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Abstract Fermented milk products containing probiotics and
prebiotics can be used in management, prevention and treat-
ment of some important diseases (e.g., intestinal- and
immune-associated diseases). Microencapsulation has been
used as an efficient method for improving the viability of
probiotics in fermented milks and gastrointestinal tract. Mi-
croencapsulation of probiotic bacterial cells provides shelter
against adverse conditions during processing, storage and
gastrointestinal passage. Important challenges in the field
include survival of probiotics during microencapsulation, sta-
bility of microencapsulated probiotics in fermented milks,
sensory quality of fermented milks with microencapsulated
probiotics, and efficacy of microencapsulation to deliver
probiotics and their controlled or targeted release in the gas-
trointestinal tract. This study reviews the current knowledge,
and the future prospects and challenges of microencapsulation
of probiotics used in fermented milk products. In addition, the
influence of microencapsulation on probiotics viability and
survival is reviewed.
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Introduction

Nowadays, fermented milk products have been used as func-
tional foods around the world because of their beneficial
effects on human health (Divya et al., 2012). According to
Codex Alimentarius, "fermented milk is a milk product ob-
tained by fermentation of milk, which milk may have been
manufactured from products obtained frommilk with or with-
out compositional modification as limited by the provision in
Section 3.3 (of this standard), by the action of suitable micro-
organisms and resulting in reduction of pH values with or
without coagulation" (CAC/RCP 243, 2003). Fermented
milks are widely produced around the world, and approxi-
mately 400 generic names are applied to the traditional and
commercial products, but in actual essence the list may in-
clude only a few variations. The most popular and industrially
manufactured fermented milk products, based on the main
microorganisms dominating the flora in the product and the
main metabolites of the starter cultures are summarized in
Figure 1 (Tamime, 2006; Tamime and Robinson, 1999).

Technological aspects related to microbial systems and
functional foods are the composition and processing of raw
materials, the viability and productivity of the applied starter
cultures, and technological and storage conditions of the final
foods. Several parameters can control the safety aspects, sen-
sory properties, organoleptic characteristics and stability of
fermented milk products (O'grady and Gibson, 2005; Shah,
2001; Korbekandi et al., 2011; Beheshtipour et al., 2013;
Mohammadi et al., 2012; Shah et al., 2000; Shah and
Lankaputhra, 1997). In addition, development of fermented
milk products containing probiotics and prebiotics has its tech-
nical difficulties. Some of the technical difficulties encountered
by industries in the development of fermented milk products
are mentioned in Figure 2. The viability of probiotic microor-
ganisms in the final product until the time of consumption has
been proposed with the descriptor minimum of biovalue
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(MBV). MBV is the minimum of viable probiotic cells per
gram or milliliter of probiotic product, and is the most impor-
tant qualitative parameter of probiotic products as it determines
their pharmaceutical effectiveness (Mortazavian et al., 2007a;
Mortazavian and Sohrabvandi, 2006). The viability of probiotic
microorganisms is affected by factors such as the strain of
probiotic bacteria, interactions among present species, pH,
production of organic acids and volatile compounds (e.g., lactic
acid, acetic acid, orotic acid, succinic acid, uric acid, citric acid,
ethanol, pyruvate, acetaldehyde, diacetyl and acetoin). Other
important factors are the metabolic products and acids

produced during refrigerated storage, concentration of hydro-
gen peroxide and dissolved oxygen in fermented milks, con-
centration of sodium chloride in the media, inoculation level,
incubation temperature and time, growth promoters (nutrients
availability) and inhibitors, buffering capacity of the media,
storage temperature, heat treatments, homogenization and
packaging materials and conditions (Kosin and Rakshit,
2006; De vuyst, 2000; Korbekandi et al., 2011; Lucas et al.,
2004; Oliveira et al., 2001; Donkor et al., 2006; Dave and Shah,
1997; Shah, 2000; Ravula and Shah, 1998). The viability of
probiotics in fermented milks depends on the multiplication
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Fig. 1 Types of fermented milk products

Fig. 2 Some of the technical
difficulties encountered by
industries in the development of
fermented milk products



and survival rates of probiotic cells over the storage period, as
well as during the fermentation period until the time of con-
sumption. Therefore, loss of viability of probiotics could occur
during two stages, i.e., production and storage. Unfortunately,
probiotics show poor viability in fermentedmilks, because they
grow slowly and also lose their viability (sometimes dramati-
cally) during the fermentation and refrigerated storage. There-
fore, the viable counts of probiotics in fermented milks at the
moment of consumption are expected to be less than the
minimum acceptable concentration of 106 cfu g−1 or mL−1.
Moreover, a high viable population of probiotic bacteria in food
products at the time of consumption does not guarantee the
same survival rate after the arrival of the cells in the intestine.
The low pH of the stomach and the presence of bile salts in the
small intestine are the main reasons for the dramatic decline in
viability of delivered cells (Tamime et al., 2005; Kosin and
Rakshit, 2006; Korbekandi et al., 2011) .

