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Abstract

Probiotics containing autochthonous Lactic Acid Bacteria (LAB) as local treatment in the Bovine Reproductive Tract (BRT)
was proposed as a sustainable alternative to prevent outcome of pathogens colonization in the postpartum uterus in cows.
Microencapsulation of these LABs could improve their survival during stressing conditions and promote the intimate contact between
the veterinarian form and the vaginal mucosa. In this work, emulsion-ionic gelation technique was applied to encapsulate bovine LAB
strains in an alginate (3%) matrix. Optical and scanning electron microscopic evaluations showed spheroidal particles (12-48 pm)
with a fully charge of LAB; the average load ranged 8.98 + 0.15 to 8.06 + 0.21 log CFU/g. The microencapsulated lactic acid bacteria
(LAB-MCs) stability was evaluated during lyophilization [in Skim Milk (SM), or Neutral Distilled Water (NDW)] and storage (at 4°C
up to 90 days). SM represented a significant high protection to the lyophilization. Also, the alginate microencapsulation improved
the LAB strain resistance when freeze-dried in water, comparing to known sensibility of LAB free cells. L. gasseri CRL 1412 showed
similar resistance in both, NDW (0.70 £ 0.05) and SM (0.72 + 0.05); and their microcapsules (MCs) exhibited antagonistic activity
against E. coli 99/14 (pathogen from Bovine metritis) when cultured together; contrary, in co-culture with empty-MCs no inhibition
was observed. To evaluate the microencapsulation process, different parameters were estimated: Encapsulation Factor (EF) (ranged
between 0.76 + 0.03 and 0.85 + 0.08) and Encapsulating Efficiency (EE) (average EE%=75%) none significant differences (LSD-
Fisher test, P<0.05) were observed between LAB strains. Taking account the weight of the materials, the calculated average yield
was 50.5%. The standardized encapsulation conditions allowed selected L. gasseri CRL 1412-MCs as potential systems to be
included in formulations to restore vaginal microbiota to prevent metritis in cows.
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Emulsion-gelation

hydrocolloid beads prepared by extrusion and emulsion techniques
X or into spray-dried micro particles has been well studied [16]. The
Introduction microencapsulation confers cells protection from environmental
factors increasing its survival to freeze drying, freezing and storage
and converting them into a powder form easier to incorporate in
a veterinary formulation [17]. Thus, microencapsulation has been
recognized as an effective way to enhance the LAB viability and has been
also used in the food industry [18]. Alginate is one of the most widely

used encapsulating materials, which is a linear heteropolysaccharide

The infectious diseases in the Bovine Reproductive Tract (BRT)
reduce the efficiency in herds by incurring substantial economic costs
[1]. Moreover, they increase the calving to conception period, decrease
the conception/insemination rate and affect milk production, resulting
in the lack of new lactations and low food intake [2]. Antibiotic and
hormonal therapies resolve acute infectious outbreaks but do not

improve fertility [1]. These substances remain present in foodstuff as composed of B-D-mannuronic acid and a-L-guluronic acid. Extrusion

residues and could produce environmental problems associated with
the spread of antibiotic resistance [3].

Probiotics containing Lactic Acid Bacteria (LAB) were proposed
to control infectious diseases in the veterinary area [4-8]. Thus, the
use of LAB as local treatment in the BRT to prevent the outcome
of pathogens colonization in the postpartum uterus represents a
sustainable alternative [9]. The Lactobacillus genus was described as
able to colonize the bovine vagina of healthy heifers and cows [10,11].
Among the mechanisms involved in the beneficial effect of probiotics,
the suppression of pathogenic or potentially pathogenic bacterial
growth, competitive exclusion and the stimulation of the immune
system can be pointed out [7,12].

The probiotic effect depends on the amount of microorganisms
administered, which is directly related to the method of obtainment and
conservation. Low temperature of storage (freezing or refrigeration)
and freeze-drying are common ways to stabilize probiotics. However,
lyophilized cultures are favored over frozen ones according to transport
and storage costs [13].

Microencapsulation is a technology for the packaging of solid,
liquid and gaseous materials in small capsules that release their
contents at controlled conditions during sustained time periods [14,15].

or emulsification techniques are usually used to obtain alginate beads
[18]. This polymer possesses mucoadhesive properties and therefore
was used for drugs release in human vagina [19].

