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Abstract

Microencapsulation is one of the promising technologies to enhance the viability of probiotics microorganisms in functional 
foods. It also helps to extend the shelf life of many fermented food products. Lactic acid bacteria were microencapsulated 
within the concept of the immobilized cell technology (ICT) from many years for continuous fermentation processes and 
improved biomass production. But, these microcapsules are artificially created to support the growth of the probiotics 
and provide protection from harsh external environments. For microencapsulation of bifidobacteria and lactobacilli, 
polysaccharides like alginate, gelan, carrageenan, chitosan and starch are the most commonly used materials. Emulsion, 
extrusion, spray drying, and adhesion to starch are some of the commonly applied methods for microencapsulation. 
However, there are still significant hurdles with respect to currently available methods for probiotic cell microencapsulation. 
This is mainly due to the fact that important characteristics of microcapsules based on ICT appear to be in conflict with the 
requirements arising from an application of probiotic microcapsules in food products, with particle size and inappropriate 
matrix characteristics being the most prominent ones. The aim of this review is to give a critical overview of the current 
approaches regarding the microencapsulation of probiotic microorganisms for food applications, especially in fermented 
milk products and to report on emerging developments.
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Probiotics were defined as “live microbial feed 
supplements that have beneficial effects to the 
host by improving the microbial balance of their 
intestines” (FAO, 2002). The term probiotic contains a 
broad range of microorganism, especially lactic acid 
bacteria (lactobacilli and lactococci), some other food 
grade bacteria (bifidobacteria, propionibacteria, etc.) 
and yeasts since they can be alive till the intestine 
and given rise positive health effects to the host 
upon ingestion (Burgain et al. 2011). Probiotics can 
compete with pathogens and hence prevent them 
from adhering to the intestine (Tuomola et al. 1999). 
Probiotic intake also improves intestinal health by 

regulating or controlling native microflora; stimulates 
and develops the immune system; synthesizes 
and enhances nutrient bioavailability; lower the 
symptoms of lactose intolerance; and decrease the 
risk of some other diseases (Heidebach et al. 2012).

The main problem with the handling of probiotic 
organisms is their stability during processing of 
foods and sustaining viability during storage even at 
refrigeration temperature. A number of technologies 
have been develop to enhance or improve the viability 
of probiotics in different food matrixes; among that 
encapsulation technique have been found to be 
most promising. Microencapsulation is described 
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as a technology for enveloping small solid particles, 
liquid droplets or gasses in a coating, which forms 
microcapsules of about 1 to 1000 μm in size (Nazzaro 
et al. 2012). Microencapsulation is a process whereby 
single liquid or solid (core) droplet or molecules 
are filled, covered or coated with such a continuous 
polymeric (shell) surface to create capsules in the 
micron to microcapsule ranges (Kavitake et al. 2018; 
Vidhyalakshmi et al. 2009).

Incorporation of microencapsulated probiotic 
microorganisms to food products is relatively a 
new functional food concept. Microencapsulation 
can be used to maintain the viability of probiotic 
bacteria during processing and storage of dairy 
or food product. Microencapsulation have been 
employed successfully on some dairy products such 
as yoghurt (Brinques and Ayub, 2011; Krasaekoopt et 
al. 2003), cheeses (Abd-Elhamid et al. 2012; Amines 
et al. 2014), and ice cream (Karthikeyan et al. 2014), 
fruit juices (Phoem et al. 2015), fermented vegetables 
(Song et al. 2018), bakery products and ready to eat 
cereals (Vitaglione et al. 2015), etc. The method of 
encapsulation involves the insertion of the active 
substance into another substance wall material which 
creates particles of different scales (Kavitake et al. 
2018). In current paper, we have critically reviewed 
the significance of different microencapsulation 
methods used to enhance the viability of for lactic 
acid bacteria including probiotics in fermented and 
non fermented foods.

Purpose of Microencapsulation Technology

There are several purposes for utilizing 
microencapsulation technology to diverse food types 
or pharmaceutical preparations such as: (i) control 
release of the active components for delayed (timed) 
or long acting (sustained) release, (ii) it can stabilize 
drug which are susceptible to humidity, light or 
oxygen, (iii) it may avoid incompatibility between 
drug, (iv) it prevents evaporation of core material 
which is volatile in nature, (v) it helps to minimize 
toxicity or risk and gastrointestinal discomfort and, 
(vi) it may also results in modification in the other 
components that they encounter during GI transit for 

microencapsulation (Bansode et al. 2010; Keshari et al. 
2016).