Many investigations have documented the positive effects
of microencapsulation of probiotic microorganisms and their
survival in fermented milks and gastrointestinal tract
(Adhikari et al., 2000; Sultana et al., 2000; Sun and Griffiths,
2000; Krasaekoopt et al., 2004; Picot and Lacroix, 2004; Iyer
and Kailasapathy, 2005; Kailasapathy, 2006). Some important
applications of microencapsulation in the food industry are
summarized in figure 3 (Anal and Singh, 2007). Probiotics
must survive food processing and storage during product
maturation and shelf-life for successful delivery in fermented
milks. Furthermore, because viable and bioactive probiotic
microorganisms are usually required at the target site in the
host, it is important that probiotic cells withstand the host′s
natural barriers against ingested bacteria. Microencapsulation
technologies can be used to protect these sensitive bacteria
against high oxygen levels, acidic environments, freezing and
especially during transit through the gastrointestinal tract
(Korbekandi et al., 2011). This study reviews the potential
effects of microencapsulation on viability and survival of
probiotics used in fermented milk products. The aim of this
review article is, therefore, to reflect on the current state and

future prospects, especially the potentials and limitations of
the above mentioned techniques for food industries.

Probiotic microorganisms

Probiotics are defined as “live microorganisms (bacteria or
yeasts), which when administered in adequate amount confer
a health benefit on the host” (World Health Organization and
Food and Agriculture Organization of the United Nations
WHO/FAO 2001). They can be used in management, preven-
tion and treatment of some important diseases. Table 1 sum-
marizes important health benefits from the consumption of
probiotics (Parvez et al., 2006; Kalliomaki et al., 2003; Lee
et al., 2003; Rinkinen et al., 2003). Lactobacillus and
Bifidobacterium species are the most important probiotic mi-
croorganisms applied in probiotic fermented milks, because of
some potential characteristics such as their good tolerance
toward harmful environmental factors (e.g., low pH, hydrogen
peroxide and molecular oxygen) and beneficial effects on
human health (Mortazavian and Sohrabvandi, 2006; Lee and
Wong, 1998; Oliveira et al., 2009; (Østlie et al., 2003, 2005)
(Table 2). Bifidobacteria are gram-positive, strictly anaerobic
bacteria and grow at pH 4.5–8.5. Lactobacilli are gram-posi-
tive, facultative anaerobic or microaerophilic rod-shaped bac-
teria (Holzapfel et al., 2001; Doleyres and Lacroix, 2005).

Protecting probiotics by microencapsulation

Microencapsulation is a physicochemical or mechanical process
in which the bacterial cells are entrapped within coatings of
hydrocolloidal materials, providing protection from adverse
conditions such as high acidity and low pH, bile salts, cold
shock (induced by process conditions such as deep freezing
and freeze drying), molecular oxygen (in the case of obligatory
anaerobic microorganisms), heat shock (caused by the process
conditions such as spray drying), and chemical antimicrobial

J Food Sci Technol (August 2015) 52(8):4679–4696 4681

Fig. 3 Important applications of
microencapsulation in the food
industry



agents applied in order to inhibit or reduce cell injuries/loss and
increase viability (Korbekandi et al., 2008; Adhikari et al., 2000;
Krasaekoopt et al., 2006; Sultana et al., 2000;Mortazavian et al.,
2008; Krasaekoopt et al., 2004; Hansen et al., 2002; Lee and
Heo, 2000; Rao et al., 1989; Wenrong and Griffiths, 2000;
Champagne 2012; Heidebach et al., 2012). Other advantages
including increase in sensory stability and/or its improvement
and immobilization of the cells for their homogeneous distribu-
tion throughout the product, can also be achieved (Mortazavian
et al., 2007b). High acidity and low pH of fermented products
are the main factors that cause viability loss of probiotics,
especially during refrigerated storage (Shah et al., 1995; Dave
and Shah, 1997). Techniques commonly applied for probiotic
microencapsulation are emulsion, extrusion, spray drying, freeze
drying and adhesion to starch. Some important examples of
emulsion, extrusion and spray-drying techniques applied in
microencapsulation studies are mentioned in Table 3.

Microencapsulation of L. acidophilus and bifidobacteria
with calcium alginate did not considerably increase their
viability after being subjected to the intense acid (pH 2) and
bile (2 %) environment, vice versa, however, at mild acidic
conditions (natural acidity of yoghurt), throughout 8 weeks of
refrigerated storage improving the probiotics survivability
was noticeable. Kebary et al. (1998) showed that

