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ARTICLE INFO ABSTRACT

Handling Editor; Xing Chen In the current research, Enterococcus mundtii SRBG1 newly isolated from Bat guano was encapsulated using spray

drying technique to create a probiotic powder using six combinations of inulin, maltodextrin and sodium algi-

Keywords: nate. The encapsulation yield, moisture content, physical characteristics, and shape were investigated. Micro-

Spra_y dry capsules yields ranged from 67 to 85 percent, which is consistent with typical B-290 spray-drier yields. The

Eulltmd i moisture content showed to increase (4 £+ 0.15%) with the addition of sodium alginate to inulin and malto-
altodextrin

dextrin. In the gastrointestinal conditions (simulated gastric juice and bile salts), it was shown that the viability
of probiotic cells in capsules was higher than that of free cells. This demonstrated the effectiveness of combining
inulin and maltodextrin to encapsulate substances in surviving in gastro-intestinal conditions. Additionally, we
evaluated the non-encapsulated and encapsulated SRBG1 by assessing their impact on the rheological parameters
of fermented milk. The results showed that in the absence of sodium alginate the viscosity of milk was lower than
with the other protectors, which was confirmed by the quick acidification of the fermented milk by microcap-
sules containing sodium alginate.

Sodium alginate
Milk fermentation
Rheological parameters

environmental, processing, storage, and intestinal conditions (Arepally
and Goswami, 2019). One of the alternative approaches for protecting

1. Introduction

Functional foods play a crucial role in human health by delivering
antioxidants, essential oils, minerals, vitamins, and beneficial microor-
ganisms (probiotics). Probiotics are microorganisms that provide the
host health advantages (Barajas—Alvarez et al., 2022).

Products made with free probiotic cells had a low survival rate. They
must be protected by a physical barrier to endure harmful

probiotic cells from harmful environmental conditions is microencap-
sulation (Schell and Beermann, 2014). Extrusion, spray drying, emul-
sion, fluidized bed drying, and freeze drying are some of the several
encapsulation techniques (Arepally and Goswami, 2019).

When compared to other encapsulation technologies for bioactive
microorganisms, spray drying is widely used, because it offers small
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capsules with typical diameters of less than 100 pm at similarly low costs
(Pinto et al., 2015). This facilitates a larger contact surface for the nu-
trient’s availability. The food industry uses spray drying because of its
rapid processing and drying times, low water activity (aw), low energy
requirements, simplicity of transport, flexibility, high process yield,
simple storage, homogeneous distribution throughout the product, and
favourable applications in the production of functional foods (Sharma
et al., 2022).

Over the recent two decades, extensive research has been conducted
on the encapsulation of various probiotic strains using different food
grade polymers (Chitosan, sodium alginate, inulin, gum Arabic, malto-
dextrin ...) due to their non-toxicity, strong biocompatibility, and ca-
pacity to form gels during encapsulation (Arepally and Goswami, 2019;
Yonekura et al., 2014). Thermal and oxidative damage are avoided
during storage by using polymer carbohydrate with a high activation
energy. Maltodextrin (MD) is a popular coating material because of its
non-toxicity, low cost, good solubility, low viscosities even at high solid
content, and ease of availability. Maltodextrin also has a minor prebiotic
effect (Anekella and Orsat, 2013). In the same context, inulin is a pre-
biotic mainly composed of fructose units with (2-1) linkages to glucose
at the end of the chain, and it is an interesting encapsulating agent as a
maltodextrin (Fernandes et al., 2014).

The concept of symbiotic bacteria is derived from the synergistic
combination of probiotics and prebiotics. Several studies found that
when symbiotic microcapsules were exposed to simulated gastrointes-
tinal tract, they were more effective (Silva et al., 2018).

Several studies performed on Enterococcus mundtii from several
sources such as soybeans, fermented sourdough, and others, presented
the strain as a potential probiotic (Campos et al., 2006; Pingitore et al.,
2012). Enterococcus mundtii ST4SA has been shown to have an excellent
adhesion property and displace Clostridium sporogenes and Enterococcus
faecalis in competitive exclusion experiments (Van Zyl et al., 2016).

