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Viability of microencapsulated Lactobacillus plantarum
under simulated gastrointestinal conditions and its
probiotic effect on Campylobacter jejuni

Abstract

Probiotics, microorganisms that can benefit animal or human hosts, face application
challenges due to environmental factors that reduce their stability. However, techniques
like microencapsulation improve survival rates. Additionally, probiotics possess
antibacterial properties that can inhibit the growth of pathogenic bacteria accountable for
foodborne illnesses. The aim of this study was to assess the viability of microencapsulated
Lactobacillus plantarum under simulated gastrointestinal conditions and its potential
probiotic impact on Campylobacter jejuni. Fermentation kinetics was evaluated in an
MRS culture medium over 24 hours. The growth of L. plantarum at 37°C and 45°C was
examined, as well as microencapsulation through spray drying. Additionally, exposure to
simulated gastrointestinal conditions was analyzed, while inhibition tests of L. plantarum
on C. jejuni were performed. Finally, exopolysaccharide production from L. plantarum
was assessed. The study findings demonstrated the termination of the exponential growth
phase after 15 hours, improved development of lactic bacteria at 37°C, microencapsulation
parameters within acceptable limits, survival of the microencapsulated strain in in vitro
gastrointestinal conditions exceeding 7x10% UFC, and significant inhibitory effects of L.
plantarum on pathogenic bacteria. The viability of microencapsulated Lactobacillus
plantarum, subjected to simulated gastrointestinal conditions, exceeded 7x10% CFU/mL and
demonstrated a probiotic effect on Campylobacter jejuni.
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Introduction

“Probiotic” is a term that refers to the ability to confer a potential
benefit on intestinal, immune, and cardiovascular health.! They are
mainly used to treat digestive disorders, gastrointestinal diseases,
skin, mouth, urinary tract, and respiratory diseases.'?

In general, Lactic Acid Bacteria (LAB) are considered probiotics,
are widely distributed in nature and have been isolated from a variety
of nutrient-rich habitats such as food, feed, vegetables, soils, fermented
foods, animal and human intestinal mucosa.! LAB are widely used
in biotechnology, food, therapeutic products, control of pathogenic
bacteria, antifungal agents, bacteriocin production, nutraceuticals, and
as starter cultures in fermented foods.'** The range of uses is thanks
to the versatile metabolism and the ability to synthesize a variety of
metabolites such as lactic acid, organic acids, exopolysaccharides,
bacteriocins, and biocins.>?

The genus Lactobacillus is the most commonly utilized lactic
acid microorganism, notably L. plantarum, which is found in diverse
ecological niches and has significant commercial value in producing
dairy products, pickles, sausages, sourdough, and other products.®
The potential probiotic effects of L. plamtarum are featured in
numerous scientific studies.”® One parameter evaluated in probiotic
characterizations is the survival ability in gastrointestinal conditions,
including pH, acidity, enzymes, and temperature.'

In vivo gastrointestinal assays are challenging to perform in
both humans and animals due to their expensive nature and ethical
concerns. As a result, in vitro models have been developed to model

food digestion.” These models utilize uniform ratios of substrates such
as food, drugs, and other compounds to enzymes, electrolytes, and pH
for each stage of digestion.”!

LAB probiotics face unfavorable conditions such as temperature,
humidity, water activity, and pH. However, microencapsulation
can mitigate these stressors by forming a protective layer around a
bioactive substrate.!! This barrier is created from prebiotic matrices,
which promote selective growth of bacteria in the intestines.'?

Campylobacter, a bacterial genus, is a leading cause of acute
bacterial enteritis.'*> Campylobacter jejuni is responsible for 80% of
cases of campylobacteriosis, which is characterized by fever, diarrhea,
and abdominal colic. The main route of pathogenic microorganism
spread is through cross-contamination of meat products, even after
the refrigeration process.'*!* Moreover, C. jejuni strains from poultry
farms have developed resistance to the antibiotics erythromycin,
tetracycline, and ciprofloxacin.'

The aim of the study was to evaluate the viability of
microencapsulated Lactobacillus plantarum ATCC 8014® under
simulated gastrointestinal conditions and its probiotic effect on
Campylobacter jejuni ATCC 33560®.

Materials and methods

This research was conducted at the PROBIOTEC-FORAPIS
research group laboratory, Teaching Laboratories block, Universidad
de Narifo, Pasto Narifio. The strains Lactobacillus plantarum ATCC
8014® and Campylobacter jejuni ATCC 33560® were obtained from
the MDM Cientifica supplier.
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Fermentation kinetics: The fermentation kinetics were analyzed by
measuring the growth of L. plantarum in the MRS culture medium.
The L. plantarum inoculum was adjusted to the maximum McFarland
scale and incubated at 37°C for 24 hours. Five samples were collected
every three hours to measure the following kinetic variables: colony
forming units (CFU) using spectrophotometry, sugar consumption
(mg/L),'s protein production (mg/L),"” pH, and percentage of lactic
acid.