encapsulation of bifidobacteria with alginate could signifi-
cantly increase their viability in frozen ice milk, whereas,
using k-carrageenan for this reason was not as successful as
the previous one. Encapsulated B. longum in milk showed
higher viability compared with free cells during storage time
(Truelstrup Hansen et al., 2002). Higher survivability of
B. infantis in yoghurt during the refrigerated storage was
reported when the cells were encapsulated by mixture of
gelan-xanthan. The average size of the beads was 3 mm after
the encapsulation process (Sun and Griffiths, 2000). Encap-
sulated probiotics with an alginate-starch mixture and a bead
size range of 0.5 to 1.0 mm were considerably more viable in
yoghurt during the storage period (Sultana et al., 2000). In-
crease in the viability of lactobacilli in frozen ice milk after
encapsulation with alginate (size range from 25 to 62 μm) has
been reported (Sheu and Marshall, 1993). Good efficiency for
encapsulation process after the encapsulation of B. infantis
with xanthan-gelan mixture in yoghurt with pH 4 during the
6 weeks of storage period at 4 °C has been reported. Men-
tioned cells showed higher survivability during the pasteuri-
zation process (Sun and Griffiths, 2000). Because microen-
capsulation of probiotic starter cultures considerably de-
creases their metabolic activity, viability of the cells would
increase due to the slower acid production rate. For instance, it
has been reported that incubation time for yoghurt made with
L. casei and L. acidophilus up to the end point of pH 5,
increased from 6 h in the case of free cells to 30 h in the case
of encapsulated cells (Sultana et al., 2000).

Viability and survival of probiotics in gastrointestinal
conditions

Microencapsulated probiotics should survive passage through
the upper digestive tract in large numbers sufficient enough to
produce desired beneficial effects in the host intestine (Cook
et al, 2012; Gilliland, 1989). The effect of microencapsulation
on the survival of probiotic bacteria under gastrointestinal
conditions has been investigated by researchers (Table 4).
Kim et al., (2008) have investigated the effect of microencap-
sulation on viability of L. acidophilus ATCC 43,121 during
exposure to artificial gastrointestinal. They also investigated
the effect of microencapsulation on the heat susceptibility of
this microorganism during the heat treatment. Other charac-
teristics of non-encapsulated and encapsulated L. acidophilus
ATCC 43,121 were studied (such as cholesterol assimilation
and intestinal adhesion). As a result, the encapsulated cells
exhibited a significantly higher resistance to artificial intesti-
nal juice and heat treatment than non-encapsulated samples.
The assimilative reductions of cholesterol by non-
encapsulated and encapsulated L. acidophilus ATCC 43,121
were 35.98 % and 32.84 %, respectively. Moreover, encapsu-
lation did not significantly (P>0.05) affect the adherence of

Table 1 Potential health benefits from probiotics

• Modulation/stimulation of the immune system
• Improvement of mucosal immune function, mucin secretion &
prevention of disease

• Improvement of lactose digestion & symptoms of intolerance in lactose
intolerance

• Lowered serum cholesterol levels
• Shortened the duration of acute gastroenteritis, acute diarrhea &
antibiotic-associated diarrhea

• Reduced pain & constipation of irritable bowel syndrome
• Reduced bloating & flatulence in irritable bowel syndrome
• Control of cancer (e.g., reduced risk factors for colon cancer)
• Alleviation of food allergy symptoms in infants

Table 2 Some examples of lactic acid bacteria and bifidobacteria

Lactic acid bacteria Bifidobacteria

L. acidophilus
L. amylovorus
L. casei
L. crispatus
L. delbrueckii subsp. bulgaricus
L. gasseri
L. johnsonii
L. paracasei
L. plantarum
L. reuteri
L. rhamnosus
L. salivarius

B. adolescentis
B. animalis
B. bifidum
B. breve
B. infantis
B. lactis
B. longum
B. pseudolongum
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Table 3 Some important examples of emulsion, extrusion, and spray drying techniques applied in microencapsulation studies

Encapsulating materials Probiotic microorganisms Size of
capsules

Reference

Emulsion
Techniques

2–4 % alginate Lactobacillus casei NCDC-298 - (Mandal et al., 2006)

κ-Carrageenan/locust bean gum Bifidobacterium longum 1–2 mm (Maitrot et al., 1997)

2 % alginate, 5 % glycerol, 0.26 %
xanthan gum +0.8 % chitosan

Lactobacillus bulgaricus KFRI 673 40–80 μm (Lee et al., 2004)

1 % Alginate, glycerol +
preservatives in micro porous
glass (MGP) membrane

Lactobacillus casei YIT 9018 - (Song et al., 2003)

3 % alginate Bifidobacterium longum
Bifidobacterium bifidum
Bifidobacterium infantis
Bifidobacterium breve
Bifidobacterium adolescentis

20–70 μm (Truelstrup Hansen et al., 2002)

- 2 % alginate +2 % corn starch -
1 % Xanthan +0.5 % gellan

Lactobacillus reuteri - (Muthukumarasamy et al., 2006)

2 % κ-carrageenan Bifidobacterium longum B6 5–100 μm (Adhikari et al., 2000)

Bifidobacterium longum ATCC 15708

32 % Oil, 20 % caseinate, 20 %
fructo-oligosaccharides, 20 %
glucose syrup or starch (MicroMAX)

Bifidobacterium infantis 15–20 μm (Crittenden et al., 2006)

Alginate/starch Bifidobacterium infantis 0.5–1 mm (Sultana et al., 2000)

Alginate/starch Bifidobacterium infantis 0.5–1 mm (Godward and
Kailasapathy, 2003)

Milk fat+10 % whey
protein isolate

Bifidobacterium breve
R070 (BB R070)

3–80 μm (Picot and Lacroix, 2004)