In this study, Enterococcus mundtii SRBG1 was newly isolated from
bat guano and encapsulated by spray drying using different combina-
tions of inulin, maltodextrin with or without sodium alginate. The six
matrixes were evaluated for their capacity to protect the bacteria. The
encapsulated bacteria were also used as a starter culture for milk
fermentation, to assess the effect the different microcapsules on the
rheological parameters of fermented milk.

2. Materiel and methods
2.1. Guano sampling and isolation of strains

Fresh guano was harvested in sterile tubes from a cave located in
Errachidia Morocco called “Kef aziza” and transported at 4°C to the
laboratory. By using a serial dilution plate count, the isolation of strains
was accomplished by transferring 2.0 g of fresh guano to a dilution tube
containing 9.0 mL of sterilized saline solution and shaking the tube for
10 min. The dilution tubes were shaken, then left idle for 30 min to allow
the suspension to stabilize. After shaking for 10 min and allowing to
stabilize for 30 min, 1.0 mL of the bacterial suspension from the 10?
dilution was transferred to a second dilution tube containing 9.0 mL of
sterilized water (102). Pour-plating on de Mann Rogosa Sharpe (MRS
Agar) was done and incubated for 72 h at 37°C.

2.2. DNA extraction and PCR

Among 20 isolates, one isolate showed previously to have the most
probiotic properties (Sakoui et al., 2022). This isolate was selected for
this study and identified using molecular methods. The Maxwell® RSC
Cell DNA kit (RefAS1370 Promega) was used in accordance with the
manufacturer’s instructions for the total DNA extraction. Then, the 16 S
ribosomal DNA was amplified by PCR using the extracted DNA as a
template. The highly conserved universal primers Fdl 5-AGAGT
TTGATCCTGGCTCAG-3' and RP2 5-ACGGCTACCTTGTTACGACTT-3
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were used for the amplification. Each PCR reaction contained approxi-
mately 100 ng of genomic DNA, 10 mM dNTP (Promega), 5X buffer
(Promega), 25 mM MgCl, (Promega), 10 mM primer, and Taq poly-
merase 5U. The PCR reactions were performed using a DLAB TC1000-G
thermocycler (Promega). 95 °C, 2 °/(95 °C, 40’ - 55 °C, 40’ *- 72 °C, 1)
35; 72 °C/5 ’/4 °C was the PCR thermic profile.

2.3. Gene sequencing

ExoSAP-IT purification kit from G.E. Healthcare was used to purify
the PCR products before proceeding to the sequencing. The sequencing
was carried out using the BigDye Terminator Kit version 1.0 (Applied
Biosystems). The obtained isolate’s gene sequence was examined using
BLAST implemented in Geneious Prime Software (2022.2). BioEdit 7.2
was used to estimate the sequence identity values.

2.4. Preparation of the different matrix

In the presence study, six carriers were tested containing inulin and/
or maltodextrin combined or not with sodium alginate (Table 1). Inulin
and/or maltodextrin were added to a preheated sodium alginate solu-
tion for a total dissolution.

2.5. Spray dry process

500 ml of the bacterial biomass suspension and the sterile encapsu-
lant solution were combined before the drying process. The mixture was
stirred using a magnetic stirrer. The material was then spray-dried. In a
Buchi mini spray-dryer B-290 (GEA, Germany), mixtures of the bacterial
biomass and the protectants were dried. Samples were processed at a
constant feed rate (pump feed rate 28%), 100% aspirator setting and at
120°C air inlet temperature.

2.6. Determination of encapsulated SRBG1 viable cells

The viable cell count was conducted using a modified version of the
methodology described previously by Okuro et al. (2013). 3g of powder
was added to 27 mL of a saline solution and the mixture was then ho-
mogenized using a vortex. The samples were next serially diluted in the
same saline solution before being plated on MRS agar. The plates were
incubated for 48 h at 37°C. After incubation, live probiotic cells were
counted and the results were expressed as log CFU/g.

2.7. Encapsulation yield (EY)

As suggested by Xavier dos Santos et al. (2019), the encapsulation
yield (EY), was calculated following equation (1):

Encapsulation yield EY (%) :M/Mo x 100 (€D)

Where M is the mass of solids in the processed suspension and M is the
mass of spray drying powder recovered from the spray dryer.

