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them against pH alterations, moisture variations, and oxidation; thus,
this process controls the release of active molecules and increases
their bioavailability (Dubey, Shami, & Bhasker, 2009). The most sig-
nificant aim for the encapsulation of active agents is to improve the
stability of the final product. For instance, encapsulation can increase
the bioavailability and functionality of probiotics (Milanovic et al.,
2010; 5hi et al., 2013), which are highly sensitive to the transport con-
ditions, digestive enzymes, pH, and mechanical stress in the stomach.
Encapsulation can cover the bitter taste of some food products by in-
hibiting reactions with other components, such as water and oxygen

Recent research on biocompatible and biodegradable polymers
has attracted considerable attention because of environmental con-
cerns. The most extensively used materials for various encapsulations

are polysaccharides, followed by proteins and lipids (Nesterenko, Alric,
Violleau, Silvestre, & Durrieu, 2013). Examples of these polysaccha-
rides are starch and its derivatives (e.g., amylose, dextrin, amylopectin,

syrups), cellulose and its derivatives,
plant exudates and extracts (e.g., gum Arabic [GA], mesquite gum,
gum karaya, gum tragacanth, pectins, galactomannans, and soluble
soybean polysaccharides), and marine extracts (e.g., carrageenan and
alginate [ALG]) (Nedovic et al., 2011).

The most common encapsulation material is sodium ALG because
of its simplicity, biocompatibility, non-toxicity, and cost-efficiency
(Krasaekoopt etal. 2003). ALG, a polysaccharide extracted from
algae, consists of f-o-mannuronic and a-L-guluronic acids. The vari-
ous amounts and sequential distribution of B-o-mannuronic and a-.-
guluronic acids in chain can affect the ALG functional properties as a
supporting material (Burgain et al. 2011). However, ALG ¢an provide
limited protection to probiotics because of its notable properties. For
example, ALG beads are not stable inlacidic environment (Mortazavian

et al. 2008). In addition, ALG microspheres with porous structure allow
easyldiffusion of acid in and out of microspheres. These disadvantages
can be effectively overcome by blending ALG with other polymers or

fecal flora when provided as part of the human diet. Desmond (2002)

used spray-dried powders containing GA to improve the survival of
Lactobacillus paracasei NFBC 338. They showed that GA can protect
probiotic bacteria during drying, storage, and gastric transit. This find-
ing demonstrated that GA treatment of the probiotic-containing po
der results in efficient probiotic delivery to the gastrointestinal trz
(GIT).

Psyllium (PSY), an arabinoxylan herbal-based biopolymer, is ¢
tracted from Plantago species. PSY can stimulate the growth of pi|
biotic bacteria in the GIT and treat several gut disorders, includi
ulcerative colitis, chronic kidney, constipation, and diarrhea (Guo, C
Wang, & Christopher Young, 2008; Rishniw & Wynn, 2011).

Enterococci are non-spore-forming, cocci-shaped, gram-positi
and catalase-negative bacteria. These facultative anaerobic orgz
isms may appear singly, in pairs, or in short chains (Nami, Haghshen
Haghshenas, & Yari Khosroushahi, 2015). Enterococci thrive in the |
male genitourinary tract, particularly in the vagina, and the GIT (gut
bowel) without causing any infection (Nami et al., 2014). In this stw
the probiotic strain Enterococcus durans W3, isolated and identif
from the Iranian traditional yogurt ecosystem, was selected for enc;
sulation because of its low cell viability at harsh acidic/bile conditio
This study has been conducted to evaluate the suitability of ALG, (
and PSY to increase the viability of E. durans IW3 under industrial
gurt production conditions. The encapsulation efficiency of these b
palymers was also determined.

2 | MATERIALS AND METHODS

2.1 | Bacterial strains and culture conditions

Probiotic strain E. durans IW3 isolated and identified from the Iranian
traditional yogurt ecosystem was selected for encapsulation using
natural jll it
high bil 2

bw cell viability at low pH and under

WRVAR | train was grown on MRS medium
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