preserving the effectiveness of probiotic bacteria and bioactive compounds such as betalains is
a recurrent challenge that needs to be addressed during the development of new functional food

products (Vivek et al., 2020, Shaaruddin et al., 2017).

Therefore, the present study aimed to co-encapsulate by spray drying atomization
technique probiotic bacteria (L. plantarum) with the aqueous extract of betalains obtained from
red beet stem, in order to investigate whether there is a positive influence on the viability,

stability and encapsulation efficiency of both compounds.
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2 Materials and Methods

2.1 Materials and Methods

The beets Beta vulgaris L. (Boron cultivar) were harvested 60 days after planting in a
rural property located in Julio de Castilho, Rio Grande do Sul - Brazil (-29.153880, -53.643870)
and stored at 8°C until the moment of extraction. Maltodextrin (Ingredion, S&o Paulo, Brazil),
gum Arabic (CNI, Sdo Paulo, Brazil), trehalose (Hayashibara, Sdo Paulo, Brazil), Twen 80
(Synth, S&o Paulo, Brazil), glycerol (Enerquimica, Parana, Brazil) and probiotic culture of
Lactobacillus Plantarum LP-01 (L. plantarum) obtained by Probiotical (Coana Probiotic

Solution, Santa Catarina, Brazil) were used to develop the microcapsules.

2.2 Preparation of the inoculum

The lyophilized strain of L. plantarum was activated prior to the microencapsulation
process by adding 1 g of the strain in 100 mL of MRS broth (Merck, Germany) and incubated
for 16 hours at 37°C. The bacteria were harvested in the exponential growth phase by
centrifuged at 2470 x g for 15 minutes at 4°C, and the probiotic mass was washed with NaCl
solution (0.85%) and collected for later addition to the process. The initial concentration of this

activated probiotic culture was approximately ~ 10 log CFU g* (Etchepare et al., 2016).
2.3 Preparation of betalain extract

The beet bundles (10 kg) were properly sanitized (2.5% CI) and the stems were
separated, then they were frozen for 24h at -18°C, after, freeze-dried for 24h, and then the dried

stems were ground in a knife mill. The extract was obtained following the methodology of
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OMAE et al. (2017) with some changes described in the sequence: the extract was prepared
with distilled water at 60 °C in a ratio of 1:40 (m/v), followed by vortex agitation for 10 seconds
and centrifuged at 4320 x g, 10 °C for 10 min, the supernatant was collected and filtered under

vacuum on qualitative filter paper (80 g/m2).

2.4 Microcapsule production by spray dryer

The production of the microcapsules was performed following the methodology

proposed previously by Nunes et al. (2017a), with modifications listed in Table 1.

The microencapsulation process was performed in a laboratory spray dryer (MSD 1.0
Labmaqg, S&o Paulo, Brazil) with an inlet operating temperature of 120°C and an outlet
temperature of 85°C £ 5°C. The different feed solutions, kept under agitation, were introduced
into the drying system by means of a peristaltic pump with feed rate of 0.47 L / h, drying air
flow rate of 40 L / min, air pressure of 0.6 MPa and a 1.5 mm diameter atomizing nozzle. The

microparticles were collected and transferred to sterile vials and stored.

2.5 Morphology and average size of microcapsules

The morphology of the dried microcapsules was observed under a scanning electron
microscope (SEM). The average particle size distribution was measured using Mastersizer 3000

laser diffraction equipment (Malvern, Germany), using water as dispersion means.

2.6 Encapsulation Efficiency (EE%o)
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Encapsulation efficiency (EE%) was performed for probiotics and the bioactive
compound (betalains) following the methodology suggested by Petraityt¢é and Sipailiené
(2019), where an equation (Equation 1) was developed that represents the survival rate of

microorganisms and the amount of betalains (EE%) during the microencapsulation process.

Equation 1 - EE% = (N/ NO) X 100

Where N is the number of viable cells (log CFU g™) or betalains (mg / L) released from the
microcapsules, and NO is the number of viable cells (log CFU g*) or betalains (mg / L) in the

pre-encapsulation concentrate.

2.7 Assessing the viability of L. plantarum and betalains on storage

In order to determine the viability of L. plantarum and the stability of the betalainas
extract both free and microencapsulated, analyses were performed every 15 days, with the
samples stored in sterile vials under the following conditions: 25+ 1°C,8+1°Cand-18+ 1

°C, for a period of 120 days, according to (Oliveira et al., 2007).

