[image: E:\Публикации\NAP 1_page-0004.jpg]
[image: E:\Публикации\NAP 1_page-0003.jpg]


[image: E:\Публикации\NAP 1_page-0002.jpg]


[image: E:\Публикации\NAP 1_page-0001.jpg]
image1.jpeg
9th International Conference on
Nanomaterials: Applications & Properties '2019
Odesa, Ukraine, 15-20 Sept. 2019

NAP-2019

[
J

Delivery of Probiotic to Microbiome by
Layer-by-Layer Encapsulation

MalikaAbdulzhanova
Al-Farabi Kazakh National University
Almaty, Kazakhstan
‘malika@gmail.com

Dina Shokatayeva
Al-Farabi Kazakh National University
Almaty, Kazakhstan
dina_ibrayeva_01@mail.ru

Irina Savitskaya
Al-Farabi Kazakh National University
Almaty, Kazakhstan
irasava_2006@mail.ru

Alexander Pogrebnjak
Department of Nanoelectronics, Sumy
State University
Sumy, Ukraine

Aida Kistaubayeva
Al-Farabi Kazakh National University
Almaty, Kazakhstan
aida_kaz@mail.ru
Ludmila Ignatova
Al-Farabi Kazakh National University

Almaty, Kazakhstan
ignat_lv@mail.ru

alexp@ia

Abstract — The probiotic alginate microcapsules of a
matrix type were obtained by extrusion method. The coating
with an additional layer (layer-by-layer) was carried out by
placing the alginate microcapsules with bacteria included in
them in a 0.4% solution of chitosan or pullulan. Microcapsules
look like spherical particles, white, with a smooth surface. The
size of microcapsules is 102-145 microns. The efficiency of L.
acidophilus AA-1 cells immobilization for uncoated (alginate)
and coated with chitosan and pullulan microcapsules was
96.35:1.65; 95.28:231 and 94.43:231, respectively. The
survival rate of strains encapsulated in alginate-chitosan and
alginate-pullan under model gastrointestinal conditions in vitro
increased on average by 50-70% compared with free cells.

Keywords — microencapsulation, Lactobacillus acidophilus,
live bacteria, enteric delivery

I INTRODUCTION

Technologies for the functional nutrition products
production are developing at a rapid pace. A great part of
this market consists of nufrition products containing
probiotics.

The viability of probiotic microorganisms, ie. the
number of live and active cells in a certain volume (g or ml)
of probiotic food products at the time of consumption is a
crucial characteristic of these products quality, which
determines their effectiveness [1]. However, a significant
part of probiotic cells lose their activity due to damage and
death of microorganisms during the production of starter
culture, storage of products, and especially in the process of
passing through the gastrointestinal tract [2]. Therefore, it is
important to ensure high survival of probiotic bacteria during
the production and storage of the product and during its
consumption.

One of the ways to solve the problem of increasing the
viability of probiotics is the use of adsorption and spatial
immobilization of bacteria under mild conditions [3].
Among them, increasing attention of scientists is attracted to
the process of encapsulation as the most promising method
for protecting and adapting cells and active substances in
human body [4]. Biocapsulation refers to the creation of
various polymer systems in form of hydrogel nano- and
microparticles, nano- and microcapsules or polymer films
with immobilized biomaterial, which can be represented by
various BAS (proteins, including enzymes, DNA, peptides,
low molecular weight hormones, antibiotics, etc.), as well as
microbial, plant and animal cells [5]. Encapsulation provides
a significant increase in cell survival under conditions of
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gastrointestinal tract [6, 7]. In this regard, encapsulated
probiotics are used in various fermented dairy products, such
as yogurt, cheese, sour cream, frozen dairy desserts, to
obtain biomass, as well as in dry preparations [8].

One of the popular strategies for encapsulating probiotic
cells is extrusion process, since it does not require high
temperatures, use of expensive equipment and organic
solvents [9]. Therefore, in order to obtain microcapsules, an
extrusion method was chosen in this work. This method
consists of mixing a probiotic inoculum in a hydrocolloid
solution, followed by extrusion through a nozzle, and then
the resulting droplets are collected in a solution of gelling
agent such as sodium alginate. It is a natural polymer, widely
used as an encapsulating material, since it forms a universal,
biocompatible and non-toxic matrix to protect probiotic
strains from harmful factors [10]. However, there are more
and more reports that alginate microcapsules have
insufficient strength and can break down under adverse
conditions [11]. In particular, the alginate gel formed is
highly sensitive to pH values, which can affect both the
release and protection of encapsulated probiotic [12].

The encapsulation material can be modified by physical
or chemical means to strengthen the matrix. One of such
methods is coating of microcapsules with an additional layer
(by-layer) of other natural polymers, for example, chitosan,
which is widely used to obtain microcapsules by this method
[6, 9, 13, 14]. Alginate microcapsules coated with chitosan
were used as a “positive control” in this work. Another
microbial "food" polysaccharide, investigated in the work
for the possibility of creating an additional coating from it, is
pullulan. It is capable of forming elastic, durable films,
which are used as packaging material for food products, used
for edible decoration in confectionery and bakery products
[15-17]. This strategy was used in the work, the aim of
which is - Microencapsulation of probiotics into
polysaccharide matrices to improve their stability, viability
and effective gastrointestinal delivery for functional
products.

II. MATERIALS AND METHODS

A. Preparation of Bacteria for Microencapsulation

In this study Lactobacillus acidophilus AA-1 isolated by
our group from traditional yogurt was used. The strain was
stored in glycerol (50%) at -20 ° C. The stored cells were
activated twice on MRS agar plates before use. After 48
hours of growth, one colony was selected, inoculated into 20
ml MRS broth and incubated for 24 hours at 37 °C. After
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