Bifidobacterium longum
R023 (BL R023)

Milk proteins Lactobacillus paracasei
ssp. paracasei F19

68±5 μm (Heidebach et al., 2009)

Bifidobacterium lactis Bb12

13 % gelatin, 1.25 mM
genipin +1 % alginate

Bifidobacterium adolescentis
15703 T

49–53 μm (Annan et al., 2008)

4 % sodium alginate +2 % starch Lactobacillus acidophilus LA1 100–300 μm (Sabikhi et al., 2010)

1 % gum Arabic, gellan gum
or mesquite seed gum

Lactobacillus sp. 30, 17 & 10 μm (Yáñez-Fernández et al., 2008)

Extrusion
Techniques

1.5 % alginate +0.1 %
poly-L-lysine & 0.1 % alginate

Lactobacillus reuteri
Bifidobacterium longum

619±31 μm (Martoni et al., 2008)

Alginate Bifidobacterium lactis 2–2.5 mm (Favaro Trindade and
Grosso, 2000)

- 2 % alginate +0.17 % alginate Bifidobacterium bifidum ATCC 1994 1.89 mm (Krasaekoopt et al., 2004)

- 2 % alginate +0.05 %
poly-L-lysine

Lactobacillus acidophilus 547
Lactobacillus casei 01

Gellan/xanthan Bifidobacterium infantis 3 mm (Sun and Griffiths, 2000)

2 % Alginate, 1 % gellan,
0.86 % peptides, 0.2 %
fructo-oligosaccharides

Bifidobacterium bifidum - (Chen et al., 2007)

Alginate/starch Bifidobacterium lactis 2–2.5 mm (Talwalkar and
Kailasapathy, 2003)

2–4 % sodium alginate Bifidobacterium longum KCTC 3128
Bifidobacterium longum HLC 3742

1.03–2.62 mm (Lee and Heo, 2000)

3 % κ-carrageenan Bifidobacterium bifidum (ATCC 15696) - (Dinakar and Mistry, 1994)

Spray-drying
Techniques

10 % Gelatin, gum Arabic,
soluble starch, or skim milk

Bifidobacterium infantis CCRC
14633 Bifidobacterium infantis
CCRC 14661 Bifidobacterium
longum ATCC 15708

Bifidobacterium longum CCRC
14634 Bifidobacterium longum B6

10–20 μm (Lian et al., 2002; Lian et al.,
2003; Hisiao et al. 2004)
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L. acidophilus ATCC 43,121 onto the human intestinal epi-
thelial cell lines HT-29. Studies suggest that microencapsula-
tion of free probiotic cells can increase their viability by ≥2
log cycles in fermented milks during a refrigerated storage
period. In fermented milk drinks with pH values of less than
4.2, free cells of L. acidophilus La-5 lost their viability to less
than 106 cfu mL−1 after 1 week and in the case of B. lactisBb-
12, a similar loss occurred after 2 weeks of storage. For
encapsulated cells, viable population of L. acidophilus and
bifidobacteria remained higher than 105 and 106 cfu mL−1

after 42 days of refrigerated storage (Mortazavian et al., 2008).
In simulated gastrointestinal conditions, the viability of the
mentioned probiotic cells after encapsulation was increased
from 0.6 and 0.2 % as free cells to 18.0 and 9.5 % under harsh
gastrointestinal conditions (pH 1.5, 90 min/2 % bile salts,
90 min). Under normal simulated gastrointestinal conditions
(pH 2.0, 30 min/0.6 % bile salts, 60 min), the cell survival
rates were 16% for L. acidophilus and 21% for bifidobacteria
before encapsulation and 26 and 34 % (L. acidophilus and
bifidobacteria, respectively) after encapsulation (Mortazavian
et al., 2008).

Lee and Heo (2000) showed that survivability ofB. longum
encapsulated with calcium alginate in the simulated condi-
tions of gastric juice (pH 1.5) could be considerably increased.
They found that the death rate of the probiotics in the capsules
decreased proportionally with an increase in the alginate con-
centration (1~3 %), bead size (1~3 mm) and initial cell
numbers. Experiments indicated that coating of the calcium
chloride on sodium alginate capsules containing
L. acidophilus increased tolerance of the mentioned bacteria
against harsh acidic (pH 2) and bile (1 %) conditions
(Chandramouli et al., 2004). Simulated conditions of the
stomach (pH 1.5) led to a dramatic loss in the viable counts
of B. infantice (from 1.23×109 to <10 cfu/ml after 30 min),
nevertheless, its viability loss under the same conditions after

microencapsulation did not exceed the 0.67 % of the first
viable cell amount (Sun and Griffiths, 2000). Findings have
revealed that resistant starch is an efficient component for the
purpose of probiotics encapsulation, because it is not dis-
solved or decomposed in the gastric acid, neutral pH and by
the enzymatic activity of pancreas, but releases its cells when
the beads enter the intestine (Englyst et al., 1992; Sun and
Griffiths, 2000). It should be mentioned that apart from the
type and concentration of coating materials; diameter of cap-
sules or coats is also a determinable factor for improving the
viability of probiotics. For instance, it was reported that sur-
vivability of encapsulated probiotics with alginate capsules
under the acidic-bile conditions showed no significant differ-
ence when the diameter of gel-beads were 20 and 70 μm
compared with the bigger sizes (Sultana et al., 2000). Further-
more, the survival of encapsulated probiotics is dependent on
the initial cell numbers and bacterial species (Sultana et al.,
2000; Truelstrup-Hansen et al., 2002).