2.8 Probiotic viability of L. plantarum

The quantification of bacteria from the unencapsulated microcapsules was performed
according to the method proposed by Sheu, Marshall and Heymann (1993) with modifications.
The unencapsulation procedure consisted in weighing 0.1 g of sample, adding 9.9 mL of sterile
phosphate buffer solution (pH 7.5) and homogenizing for 10 min in a magnetic stirrer. From

this first dilution, serial decimal dilutions will be made in 0.1% peptone water.
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For the L. plantarum count, 1.0 ml aliquots of the chosen dilutions will be transferred
in triplicates to petri dishes. Over each sample, the MRS Agar culture medium with overlay
will be added. Confirmation of typical colonies will be performed on an electronic colony

counter (LOGEN - LS6000) after incubation for 72 hours under anaerobiosis at 37 °C.

2.9 Approximate photometric quantification of free and microencapsulated total betalains

The betalain concentration was determined as a function of betanin concentration (mg /
L of extract). For the quantification of betalains inside the microcapsules, followed the
unencapsulation described in section 2.8, then centrifuged the sample at 12000 x g for 5 min at
10+ 1 °C, separating the residues of the microcapsule, from the extract, obtaining a clear sample
for photometric analysis. The quantification of total betalains followed the methodology
suggested by Herbach; Stintzing; Carle (2004), where the sample (pure extrat and encapsulation
free betalains) was diluted with the extracting solvent (water) and quantified in a UV/ VIS
spectrophotometer (Agilent 8453 UV-visible spectrophotometer): Total betalains [mg / L] =
[(A x DF x MW x 100) / E x L], where A is the maximum absorption at 536 nm, corrected by
absorption at 600 nm, MW represents the molar mass of betanin (550 g mol-1), DF is the
dilution factor, E is the molar absorption (6000 L mol-1 cm-1) and L is the optical path length

(cm).

2.10 Resistance to heat treatment

Resistance to heat treatment was evaluated as proposed by Zhang, Lin, and Zhong
(2015) with some modifications. For this, 0.1 g of microcapsules and 1 mL of free culture were

transferred to test tubes containing 9 mL of sterile peptone water (0.1%). The contents were
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then subjected to different thermal conditions, being 72 + 1 °C for 15 sec and 63 + 1 °C for 30
min, simulating fast and slow pasteurization respectively. After the pasteurization process, the
tubes were slightly cooled by immersion in ice for 15 min. Finally, aliquots were collected and

cell viability was determined following 2.8.

2.11 Evaluation of survival of free and microencapsulated L. plantarum in simulated

gastrointestinal conditions

To evaluate the survival of probiotics against the gastrointestinal system, an in vitro
simulation of these conditions was performed following the method proposed by
(MADUREIRA et al., 2011) with modifications. The viability of the bacteria was evaluated
(esophagus/stomach, duodenum, and ileum). During the procedure, aliquots will be taken after
0 min, 90 min (esophagus/stomach), 110 min (duodenum), and 200 min (ileum), analyzing the
survival of free and microencapsulated L. plantarum by enumeration on MRS agar according

to item 2.8.

In the step where the esophagus/stomach phase was simulated, 0.1g of microcapsules
were weighed followed by homogenization with 25 mg mL™ pepsin (Sigma, Germany) in 0.1M
HCI at a concentration of 0.05 mL for 90 min, where 300ul of fractionated enzyme was added
equally in six moments (10, 20, 30, 50, 70 and 90 minutes), and the pH adjusted to 2.0 with 1M
HCI. In the step where the duodenum was simulated, a solution containing 2g pancreatin
(Sigma) and 12 g L-1 bovine bile salts (Sigma) in 0.1 M NaHCOs3 at pH 5.0 was used at a
concentration of 0.25 mL, where 125ul of each enzyme in the sample were added. Finally, in
the step where the ileum was simulated, the pH was adjusted to 6.5 using 0.1 M NaHCOs. The
solutions were prepared at the time of analysis and sterilized by membrane filtration (0.20 um

pore size) (Millipore, Billerica, MA, USA). The analysis was performed in a refrigerated
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incubator with agitation (TE-421, Tecnal, Piracicaba, SP, Brazil) at 37°C simulating body

temperature and agitation conditions to simulate the peristaltic movements of the digestive tract.