Components of Microencapsulation Technology

The main components of microencapsulation 
techniques are core material and coating materials. 
The core material consists of a certain substance 
covered by solid or liquid material, which may differ 
in its composition, which may discharge or dissolve 
the liquid component. Active components, diluents 
and accelerators are part of the solid core (Chávarri 
et al. 2012).

The coating substance is able to establish a film along 
with the core material: being nonreactive to the 
core material and chemically compatible; as well as 
provide the required characteristics for coating like 
optical properties, stability, impermeability strength 
and flexibility (Chávarri et al. 2012; Keshari et al. 
2016). There some properties of coating material like 
in certain circumstances controlled release, inert 
to active substances, core material stabilization, 
economical, no high viscosity, non- hygroscopic, 
tasteless, film-forming, stable, soluble in an 
aqueous media or solvent or melting. Example of 
coating material such as water soluble resins, water 
insoluble resins (gum arabic, starch, gelatin), enteric 
resins(cellulose acetate phthalate) and waxes and 
lipids.

Coating Materials for Probiotic Encapsulation

Various polymers like starch, alginate, gellan 
gum, xanthan gum, chitosan, gelatin and κ –
carrageenan found there use as coating material in 
microencapsulation. Further, as mentioned by Patel 
and Prajapati (2013) microbial exopolysaccharides 
(EPS) protect microbial cells in their natural 
environment against severe conditions like osmotic 
stress, desiccation, antibiotics or other toxic 
compounds, in context to this beta-glucans have 
been reported to protect probiotic microbial cells in 
stimulated GI conditions (Shah et al. 2016). Several 
studies on encapsulation of LAB such as Lc. lactis 
and L. paracasei (Léonard et al. 2015), L. acidophilus 
and Bif. lactis (Darukaradhya et al. 2013), L. plantarum 
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(Corbo et al. 2016) and L. curvatus MBSa2 (Barbosa, et 
al. 2015) were reported by means of different coating 
materials with respect to their viability, functionality, 
and application.

(i) Alginate: When the Ca2+ gelling ions disperse 
into the alginate system because of its 
interesting properties like non toxic, easily 
forming gel matrices around bacterial cells, 
mild condition of processing required for 
their efficiency, proper resolve the gut and 
releases the entrapped cells into the intestine, 
biocompatible and low cost (Chávarri et al. 
2012). The alginate bead gelation occurs by 
cross- linkage.

(ii) Gellan Gum and Xanthan Gum: Gellan 
gum consists of a repeating unit of four 
monomers such as glucose, glucuronic 
acid, glucose and rhamnose. Gellan gum is 
microbial polysaccharide which derived from 
Pseudomonas elodea. In the case of encapsulate 
of probiotic cells a xanthan-gellan gum mixture 
has been used and, in comparison to alginate, 
the mixture has a high acid tolerance (Sun and 
Griffiths, 2000).

(iii) Κ-Carrageenan: Carrageenan is a linear polymer 
consisting D-galactose units alternatively linked 
by α-(1–3) and β(1– 4) bonds; kappa (κ), iota 
(τ), and lambda (λ) are the types of carrageenan 
(Solanki et al. 2013). κ-Carrageenan is a natural 
polymer with sulphated polysaccharides. It is 
commonly used in the form of gelling agent, 
texture improver, thickening agent or food 
stabilizer. Probiotic cells are encapsulated 
with k-carrageenan beads which maintain the 
bacteria in viable state, but the formed gels are 
damaged or brittle and cannot withstand stress 
(Chen and Chen, 2007).

(iv) Chitosan: Chitosan has excellent film- forming 
skills. Chitosan is more used as an external 
shell of capsules made of anionic polymer than 
probiotic bacteria with alginate are covered by 
alginate encapsulation because the chitosan 
coating provides a good way of delivering 

viable bacterial cells to the colony under 
stimulated GI conditions (Krasaekoopt et al. 
2004; Lee et al. 2004; Solanki et al. 2013).

(v) Gelatin: In pure form, the polymer is 
translucent, brittle, colorless or slightly yellow, 
tasteless and odorless. This thermo reversible 
gel can be used as alone or in cooperation 
with gellan gum like polysaccharides due 
to amphoteric nature (Krasaekoopt et al. 
2004). Earlier, the survival of encapsulated 
Bifidobacterium adolescentis 15703T by alginate 
coated gelatin microspheres was improved in 
gastro-intestinal tract (Annan et al. 2008). On 
the other hand, to protect the encapsulated 
LAB under simulated GI conditions Nawong et 
al. (2016) developed novel food-grade gelatin–
maltodextrin microspheres cross-linked with 
transglutaminase (TGase).