Growth at different temperatures: The growth of L. plantarum was
evaluated at two different temperatures (37°C and 45°C)."®

Gas production and catalase activity: The gas production of L.
plantarum was inoculated in MRS broth (37°C/24hours) enriched
with 5% anhydrous glucose and placed in Durham hoods. The catalase
activity of L. plantarum biomass was placed on a clean slide and was
added small amount of hydrogen peroxide (30%). The formation of
bubbles after the addition of hydrogen peroxide indicated a positive
test for catalase activity.'®

Microencapsulation - spray drying: The microencapsulation
process was carried out with inlet temperature of 155°C and outlet
temperature between 67-70°C, complete cycle of 3 hours and 25
minutes. 500mL of inoculum was prepared with addition of 15% w/v
of microencapsulating material (37.5 g maltodextrin + 37.5 g inulin).
The microencapsulated powder was packed in metalized zipper bags
and stored at room temperature (17+2°C) for 32 days.

The physical and stability analysis of the microencapsulation
on the microorganism was performed according to the following
variables: viability (%), microencapsulation efficiency (%), humidity
(%) (humidimetric balance), solubility (%), wettability (time) and
water activity (aw),"” a,, was evaluated for 32 days.

Exposure to simulated gastrointestinal conditions: 1g of
microencapsulated powder was taken and added to 100 mL of distilled
water. (Phase I) 25mL of phosphate buffer solution (0.1 M; pH 6) and
10mL of 0.2 M HCI were added and shaken for 5 min. (Phase II) The
pH was adjusted to 2 using 1M HCI, and 1mL of pepsin solution in
0.2 M HCI (concentration of 25 mg/mL) was added and mixed well.
The vessel was sealed and incubated at 40°C for 120 min. (Phase I1I)
10 mL of a buffered phosphate solution (0.2 M; pH 6.8) and 5mL
of a 0.6M NaOH solution were added to maintain a stable pH 6.8
(NaOH 1M), 1mL of a 100 mg/mL pancreatin solution (porcine, grade
VI, Sigma n. P-1750), vessels were sealed and incubated at 37°C for
300 min. 1mL of sample was removed from each phase for plate
counting.>!!

Inhibition tests: The inhibition power of L. plantarum at 50uL,
80uL, and 110pL concentrations was evaluated against pathogens by
different methods: 1) impregnated agar discs, 2) impregnated pads, 3)
single-layer diffusion, and 4) double-layer diffusion. Positive criteria
were halos equal to or greater than 2 mm.?

Exopolysaccharide (EPS) production: It was carried out at different
temperatures and periods: 28+2°C / 168 days, 354+2°C / 48 hours, and
42+2°C /24 hours. EPS production was determined by the presence or
absence of mucoid colonies at the base of the discs, then the presence
of EPS was confirmed by mixing mucoid colonies in 2 ml of absolute
alcohol '

Results and discussion

Fermentation kinetics: The variables evaluated in the fermentation
kinetics are plotted in Figure 1, where the bacterial population
in Ln (CFU/mL) is contrasted with sugar consumption, protein
determination, pH, and % acidity.

Copyright:

©2023 Jurado-Gamez et al. 199

Sogar mgl

[ ] X 6 @ n 15 18 ral 24
Tumne (Hours)
= L CFU/ml

——— g ml

)
4.0
3.0
= 20
z 210
=
5 200
19.0
18.0
0 3 L] @ 12 [E] 18 b1l 4
Tinse (Hoursh
-B=Ln CFl'ml. == Protein mg'l
)
1.0
]
1]
s g
. F]
:
4.3
Lo
1.5
a ] 6 o | - 15 18 21 24
Tumne (hours)
=B=ph % Acidily

Figure | Variables evaluated in fermentation kinetics of L. plantarum in MRS
culture medium:

a) Sugar consumption vs Ln (CFU/mL) L. plantarum,
b) Determination of proteins vs Ln (CFU/mL) L. plantarum,
c) Determination of pH and % acidity.

The graphs with the data obtained in the fermentation kinetics
allow establishing hour 15 as the end point of the exponential phase
of bacterial growth with 23.25 Ln (1.3x10' CFU/mL), sugar 8.47
mg/L, protein 4.91 mg/L, pH 4.18 and 1.21 % acidity. The ranges of
the evaluated variables are described as follows: bacterial population
18.32 Ln (9x10” CFU/mL) to 21.79 Ln (2.9x10° CFU/mL) (Figure
la), sugar 14.87 mg/L to 5.94 mg/L (Figure 1a), protein 9.74 mg/L to
2.84 mg/L (Figure 1b); percent acidity 0.37 % to 1.42 % (Figure 1c)
and pH 6.45 to 3.68. The specific growth rate is 0.315 pmax h-1, cell
duplication time 131.83 minutes, and generations per hour 0.46, with
R2 =0.9502.

The reduction of carbohydrate and protein sources, tendency of pH
to acidic levels, and increase of acidity percentage are related to the
metabolism and products of LAB.? They absorb carbohydrates as a
source of energy and protein nitrogen for microbial wall formation and
cell growth.* The acidity of the culture medium increases due to the
biosynthesis of organic acids (lactic acid) and the release of enzymes,
biocins, and EPS. These by-products are known as the mechanisms
that exert antimicrobial, antioxidant, and probiotic activities.”> LAB
accelerates the active acidification of finished products and culture
media and also lowers the pH to some extent (it is variable for each
bacterial strain), which can inhibit the growth of undesirable bacteria.?
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Each LAB has a different growth rate, and represents the
rate at which each cell forms new individuals that depends on the
environmental conditions and the availability of nutrients required by
the microorganism,* despite the existence of scientific research on
lactic acid bacteria with fermentative kinetics data, the variability of
the values confirm the specificity of the microbial growth curve for
each probiotic.?