2.8. Moisture content (MC)
Moisture content was estimated following the protocol described by

Xavier dos Santos et al. (2019). Briefly, the MC was calculated based on
the difference in weight between before and after drying the capsules at

Table 1
The composition of the different encapsulant agent used (g/100 mL).
C1 Cc2 Cc3 Cc4 C5 C6
Inulin 10% 10% - - 5% 5%
Maltodextrin - - 10% 10% 5% 5%

Sodium Alginate 2% - 2% - 2%
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105 °C until they reached a constant weight.

2.8.1. Scanning electron microscopy (SEM)

The surface morphology and microstructure of microcapsules were
examined by SEM using QUATTRO S-FEG - Thermofisher scientific at
magnifications of 1000 and 2000. The gold-sputtered powder, was
mounted on a SEM stub and examined.

2.9. Simulated gastric juice (SGJ) and simulated intestinal juice (SLJ)
tolerance

According to (Rajam et al., 2015), the simulated gastric juice (SGJ)
was generated with a few adjustments. Briefly, pepsin was added to
sterile MRS broth (adjusted to pH 2.5) at a final concentration of 0.3
percent (v/v) after being filtered using a sterile membrane filter (0.45
pm). The SGF solution (9 mL) was then poured into the sterile test tubes.
These various test tubes received separate additions of the samples of
108 of free cells (1 mL) and encapsulated cells (1 g), the tubes were
vortexed for 1 min and then incubated at 37°C for 4 h. Similarly, the
simulated intestinal juice (SLJ) was prepared by dissolving 0.3 percent
(w/V) of bile salt in MRS broth. The provided solution was autoclaved
and then inoculated as described above with free and encapsulated cells,
separately and then incubated at 37°C for 4 h.

An aliquot (1 mL) from each treatment was obtained at 0 and 4h of
incubation to calculate the viable cell counts as described above.

2.10. Milk fermentation

The selected strains’ capacity for fermentation was tested in accor-
dance with Sultana et al. (2000). In a water bath, 5% of skim milk (w/v)
was pasteurized at 100°C for 5 min. The milk was maintained to cool
until it reached 37°C and then was aseptically inoculated with the
strains until it reached 108 CFU/mL and was then incubated at 37°C for
48 h. The free and the encapsulated cells were added into a saline so-
lution, and each suspension was added to the milk. Non-fermented milk
was used as control.

2.10.1. Kinetic of acidification

The rate of acidification was measured by periodically recording the
pH value for each milk inoculated with free or encapsulated cells during
48 h.

2.10.2. Rheological parameters

An Anton Paar MCR 72 rheometer (Anton Paar, Graz, Austria),
equipped with a Peltier plate-plate system (P-PTD 200/Air), was used to
measure the viscosity of the samples both before and after fermentation.
The samples were positioned between the two plates, the lower plate
having a temperature control system set at 25 °C with a gap of 1 mm, and
the upper plate having smooth parallel plate geometry of 50 mm
diameter. To ensure thermal equilibrium before measurements, the
sample surplus was taken out and permitted to rest for 10 min. With a
linearly increasing shear rate from 5 to 300 1/s, each measurement was
carried out twice.

2.11. Statistics

All the experiment were repeated three times, with the exception of
spray dry process which was performed in duplicate. The results were
expressed as mean =+ standard deviation. For statistical analysis, ANOVA
test was employed using GraphPad prism 8.0.2. One-way Anova was
used to determine whether there are any statistically significant differ-
ences between the means of the repeated experiment, and two-way
Anova was also used to compare the mean differences between the
control and the other groups.
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3. Results and discussion
3.1. Molecular identification

The isolate was identified as Enterococcus mundtii SRBG1 and the
sequence was sent to GenBank and obtained the following accession
number (ON204234).

3.2. Encapsulation yield and moisture content

Encapsulation yield after the spray-dry process is shown in Fig. 1A.
Microcapsules yields ranged from 67 to 85 percent, which is consistent
with typical B-290 spray-drier yields. The greater yield was recorded
with microcapsules with inulin, maltodextrin and sodium alginate.

Similar results were found by Tan et al. (2022) when using in situ
alginate crosslinking during spray-drying of lactobacilli probiotics.
Otherwise, Kawakita et al. (2021) optimized the viability and yield of
bacteria encapsulated by spray-drying and showed that when increasing
the alginate concentration to 3% the encapsulation yield decreased to
31%, reporting that the encapsulation yield in alginate concentration
dependent. While, Sohail et al. (2013), used 2% of alginate and/or 5% of
maltodextrin and showed that the probiotic had similar viability re-
ductions during drying processes with both or only one encapsulant.