(vi) Starch: Resistant starch is the starch which is 
not digested by pancreatic enzymes (amylases) 
in the small intestine. Resistant starch can 
reach the colon where it will be fermented 
(Haralampu, 2000). The incorporation of Hi-
Maize starch alone (Iyer and Kailaspathy, 
2005) or in combination with chitosan (de-
Araujo et al. 2016) improved the encapsulation 
of viable bacteria compared with the bacteria 
encapsulated without starch.

(vii) Milk proteins: The proteins possess excellent 
gelling properties and hence can be used to 
encapsulate bioactive components (Livney, 
2010). It has been used in the encapsulation of 
probiotic cells by Heidebach et al. (2009). While 
Ying et al. (2013) revealed that compared to 
resistant starch, whey proteins provided better 
protection for L. rhamnosus GG in apple juice 
alone during 4 °C storage.

(viii) Cellulose Acetate Phthalate (CAP): CAP is 
utilized for encapsulation of probiotic bacteria 
due to its good protection, safety nature and 
being physically inert characteristics under 
simulated GI conditions. This polymer is 
insoluble at acidic pH (< 5) but soluble at 
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pH>6 because of its ionizable phthalate groups 
(Mortazavian et al. 2007).

Morphology of Microcapsules

Microcapsule morphology depends on core material 
and coating material (shell) deposition. Three 
basic types of morphology are used for making 
microcapsules as shown in Fig. 1: (1) Mononuclear 
type- In this microcapsules contain shell around core, 
(2) Polynuclear or matrix type- In this microcapsule 
have core enclosed within the shell, and (3) Coated 
matrix type encapsulation- core material is distributed 
homogenously into shell material.

Fig. 1: Morphology of microcapsules: (a) Reservoir 
or Mono-core type, (b) Matrix or Poly-core type (c) 
Coated Matrix type

Techniques for Microencapsulation of Probiotics

Spray drying, emulsion, extrusion, thermal gelation, 
supercritical fluid, fluidized bed, droplet freezing, 
coacervation, solvent evaporaion, polymerization, 
interfacial polymerization, and droplet gelation are 
the key microencapsulation methods to encapsulate 
bioactive substances into carrier materials. A number 
of factors like physical and chemical characteristics 
of core material, carrier/coating materials and their 
proposed appliance in food matrix influence the 
choice of suitable encapsulation process. Among 
these, spray drying, emulsion, and extrusion have 
been proven to be most effective for probiotic 
microorganisms and hence, further discussed in the 
text below.

1. Spray drying: In food industries spray drying 
is standard method for turning or convert 
liquid into dry powder. In recent year spray 
drying has been used to encapsulate probiotic 
cells, not only for drying purpose but also for 
the encapsulation (Fig. 2a). In this case, spray 
dried mixtures of probiotic cell concentrates 
with aqueous solution of specific polymers, 
such as starch (O’Riordan et al. 2001), gum 
arabic (Desmond et al. 2002), gelatin (Lian et al. 
2003), whey protein isolate (Picot and Lacroix, 
2004), maltodextrin mixed with gum arabic 
(Su et al. 2007) and ß-cyclodextrin mixed with 
gum arabic (Zhao et al. 2008) and their ability 
to protect the probiotic cells against adverse 
condition was investigated. The spray drying 
process is controlled by air flow, feed and 
material temperature. The benefits of spray 
drying are the speed and the relatively low 
cost. It is a highly reproducible method and the 
most significant is that it is ideal for industrial 
applications. One downside of spray drying is 
the use of high temperature that is incompatible 
with bacteria’s survival.

2. Emulsification: Emulsification is a chemical 
technique for encapsulating probiotic living 
cells and using hydrocolloids as materials 
that encapsulate them (Fig. 2b). The theory of 
this technique is based on the continuous and 
discontinuous phases. This method is easy to 
scale up and gives the bacteria a high survival 
rate (Chen and Chen, 2007). The emulsion 
technique allows the creation of the desired 
size of the microcapsules by varying agitation 
rate and water/oil ratio (Kailasapathy, 2009). 
The beads of gel can be injected into a second 
polymer solution to build a layer of coating 
that provides additional cell security or many 
offer improved organoleptic properties.