The aim of this work was to evaluate the microencapsulation and
freeze-drying conditions of vaginal Lactobacillus to go further in the
formulation of veterinary products containing indigenous strains to be
applied in the BRT.
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Materials and Methods
Bacterial strains and culture conditions

Lactobacillus gasseri CRL 1412, L. gasseri CRL 1421, L. gasseri CRL
1460 and L. delbrueckii subsp. delbrueckii CRL 1461 were isolated
in previous studies [10,11] from the posterior area of the vagina
of healthy cows and selected for their beneficial properties [9,20] to
prevent bovine metritis. The LAB strains were grown in MRS broth
(Merck, Darmstadt, Germany) [21], pH 6.5 and incubated for 12-14
h at 37°C in microaerophilic conditions (5% CO,-enriched chamber).
Escherichia coli 99/14 isolated from clinical material of cows displaying
metritis was grown in LAPTg broth [22], pH 6.8 for 6 h at 37°C. All
microorganisms were stored in milk-yeast extract (13% skim milk, 1%
yeast extract) at -20°C.

Bacterial suspensions for microencapsulation

LAB strains were subsequently propagated in 5, 70 and 700 ml
MRS broth, under the conditions cited above. The microorganisms
were harvested at the early stationary phase of growth (12 h, reached
approximately 10° CFU/ml). The pellet of each strain was washed two
times with sterile saline solution and centrifuged at 3,000 x g, for 10
min at 4°C. Finally, 100-times concentrated bacterial suspensions were
prepared.

Encapsulating materials

A 3% (w/v) sodium alginate (from brown algae, middle viscosity)
solution was prepared with deionized water, with stirring and heating
at 80°C. Solutions were sterilized (121°C, 10 min) and stored at 4°C
until used. Calcium chloride (0.05 M), sodium chloride (0.9% w/v) and
KH,PO,-K,HPO, buffer, pH 6.8 were also prepared. Ricinus communis
vegetable oil and Tween 20 were used as oil phase and surfactant agent,
respectively. All drugs were purchased from Cicarelli Laboratories
(Argentina) with the exception of Tween 20 (Anedra Research AG)
and sodium alginate (MP Biomedicals, Argentina).

Microencapsulation of lactic acid bacteria strains

Modifications to the microencapsulation method proposed by
one study [21] were performed. Briefly, 7 ml-concentrated LAB
suspensions (Bacterial suspensions for microencapsulation section)
were mixed with 25 ml sodium alginate (3%) by stirring for 1 min at
room temperature (25 = 2°C). The bacteria-alginate mixtures were
prepared as described for the emulsion method. Thus, mixtures
were dispersed in 150 ml oil phase and 250 pl surfactant agent. After
emulsification, 40 ml 0.05 M CaCl, were added and the mixture was
vigorously stirred. Samples were allowed to stand for 30 min until oil
and aqueous phase separations. The microcapsules (MCs) with LAB
were harvested from the aqueous phase. Later on, MCs were allowed to
stand for 4 h (4°C) for hardening and then recovered by centrifugation
(800 g x 10 min at 4°C). Finally, samples were rinsed and resuspended
in sterilized distilled water (pH 7.0). These suspensions were used to
characterize the MCs obtained (morphology, size and load).

In order to obtain empty MCs (negative control), the
microencapsulation procedure was also carried out using saline
solution instead of concentrated bacterial suspension.

Enumeration of microencapsulated LAB

To determine the viability of encapsulated Lactobacillus strains,
MCs were dispersed in phosphate buffer (pH 6.8) and incubated at
37°C (1 h) by stirring (75 opm), in order to dissolve the alginate matrix.

From the delivered LAB suspension, serial dilutions were carried
out with peptone solution, plated in MRS medium and incubated at
37°C (24-48 h). Taking into account the processed volumes of MCs
suspensions, the CFU were referred to the total volume obtained, thus
the total viable bacteria were calculated in each control time during the
process.

Characterization of the polymeric systems obtained (LAB-
MCs)

Microparticles morphology: Optical microscopy: 20 ul of loaded/
empty MCs suspensions were mixed with 20 pl methylene blue solution
(0.01% w/v) and observed under an inverted microscope (Olympus
CKX41).