The moisture content of probiotic powder has a strong influence on
product stability and can also have an impact on probiotic viability
during storage, which is one of the quality parameters to consider for
powders containing cells. The moisture content of encapsulated SRBG1
with different carriers is shown in Fig. 1B. The moisture content of
probiotic powder is shown to increase in the presence of sodium alginate
but still acceptable in food product (Yonekura et al., 2014). This

A

100 -

EY (%)

ns

Cc1 c2 Cc3 c4 C5 Cc6

Fig. 1. Encapsulation yield (EY) and moisture content of encapsulated
Enterococcus mundtii SRBG1 with different matrix (C1: Inulin, C2: Inulin +
Sodium alginate, C3: Maltodextrin, C4: Maltodextrin + Sodium alginate, C5:
Inulin + Maltodextrin, C6: Inulin + Maltodextrin + Sodium Alginate).
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increment may be related to the water holding capacity of sodium
alginate. Otherwise, the higher moisture content was observed for the
combination of inulin, maltodextrin and sodium alginate with a per-
centage of 4%.

Khem et al. (2016) reported that several process variables, including
inlet temperature, coating agent properties, and feed flow rate, may
influence moisture content. They showed that when the feed was
injected at the lowest flow rate and with the highest amount of inulin,
the product had the lowest moisture content which is 4.2%.

3.3. SEM

The structure of the probiotic microcapsules was examined using
scanning electron microscopy (Fig. 2). The probiotic microcapsules were
spherical in shape. According to Chen et al. (2005), the concentration of
sodium alginate affects the structure of the microcapsules; higher con-
centrations result in a smoother surface. In their study, probiotic mi-
crocapsules made with 3% alginate had a smooth surface and relatively

Current Research in Food Science 5 (2022) 1713-1719

small pores, whereas optimum probiotic microcapsules made with 1%
sodium alginate have a rough surface and significantly open and large
pores. In our case, the microcapsules prepared with matrix containing
inulin (with or without maltodextrin) have irregular (Smooth and
rough) surfaces with small pores, when adding the sodium alginate, we
observed that the pores become larger. Moreover, more regularly shaped
particles were seen on the MD and on the combination of MD and SD,
pointing to MD’s beneficial influence on the development of microcap-
sules. Otherwise, Pandey and Mishra (2021) reported that compared to
microcapsules made with prebiotics, inulin, and dextran, which adhere
to stronger probiotic protection, those made with simply maltodextrin
had some holes.

3.4. Viability of cells

The microorganism’s survival rate during the encapsulation process
is shown in Table 2. The composition of the matrix solutions had a
significant effect on encapsulation efficiency. The microcapsules

Fig. 2. Microstructure of encapsulated Enterococcus mundti SRBG1 in A: Inulin, B: Inulin + Sodium alginate, C: Maltodextrin, D: Maltodextrin + Sodium alginate, E:

Inulin + Maltodextrin and F: Inulin + Maltodextrin + Sodium Alginate.
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Table 2
Viability of Enterococcus mundtii SRBG1 in different conditions after 4 h of incubation at 37°C (Log CFU/mL).
Free cell C1l C2 C3 C4 C5 C6
MRS broth 7.32 +0.01° 6.65 + 6.13 + 0.00° 7.16 + 0.07° 7.02 + 0.01° 7.22 + 711 £
0.04* 0.01° 0.01°
Simulated gastric 5.43 + 6.39 + 5.85 + 6.40 + 5.35 + 7.12 + 7.00 +
Juice(pH 2.5) 0.017 0.01? 0.02% 0.02% 0.06" 0.03* 0.01?
Simulated intestinal 4.29 + 572 + 4.65 + 5.34 + 4.32 £ 6.18 + 5.43 £
Juice(Bile salts 0.3%) 0.02* 0.01? 0.00% 0.07% 0.01° 0.02% 0.01?