Growth at different temperatures: The results showed that the
growth of L. plantarum was higher at 37°C temperature when
compared to 45°C temperature (p<0.05); the growth values in
Figure 2 are expressed as Ln 30.65 (2.05x10°UFC/mL) and 28.29
(1.93x10"UFC/mL) for 37°C and 45°C respectively. Figure 2
indicates significant statistical differences in the variable evaluated.
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Figure 2 L plantarum growth at 37°C and 45°C in MRS culture medium
(p<0.05). C37:37°C. C45:45°C.

Optimal growth conditions optimize the lactic fermentation
process, factors such as temperature must be controlled within the
specific ranges for each microorganism.”” Good development of the
microorganism is reflected in the action of the probiotic characteristics
of LAB, the increase or decrease of the optimum temperature causes
the inactivation of intracellular enzymes and the reduction of
microbial activity.””?

Gas production and catalase activity: Gas production and catalase
activity were negatives for L. plantarum. The evaluation of gas
production in LAB allows for identifying that there will be no
intestinal gas accumulation in possible oral applications, and catalase
activity is a proper indicator in the identification of LAB.”

Microencapsulation - spray drying: Water activity over time has an
increasing behavior over time (Figure 3). With significant statistical
differences on days 24 and 36 (p<0.05). The curve responds to a
polynomial equation with R2 = 0.9832.
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Figure 3 A curve for 32 days of microencapsulated L. plantarum.
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The aw and moisture are limiting factors that affect the stability of
dehydrated foods, and characteristics such as molecular weight and
adsorption/absorption properties of the wall materials have an impact
on the characteristics of the final product.’® During the storage period,
the a_ of the microencapsulation remains between 0.2578 and 0.3088,
a range lower than those established as critical for several dehydrated
foods.*!

The moisture content of the microencapsulate was 3.45% after
32 days of storage. Homayouni-Rad*’ obtained moisture contents of
L. casei, microencapsulated between 2.72% to 3.72%, in addition,
several investigations mention that moisture contents lower than 4%
increase the stability of the microencapsulated product during storage
periods. 203032

The results of microencapsulated L. plantarum after 32 days
of storage are described as follows: 93.2% efficiency, 91.37%
viability, 3.45% moisture, 96.74% solubility and 83 sec wettability.
Microencapsulation efficiency and viability refer to the CFU/
mL available after the microencapsulation process, properties
that depend directly on microencapsulation conditions (inlet and
outlet temperature), equipment handling, encapsulant matrix
composition and interaction with LAB.?*** The evaluated variables
and their behaviors are directly related to the wall materials used for
microencapsulation. Maltodextrin has high solubility and provides low
viscosity, in contrast, inulin has moderate solubility that complements
the wall structure formed around the encapsulated substrate.!® The
solubility of microencapsulation is a desirable characteristic in the
food industry indicating high potential for use as a food ingredient.**

The gain or loss of moisture until reaching equilibrium with the
relative humidity of the environment depends on the packaging
systems, which allow giving stability to the stored substrate; sealable
aluminum packaging has low water vapor permeability.** The stability
of the microencapsulated material is mainly reflected in the a,
humidity and growth of L. plantarum.

Structural characterization: Scanning Electron Microscopy (SEM)
was performed after 32 days of storage. The microencapsulate
shows slight agglomeration, with individual spherical, uniform
microcapsules with diameters between 2.69um - 5.72um (Figure
4). Capsules with diameters ranging from 0.2um to 5000pum are
classified as microparticles.** Different researchers report 2.58um to
25.3um in diameter in microencapsulated Lactobacillus with defined
uniform structure.''° The formation of spherical and homogeneous
microcapsules increases the stability of microencapsulated substrate
and, the index of resistance against adverse conditions.!!
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Figure 4 Scanning Electron Microscopy (SEM) of L plantarum
microencapsulated with inulin and maltodextrin by spray drying.

Measurements taken in Image] Processing and Analysis in Java (Image))
software. Source: Own elaboration.
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Exposure to in-vitro gastrointestinal conditions: The final plate
count was 2.6x10® CFU/mL (Figure 5), higher than the minimum
recommended counts.!> Microencapsulation of probiotics improves
product resistance to extreme factors such as temperature, humidity,
storage, enzymes, and pH.!! One of the characteristics of probiotics
is intrinsic resistance against gastrointestinal conditions. There are
reports where the initial population is significantly reduced during
gastric passage.’® Exposure of microencapsulated L. plantarum to
gastrointestinal conditions indicates that the encapsulation process
with inulin and maltodextrin protects the microorganism, improves
bioavailability, and possibly releases at the site of interest.!3
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Figure 5 CFU/mL count of microencapsulating under in-vitro gastrointestinal
conditions.

Inhibition test: The evaluation of Lactobacillus on C. jejuni indicates
the inhibitory power of BAL on the pathogenic bacterium (Figure 6).
The inhibition halos formed by agar discs with different concentrations
of the probiotic are greater than 2 mm.*® The concentrations used
showed that there is a relationship between inhibition halo and
concentration (linear and directly proportional). The values obtained
were 26.1mm, 33.5mm, and 42.6mm for the concentrations S0um,
80pm and 110pm, respectively.
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Figure 6 a) Halos of average inhibition assays of L. plantarum on C.jejuni by the
agar method impregnated with L. plantarum

b) Agar with L. plantarum.