2.12 Statistical analysis

The analyses were performed in triplicate and the significant differences between the
means for the values obtained were submitted to analysis of variance (ANOVA) and Tukey's

test with the aid of the STATISTICA® version 10.0 program at a 5% significance level.

3. Results and Discussion

3.1 Characterization of microcapsules obtained by spray dryer

The characterization of microcapsules obtained by spray drying were described in table
2, where the viability, average particle size (Span <2,5) and the EE of probiotics and betalains
were evaluated. It is observed that probably the amount of extract replaced in the formulations
and the used solids concentration of 12% interfered significantly in the microcapsule size and
EE of both treatments (Antigo et al., 2020), in addition, it is verified a possible antimicrobial
action (Hu et al., 2020, Lages et al., 2021) attributed to betalains, being atypical results to the
findings by Machado Vasconcelos et al., (2021) and Jouki et al., (2021). However a recent study
by Pupa et al., (2021a) reveals similar results to those described in Table 3, where by
encapsulating L. plantarum by spray dryer achieved ~ 75% encapsulation efficiency and

average particle size + 12.88 um.
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The morphology of the microcapsules was elucidated by MEV images (Figure 1) with
magnification ranging from 500 to 8000 x. In general, for A, B, E and F presented rounded
structures with apparent roughness and agglomerated, and for C and D disuniform
microcapsules with no defined structure, in addition to agglomeration and irregular surfaces
(Sharifi et al., 2021b). However, no cracking was observed on the surfaces of both treatments,
being a positive aspect, as it makes it impossible for oxygen to enter that can degrade both
compounds (Costa et al., 2023). The conditions used in the atomization process were adequate
to obtain microcapsules proportional to the findings of Nunes et al. (2017b) and Neuenfeldt et
al. (2022) even when applying higher temperatures and flows. However, higher temperatures
are often used when microencapsulating betalain pigments, as reported in studies by Delia et
al. (2019) and Yang et al. (2021) where the inlet air temperatures were 140 °C and 170 °C
respectively, conditions that are unlikely to be applied when it comes to the development of

symbiotic microcapsules with probiotics.

3.2 Evaluation of the stability of free and microencapsulated L. plantarum and betalainas

in storage

The viability of the microencapsulated probiotic in T4 in the storage condition at 25 °C
depicted in Figure 2 (A) was higher than treatments T3 and T5, being lower only than the free
cell control (T1) that remained high in both storage conditions tested, resulting at the end of
120 days, survival of 62.19% in T1 and 63.09% for T5, other treatments did not resist for 120
days of storage. It is assumed that the 50% amount of extract added in the formulation may
have protected the probiotic from the process of exposure to heat during the spray dryer, besides
being a propitious amount where the antimicrobial effects of betalains have low activity against

the probiotics. In the storage conditions at 8 °C and -18 °C, treatments T1, T3, T4 and T5
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throughout the 120 days, remained similar, showing viable with approximately ~ 6 log CFU ¢
! with survival at end of 120 days of 60.41%, 89.74, 85.12% and 89.28% respectively. Thus,
this represents a positive result against the minimum limit required for a beneficial action in the

human intestine (Yoha et al., 2021).

The present finding proved to be superior to the literature reports, and the storage
conditions simulated in this work are already reproduced and are promising references to enable
the survival of probiotics as reported by (Coghetto et al., 2016) where they encapsulated L.
plantarum by electrospray with refrigerated storage at 4 °C for 21 days, and (Mahmoud et al.,
2020) who encapsulated L. plantarum by extrusion and storage under refrigeration at 6 °C and
freezing at -18 °C for one to three months. However, the results discovered by the authors are
similar or lower than the findings in this study for viability of L. plantarum stored for 120 days
under three simulated conditions. However, both authors come into agreement, stating that
refrigeration and freezing temperature is the best condition to maintain survival of L. plantarum,
thus corroborating with the findings. Similarly, Pupa et al., (2021b) reported that spray dryer
encapsulation of probiotic bacteria proved to be more efficient compared to techniques such as
extrusion and emulsification, identifying in the dry samples lower loss of viability during

storage, thus attributed this positive result to the low water activity of the microcapsules.