3. Extrusion method: Extrusion is a physical 
procedure which encapsulates probiotic cells 
and uses hydrocolloids as encapsulating 
substance. In this method involves the injection 
of the solution containing the cells at the higher 
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pressure through nozzle as depicted in Figure-
2b (Burgain et al. 2011). Extrusion is one of the 
ancient and popular methods of producing 
hydrocolloid capsule using a simple and 
low cost procedure that minimizes injury to 
probiotic cells while maintaining a relatively 
higher viability (Mortazavian et al. 2007). Beads 
size diameter, mostly depends on the range 
between syringe and hardening solution, form 
of polymer, viscosity, concentration and mainly 
extruder orifice diameter. It is a simple and low 
cost process, which uses a gentle procedure 
that does not damage viable probiotic cells. 
The major disadvantage of this method is due 
to slow formation of micro beads, it is difficult 
to use in large-scale production.

The major outcomes of several studies dealing with 
microencapsulation of probiotics by employing 
any of the above discussed techniques in dairy and 
food products are compiled in Table 1. In a recent 
investigation, L. acidophilus was microencapsulated 
by external gelation in alginate-gelatin (AG) and 
alginate-gelatin-fructooligosaccharides (AGF) 
microbeads in context to increase the viability of 
probiotic culture (Silva et al. 2018). When exposed to 
simulated GIT, microencapsulation provided better 
protection to the probiotic cells especially to those 
who were encapsulated with FOS since promoted 
the formation of a more interconnected network, 
which contributed to better protection of cells and 
controlled delivery.

Fig. 2: Schematic representation of (a) Spray drying, (b) Extrusion method, and (c) Emulsification method for 
microencapsulation of probiotics
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Table 1: Major outcomes of some studies dealing with microencapsulation in dairy and food products

Material Bacterial strain Product Major Outcome Reference
Sodium alginate Bifidobacterium 

longum 15708
Cheddar cheese Cheddar cheese containing 

encapsulated B. longum produced with 
emulsion process showed a good survival 
with 2 log CFU/mL reduction after 21 
days, as compared to droplet extrusion- 
encapsulated B. longum and free cells with 3 
and 4 log CFU/mL reductions, respectively

Amine et al. 
2014

Calcium 
alginate and 
whey protein 
concentrate 
beads

Lb. acidophilus 
(LA-5) and Lb. casei 
(NCDC-298)

Ice cream The viable cell count of Lb. acidophilus (LA-
5) and Lb. casei (NCDC-298) in the free state 
in prepared ice cream mixture was 5.1±0.2 
×109 cfu/ ml and 4.3±0.2 × 109 cfu/ ml at day 
one and the numbers were decreased to 
4.1±0.3×106 and 1.9±0.2×107 cfu/ ml after 180 
days of storage at -23 °C respectively. After, 
the probiotic survival rate raised at of 30 per 
cent during the same period of storage.

Karthikeyan 
et al. 2014

Milk proteins Bifi. adolescentis 
ATCC 15704

Kariesh cheese Survival of encapsulated Bif. adolescentis in bile 
solution was significantly enhanced (p<0.05) 
compared to the free cells; encapsulation 
protected cells in Kariesh cheese during cold 
storage as compared to free cells

Abd-
Elhamid, 
2012

Sodium alginate Lb. paracasei ssp. 
paracasei LBC-1 
(LBC-1e)

Mozzarella 
cheese

Some reductions were observed in both free 
and encapsulated LBC-1e during heating 
and stretching, with encapsulated LBC-1e 
surviving slightly better. During storage, a 
decrease was observed in total LAB, but no 
statistically significant decrease was observed 
in LBC-1e

Ortakci et al. 
2012

Sodium alginate 
or pectin

Lb. 
plantarum BL011

Yoghurt Under refrigerated storage viability of 
immobilized cells were greatly enhanced 
compared to the free microorganisms, and the 
treatments showing the lowest loss of viability 
were those of 4% (w/v) pectin, 3% (w/v) 
sodium alginate coated with chitosan and a 
mixture of 2% (w/v) sodium alginate and 2% 
(w/v) pectin, respectively. Loss of viability 
of immobilized L. plantarum in 3% alginate 
coated with chitosan in yogurt was of 0.55 log 
cycles during 38 days of storage

Brusch-
Brinques 
and Ayub, 
2011

 NA-alginate 
[extrusion] or 
k-carragenan 
[emulsion tech.]