Scanning Electron Microscopy (SEM): MCs obtained under the above
experimental conditions were harvested and suspended in neutralized
distilled water. Then, 500 pl samples were incubated 1 h at -70°C
and freeze-dried at a condenser temperature of -50°C at 110 militorr
chamber pressure (Heto-FD4 freeze-dryer, Heto-Holten, Denmark)
for 18 h. MCs (as dried powder) were mounted, coated with gold and
examined by SEM.

Microparticles load: The enumeration of viable bacteria included
in the MCs or in the concentrated suspensions was performed
through 10-times serial dilutions as described above (Micro particles
morphology section). The load of viable cells was calculated taking
into account the weight of the dried MCs contained in equal volume of
suspension and was expressed as log CFU/g.

Resistance of microencapsulated LAB to freeze-drying process: MCs
were suspended in both neutral distilled water and 6% skim milk. Then,
500 pl samples were lyophilized as indicated above (Micro particles
morphology section). In order to evaluate the cell-resistance to the
lyophilization process, a survival factor (SF,) was defined according to
the following equation:

[IOg(CFUtotal )Pre -log (CFUtotal )Post]
IOQ (CFUtotaI )Pre

SF, =1-

log (CFU_),: microencapsulated lactic acid bacteria (LAB-MCs)
viability before lyophilization

log (CFU__);: LAB-MCs viability after lyophilization

tolal)
SF <1 indicates low bacterial resistance to freeze-drying.

Survival of lyophilized microencapsulated LAB during storage:

Dried LAB-MCs were fractionated in gelatin capsules and stored at

4°C for 60 and 90 days packed in plastic bottles with silica gel. LAB

viability was determined after release from MCs as indicated previously
(Enumeration of microencapsulated LAB section).

The cell viability during storage was expressed as survival factor

during t months of storage (SFs), which was calculated as follows:

[log(CFU/ml)O— log (CFU/ml)l]
log(CFU /ml),

SFs= 1-

log (CFU/ml) : LAB-MCs viability after Iyophilization
log (CFU/ml) : LAB-MCs viability after storage at 60 and 90 days.

SFs<1 indicates low bacterial resistance to storage.
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Antimicrobial activity of microencapsulated and lyophilized L.
gasseri CRL 1412: Co-culture assays were carried out in LAPTg broth
pH 6.8 for 12 h at 37°C under static conditions. L. gasseri CRL 1412-
MCs were previously dissolved by using 2.5 ml PBS pH 6, 8 (1 h, 37°C,
75 opm). The strains were inoculated to obtain 10° CFU/ml of the
LAB strain and 10%*-10* CFU/ml of E. coli 99/14. Bacterial growth was
quantified by the plate dilution method using selective culture media:
MacConkey agar for E. coli and MRS agar [21] pH 5.5 for the LAB
strain. E. coli pure cultures were performed in LAPTg broth at 37°C
under the same conditions. Moreover, associative cultures with empty
MCs were carried out (as negative control).

Process evaluation

LAB viability evaluations during the whole process (initial cultures,
concentrated suspensions, MCs suspensions) were performed and data
were used to calculate the encapsulating factor and to determine both
microencapsulation yield and efficiency.

The encapsulating factor (EF) was calculated using the following
equation:

I:IOQ(CFUtom )o - IOQ (CFUmtal )f]

EF =1-

IOg (CFUtotaI )0
Log (CFU,_),: LAB viability in bacterial concentrated suspensions.
Log (CFU_ ),: LAB viability in the MCs suspensions.

The microencapsulation yield (Y) indicates the percentage
represented by the MCs obtained with respect to the total weight of
the material (alginate + LAB). The yield was calculated according to the
following expression:

weight of LAB—MCs obtained (g)

= 100
[alginate weight (g) + LAB weight (g)] )

Y (%)

The LAB weight was determined considering an equivalent amount
(concentrated suspension) of freeze-dried bacteria in sterilized distilled
water, while the weight of the LAB-MCs obtained was calculated as the
weight of the lyophilized LAB-MC:s in sterilized distilled water.