In the same way that the protection of probiotics was achieved under the circumstances
studied, the beet stem extract was also protected and remained stable in both treatments that
underwent encapsulation (T4 and T5), as can be seen in Figure 2 in D, E and F, where only the
results of the treatments that contained the reddish pigment in their composition were expressed.
Over time, T5 was the treatment that varied the least at 25 °C for the extract, but T4, as it
retained a higher concentration of betalains, remained with high concentrations, just as T5, with
50% extract, remained with significant amounts of total betalains estimated in both conditions

studied. The microencapsulation of betalains from different sources and techniques has been
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studied, as reported by Pagano et al., (2018) where he studied the A/O/A type emulsion, thus
verifying the efficiency in intestinal digestion in vitro. In parallel, Hidalgo et al., (2018)
preserved the bioactive and pigmented compounds obtained from beet pomace by freeze-drying
and successfully applied them in cookies. In addition, nanoencapsulation was also studied in
2018 by Amijadi et al. where they developed liposomal nanocarriers with betalains that were
successfully applied in gummy candies. Thus, it is evident that the microencapsulation of
betalain pigments obtained from beet stem has shown promise as it promoted protection and
thus will enable its application in food systems. In contrast, the rapid loss of stability of the
extract containing betalain pigments in free form (T2), stored at 25 °C and 8 °C shown in Figure
2 (D and E) was predictable, because it is already known in the literature that betalains are
unstable pigments and sensitive to degradation when stored without previous treatments
(Skalicky et al., 2020, Silva et al., 2020). In recent studies, it has been proven that the instability
of betalain in its free form is of concern, having as a characteristic a first-order degradation
kinetics (Laqui-Vilca et al., 2018; Fernando et al., 2021), thus the more concentrated the
compound is the faster its degradation will be, with this, it becomes unfeasible the application

in free form of this natural pigment in food systems (Sravan Kumar et al., 2020).

Although the storage temperatures at 25 °C and 8 °C had significant variations for both
compounds (probiotic and betalains), the microencapsulated or free-encapsulated treatments
stored under freezing condition (-18 °C) proved to have a high efficiency in preserving the
viability and stability of both compounds of interest studied, corroborating with the findings of

Kayin et al., (2019) and Bianchi et al., (2021a).

3.4 Evaluation of the resistance of microencapsulated and free L. plantarum and betalains

to heat treatment
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The heat resistance (Figure 3) of the microencapsulated compounds was tested, in order
to verify their application in foods that undergo previous processing as performed. Thus, it was
observed that encapsulated bacteria exhibited a lower number of viable cells than free bacteria.
This event can be explained in parts, as the encapsulated treatments underwent thermal stress
from the encapsulation process, temperatures that did not reach the free cells. discovered by
Marins et al. (2022), when evaluating the resistance of L. plantarum when applied to
hamburgers baked for 6 minutes at 72 °C, thus confirming a greater probiotic survival.
However, it should be noted that T1 did not suffer with previous heating as treatments T3, T4
and T5, which underwent heating of 120 °C in the encapsulation process, and subsequent heat
treatment, thus raising its vulnerability during the thermal process studied. However, among
the microencapsulated treatments, T5 was the most efficient in preserving probiotic viability at
73 °C. On the other hand, compared to T4, the standard T3 made the probiotics unviable to a
greater extent. On the other hand, heating at 63 °C for 30 minutes proved to be more efficient
for T3 and T5 than for T4. It is believed that the high concentration of extract present in T4
may have caused this unexpected result, since betalains have an already elucidated
antimicrobial activity that may be intervening in the viability of the probiotic (Chhikara et al.,

2019, Sadowska-Bartosz & Bartosz, 2021b).

The stability of the heat treatment of both free and encapsulated extracts was more
promising in the simulation of 63 °C for T2 and T4, except for T5, which obtained better
stability at 72 °C possibly because it is a faster process. Similar results to the findings were
identified by Dias et al., (2020), Kaur et al., (2021) and Bianchi et al., (2021b), where they
evaluated the stability in pasteurization process of betalains in cooked ham, pure beet and juices
(apple and beet) respectively. Also, Liu et al., (2018) reports in his findings that Lactobacillus
rhamnosus survive at high temperatures in the spray dryer drying process, but suffer a

considerable decline when exposed to heat treatment. Another relevant factor accused by the
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author, is in the low protection provided by trehalose, which until then is considered a good
thermoprotectant for the microencapsulation of probiotics (Nunes et al. (2017c), not being in

its entirety, efficient in protecting L. plantarum.