Results are presented as the mean of three values + standard deviation. C1: Inulin, C2: Inulin + Sodium alginate, C3: Maltodextrin, C4: Maltodextrin + Sodium
alginate, C5: Inulin + Maltodextrin, C6: Inulin + Maltodextrin + Sodium Alginate. The same letter in the same row means that there is a significant difference and

different letter means that there is no significant difference.

produced with the combination of inulin and sodium alginate had the
greatest reduction in cell viability, corresponding to approximately 15%
of the cell population of the initial cells, and in results had the lowest
encapsulation efficiency. In contrast, the reduction in viable cell counts
observed after spray drying of SRBG1 produced with the combination of
maltodextrin and inulin and with only maltodextrin, resulting in higher
encapsulation efficiencies of 85.07 and 75.31 percent, respectively.
These findings indicate that the presence of maltodextrin had a positive
effect on Enterococcus survival during the microencapsulation process,
most likely due to its role as a thermoprotector of cells undergoing
drying. preventing cell membrane disruption.

Once the probiotic food has been taken, probiotics are subject to
gastrointestinal stress. For probiotics to have any positive effects, they
must be able to survive in this environment. The possible protective
effect of encapsulation on survival of E. mundtii SRBG1 in SGJ and S1J is
presented in Table 2. As it can be seen in Table 2, in comparison to free
cells, SRBG1 was better protected by the microencapsulation of various
matrix combinations when exposed to SGJ and S1J. This finding suggests
that microencapsulation is a viable alternative to boost probiotic toler-
ance in these environments. The viability of microparticles prepared
with the combination of inulin and maltodextrin to SGJ conditions was
7.12 + 0.03, which was greater than free SRBG1 that lost 1.89 CFU/mL
under the same conditions. Better protection was shown in the absence
of sodium alginate, this could be due to the larger pores present in so-
dium alginate capsules, as Bhagwat et al. (2020) have reported that the
bile salts are known to affect the viability of entrapped cells by the action
of detergent-like property that might cause emulsification of the
entrapped and surface ingredient, thereby releasing the enterococci cells
into bile salt solution.

Bhagwat et al. (2020) reported the relative levels of defense against
the acidic media at pH 2.0 and 2.5 that the spray-dried microcapsules
provide to the encapsulated Enterococcus cells by maltodextrin. They
showed that at pH 2.0, the viability percentage decreased over the
course of 4 h, going from 9.23 log CFU/mL to 7.56 log CFU/mL. That
implies that cell viability at pH 2 decreased by a net 1.67 log CFU/mL.
The count was 8.49 log CFU/mL at pH 2.5, with a net loss of only 0.74
log CFU/mL. On the spray-dried microcapsules, gastric juice’s antibac-
terial effect was noticeably less pronounced.

Regarding the survival rate in acidic conditions, microcapsules pre-
pared with only inulin showed the greater viability of 86.01% when
compared to the free cells followed with microcapsules prepared with
the combination of inulin and maltodextrin with a viability percentage
of 85.59%. These results suggest that inulin had a better effect on the
protection of the Enterococci under the acidic conditions. According to
Fritzen-Freire et al. (2013), inulin may be the best material to transfer
encapsulated probiotics to the colon because it is stable to the pH and
ionic strength range found in the human gastrointestinal tract.

Darjani et al. (2016) reported that after 120 min, L. casei 431
microencapsulated with a combination of alginate and inulin in a saline
solution with pH 1.5 showed a 69.8% of reduction. Additionally, Man-
tzouridou et al. (2012) claim that since the human gastrointestinal tract
enzymes do not hydrolyze inulin, they have a positive impact on health
by acting as dietary fiber.
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3.5. Kinetic of milk acidification

After adding the encapsulated and non-encapsulated SRBG1 to
skimmed milk, the acidification kinetics were determined over the
duration of 48 h. Fig. 3 shows the results. Compared to free cells cultured
under similar conditions, the acidification rate for the encapsulated
cultures was lower. The encapsulated cells take longer to achieve the
identical pH change end point than do the free cells, who reach it faster.
As an example, free cells reached pH 4.67 after 12 h of fermentation but
encapsulated cells took more than 24 h to reach the same pH level. The
encapsulation of the probiotics could reduce the release of lactic acid
into milk, thus reducing the acidification process. This might be as a
result of the nutrients’ and metabolites’ gradual release across the
encapsulant shell of the beads. Previous observations revealed a com-
parable result (Alvarado-Reveles et al., 2019; Pradeep Prasanna and
Charalampopoulos, 2019). In our study, the milk fermented with mi-
crocapsules prepared with sodium alginate reach pH 4 after 24 h of
fermentation, which is lower that the time took by the milk fermented
with the encapsulated bacteria with inulin and/or maltodextrin, but still
greater than the non-encapsulated cells.