With respect to microencapsulation efficiency (EE), it was
calculated taken into account the relationship between the LAB-MCs
and the theoretical available amount for encapsulation according to the
following expression:

EE (%) — LAB-MCs (CFU) <100
)~ Theoretical available LAB (CFU)

Statistical analysis

All the experiments were performed in duplicate. The cell viability
data were logarithmically transformed, and then a statistical analysis
by ANOVA-general linear model for residues analysis, determination
of the effect of variables (strain, drying medium, storage time) and
interactions on the cell viability (expressed by the different factors) were
calculated for encapsulation, freeze-drying and storage processes. Also,
significant differences between the mean values of each treatment were
determined by using the LSD Fisher test (95% confidence interval).
Data processing was carried out by MINITAB (version 14) and InfoStat
(2015p Version) software.

Results and Discussion

Microencapsulation was proposed as a method to protect

and ensure drug's delivery in specific tracts [19]. Nowadays,
microencapsulation and freeze drying represent appropriate strategies
to maintain the viability and stability of probiotics for use in both food
and pharmaceutical technologies [24,25].

The microcapsules help fragile and sensitive materials to survive
processing and packaging conditions and stabilize the shelf life of the
active ingredient [26]. Also, the mucoadhesive properties of selected
polymers promote intimate contact between the pharmaceutical
form and the vaginal tissue and prolong the residence-time at the
administration site [19]. Therefore, in this work the microencapsulation
of bovine vaginal probiotics in alginate-MCs was studied.

Morphology and bacterial load of the microcapsules (MCs)

The MCs obtained were visualized as spheroidal particles (12-
48 um) with a fully charge of LAB (Figure la). Furthermore, the
microstructure of the MCs obtained with the four LAB strains was
analyzed by scanning electron microscopy and bacteria were observed
on the surface as within in the polymeric matrix as shown for L. gasseri
CRL 1412 (Figure 1b and 1c) and L. delbrueckii subsp. delbrueckii
CRL 1461 (Figure 1d). High magnification illustrated the interaction
between encapsulated LAB and the alginate matrix (Figure 1c and 1d).

Regarding the MCs bacterial load, the analysis of variance indicated
that the total load of LAB (log CFU/g) depended on the LAB strain and
significant differences were observed between them (R*=0.91, P<0.05)
(Figure 2). MCs with L. gasseri CRL 1460 showed load of 8.98 + 0.15
log CFU/g, which was significantly higher (Fisher test, P<0.05) than
those observed in L. gasseri CRL 1412-MCs (8.19  0.17) and L. gasseri
1421-MCs (8.06 + 0.21 log CFU/g). On the other hand, the mean load
in the L. delbrueckii subsp. delbrueckii CRL 1461-MCs was 8.55 + 0.03
log CFU/g (Figure 2) and did not show significant differences with L.
gasseri CRL 1412 and CRL 1460.

Optical and scanning electron microscopies were proposed as
analytical methods to characterize morphology and size of obtained
particles [26]. They allowed us to observe spherical systems similar to
another study [27] which reported the production of microcapsules of
10 to 40 um containing L. acidophilus in poly-lactic-co-glycolic acid
matrix by using the emulsion-extraction technique. Also, a review [28]
described the last microencapsulation techniques for probiotics and

Figure 1: Morphology of alginate microcapsules containing bovine LAB strains.
Optical microscopy: A: L. gasseri CRL 1412-MCs (Scale bar: 5 ym). Scanning
electron microscopy: B: L. gasseri 1421-MCs; C: L. gasseri CRL 1412-MCs; D:
L. delbruekii subsp. delbruekii CRL 1461-MCs (Scale bar: 1 ym).
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Figure 2: Final load in microcapsules for each LAB strains. Means with a
common letter are not significantly different (Fisher’s test, P<0.05) for L. gasseri
CRL 1412, CRL 1421, CRL 1460 and L. delbruekii subsp. delbruekii CRL 1461.

pointed out the different bead materials and capsule sizes. The average
size obtained with 3% alginate ranged 25 pum to 1.17 mm in many
reports.

Taking into account that cells from fresh cultures survive better than
from lyophilized cultures during encapsulation by using the emulsion
technique [28], in this work fresh culture of LAB strains instead of
lyophilized ones were used for the microencapsulation process and
the obtained systems were then freeze-dried. Also, the MCs load
was strain-dependent as previously reported for microencapsulated
probiotic lactobacilli for meat products [29].