It is assumed that the results obtained for this test are directly related to the concentration
of the extract inside the microcapsule, also, it is observed that the spray dryer
microencapsulation process at a concentration of ~ 13% solids, was not able to completely
protect the probiotics and in parts the betalains. Even so, the T5 treatment showed superiority

in protecting both overall.

3.5 Evaluation of the resistance of microencapsulated and free L. plantarum in simulated

gastrointestinal conditions

The result of the viable cell counts of free L. plantarum and in the different
microencapsulated treatments with and without extract related to the simulated digestive system

conditions are depicted in Figure 4.

When starting the simulation, treatment T1 showed count below 4 log CFU g*, in
contrast, all microencapsulated T3, T4 and T5 showed no count in the simulated stomach stage,
which reached pH 2 after 90 minutes. This result represents a good ability of the microcapsule
structure to withstand passage in adverse environments such as low stomach pH. Teo et al.,
2021 and Misra et al., 2021 points out that wall materials such as gum arabic, trehalose and
maltodextrin are ideal for the development of microcapsules produced by spray dryer as they
exert a thermo protection to the compounds of interest, a good yield and encapsulation

efficiency.
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After 90 minutes in the simulated stomach, the simulation of the duodenum phase
began, so the samples remained at pH 5 for 20 minutes, where T1 showed a count of 4.4 log
CFU g. Also in this phase, treatments T3, T4, and T5 showed characteristic of partial de-
encapsulation, and counts below 4 log CFU g* were depicted. Finally, in the ileum phase was
reproduced at pH 6.5, where the free cell signaled a slight log decrease (3.58 = 0.06) compared

to the encapsulated treatments T3 (3.67 £ 0.11), T4 (3.81 £ 0.03) and T5 (3.71 £ 0.08).

Paula et al., (2019) describes a reduction in viability of 80.4% and 25.0% for the
microencapsulated and free probiotic respectively after in vitro simulation of gastrointestinal
conditions. However, it is believed that depending on the applied method, encapsulation
conditions, probiotic strains used, composition and concentration of the wall material, different
results are obtained, as reported by Homayouni-Rad et al. (2021). In contrast, Emser et al.,
(2017), found a slight superiority of L. plantarum when exposed to a rapid simulation of passage
through the digestive system. Despite the average amount of 3.73 log CFU g of the
encapsulated treatments delivered at the end of the digestive system (ileum), it is believed that
there was a controlled release of the microencapsulated probiotics during the simulation, thus
demonstrating a positive result in the protection of probiotics and gradual delivery of probiotics.
A controlled release of the microencapsulated probiotics is observed in figure 4, as the
microcapsules partially ruptured in the duodenum phase and finalizes the rupture in the ileum
phase. However, future investigation of the viability of both compounds in in vivo digestive

systems is relevant (Westfall et al., 2021).

4 Conclusion

The co-encapsulation of L. plantarum and betalains extracted from red beet stem was

successfully achieved. It was found that the characterization parameters such as encapsulation
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efficiency, morphology and average diameter of the microcapsules obtained, corroborated with
the other studies already described in the literature, including the encapsulation of other extracts
by spray dryer. In the evaluation of the viability of both microencapsulated compounds in the
period of 120 days, the results were promising, being suitable for application in foods that do
not require heat treatment before packaging, suggesting the application of the developed
encapsulates in edible ice creams such as ice cream, non-pasteurized beverages such as
kombucha and cold-pressed juices, besides the application in butters and other refrigerated or
frozen foods. Regarding the stability of the microencapsulated betalainas extract, success was
obtained in the protection of this pigment with satisfactory results, because as observed in the
storage at temperatures of 25 °C and 8 °C of the extract without the protection of the
microcapsule, the stability was lost in 15 days, extremely important result with regard to an
alternative for reuse and which will have an impact on the reduction of the generation of agro-
industrial waste, as well as the application of a material with great bioactive potential to be
explored and inserted in human food, since betalains are associated health promotion with
antioxidant, anti-inflammatory and antitumor potential. In the simulation of the digestive
system, a controlled and gradual release of probiotics was observed in the duodenum and ileum
phases, a result that emphasizes the arrival and potential performance of probiotics in the
intestine, promoting benefits to health of the individual, mainly in the rebalancing of the
intestinal microbiota, antioxidant, antimicrobial action against pathogens, in addition to helping
to reinforce natural defenses. Thus, for the first time, success was obtained in the co-
encapsulation by spray dryer of L. plantarum and betalainas, making possible the application
of this technology in the protection of both compounds, proposing the application of this
polyfunctional formulation in foods that do not undergo thermal treatment before packaging. In
view of the above, it is noted that the use of beet stem, which is currently an agro-industrial

