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Probiotics are generally defined as nonpathogenic living 
organisms that have beneficial effects on host health. The 
term “probiotic” means “for life” that is derived from Greek 
language. At first, probiotics was defined as substances that 
are produced with microorganisms and promote the other 
microorganisms. Then probiotics were described as tissue 
extracts that contribute to grow microbial and regulate 
the intestinal flora balance [1]. For the first time, the word 
probiotic was introduced by Gibson and Roberfroid in 
1995 and described food supplements that were able to 
stimulate growth or activity of microorganisms [2].

Adequate amount of probiotics can prevent and treat 
diseases. However, probiotic effects are different based 
on the type of their strain [3]. Hence, some criteria 
such as identification of the genus, species, and strain 
level, safe for clinical use, able to adapt with intestine 
environment, product effective substances are necessary 
to these microorganisms qualify as probiotics [4]. Today 
diverse forms of probiotic products including capsules or 
lyophilized probiotics, heat-dried culture supernatants, 
and mixed in dairy foods are available. However, how to 
use and the type of probiotic used are the general problems 
with the use of probiotics [5]. Two genera Lactococcus and 
Bifidobacterium are the most common type of probiotics. 

Today, probiotics gained special attention in the 
treatment of diseases. Several researches have shown 
that the effective role of probiotics in the treatment 
of cutaneous inflammatory, management of diabetes, 
prevention of infections, and gastro-intestinal disorders 
[6-8]. Beneficial effects of probiotics are exerted through 
multiple mechanisms including improvement of 
lymphocyte proliferation, stimulation of host immune 
responses and regulation of anti-inflammatory cytokine 
production [9,10].

It is shown that probiotics can be considered as a good 
alternative for conventional antibiotics in the treatment of 
skin disorders [11,12,13]. Findings of Puch et al. showed 
that oral consumption of probiotics could improve the 
stratum corneum barrier function [14].

The probiotic microorganisms indicate their beneficial 
properties on wound healing via two mechanisms: direct 
effects of the live microbial cells [15] or indirect effects 
through metabolites of these cells (biogenics). Peptides as 
the most important biogenics are derived from microbial 
activity that can affect on various immune responses such 
as increased IgA-producing cells in a dose-dependent way, 
increased macrophage activity, and increased specific 
antibody responses during infections [15]. Probiotics are 
able to help to normalize disruptions in human microbial 
communities and bacteria-host interactions that contribute 
to non-healing wounds [16]. Sekhar et al. proposed a logical 
hypothesis that topical application of probiotics promotes 
the healing of diabetic ulcer and prevents the diabetic foot 
infection. Probiotics activate TLRs and the production 
of beta-defensins by penetrating the inter-cellular lipid 
matrix into the dermis. Beta defensins increases the 
skin’s immune functions by its anti-microbial and anti-
inflammatory properties [17].

Infection is a big challenge in wound healing processes 
which delays wound repair in primary closure, traumatic 
wounds, burns, and chronic skin ulcers [18,19]. 
Chronic wounds can also show symptoms such as low 
transcutaneous oxygen tension, development of necrotic 
tissue, foul odor and wound breakdown [20]. A clinical 
study showed that oral treatment with a probiotic drink 
can change P. aeruginosa from a multi-drug resistant 
(MDR) to multi-drug sensitive strain. They suggested 
that probiotics could provide a therapeutic option for 
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combating MDR P. aeruginosa in patients colonized with 
this organism [21]. Many species of lactobacilli have S-layer 
proteins which are aligned in unit cells on the outermost 
surface of many prokaryotic microorganisms, can provide 
a protective action by inhibiting the growth of bacteria 
[22-24]. The initial theory behind the use of probiotics 
was thought to be a competitive blockage of pathogens, 
but it was also concluded that local immunity had been 
enhanced. Excessive use of human and agricultural 
antibiotics has raised the incidence of multidrug-resistant 
bacteria therefore, application of alternative methods such 
as probiotics is a new approach in managing infections 
[25].

Probiotics especially lactic acid bacteria and bifidobacteria 
have close association with gut epithelial cells and are 
ideal candidates for pathogen inhibition [26]. Lactic acid 
bacteria and bifidobacteria with inducing host mucosal 
defense systems activate tissue repair mechanisms [27]. 
Production of antimicrobial peptides such as bacteriocins, 
co aggregation and quorum sensing are the main 
mechanisms by which probiotics directly inhibit pathogens’ 
growth. In addition, probiotics have high affinity binding 
to epithelial cell receptors in comparison with pathogens 
and it enable probiotics to displace pathogens in skin and 
mucosal surfaces [27].