Microencapsulation materials

Encapsulation of probiotic microorganisms in polymer sys-
tems seems to be easy lab-scale process in order to protect
probiotics against low pH and high bile concentrations (Anal
and Singh, 2007; Heidebach et al., 2010; Lian et al., 2002;
Peres et al., 2012; Huq et al., 2013). However, scaling up of
this process needs industrial investments. The selection of
different types of encapsulating materials usually depends on
the functional properties of the microcapsules and the coating
process used. Materials commonly used in encapsulation of
probiotic microorganisms include κ-carrageenan, alginate,
cellulose acetate phthalate, modified starch, chitosan, gellan,
xanthan, gum Arabic and animal proteins (milk, gelatin).
Coating the microcapsules produced by different

Table 3 (continued)

Encapsulating materials Probiotic microorganisms Size of
capsules

Reference

Oil (32 %), 20 % caseinate,
20 % fructo-oligosaccharides,
20 % glucose syrup or starch
(MicroMAX)

Bifidobacterium infantis 15–20 μm (Crittenden et al., 2006)

Milk fat/whey proteins
Whey proteins

Bifidobacterium longum
Bifidobacterium breve

20–75 μm (Picot and Lacroix, 2003a, 2004)

10 % Waxy maize starch Bifidobacterium PL1 5 μm (O′Riordan et al., 2001)

30 % maltodextrin &
20 % gum Arabic

Lactobacillus acidophilus BCRC
14079 Bifidobacterium longum
BCRC 14605

10 μm (Su et al., 2007)

Cellulose acetate phthalate Lactobacillus acidophilus (La-05)
Bifidobacterium lactis (Bb-12)

22 μm (Favaro-Trindale and
Grosso, 2002)

Gum acacia (gum Arabic) Lactobacillus paracasei NFBC 338 5–15 μm (Desmond et al., 2002)
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microencapsulation technologies with an additional film can
prevent their exposure to oxygen during storage as well as
improve their stability at acidic pH (Jung et al., 2007;
Krasaekoopt et al., 2004; Lee et al., 2004). For instance,
chitosan-coated alginate beads were reported to provide better
protection in simulated gastric juices poly-L-lysine or alginate

coating (Krasaekoopt et al., 2004). Coating of microcapsules
with alginate produces a uniform 1–2-μm thin exterior layer
and can improve the survival of bifidobacteria (Annan et al.,
2008). Coating the beads with poly-L-lysine and alginate was
reported to limit Lactococcus lactis release and reduce the
acidifying activity of the culture. Low-molecular weight

Table 4 Survival of encapsulated probiotics under gastrointestinal conditions

Encapsulation materials & Methods Probiotic microorganisms Survival of probiotics under
gastrointestinal conditions

Reference

2 % sodium alginate with poly-L-lysine or
chitosan

(Extrusion technique)

Bifidobacterium bifidum Higher than 106 cfu mL−1 (Cui et al., 2000)

2 % sodium alginate with chitosan
(Extrusion technique)

Lactobacillus bulgaricus Higher than 106 cfu mL−1 (Lee et al., 2004)

2–4 % alginate
(Extrusion technique)

Bifidobacterium longum Depending on alginate
concentration and bead size

(Lee and Heo, 2000)

2 % sodium alginate with chitosan Lactobacillus acidophilus 1.5×106 cfu g−1 (Krasaekoopt et al., 2004)

Alginate 1.3×104 cfu g−1

PLL-alginate
(Extrusion technique)

1.0×104 cfu g−1

2 % sodium alginate with chitosan Lactobacillus casei 1.6×106 cfu g−1 (Krasaekoopt et al., 2004)

Alginate 6.7×103 cfu g−1

PLL-alginate
(Extrusion technique)

7.0×103 cfu g−1

0.75 % gellan/1 % xanthan gum
(Extrusion technique)

Bifidobacterium infantis Higher than 106 cfu mL−1 (Sun and Griffiths, 2000)

0.75 % gellan/1 % xanthan gum
(Extrusion technique)

Bifidobacterium lactis Higher than 106 cfu mL−1 (McMaster et al., 2005)

Sodium alginate with poly-L-lysine or chitosan

(Extrusion technique)

Lactobacillus acidophilus Higher than 106 cfu mL−1 (Iyer and Kailasapathy, 2005)

1.8 % sodium alginate
(Extrusion technique)

Lactobacillus acidophilus 105–106 cfu mL−1 (Chandramouli et al., 2004)

2 % alginate with Hi-maize starch
(Emulsion technique)

Higher than 106 cfu mL−1 (Sultana et al., 2000)

3 % alginate
(Emulsion technique)