residue, can be applied to new technologies in the preparation of superfoods in order to reduce
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environmental impacts and add value to this nutrient-rich vegetable matrix that is still little

explored.
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Figure 1 - Optical microscopy of probiotic microcapsules with and without betalains extract:

T3 (A=1000x and B=5000x): standard microcapsule containing L. plantarum without betalainas
extract; T4 (C=500x and D=2500x): microcapsule containing L. plantarum with 100%
betalainas extract; T5 (E=1000x and F=8000x): microcapsule containing L. plantarum with

50% betalainas extract.
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Figure 2 - Viability and stability of free and microencapsulated L. plantarum and betalains upon
storage. T1= cell culture in the free form of L. plantarum, T2= free extract, T3= microcapsules
with L. plantarum without extract, T4= microcapsules with L. plantarum with 100% beet stem

extract and T5= microcapsules with L. plantarum with 50% beet stem extract.
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Figure 3. Viability of microencapsulated and free L. plantarum and betalainas to heat treatment,
where, the difference statistically (Tukey test, p <0.05) between treatments is represented by
different capital letters and different lower case letters represent the difference between
simulated temperatures. T1= cell culture in the free form of L. plantarum, T2= free extract, T3=
microcapsules with L. plantarum without extract, T4= microcapsules with L. plantarum with

100% beet stem extract and T5= microcapsules with L. plantarum with 50% beet stem extract.
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Image 4. Viability of microencapsulated and free L. plantarum in the digestive system
simulation, where, the statistically difference (Tukey's test, p <0.05) between treatments is
represented by different upper and lower case letters represents the difference between the
stages of gastric simulation. T1= cell culture in the free form of L. plantarum, T3=
microcapsules with L. plantarum without extract, T4= microcapsules with L. plantarum with

100% beet stem extract and T5= microcapsules with L. plantarum with 50% beet stem extract.



729  Table 1 - Composition of treatments with and without microencapsulation.

Treatments
Reagents .
T: T2 Ts T4 Ts
| | | | | |
Arabic Gum - - 49 49 49
Trehalose - - 49 49 49
Maltodextrin - - 29 29 29
Twen 80 - 0.1mL 0.1mL 0.1m
Glycerol - - 1.90 mL 1.90 mL 1.90 mL
Probiotic culture 1lg 1g 1g 1g
Betalains extract - 100 mL - 100 mL 50 mL
Water - - 100 mL - 50 mL
| Final solids concentration (m/ v): | ~12%

730
731 T1= cell culture in free form of L. plantarum, T2= beet stem extract in free form, T3= microcapsules

732  with L. plantarum without extract, T4= microcapsules with L. plantarum with 100% beet stem extract

733  and T5= microcapsules with L. plantarum with 50% beet stem extract.
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744  Table 2 - Viability, average microparticle size and encapsulation efficiency.

Post-encapsulation viability

Treatments | .
Probiotic CFU Extractmg/L Average particle EE % EE % Extract

g-l size (pm) Probiotic

| T I
T1 (initial) *10.11 + 0,03% ]

T2 - 92.61 + 0,007 -

T3 7.22 +0,05" - 5.76 + 1,08° 71.43 + 0,652 -

T4 7.24+0,18" 64.27 + 0,02° 2730+ 0,000  71.56+1,68% 69.39 + 0,022
T5 7.44 +0,05° 57.52 +0,07° 10.20 £0,00°  7357+0,67% 62.11 +0,08°

745  Averages followed by different lower case letters differ statistically in the column (Tukey's test,
746  p<0.05). T1= cell culture in free form of L. plantarum, T2= beet stem extract in free form, T3=
747  microcapsules with L. plantarum without extract, T4= microcapsules with L. plantarum with

748  100% beet stem extract and T5= microcapsules with L. plantarum with 50% beet stem extract.
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