The study of the concentrations using the PADs method allowed
observing that the lowest inhibition halos were found in the
supernatant of L. plantarum at ambient conditions and without filter,
and the highest halos were seen at temperatures of 80°c and filtered
supernatant. The monolayer diffusion method demonstrated similar
halos for the evaluations. Double-layer diffusion inhibition analyses
showed no differences. All halos formed by the different inhibition
methods, under different conditions and concentrations and that both
biomass and supernatant of L. plantarum inhibit the growth of C.
Jjejuni.

The microorganisms responsible for FBD (Foodborne Disease)
correspond to the genera Salmonella, Campylobacter, and Shigella.>
Although these pathogenic bacteria have been reported to be resistant
to antibiotics there is the possibility of controlling them with the use
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of LAB.*® Probiotics become an alternative system in preventive
health and food safety. The bactericidal potential of LAB is given
thanks to the metabolic formation of organic acids, acidification of
the environment, cell adhesion, biofilm, and control of virulent genes
(atpD, aguD).*® Probiotic strains have intrinsic properties of each
species and present different mechanisms for inhibition and biomass
growth.?

Exopolysaccharide production: After bacterial growth, EPS
production is characterized by the formation of a viscous and
filamentous layer.** In the evaluated strain the production capacity
was under different conditions of temperature and time. EPS products
of BAL are Generally Recognized As Safe (GRAS) biopolymers,
due to their antioxidant, antibacterial, antibiofilm, and antitumor
properties.*! They have the property of improving sensory properties
such as viscosity and texture, therefore, they are used in the food
industry and contribute to the interaction with intestinal epithelial
cells.*> Moreover, they have antioxidant properties and can be used
as a natural antioxidant or food additive.”® In the same vein, Xu et
al** mentioned that EPS isolated from L. casei NA-2 inhibits biofilm
formation and dispersion for B. cereus, S. aureus, S. typhimurium, and
E. coli O157:H7.

Conclusion

The results obtained allow inferring: the end of the exponential
phase of growth 15 hours with 1.3x10'°UFC/mL, sugars 8.47mg/mL,
protein 4.91mg/L, pH 4.18% acidity 1.21. Growth is higher at 37°C.

Microencapsulation parameters (a,, humidity, particle diameter,
viability, efficiency) within ranges that guarantee stability for 40
days of storage. Further investigation into the optimization of
microencapsulation conditions is necessary to improve the viability
and efficacy of L. plantarum during storage.

Bacterial growth after being subjected to gastrointestinal
conditions of 2.6x10UFC/mL. It is recommended to conduct in vivo
studies in animal models or clinical trials to confirm the efficacy of
microencapsulated L. plantarum in a biological setting.

Inhibitory action of L. plantarum on C. jejuni and positive
exopolysaccharide production at different temperatures. Explore the
mechanisms behind the inhibition of C. jejuni by L. plantarum to
enhance its probiotic potential and health benefits.

The evaluation of L. plantarum microencapsulated and subjected
to different conditions presents a high viability. Results were obtained
showing the inhibitory potential of C. jejuni. This study establishes
the foundation for future research that may enhance the progress of
functional foods and probiotic treatments.

Acknowledgments

Thanks to Vicerrectoria de Investigacion e interaccion Social
(VISS), and PROBIOTEC-FORAPIS research group for the economic
contribution and facilities to develop the research.

Funding

Research funded by Vicerrectoria de Investigacion e interaccion
Social (VISS) - Universidad de Narifio, through Convocatoria de
Investigacion Docente 2021.

Conflicts of interest

The authors declare that there are no conflicts of interest.

Citation: Jurado-Gamez H, Ceron-Cordoba JF, Davila-Solarte AP.Viability of microencapsulated Lactobacillus plantarum microencapsulated under simulated
gastrointestinal conditions and its probiotic effect on Campylobacter jejuni. MOJ App Bio Biomech. 2023;7(1):198-203. DOI: 10.15406/mojabb.2023.07.00195


https://doi.org/10.15406/mojabb.2023.07.00195

Viability of microencapsulated Lactobacillus plantarum microencapsulated under simulated gastrointestinal

conditions and its probiotic effect on Campylobacter jejuni

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Fajardo-Argoti C,

Mora-Villalobos JA, Montero-Zamora J, Barboza N, et al. Multi-
product lactic acid bacteria fermentations: a review. Fermentation.
2020;6(23):21-23.

. Sornplang P, Piyadeatsoontorn S. Probiotic isolates from unconventional

sources: a review. J Anim Sci Technol. 2016;58(1):26.

. Vinderola G, Ouwehand AC, Salminen S, et al. Lactic acid bacteria

microbiological and functional aspects. Fifth. Boca Raton: CRC Press.
2019.

. Ruiz Rodriguez LG, Mohamed F, Medina R, et al. Diversity and

functional properties of lactic acid bacteria isolated from wild fruits and
flowers present in northern Argentina. Front Microbiol. 2019;10:1091.

. Salazar Salazar Z, Hurtado Ayala L. Pruebas de susceptibilidad a

bacteriocinas producidas por BAL en bacterias resistentes a antibioticos.
Rev Mex Ciencias Farm. 2017;48(1):7-17.

. Liu Z, Zhang Z, Qui L, et al. Characterization and bioactivities of the

exopolysaccharide from a probiotic strain of Lactobacillus plantarum
WLPLO04. J Dairy Sci. 2017;100(9):6895-6905.

Jurado-Gamez H, Parra-Suesciin J. Viability
of microencapsulated Lactobacillus plantarum under simulated
gastrointestinal conditions and inhibition against Escherichia coli
O157:H7. Rev UDCA Actual Divulg Cientifica. 2021;24(1):e1733.