8.2–1.0 log cfu mL−1 (Truelstrup Hansen et al. 2002)

Bifidobacterium breve

Bifidobacterium lactis

Bifidobacterium longum

1 % alginate with micro porous
glass (MPG) membrane

Lactobacillus casei Higher than 106 cfu mL−1 (Song et al., 2003)

(Emulsion technique)

35 % gum Arabic Bifidobacterium infantis 89.17 % (Lian et al., 2003)

15 % skim milk CCRC 14633 65.16 %

30 % gelatin 92.73 %

35 % soluble starch 92.70 %

(Spray-drying technique)

35 % gum Arabic Bifidobacterium longum B6 93.53 % (Lian et al., 2003)

15 % skim milk 81.26 %

30 % gelatin 87.15 %

35 % soluble starch 95.47 %

(Spray-drying technique)

10 % heat-denatured whey protein isolate
(Spray-drying/emulsion technique)

Bifidobacterium breve
Bifidobacterium longum

1.0 log cfu mL−1

3.8 log cfu mL−1
(Picot and Lacroix, 2004)
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chitosan has been found to show better control of bacterial cell
release than high-molecular weight chitosan and to result in
more spherical beads without changing their size (Rokka and
Rantamäki, 2010).

Carrageenan

κ-Carrageenan is a natural polysaccharide extracted from
marine macro algae. κ-Carrageenan is composed of repeating
D-galactose-4-sulphate units and 3,6-anhydro-D-galactose
joined by alternating α1 3 and β1 4 glycosidic linkages. The
combination of this polymer with locust beam gum, which
produces more flexible gels through interaction of the
galactomannan chains of locust bean gum with carrageenan,
was recently used to encapsulate probiotic bacteria (Anal and
Singh, 2007; Lian et al., 2002).

Alginate

Alginate is widely used for encapsulating probiotics due to its
biocompatibility, cost-effectiveness, simplicity, non-toxicity
and good intestinal digestibility (Mortazavian et al., 2007b).
However, the use of alginate is limited due to its low physical
stability in the presence of anti-gelling cations (e.g., sodium and
magnesium ions) or chelating agents (e.g., phosphate) (Lee
et al., 2004; Krasaekoopt et al., 2006). Moreover, under low
pH conditions, cross-linked alginate matrices can undergo deg-
radation of the alginate molecule and subsequent reduction in
its molecular weight, causing faster release of entrapped active
ingredients. Alginic acid is a polyuronic acid extracted from
seaweeds and is composed of various proportions of 1–4 linked
β-D-mannuronic and α-L-guluronic acids (Mortazavian et al.,
2007b). The functional properties of alginate as a supporting
material are strongly associated with the composition and se-
quence of D-mannuronic and L-guluronic acids. It was demon-
strated that sodium alginate in calcium chloride could be used to
encapsulate L. acidophilus to protect this organism from harsh
acidic conditions in gastric fluid (Chandramouli et al., 2004;
Lee et al., 2004). Krasaekoopt et al. (2004) have investigated
the effect of coating on the survival of probiotics encapsulated
in alginate beads as compared to free cells during storage. The
survival of encapsulated probiotic bacteria was higher than that
of free cells. In comparison with κ-carrageenan, it was reported
that B. bifidum survived better in frozen milk in beads made
from alginate (Kebary, 1996). Several investigations have
shown that microencapsulation of probiotic bacteria with algi-
nate or whey proteins protects them against acid stress,
allowing the cells to survive in the stomach and be delivered
in the intestines (Gerez et al., 2012; Doherty et al., 2012). It was
reported that an optimal combination of capsule for probiotic
survival in gastric conditions included 3 % sodium alginate,

1 % pancreatic digested casein and 3 % sodium alginate.
Moreover, caseinate and fructo-oligosaccharides with either
dried glucose syrup or resistant starch were found to provide
protection (Picot and Lacroix, 2004; Lee et al., 2004;
Muthukumarasamy et al., 2006; Rokka and Rantamäki, 2010).

Starch

Starch as a dietary component consists of D-glucose units joint
together with glycosidic bonds and has protective role against
colorectal cancer (Cassidy et al., 1994). Resistant starch has been
used in protection of probiotic bacteria to reach the large intes-
tine. L. rhamnosus and bifidobacteria with starch have been
shown to survive passage through the human gastrointestinal
tract (Lian et al., 2003). But, Hi-Maize starch encapsulation did
not protect L. acidophilus and B. infantis from high acid condi-
tions (Sultana et al., 2000). Researchers found that encapsulation
of lactic acid bacteria (LAB) with starch (large potato starch
granules enzymatically treated to obtain porous structure) could
increase the survivability of these organisms (Mattila-Sandholm
et al., 2002). Talwalkar and Kailasapathy (2003) have reported
that encapsulation of L. acidophilus and B. lactis in alginate-
starch systems (dropping a mixture of alginate-starch-bacteria
into a CaCl2 coagulation bath) prevented bacteria from oxygen
toxicity. Sultana et al., (2000) have evaluated the effects of
encapsulation of probiotic bacteria with alginate-starch in simu-
lated gastrointestinal conditions and in yoghurts. As a result, the
survival of encapsulated cultures of L. acidophilus and
Bifidobacterium spp. showed a decline in viable count of ap-
proximately 0.5 log over a period of 8 weeks while there was a
decline of approximately 1 log in cultures incorporated as free
cell in yoghurts.