Freeze drying of microencapsulated LAB

The resistance of LAB-MCs to freeze drying was expressed by a
survival factor to lyophilization (SF)); and it was evaluated applying
a full two-factor ANOVA test including 2 freeze-drying matrixes
[Skim Milk (SM) and Neutral Sterilized Distilled Water (NDW)] and
4 LAB strains. Results indicated that all the observed variability could
be explained by the selected model in which both considered factors
(strain and matrix) and their interaction had a significant effect on SF|
(R2=0.96, P< 0.0001) (Table 1).

Overall, the mean SF, values ranged between 0.40 + 0.03 and
0.84 + 0.03 (Table 2). Regarding the behavior of each strain, multiple
comparisons were performed; thus, L. delbrueckii subsp. delbrueckii
CRL 1461 resulted to be the encapsulated LAB most resistant to the
freeze drying process (Table 2). A previous report has indicated that
this strain was sensitive to freeze-drying [30], thus, microencapsulation
using alginate represents an option to keep cell viability and then to
exert the beneficial effect. Other results have shown that alginate offers
better protection for probiotic L. acidophilus and Bifidobacterium
infantis than whey protein during freeze drying [28].

On the other hand, when suspension matrix was only considered,
SM offered a significant protection to the lyophilization process
compared with SF, values obtained in NDW (general mean SF,=0.82
+ 0.05 and 0.51 + 0.05, respectively). Although, SM significantly
improved resistance to freeze-drying process (Table 3), L. gasseri CRL
1412 showed similar mean SF, values in both matrix (0.70 + 0.05 and
0.72 £ 0.05 in NDW and SM, respectively) (Table 3). It is interesting to
point out that L. gasseri CRL 1412 viability loss was significantly higher

in water than skim milk during lyophilization of free cells of this strain
[30]. Thus, the alginate microencapsulation improved the LAB strain
resistance when freeze-dried in water.

Viability of freeze dried-encapsulated LAB during storage

The degree of survival of freeze-dried encapsulated LAB in SM
and NDW was determined during the storage at 4°C and therefore a
survival factor to storage (SF,) was defined. To evaluate SF a full three-
factor ANOVA test was applied including strain, suspension matrix
(SM and NDW), storage-time (60 and 90 days) and their interactions.
This analysis explained satisfactorily the SFs variability observed for
dried encapsulated LAB (Table 4). Moreover, the survival of the freeze-
dried encapsulated-LAB during storage was significantly different for
each strain and depended on the lyophilization matrix (significant
interaction S x C, P<0.0001) (Table 4) but was not affected by the
storage time (interaction S x T, P=0.2453).

Multiple comparisons between mean values obtained for each LAB
strain were performed. Thus, L. gasseri CRL 1421 was significantly
more resistant to storage (mean SF.=0.87 + 0.03) than the other LAB
strains, while L. gasseri CRL 1460 (mean SF=0.51 + 0.03) was the most
sensitive strain. However, CRL 1421 SF, was comparable with those
observed for CRL 1412 (mean SF=0.82 + 0.03) (Table 5). SM offered to
encapsulated-LAB a significant higher protection during storage (mean
SF=1 £ 0.02) than NDW (mean SF=0.48 + 0.02, P<0.05). Moreover,
there was no significant difference between 60 and 90 days of storage
(mean SF=0.77 + 0.02 and 0.72 + 0.02, respectively) (Table 5).

In order to evaluate the optimal condition for each LAB strain,
SF, mean values were analyzed taking into account the matrix of
lyophilization, storage-time and strain (Table 6). Multiple comparisons
indicated that MCs containing L. gasseri CRL 1412 lyophilized in SM
and stored during 60 days showed highest SF, (mean SF=1.22 + 0.07).
However, this last value was comparable with those observed for
microencapsulated L. gasseri CRL 1421 lyophilized in SM and storage
during 60 and 90 days (mean SF.=1.07 + 0.07 and 1.12 # 0.07 for 60 and
90 days, respectively). However, no viability of L. gasseri CRL 1460 was
recovered when lyophilized in NDW and stored for 60 days (Table 6).