. Vera Mejia R, Sdnchez Miranda L, Zambrano Gavilares P, et al. Obtencion

de un candidato a probidtico de Lactobacillus plantarum 22 LMC a partir
de un medio de cultivo natural con materias primas agroindustriales. Rev
Salud Anim. 2021;43(3):1-6.

. Brodkorb A, Egger L, Alminger M, et al. INFOGEST static in vitro

simulation of gastrointestinal food digestion. Nat Protoc.2019;14(4):991—
1014.

Gonzalez E, Ana Maria Gomez-Caravaca AM, Giménez B, et al. Role
of maltodextrin and inulin as encapsulating agents on the protection
of oleuropein during in vitro gastrointestinal digestion. Food Chem.
2020;310:125976.

Guo Q, Li S, Tang J, et al. Microencapsulation of Lactobacillus
plantarum by spray drying: Protective effects during simulated food
processing, gastrointestinal conditions, and in kefir. Int J Biol Macromol.
2022;194:539-545.

El-Enshasy HA, Yang S-T. Probiotics, the natural microbiota in living
organisms. 1st ed. CRC Press. 2021.

Shahreza MS, Dehkordi NG, Nassar MF, et al. Genotyping of
Campylobacter jejuni isolates from raw meat of animal species. Med
Balear. 2022;37(4):52-57.

Gimenez G. Tipificacion y evaluacion de la sensibilidad antimicrobiana
de cepas de Campylobacter jejuni 'y Campylobacter coli provenientes de
pollos parrilleros del Bajo Chaco — Paraguay, 2018 — 2020. Compend
Ciencias Vet. 2022;12(1):14-19.

Buchanan RL. Microorganisms in foods 7: Microbiological testing in
food safety management. North Ryde: Springer Science. 2018.

Dubois M, Gilles KA, Hamilton JK, et al. Colorimetric method
for determination of sugars and related substances. Anal Chem.
1956;28(3):350-356.

Lowry OH, Rosebrough NJ, Farr AL, et al. Protein measurement with the
Folin phenol reagent. J Biol Chem. 1951;193(1):265-275.

Cai Y, Puangpen S, Premsuda S, et al. Classification and characterization
of lactic acid bacteria isolated from the intestines of common carp and
freshwater prawns. J Gen Appl Microbiol. 1999;45(4):177-184.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31

32.

33.

34.

35.

Copyright:

©2023 Jurado-Gamez et al. 202

. Rodriguez Barona S, Giraldo GI, Montes LM. Encapsulacion de

Alimentos Probidticos mediante Liofilizacion en Presencia de Prebioticos.
Inf tecnologica. 2016;27(6):135-144.

Jurado-Gamez HA, Ceron-Cordoba J-F, Bolanos-Bolafos JC. Effect
of microencapsulated Lactobacillus reuteri under simulated gastric
conditions and its inhibition on Listeria monocytogenes. Rev Ciencias
Agricolas. 2023;40(1):¢1202.

Paulo EM, Pinho VASCONCELOS M, de Jesus AFFE HM, et al. An
alternative method for screening lactic acid bacteria for the production
of exopolysaccharides with rapid confirmation. Food Sci Technol.
2012;32(4):710-714.

Guimaraes DP, Costa FAA, Rodrigues M1, et al. Optimization of dextran
syntesis and acidic hydrolisis by surface response analysis. Braz J Chem
Eng. 1999;16(2):129-139.

Thatoi H, Das Mohapatra PK, Mohapatra S, et al, Microbial fermentation
and enzyme technology. CRC Press. 2020.

Cheng F, Chen H, Lei N, et al. Effects of carbon and nitrogen sources on
activity of cell envelope proteinase produced by lactobacillus plantarum
LP69-Research paper. Acta Univ Cibiniensis Ser E FOOD Technol.
2019;23(1):11-19.

Behera SS, Ray RC, Zdolec N. Lactobacillus plantarum with functional
properties: an approach to increase safety and shelf-life of fermented
foods. Biomed Res Int. 2018;2018:9361614.

Castafieda MT. Estequiometria y cinética del crecimiento microbiano.
2016;2.

Hadinia N, Dovom MRE, Yavarmanesh M. The effect of fermentation
conditions (temperature, salt concentration, and pH) with lactobacillus
strains for producing short chain fatty acids. Food Sci Technol.
2022;165:113709.

Zhang L, Zhao B, Liu CJ, et al. Optimization of biosynthesis conditions
for the production of exopolysaccharides by lactobacillus plantarum sp8
and the exopolysaccharides antioxidant activity test. Indian J Microbiol.
2020;60(3):334-335.

Sanchez L, Omura M, Lucas A, et al. Cepas de Lactobacillus spp. con
capacidades probioticas aisladas del tracto intestinal de terneros neonatos,
Rev Salud Anim. 2015;37(2)94-104.

Homayouni-Rad A, Mortazavian AM, Mashkani MG, et al. Effect of
alyssum homolocarpum mucilage and inulin microencapsulation on the
survivability of lactobacillus casei in simulated gastrointestinal and high-
temperature conditions. Biocatal Agric Biotechnol.2021;35(3):102075.

Yin M, Chen M, Yuan Y, et al, Encapsulation of Lactobacillus rhamnosus
GG in whey protein isolate-shortening oil and gum Arabic by complex
coacervation: Enhanced the viability of probiotics during spray drying
and storage. Food Hydrocoll. 2024;146:109252.