Although the beneficial effects of probiotics on wound 
healing in the gastrointestinal tract have been confirmed 
through various experimental models, the problem of acid-
sensitive probiotic strains is a big challenge for probiotic 
therapy in intestine [28]. Probiotic bacteria during transit 
of gastrointestinal trace and in stomach encounter with a 
very harsh environment that reduce viability of probiotics. 
Therefore, it is necessary to protect probiotics against the 
acidic and protease-rich conditions of the stomach [29]. 
Hence, increasing survival rate of probiotics is a priority 
for the treatment of intestinal wounds. Microencapsulation 
is one of the newest methods for promoting viability of 
probiotics [30].

Microencapsulation is a process in which solids, liquid or 
gaseous material are packaged with thin polymeric coatings 
and form small capsules. A microcapsule is a small sphere 
with a core and wall. Core is referred to as the internal 
phase, or fill, whereas the wall is sometimes called a shell, 
coating, or membrane. The stability of microparticles 
depend on wall. In addition, the wall composition may also 
determine functional properties and potential applications 
of the encapsulated components [31]. Microencapsulation 
has numerous applications such as oral drug delivery, 
encapsulation of biocides and pesticides, subcutaneous 
and intra-muscular delivery of analgesics, arterial and 
intra-tumoral delivery of anticancer agents, incorporation 
in coatings (anti-fungal, anti-microbial and anti-fouling), 

controlled release of special chemicals for wound healing 
[32,33]. Since some materials have short half-time and 
are rapidly degraded or their systemic administration in 
large doses cause harmful side effects, microencapsulation 
technology can deliver desired levels of bioactive materials 
within extended periods and maintain the biological 
and functional characteristics of natural products. The 
controlled release system has many applications in tissue 
engineering and wound healing studies [34].

Several factors have been reported to affect the viability 
of probiotics, including pH, hydrogen peroxide, oxygen, 
storage temperature, and so on. Microencapsulation is one 
of the most efficient methods to maintain the beneficial 
effects of probiotics [35]. Studies have already shown the 
potential benefits of probiotics in skin repair and healing 
[36-39]. It is hypothesized that microencapsulation of 
probiotics increases the stability and viability of probiotic 
bacteria and promotes the wound healing processes. 

Microencapsulation of probiotics can be done 
with polysacaridic or lipid-beased materials such 
as alginate, starch, gelatin, celloluse, and chitosan. 
Microencapsulation, in fact, prevents dissolving coating 
materials in the acidic environment of the stomach, 
while in the alkaline environment such as gut with high 
pH starts dissolving coating materials [40]. Many studies 
have been reported the microencapsulated bacteria have 
higher stability and viability than uncoated bacteria [41-
43]. Findings of Ghorbani-Choboghlo et al. showed that 
microencapsulation could increase the survival rate of 
Saccharomyces cerevisiae in the gastrointestinal tract 
[44].

There are several approaches to encapsulate the 
probiotics; these include spray-drying, spray-cooling, 
fluid-bed agglomeration and coating, freeze and vacuum-
drying, emulsion-based techniques, coacervation, 
and finally the extrusion techniques that are used to 
encapsulate the microspheres [45]. The advantages and 
disadvantages of these techniques have been summarized 
in Table 1. However, extrusion and emulsion are the 
most two common encapsulation techniques [46,47]. 
In the extrusion technique, the capsules are made with 
hydrocolloids and the mixture of hydrocolloids and 
probiotics is fed into an extruder, typically a syringe. 
The pressure on the syringe results in extruding the cell 
suspension in the form of droplets to drip into a gelling 
solution. The viscosity of the hydrocolloid, diameter of 
the needle, and the distance between the needle and the 
setting bath are important and influential factors in size 
and shape of the droplets [46]. Alginate is a supporting 
material for extrusion technique. In this approach, the cell 
suspension is mixed with sodium alginate solution and the 
mixture free-fell into CaCl2.
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However, the mixture of cell and discontinuous phase 
of polymer, in the emulsification technique, is dispersed 
in a vegetable oil and homogenized by stirring to form 
a water-in-oil emulsion. The water-soluble polymer 
must be insolubilized to form the capsules [47]. In 
comparison to extrusion, the emulsification technique 
is more expensive because it requires the emulsifiers to 
stabilize the emulsion. Besides, emulsification shows some 
difficulties in preparing process including vigorous stirring 
and emulsion instability [46,48]. On the other hand, 
emulsification is a relatively new technique and easy to be 
scaled up for large-scale production. The size of capsules 
in emulsification is smaller than the beads produced by the 
extrusion technique [47].