The lowest SF, values were detected when LAB strains were
lyophilized in NDW, however L. delbrueckii subsp. delbrueckii CRL
1461 stored during 90 days showed similar values (mean SF=0.66 +
0.07) when lyophilized in SM and was significantly lower (P<0.05) with
respect to the other SF, for SM (Table 6).

It was reported that encapsulation of LAB in alginate improves its
survival rates when compared to free cell counts stored in SM during
24 h. The survival to storage of Lactobacillus bulgaricus in this matrix
was even higher when the LAB strain was encapsulated with alginate
and chitosan [28]. Moreover, it has been demonstrated that low
viability of vaginal L. reuteri CRL 1324 was recovered after xanthan-
gellan encapsulation and lyophilization in SM [25]. However, when
this LAB strain was freeze-dried in SM + lactose, a higher viability was
obtained during up to 60 days storage at 4°C [25]. In our study, a high
viable LAB count included in alginate MCs was obtained without the
addition of lactose.

Despite the extra costs, microencapsulation has profit-making
potential in markets ofhigh value products or products (microorganisms
or drugs) where microencapsulation is absolutely necessary. Therefore,
our finding represents an alternative to diminish the production costs.
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Antimicrobial efficacy of LAB-MCs Strain Mean n
c 1s1s . . . . L. i CRL 1421 0.87 £ 0.03 8 A
Viability of E. coli 99/14 was studied at 2 and 12 h of incubation L gasserl.CRL 1412 0.82 £0.03 8 A 1B
in co-cultures with MCs loaded with L. gasseri CRL 1412; co- - g?'sserl - e
. L. delbrueckii subsp. delbrueckii CRL | 0.77 + 0.03 8 B
cultures with empty-MCs and pure cultures were used as controls. 1464
The ANOVA analysis (R?=0.96) indicated that the pathogen viability L. gasseri CRL 1460 0.51+003 8 c
showed variations with time, and it was culture-dependent (significant Drying condition®
interaction T x C, P<0.0001) (Table 7). During the first 2 h no SM 1+002 16 A
significant differences were found for any culture (P<0.05, Fisher's NDW 0.48 + 0.02 16 B
Storage time (days)
Source of variation S§* DF# ms® F-stat* 60 0.77 £ 0.02 16 A
Model 1.14 7 0.16 41.39° 90 0.72 +0.02 16 A
Stré!n S) = 0.41 3 014 35'14' ‘Means with a common letter are not significantly different (Fisher’s test, P<0.05).
Condition (C) 0.37 1 0.37 93.62 #Lyophilization matrix: SM: Skim Milk, NDW: Neutral Sterilized Distilled Water.
§xC 0.36 3 0.12 30.22 Table 5: Storage survival factor (SFs) for freeze-dried microencapsulated LAB
Residuals 0.03 8 3.9x10°3 strains.
Total 1.17 15

"P<0.0001. ¥Sum of squares, *Degrees of freedom, & Mean squares, *F-Statistical.
“Lyophilization matrix (NDW or SM). “"Represents interaction.

Table 1: ANOVA for survival factor to lyophilization (SF ) of microencapsulated
LAB.

Strain SF mean n
L gasseri CRL 1460 04+003 4 A
L gasseri CRL 1412 0.71+0.03 4 B
L gasseri CRL 1421 0.71+0.03 4 B
L. delbrueckii subsp. delbrueckii CRL 1461 | 0.84 £ 0.03 | 4 C

‘Means with a common letter are not significantly different (Fisher’s test, P<0.05).

Table 2: Survival factor to lyophilization (SF ) for each microencapsulated LAB
strain.

Strain Condition™ Mean n
L. gasseri CRL 1460 NDW 0004 2 A
L. gasseri CRL 1421 NDW 0.61+0.04 2 B
L. gasseri CRL 1412 NDW 0.7+0.04 | 2 B C
L. gasseri CRL 1412 SM 0.72+0.04 2 B C
L. delbrueckii subsp. delbrueckii NDW 0.76 £0.04 | 2 C
CRL 1461
L. gasseri CRL 1460 SM 0.81+0.04 2 CcC| D
L. gasseri CRL 1421 SM 0.82+0.04 2 CcC| D
L. delbrueckii subsp. delbrueckii SM 0.92+0.04 2 D
CRL 1461

‘Means with a common letter are not significantly different (Fisher’s test, P<0.05).
“Lyophilization matrix: SM: Skim Milk, NDW: Neutral Sterilized Distilled Water.