Rajam R, Anandharamakrishnan C. Microencapsulation of Lactobacillus
plantarum (MTCC 5422) with fructooligosaccharide as wall material by
spray drying. Lwt Food Sci Technol. 2015;60(2):773-780.

Aguirre SR, Garzon MAG. Microencapsulacion por secado por
aspersion de compuestos bioactivos en diversas matrices: una revision.
TecnoLogicas. 2021;24(51):e1836.

Laureanti EJG, Paiva TS, de Matos JLM, et al. Microencapsulation of
bioactive compound extracts using maltodextrin and gum arabic by spray
and freeze-drying techniques. Int J Biol Macromol. 2023;253():126969.

Gichau AW, Okoth JK, Makokha A. Moisture sorption isotherm and
shelf life prediction of complementary food based on amaranth—sorghum
grains. J Food Sci Technol. 2020;57(3)962-970.

Citation: Jurado-Gamez H, Ceron-Cordoba JF, Davila-Solarte AP.Viability of microencapsulated Lactobacillus plantarum microencapsulated under simulated
gastrointestinal conditions and its probiotic effect on Campylobacter jejuni. MOJ App Bio Biomech. 2023;7(1):198-203. DOI: 10.15406/mojabb.2023.07.00195


https://doi.org/10.15406/mojabb.2023.07.00195
https://www.mdpi.com/2311-5637/6/1/23
https://www.mdpi.com/2311-5637/6/1/23
https://www.mdpi.com/2311-5637/6/1/23
https://pubmed.ncbi.nlm.nih.gov/27437119/
https://pubmed.ncbi.nlm.nih.gov/27437119/
https://www.taylorfrancis.com/books/edit/10.1201/9780429057465/lactic-acid-bacteria-gabriel-vinderola-arthur-ouwehand-seppo-salminen-atte-von-wright
https://www.taylorfrancis.com/books/edit/10.1201/9780429057465/lactic-acid-bacteria-gabriel-vinderola-arthur-ouwehand-seppo-salminen-atte-von-wright
https://www.taylorfrancis.com/books/edit/10.1201/9780429057465/lactic-acid-bacteria-gabriel-vinderola-arthur-ouwehand-seppo-salminen-atte-von-wright
https://pubmed.ncbi.nlm.nih.gov/31164879/
https://pubmed.ncbi.nlm.nih.gov/31164879/
https://pubmed.ncbi.nlm.nih.gov/31164879/
https://www.redalyc.org/articulo.oa?id=57956614002
https://www.redalyc.org/articulo.oa?id=57956614002
https://www.redalyc.org/articulo.oa?id=57956614002
https://pubmed.ncbi.nlm.nih.gov/28711240/
https://pubmed.ncbi.nlm.nih.gov/28711240/
https://pubmed.ncbi.nlm.nih.gov/28711240/
https://revistas.udca.edu.co/index.php/ruadc/article/view/1733
https://revistas.udca.edu.co/index.php/ruadc/article/view/1733
https://revistas.udca.edu.co/index.php/ruadc/article/view/1733
https://revistas.udca.edu.co/index.php/ruadc/article/view/1733
http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S0253-570X2021000300003
http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S0253-570X2021000300003
http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S0253-570X2021000300003
http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S0253-570X2021000300003
https://pubmed.ncbi.nlm.nih.gov/30886367/
https://pubmed.ncbi.nlm.nih.gov/30886367/
https://pubmed.ncbi.nlm.nih.gov/30886367/
https://pubmed.ncbi.nlm.nih.gov/31835230/
https://pubmed.ncbi.nlm.nih.gov/31835230/
https://pubmed.ncbi.nlm.nih.gov/31835230/
https://pubmed.ncbi.nlm.nih.gov/31835230/
https://pubmed.ncbi.nlm.nih.gov/34808148/
https://pubmed.ncbi.nlm.nih.gov/34808148/
https://pubmed.ncbi.nlm.nih.gov/34808148/
https://pubmed.ncbi.nlm.nih.gov/34808148/
https://www.taylorfrancis.com/books/edit/10.1201/9781351027540/probiotics-natural-microbiota-living-organisms-hesham-ali-el-enshasy-shang-tian-yang
https://www.taylorfrancis.com/books/edit/10.1201/9781351027540/probiotics-natural-microbiota-living-organisms-hesham-ali-el-enshasy-shang-tian-yang
https://ibdigital.uib.es/greenstone/sites/localsite/collect/medicinaBalear/index/assoc/AJHS_Med/icina_Ba/lear_202/2v37n4p0/52.dir/AJHS_Medicina_Balear_2022v37n4p052.pdf
https://ibdigital.uib.es/greenstone/sites/localsite/collect/medicinaBalear/index/assoc/AJHS_Med/icina_Ba/lear_202/2v37n4p0/52.dir/AJHS_Medicina_Balear_2022v37n4p052.pdf
https://ibdigital.uib.es/greenstone/sites/localsite/collect/medicinaBalear/index/assoc/AJHS_Med/icina_Ba/lear_202/2v37n4p0/52.dir/AJHS_Medicina_Balear_2022v37n4p052.pdf
https://revistascientificas.una.py/index.php/comp/article/view/2982
https://revistascientificas.una.py/index.php/comp/article/view/2982
https://revistascientificas.una.py/index.php/comp/article/view/2982
https://revistascientificas.una.py/index.php/comp/article/view/2982
https://link.springer.com/book/10.1007/978-3-319-68460-4