Gelatine

Gelatine can be used as thermally reversible gelling agent for
encapsulation of probiotics. Researchers used high concentra-
tions of gelatine (24 % w/v) to encapsulate L. lactis by cross-
linking with toluene−2, 4-diisocyanate for biomass production
(Hyndman et al., 1993). Moreover, encapsulation of
Bifidobacterium cells in a mixed gel composed of alginate,
pectin and whey proteins has been investigated (Guerin et al.,
2003). As a result, the encapsulated cells survived better that
free cells in simulated gastric pH and bile solutions. Annan et al.
(2008) have reported that encapsulation in alginate-coated gel-
atin microspheres improved survival of the probiotic
B. adolescentis 15,703 T during exposure to simulated gastro-
intestinal conditions. Gelatin microspheres were cross-linked
with the non-cytotoxic genipin and coated with alginate cross-
linked by Ca2+ from external or internal sources. The alginate
coat prevented pepsin-induced degradation of the gelatin
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microspheres in simulated gastric juice (pH 2.0, 2 h), resulting
in significantly (P<0.05) higher numbers of survivors due to
the buffering effect of intact microspheres.

Chitosan

Chitosan (the N-deacetylated product of the polysaccharide
chitin) is an important coating material which can be isolated
from crustacean shells, insect cuticles and the membrane of
fungi. Chitosan is a cationic linear polysaccharide composed
essentially of β (1-4)-linked glucosamine units together with
some proportion of N-acetyl glucosamine units. Lee et al.
(2004) have investigated the effects of chitosan-alginate mi-
croparticles on the survival of L. bulgaricus KFRI 673 in
simulated gastric juices and intestinal fluid and on their sta-
bility during storage at 4 and 22 °C. These coating materials
are effective to protect bacteria from harsh environment such
as acidic pH. The stirring rate, level of the gelling agent,
temperature, concentration of the surfactant polymer and the
viscosities of the phases were reported to influence morphol-
ogy and size of particles (Peniche et al., 2003).

Whey proteins

Gbassi et al. (2009) used whey proteins as a coating material
to improve encapsulation of L. plantarum strains
(L. plantarum 299v, L. plantarum 800 and L. plantarum CIP
A159) in calcium alginate beads. It was concluded that whey
proteins are a convenient, cheap and efficient material for
coating alginate beads loaded with bacteria. Picot and
Lacroix (2004) successfully encapsulated Bifidobacterium
strains (B. breve R070 and B. longum R023) in whey
protein-based microcapsules. B. breve R070 exhibited high
survival rate during spray drying and encapsulated cells
showed high viability than none-capsulated ones during
28 days storage in low pH yoghurts and simulated
gastrointestinal environment.

Miscellaneous compounds

Heidebach et al. (2009) have investigated the microencapsu-
lation of probiotic cells by means of rennet-gelation of milk
proteins. Rennet could be used to prepare water-insoluble
microcapsules based on milk proteins without significant loss
of cells during encapsulation process. In another study,
Lactobacillus F19 and Bifidobacterium Bb12 were encapsu-
lated in casein-based microcapsules produced by enzymatic
gelation with transglutaminase (Heidebach et al., 2010).
Lactobacillus F19 survived in higher numbers in the encap-
sulated state compared to free cells. Encapsulation improved

the survivability of Bifidobacterium Bb12 during storage for
up to 90 days.

Chan and Zhang (2002) have investigated the use of
methacrylic acid copolymer for the compression coating of
L. acidophilus. It appears that this coating material when used
together with pectin can be useful in order to target delivery of
the probiotics to the terminal ileum and the beginning of the
colon in human gastrointestinal tract. The coating material
used in this study was a mixture of sodium alginate and
hydroxylpropyl cellulose in the weight ratio 9:1. Moreover,
cellulose acetate phthalate (a cellulose derivative polymer) is
physiologically inert and can be used as an enteric coating
material for target delivery of core substances in intestinal
tract. Cellulose acetate phthalate has proven effective in mi-
croencapsulation of probiotic bacteria by both spray-drying
and emulsion techniques (Anal and Singh, 2007). It was
demonstrated that encapsulation of B. pseudolongum in cel-
lulose acetate phthalate using emulsion method protected
bacteria from acidic environment (simulated gastric environ-
ment) (Rao et al., 1989). In another study, B. lactic and
L. acidophilus were encapsulated in cellulose acetate phthal-
ate polymer using spray-drying technique (Favaro-Trindale
and Grosso, 2002). This method was effective in protection
of both these probiotic bacteria from low pH media similar to
human stomach.