3.6. Apparent viscosity

Fig. 4 reports the apparent viscosity of the fermented milk with free
and encapsulated SRBG1 with different matrix. As observed, in case of
every fermented and non-fermented milk samples the viscosity
decreased considerably, reaching final values between 85.7 + 2.79 and
275.05 + 4.21 mPa s. According to the viscosity results, every tested
sample presented a shear-thinning (pseudo-plastic) behavior. The fast
decrease in the viscosity of the samples, demonstrates that at the
beginning when the sample is at rest the small particles are in a tangled
mass and with the increase of shear rate they align. These results are in
agreement with similar studies, regarding different food products

C1

C2
C3
C4
C5
Cé
NE

R

.

16

24 32
Time (H)

40 48

Fig. 3. Kinetic of milk acidification with the free (NE) and encapsulated
Enterococcus mundtii SRBG1 (C1: Inulin, C2: Inulin + Sodium alginate, C3:
Maltodextrin, C4: Maltodextrin + Sodium alginate, C5: Inulin + Maltodextrin,
C6: Inulin + Maltodextrin + Sodium Alginate).
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Fig. 4. Apparent viscosity of fermented milk with free Enterococcus mundtii SRBG1 (NE) and different matrix (C1: Inulin, C2: Inulin + Sodium alginate, C3:
Maltodextrin, C4: Maltodextrin + Sodium alginate, C5: Inulin + Maltodextrin, C6: Inulin + Maltodextrin + Sodium Alginate) and Non-fermented milk (NFM).

(Muresan et al., 2014; Szabo et al., 2020). The apparent viscosity of milk
fermented with encapsulated SRBG1 with a matrix non including so-
dium alginate was considerably (P < 0.05) higher (30666.4, 48543.2
and 68266 mPa s for inulin, maltodextrin + inulin and maltodextrin,
respectively) than that of milk fermented with encapsulated SRBG1 with
a matrix including sodium alginate and with the non-encapsulated one.
These changes in viscosity may be related to higher degree of acidity
provided by the free cells and the encapsulated one with sodium alginate
or may be due to the high degree of polymerization of inulin and
maltodextrin adsorbed on the surface of cells and forming viscous layer.

Our findings supported those previously published by Ajlouni et al.
(2021). They have reported that when acidity is elevated, milk proteins
are denatured and broken down, resulting in enhanced water flow and
decreased viscosity. Because it gives a desired mouthfeel and reduces
syneresis, viscosity is a crucial component of yogurt quality. While,
Kailasapathy (2006), reported that divalent cations like calcium pref-
erentially attach to the alginate polymer and hence increase viscosity or
create gels.

4. Conclusion

Functional foods that contain probiotics are currently drawing in-
terest on the market. In this study, Enterococcus mundtii SRBG1 isolated
from Bat guano was spray dried and encapsulated with six combinations
of different encapsulant (Inulin, Inulin + Sodium Alginate, Maltodex-
trin, Maltodextrin + Sodium Alginate, Inulin + Maltodextrin and Inulin
+ Maltodextrin + Sodium Alginate) to create a probiotic powder that
may be utilized as a functional food ingredient. The efficiency and
moisture of encapsulation were matrix dependent. The SEM results
showed a spherical microcapsule in shape, and demonstrated the effect
of adding sodium alginate on cell surface walls which become larger. In
the gastrointestinal conditions, it was discovered that the viability of
probiotic cells in capsules was higher than that of free cells. This
demonstrated the effectiveness of combining inulin and maltodextrin to
encapsulate substances in harsh environments, and that the addition of
prebiotics in sodium alginate microcapsules improved the protection of
the active microorganisms. Additionally, the fermentation of milk with
the free and the encapsulated SRBG1 was also studied and showed that
in the absence of sodium alginate the viscosity of milk was lower than
with the other protectors.

1718

Extensive studies are needed to prove the probiotic effect of the
strain. Furthermore, a sensory evaluation must be conducted to clearly
understand how the capsules alter the probiotic’s milk’s sensory quali-
ties, such as color, texture, acidity, and flavor.
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