Table 3: Survival factor to lyophilization (SF ) for microencapsulated LABs in
different conditions.

Source of variation SSs* DF* Mms? F-stat*
Model 3.86 15 0.26 29.79
Strain (S) 0.64 3 0.21 24.78
Condition (C)” 2.13 1 2.13 246.43"
Time (T) 0.02 1 0.02 2.26
SxC™ 0.97 3 0.32 37.46"
SxT™ 0.04 3 0.01 1.53
CxT™ 0.02 1 0.02 2.26
SxCxT" 0.04 3 0.01 1.53
Residuals 0.14 16 0.01
Total 4 31

'P<0.0001. ¥Sum of squares, ”Degrees of freedom, &Mean squares,
*F-Statistical)."Lyophilization matrix: SM: Skim Milk, NDW: Neutral Sterilized
Distilled Water.™ Represents interaction.

Table 4: ANOVA for storage survival factor (SFs) of freeze-dried microencapsulated
LAB.
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d d
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¥ b b
g 4 a b, ¢ ¢ £
] ) c ) ,
a * [ ]
1
0 L 8 S - — . [ —
0 2 12
Time (h)

B E coli + CRL 1412-MCs E. coli + empty MCs Pure culture E coli 9914

Figure 3: E. coli 99/14 viability in mixed cultures. (*) Bars represent the
concentration of cells of E. coli 99/14 in co-cultures (E. coli + CRL 1412-MCs)
and control cultures (E. coli + empty MCs and E. coli in pure culture). Means

with a common letter are not significantly different (Fisher’s test, P<0.05).

100

0
60

“E (%)

CRL 1412 CRL 1421 CRL 1460

Strains

CRL 146l

Figure 4: Efficiency of encapsulation process calculated for L. gasseri CRL
1412, CRL 1421, CRL 1460 and L. delbruekii subsp. delbruekii CRL 1461.
Means with a common letter are not significantly different (Fisher’s test,
P<0.05).
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Strain Condition* Time* Mean n
L. gasseri CRL 1412 SM 60 1.22+0.07 2 A
L. gasseri CRL 1421 SM 90 1.12+0.07 2 A B
L. gasseri CRL 1421 SM 60 1.07 £ 0.07 2 A B C
L. gasseri CRL 1460 SM 90 1.03 £0.07 2 A B (¢}
L. gasseri CRL 1412 SM 90 1+0.07 2 B C
L. gasseri CRL 1460 SM 60 1+0.07 2 B C
L. delbrueckii subsp. delbrueckii CRL SM 60 0.91 +£0.07 2 C D
1461
L. delbrueckii subsp. delbrueckii CRL NDW 60 0.75+0.07 2 D E
1461
L. delbrueckii subsp. delbrueckii CRL NDW 90 0.75+0.07 2 D E
1461
L. delbrueckii subsp. delbrueckii CRL SM 90 0.66 £ 0.07 2 E F
1461
L. gasseri CRL 1421 NDW 60 0.65 + 0.07 2 E F
L. gasseri CRL 1421 NDW 90 0.65 +0.07 2 E F
L. gasseri CRL 1412 NDW 60 0.53 +£0.07 2 F
L. gasseri CRL 1412 NDW 90 0.53 +£0.07 2 F
L. gasseri CRL 1460 NDW 90 0 2 G
L. gasseri CRL 1460 NDW 60 0 2 G

‘Means with a common letter are not significantly different (Fisher’s test, P<0.05).
¥Lyophilization matrix; SM: Skim Milk; NDW: Neutral Sterilized Distilled Water
*days

Table 6: Stored survival factor (SFs) for freeze-dried microencapsulated LAB strains in different conditions.