Bif. bifidum BB-
12 and Lb. 
acidophilus LA-5

White-brined 
cheese

Both techniques were effective in keeping 
the numbers of probiotic bacteria higher 
than the level of the therapeutic minimum 
(>107 cfu g−1): While the counts of probiotic 
bacteria decreased appro. 3 log in control 
cheese in which probiotics were used as free 
cells, the decrease was more limited in the 
cheeses containing microencapsulated cells 
(appro. 1 log)

Ozer et al. 
2009
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Microencapsulation of probiotic strain Bifidobacterium 
lactis was done in jussara (Euterpe edulis M.) juice 
by Paim et al. (2016) through spray drying method. 
There was 1 log cycle reduction in the viable count of 
probiotic cells during the process. Another study states 
that among alginate, chitosan and hydroxypropyl 
methylcellulose (HPMC), no single matrix fibre could 
improve the viability of L. acidophilus NCIMB 701748 
from production through storage and digestion 
(Yonekura et al. 2014). Compared to control, HPMC 
and sodium alginate, chitosan improved survival 
rates in simulated GI conditions, but it caused large 
losses of cell viability during spray-drying.

Fig. 3: Factors affecting effectiveness of 
microencapsulation process for probiotic microorganisms

As depicted in Fig. 3, some factors such as 
environmental condition, effect of bacterial cell 

on capsule, modification of capsule material, 
condition of processing factors, initial concentration 
of microbial cells, capsule material, coating and 
processes, characteristics of capsule with respect 
to environment and concentration of polymer 
and bead diameter affects the effectiveness of 
microencapsulation (Kavitake et al. 2018; Solanki et 
al. 2013). These problems can be further overcome 
by selecting appropriate encapsulation method, 
core material, coating material and other processing 
conditions.

Pros and Cons of Microencapsulation Technology

Some benefits of microencapsulation technology 
includes: (i) it is possible to use enzymes in 
microencapsulated form in food products to 
accelerate ripening and flavor development, (ii) 
it has improved viability and stability of starter 
culture, (iii) they helps in protect the compounds 
against UV radiation, heat, and/or oxidation, (iv) 
shelf-life of bioactive components/drugs is improved 
by preventing degradative reaction, and (v) handling 
of liquid as solids is possible (Heidebach et al. 2012; 
Jyothi et al. 2012).

Several disadvantages of microencapsulation are 
(i) it is costly approach, (ii) this causes reduction in 
shelf life of hygroscopic drugs, (iii) different dosage 
forms like tablet, capsules, and lozenges cannot be 
encapsulated by single microencapsulation process, 

Milk Proteins 
(goats’ milk)

L. acidophilus LA5, 
Bifidobacterium 
animalis sub sp. 
lactis BB12, and 
Propionibacterium 
jensenii 702

Milk powder All three probiotics were able to maintain 
satisfactory viability levels (106–108 cfu/g) 
after spray drying. While during storage 
encapsulation of mixed cultures did not affect 
the viability during storage at 4 °C, while a 
significantly reduction occurred at 30 °C.

Ranadheera 
et al. 2015

Sodium alginate LAB KCC-42 Radish Kimchi 
and Simulated 
Gastrointestinal 
Juices

Survival rate of free and encapsulated LAB 
KCC-42 was 6.85 × 105 and 7.48 × 105 CFU/
ml, respectively; The viability count was 
significantly higher than nonencapsulated 
LAB in simulated gastrointestinal juices (acid, 
bile, and pancreatin) and under radish kimchi 
fermentation environment; The production of 
metabolites bacterial population was high in 
encapsulated LAB samples

Song et al. 
2018
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and (iv) certain times coating may not be uniform 
this can effect release pattern of drug in the body 
(Heidebach et al. 2012; Kavitake et al. 2018).

CONCLUSION

The sustainability viability of starter cultures 
including probiotic microorganisms in the fermented 
foods and gastrointestinal environment are major 
challenges at industrial scale. Microencapsulation is 
one of the promising technology emerged in recent 
years which has potential to improve the viability of 
probiotic microorganism as well as other bioactive 
components in different applications. In context to 
probiotics, at commercial level, spray drying is more 
advantageous microencapsulation technique among 
all other methods employed for the probiotics while, 
at small scale or laboratory level emulsion or extrusion 
method is more beneficial. In the encapsulated form, 
the probiotics are protected from bacteriophage and 
harsh environments, such as freezing and gastric 
solutions. In dairy products, specifically in case of 
yoghurt, ice-cream and cheese during storage (shelf-
life) on an average 1-2 log cycle reduction have been 
observed which is significantly very low as compared 
to free cells (3-4 log cycle reduction). The survival 
rate of probiotic bacteria with prebiotic is higher 
than microencapsulated probiotic without prebiotic. 
Microencapsulation enhances the viability of bacteria 
without any alteration in the sensory properties of 
dairy products.
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