https://link.springer.com/book/10.1007/978-3-319-68460-4
https://pubs.acs.org/doi/abs/10.1021/ac60111a017
https://pubs.acs.org/doi/abs/10.1021/ac60111a017
https://pubs.acs.org/doi/abs/10.1021/ac60111a017
https://pubmed.ncbi.nlm.nih.gov/14907713/
https://pubmed.ncbi.nlm.nih.gov/14907713/
https://pubmed.ncbi.nlm.nih.gov/12501375/
https://pubmed.ncbi.nlm.nih.gov/12501375/
https://pubmed.ncbi.nlm.nih.gov/12501375/
https://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0718-07642016000600014
https://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0718-07642016000600014
https://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0718-07642016000600014
https://revistas.udenar.edu.co/index.php/rfacia/article/view/7650
https://revistas.udenar.edu.co/index.php/rfacia/article/view/7650
https://revistas.udenar.edu.co/index.php/rfacia/article/view/7650
https://revistas.udenar.edu.co/index.php/rfacia/article/view/7650
https://www.scielo.br/j/cta/a/yWpbm9hYktSdKffj3pDMYNp/?lang=en
https://www.scielo.br/j/cta/a/yWpbm9hYktSdKffj3pDMYNp/?lang=en
https://www.scielo.br/j/cta/a/yWpbm9hYktSdKffj3pDMYNp/?lang=en
https://www.scielo.br/j/cta/a/yWpbm9hYktSdKffj3pDMYNp/?lang=en
https://www.scielo.br/j/bjce/a/6YDryBMBtt6QBDKkGFSZy4t/?lang=en
https://www.scielo.br/j/bjce/a/6YDryBMBtt6QBDKkGFSZy4t/?lang=en
https://www.scielo.br/j/bjce/a/6YDryBMBtt6QBDKkGFSZy4t/?lang=en
https://www.routledge.com/Microbial-Fermentation-and-Enzyme-Technology/Thatoi-Mohapatra-Mohapatra-Mondal/p/book/9780367183844
https://www.routledge.com/Microbial-Fermentation-and-Enzyme-Technology/Thatoi-Mohapatra-Mohapatra-Mondal/p/book/9780367183844
https://sciendo.com/it/article/10.2478/aucft-2019-0002
https://sciendo.com/it/article/10.2478/aucft-2019-0002
https://sciendo.com/it/article/10.2478/aucft-2019-0002
https://sciendo.com/it/article/10.2478/aucft-2019-0002
https://pubmed.ncbi.nlm.nih.gov/29998137/
https://pubmed.ncbi.nlm.nih.gov/29998137/
https://pubmed.ncbi.nlm.nih.gov/29998137/
http://sedici.unlp.edu.ar/bitstream/handle/10915/89651/Apunte_de_c%C3%A1tedra.pdf-PDFA.pdf?sequence=1&isAllowed=y
http://sedici.unlp.edu.ar/bitstream/handle/10915/89651/Apunte_de_c%C3%A1tedra.pdf-PDFA.pdf?sequence=1&isAllowed=y
https://www.sciencedirect.com/science/article/pii/S0023643822006442
https://www.sciencedirect.com/science/article/pii/S0023643822006442
https://www.sciencedirect.com/science/article/pii/S0023643822006442
https://www.sciencedirect.com/science/article/pii/S0023643822006442
https://pubmed.ncbi.nlm.nih.gov/32647393/
https://pubmed.ncbi.nlm.nih.gov/32647393/
https://pubmed.ncbi.nlm.nih.gov/32647393/
https://pubmed.ncbi.nlm.nih.gov/32647393/
http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S0253-570X2015000200004
http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S0253-570X2015000200004
http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S0253-570X2015000200004
https://www.sciencedirect.com/science/article/abs/pii/S1878818121001717
https://www.sciencedirect.com/science/article/abs/pii/S1878818121001717
https://www.sciencedirect.com/science/article/abs/pii/S1878818121001717
https://www.sciencedirect.com/science/article/abs/pii/S1878818121001717
https://www.sciencedirect.com/science/article/abs/pii/S0268005X23007981
https://www.sciencedirect.com/science/article/abs/pii/S0268005X23007981
https://www.sciencedirect.com/science/article/abs/pii/S0268005X23007981
https://www.sciencedirect.com/science/article/abs/pii/S0268005X23007981
https://www.sciencedirect.com/science/article/pii/S0023643814006185
https://www.sciencedirect.com/science/article/pii/S0023643814006185
https://www.sciencedirect.com/science/article/pii/S0023643814006185
http://www.scielo.org.co/scielo.php?script=sci_arttext&pid=S0123-77992021000200206
http://www.scielo.org.co/scielo.php?script=sci_arttext&pid=S0123-77992021000200206
http://www.scielo.org.co/scielo.php?script=sci_arttext&pid=S0123-77992021000200206
https://pubmed.ncbi.nlm.nih.gov/37730006/
https://pubmed.ncbi.nlm.nih.gov/37730006/
https://pubmed.ncbi.nlm.nih.gov/37730006/
https://pubmed.ncbi.nlm.nih.gov/32123417/
https://pubmed.ncbi.nlm.nih.gov/32123417/
https://pubmed.ncbi.nlm.nih.gov/32123417/

Viability of microencapsulated Lactobacillus plantarum microencapsulated under simulated gastrointestinal

conditions and its probiotic effect on Campylobacter jejuni

36.