Source of variation Ss* DF# F- stat*

Model 179.83 8 48.90

Time (T)" 85.03 2 92.48

Culture (C)™ 33.41 2 36.34

TxC* 61.38 4 33.38"
Residuals 8.27 18
Total 188.10 26

"P<0.0001. *Sum of squares, *Degrees of freedom, #Mean squares, *F-Statistical)
“Levels considerated: 0, 2 and 12 h.”"Levels considerated: co-culture of E. coli
99/14 with CRL 1412-MCs, co-culture of E. coli 99/14 with empty MCs and pure
cultures of E. coli 99/14. #Represents interaction

Table 7: ANOVA (n=27, R?=0.96) of E. coli 99/14 viability co-cultured with MCs
containing L. gasseri CRL 1412.

test). However, after 12 h of incubation, a significant reduction in E.
coli 99/14 viability was detected when co-cultured with filled capsules.
The pathogen viability in the pure culture and co-cultured with both
empty and filled capsules was 8.73 + 0.39, 8.88 + 0.39 and 1.93 + 0.39
CFU/ml, respectively (Figure 3). On the other hand, it was determined
that the growth of the pathogen in cultures with empty-capsules was
comparable with the viability observed for its pure culture during the
assay (12 h) (P<0.05).

The capability of indigenous LAB strains to remain viable
and functionally active during long-term storage is an important
requirement for beneficial micro-organisms [31]. Escherichia coli
have been reported as a crucial agent responsible for metritis and
reproductive disturbances in cows [32,33]. Taken into consideration
the inhibitory activity of cell-free supernatants from L. gasseri CRL
1412 against E. coli 99/14 [19] the effect of lyophilized L. gasseri CRL
1412-MCs against the pathogenic bacterium reported in this work,
represents the first study of LAB-MCs co-cultured with E. coli. Also,
co-cultures with empty MCs were performed and the results indicate

that alginate did not have antagonistic effect on the pathogen’s viability.
Thus, these studies allow us to advance in the formulation of probiotics
for metritis control.

Evaluation of the encapsulation process

In order to evaluate the encapsulation process independently from
the initial bacterial number, an Encapsulation Factor (EF) was defined.
The EF values obtained for the four LAB strains ranged between 0.76
+0.03 and 0.85 + 0.08 and there were no significant differences among
them (P<0.05).

Overall, a loss of LAB viability was observed during the different
stages of the encapsulation process (data not shown). This diminution
could be attributed to handling of LAB cells (harvesting, concentration,
cultures transfer) and to the encapsulation process. Nevertheless, non-
significant differences were observed between EF values for each strain.
This factor constitutes a useful tool to evaluate a process regardless of
the initial cell number. It has been previously proposed to evaluate
other processes (lyophilization) that involve LAB/yeasts viable cells
[30,33,34].

The encapsulating process efficiency (EE%) was calculated to
compare the obtained amount of viable LAB included in the MCs
in relation to the theoretical values. The EE% values ranged between
76.07 + 3.22 and 85.12 + 8.17 (Figure 4) without significant differences
between LAB-strains (P<0.05, Fisher’s test) with a mean value of
75%. These results are in agreement with a previous study [35] which
reported an EE=74% when Lactobacillus fermentum was encapsulated
in 3% alginate by the emulsion-ionic gelation technique. However,
a previous study [18] reported an EE=36-38% for L. acidophilus
encapsulated in 3% alginate by the same technique.

The microencapsulation yield (Y) is an important control from the
economic point of view in any encapsulation process, considering the
cost of polymers and active principles used. Therefore it is desirable
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to recover most of the starting material as MCs [36]. In our work
conditions, the mean value of Y was 50.5% for all the LAB strains. This
value was similar to another report [37] that used the coacervation
and phase separation techniques for the preparation of microspheres
loaded with Bacillus coagulans ; it was also reported for Lactobacillus
rhamnosus by using the extrusion technique with 4% alginate+2%
chitosan [38,39].

Conclusion

In conclusion, the microencapsulation of bovine potentially
probiotic LAB in 3% alginate by using the emulsion-gelation technique,
freeze-drying process in skim milk and storage at 4°C for 90 days, kept
the LAB viability and capability to inhibit E. coli, which represents one
of the main pathogens associated with bovine metritis. Therefore, these
bio-adhesive systems can be included in the design of a veterinarian
product to be locally applied to restore the vaginal microbiota; in order
to prevent infections in the BRT in a sustainable way. Further studies
must be performed to evaluate the survival and colonization of the
microencapsulated LAB in the bovine vagina.
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