Infection is a major challenge in chronic wounds and the 
emergence of antibiotic resistance has become a serious 
problem in health care and delay wound healing. Today, 
probiotics have been considered as a potential alternative 
treatment method. However, incompatibility of probiotics 
with antibiotics has been diminished their therapeutic 
utility. Microencapsulation can be an effective approach 
to protect probiotics. In this regard, Li et al. encapsulated 
probiotics with alginate and exposed to the antibiotic 
tobramycin. The results of this study showed that the 
growth and metabolic activity of encapsulated probiotics 
was not affected by tobramycin. In addition, they showed 
that using tobramycin combined with encapsulated 
probiotic could inhibit the growth of methicillin-

Probiotic encapsulation 
technique Advantages Disadvantages

Spray-drying

- suitable for large-scale, industrial 
applications
- the most economic and effective drying 
method in industry
- low operating costs

- low survival rate during drying of the 
bacteria
- low stability upon storage

Spray-cooling - low melting point for encapsulation
- higher survival rate than spray-drying - capsules are not soluble in water

Fluid-bed agglomeration 
and coating

- uniform coating
- the most applicable technique for 
the coating of probiotics in industrial 
productions since it is possible to achieve 
large batch volumes and high throughputs

Freeze and vacuum-drying

- avoid the water phase transition and 
oxidation
- higher survival rate 
- higher water content
- lowest inactivation upon storage 

- very expensive technology

Emulsion-based techniques
- small size of capsules
- enhance the viability of microorganism 
cells

- expensive technology
- emulsion instability
- need for vigorous stirring 
- random incorporation of cells into the 
capsules
- inability to sterilize vegetable oil

Coacervation

- a relatively simple low-cost process
- allow the incorporation of a large 
amount of micro-organisms in relation to 
the encapsulant

- it is a batch process
- need to additional drying process

Extrusion techniques to en-
capsulate in microspheres

- simple and easy implementation
- allow the retention of a high number of 
cells
- useful in order to produce probiotic 
encapsulation in microspheres

---

 Table 1: Advantages and disadvantages of encapsulation techniques of probiotic.
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resistant Staphylococcus aureus and Pseudomonas 
aeruginosa in co-culture, the two important bacteria 
in chronic wounds [49]. In another study, Singh et al. 
encapsulated Lactobacillus acidophilus and ginger extract 
simultaneously and individually in alginate floating beads. 
The results showed that encapsulated Lactobacillus 
acidophilus and ginger extract were released slowly and 
significantly influenced gastric ulcer healing in rats [50]. 

Certainly, microencapsulation can be considered as an 
effective method for increasing the viability of probiotics 
over the course of the gastrointestinal tract. However, 
there are still challenges such as choosing non-toxic 
materials and developing microencapsulation procedures. 
Future research also needs to evaluate release profile of 
probiotics from capsules. In addition, new polymers need 
to be investigated to select the best protection materials. 
Finally, a large number of in vivo studies and then 
clinical trials need to be carried out in order to examine 
the efficacy of microencapsulated probiotics in health 
care. The size of capsules or beads is one of the main 
challenges which should be controlled. Various sizes of 
particles can impact the results. Selection of emulsifier is 
also an important subject because it can cause toxicity for 
probiotic cells. Development of new strategies to delete 
the emulsifier from the technology can be a good strategy 
for researchers. It is important to select encapsulation 
materials which can show different behavior under various 
pH conditions. The use of polymers that dissolve in high 
pH can help to design specific vehicles which are used in 
treatment of intestinal diseases. Finally, it should be noted 
again that encapsulation is a promising approach in which 
probiotics have gained higher viability and stability than 
the non-encapsulated bacteria. This strategy can also be 
used to deliver the probiotics into intestine for reducing 
the infections [46,47].
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