37.

38.

39.

40.

Sekhavatizadeh SS, Pourakbar N, Ganje M, et al. Physicochemical and
sensory properties of probiotic yogurt containing Lactobacillus plantarum
ATCC 10241 microencapsulated with okra (4belmoschus esculentus)
mucilage and sodium alginate. Bioact Carbohydrates Diet Fibre.
2023;30(7):100364.

Vazquez-Ortiz AA, Ovando AV, Gonzalez SR, et al. Capacidad probiotica
preliminar de bacterias acido lacticas aisladas de diferentes fuentes.
Ibciencias. 2022;5(2):18-25.

Ruiz MJ, Colello R, Padola NL, et al. Efecto inhibitorio de Lactobacillus
spp. sobre bacterias implicadas en enfermedades transmitidas por
alimentos. Rev Argent Microbiol. 2017;49(2):174-177.

Lopez YLP, Torres-Rosas R, Argueta-Figueroa L. Mecanismos de accion
de los probioticos en la inhibicion de los microorganismos cariogénicos.
Rev Medica Clin Las Condes. 2023;34(3):216-223.

Kanauchi M. Lactic acid bacteria: methods and protocols. 2019;1887.

41.

42.

43.

44.

Copyright:

©2023 Jurado-Gamez et al. 203

Rajoka MSR, Mehwish HM, Hayat HF, et al., Characterization, the
antioxidant and antimicrobial activity of exopolysaccharide isolated
from poultry origin lactobacilli. Probiotics Antimicrob Proteins.
2019;11(4)1132-1142.

Korcz E, Varga L. Exopolysaccharides from lactic acid bacteria: Techno-
functional application in the food industry. Trends Food Sci Technol.
2021;110:375-384.

Min WH, Bin FX, Wu T, et al, Characterization and antioxidant activity
of an acidic exopolysaccharide from Lactobacillus plantarum JLAU103.
J Biosci Bioeng. 2019;127(6)758-766.

Xu X, Peng Q, Zhang Y, et al., Antibacterial potential of a novel
Lactobacillus casei strain isolated from Chinese northeast sauerkraut
and the antibiofilm activity of its exopolysaccharides. Food Funct.
2020;11(5):4697-4706.

Citation: Jurado-Gamez H, Ceron-Cordoba JF, Davila-Solarte AP.Viability of microencapsulated Lactobacillus plantarum microencapsulated under simulated
gastrointestinal conditions and its probiotic effect on Campylobacter jejuni. MOJ App Bio Biomech. 2023;7(1):198-203. DOI: 10.15406/mojabb.2023.07.00195


https://doi.org/10.15406/mojabb.2023.07.00195
https://www.sciencedirect.com/science/article/abs/pii/S2212619823000189
https://www.sciencedirect.com/science/article/abs/pii/S2212619823000189
https://www.sciencedirect.com/science/article/abs/pii/S2212619823000189
https://www.sciencedirect.com/science/article/abs/pii/S2212619823000189
https://www.sciencedirect.com/science/article/abs/pii/S2212619823000189
http://biociencias.unach.mx/ibciencias/doc/vol5-art2 (3).pdf
http://biociencias.unach.mx/ibciencias/doc/vol5-art2 (3).pdf
http://biociencias.unach.mx/ibciencias/doc/vol5-art2 (3).pdf
http://www.scielo.org.ar/scielo.php?pid=S0325-75412017000200010&script=sci_abstract
http://www.scielo.org.ar/scielo.php?pid=S0325-75412017000200010&script=sci_abstract
http://www.scielo.org.ar/scielo.php?pid=S0325-75412017000200010&script=sci_abstract
https://www.elsevier.es/es-revista-archivos-cardiologia-mexico-293-pdf-S071686402300041X
https://www.elsevier.es/es-revista-archivos-cardiologia-mexico-293-pdf-S071686402300041X
https://www.elsevier.es/es-revista-archivos-cardiologia-mexico-293-pdf-S071686402300041X
https://lib.ugent.be/catalog/ebk01:4100000007181209
https://pubmed.ncbi.nlm.nih.gov/30511185/
https://pubmed.ncbi.nlm.nih.gov/30511185/
https://pubmed.ncbi.nlm.nih.gov/30511185/
https://pubmed.ncbi.nlm.nih.gov/30511185/
https://www.sciencedirect.com/science/article/pii/S0924224421001151
https://www.sciencedirect.com/science/article/pii/S0924224421001151
https://www.sciencedirect.com/science/article/pii/S0924224421001151
https://pubmed.ncbi.nlm.nih.gov/30600152/
https://pubmed.ncbi.nlm.nih.gov/30600152/
https://pubmed.ncbi.nlm.nih.gov/30600152/
https://pubs.rsc.org/en/content/articlelanding/2020/FO/D0FO00905A
https://pubs.rsc.org/en/content/articlelanding/2020/FO/D0FO00905A
https://pubs.rsc.org/en/content/articlelanding/2020/FO/D0FO00905A
https://pubs.rsc.org/en/content/articlelanding/2020/FO/D0FO00905A

	Abstract
	Keywords
	Introduction
	Materials and methods 
	Results and discussion 
	Conclusion
	Acknowledgments
	Funding
	Conflicts of interest 
	References
	Figure 1
	Figure 2
	Figure 3 
	Figure 4
	Figure 5
	Figure 6