Moolman et al. (2006) reported the encapsulation of
probiotics with an inter-polymer complex in supercritical car-
bon dioxide. This method was used to encapsulate indometh-
acin and B. lomgum in a poly (vinyl pyrrolidone)-poly (vinyl
acetate-co-crotonic acid) inter-polymer complex. Ding and
Shah (2009) have investigated the effect of various encapsu-
lating materials (alginate, guar gum, xanthan gum, locust bean
gum and carrageenan gum) on the stability of probiotic bac-
teria, including L. rhamnosus, B. longum, L. salivarius,
L. plantarum, L. acidophilus, L. paracasei, B. lactis type
B1-04, B. lactis type Bi-07, HOWARU L. rhamnosus and
HOWARU B. bifidum. Consequently, probiotic bacteria en-
capsulated in alginate, carrageenan gum and xanthan gum
survived better (P<0.05) than free probiotic bacteria under
acidic conditions. Moreover, these encapsulating materials
improved the survival of probiotic bacteria when exposed to
bile salts. Xanthan gum is an exopolysaccharide derived from
the plant-pathogenic bacterium Xanthomonas campestris and
is composed of glucose, mannose and glucuronic acid
(Nisperos-Carriedo, 1994). Gellan gum is a microbial poly-
saccharide derived from Pseudomonas elodea and is consti-
tuted of a repeating unit of four monosaccharide molecules
(glucose, glucuronic acid, glucose and rhamnose). Several
investigations have reported the combination of gellan and
xanthan as microencapsulating materials (Muthukumarasamy
et al., 2006; McMaster et al., 2005). The combination of
xanthan and gellan gums to form bead is not only acid resis-
tant but also is stabilized by calcium ions which may protect
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probiotic cells from acid injury. For instance, it was reported
that at pH 2.5, the viable count of encapsulated
Bifidobacterium spp. with gellan-xanthan gum decreased only
0.67 log in 30 min (Sun and Griffiths, 2000).

Common methods for microencapsulation

Extrusion and emulsion

Extrusion and emulsion techniques, which are called droplet
and two-phase system methods, respectively, are two basic
manners of encapsulation of probiotic microorganisms. In
general, the extrusion technique is simple and inexpensive
method with gentle operations, minimizing cell injuries and
supporting relatively high viability of probiotic cells. Biocom-
patibility and flexibility are the other virtues of this method.
The most important disadvantage of this method is that it
could not be feasible for large-scale production due to slow
formation of the microbeads. In general, the size of beads
formed from this method (~2–5 mm) is larger than those
produced by the emulsion method (e.g., spherical beads made
by emulsification techniques have bead diameter ranging from
25 μm to 2 mm). With the extrusion method, the size of the
capsules is dependent on the viscosity of sodium alginate
solution, the extruder orifice diameter and the distance be-
tween the syringe and the calcium chloride collecting solution
(Smidsrod and Skjak-Braek, 1990). A higher concentration of
sodium alginate results in high viscosity which leads to large
particle sizes. Low-temperature extrusion technique could be
used in microencapsulation of microorganisms and enzymes.
In this technique, encapsulation is accomplished in a plasti-
cized composite matrix consisting of fat, flour and starch.
After addition of mentioned mixture to the encapsulated solu-
tion, the resulting paste (approximately 20 % moisture con-
tent) is chopped in a chopping system till particles with a
diameter range of 0.5–1.5 mm are produced (Mortazavian
et al., 2007b; Mortazavian and Sohrabvandi, 2006).

The emulsion technique is more expensive than the extru-
sion method due to the need for using vegetable oil for
emulsion formation (Mortazavian et al., 2007b). In this meth-
od, a small volume of cell/polymer slurry (dispersed phase) is
added to the large volume of vegetable oil (continuous phase)
such as sun flower, soy, corn, mille or light paraffin oil. Sheu
and Marshall (1993) developed a method to entrap bacteria
using a water/oil system. The encapsulation material is first
mixed with probiotic bacteria and the mixture is suspended in
an oil bath containing Tween 80 (as the emulsifying agent).
Then, the produced emulsion is broken by adding CaCl2 and
the produced microcapsules are collected by centrifugation.
Sodium alginate, κ-carrageenan with KCl as the emulsion
breaker and genipin cross-linked gelatin can be used to mi-
croencapsulate probiotic bacteria by emulsion method

(Adhikari et al., 2002; Adhikari et al., 2000; Annan et al.,
2008). It has been reported that concentration and viscosity of
the encapsulation mix before gelation, agitation rate of mix-
ture and type of emulsifier used are the main important pa-
rameters which control the diameter of the final formed
microbeads. Very large beads (approximately 1,000 μm or
larger) can give a coarse texture and a weakness in coated
structures (Mortazavian et al., 2008). Diameter of beads sig-
nificantly influences the viability of probiotic cells and their
metabolic rate and sensory properties of the final product. It
also affects distribution and dispersion quality of microbeads
within the product (Mortazavian et al., 2007b; Mortazavian
and Sohrabvandi, 2006).

Freeze drying and spray drying

The use of freeze-drying and spray-drying methods and the
key parameters of these two processes are critical in providing
high viability levels (Anal and Singh, 2007). Both freeze-
drying and spray-drying methods can be used in microencap-
sulation of probiotics on a large-scale, but both approaches
expose the cultures to extreme environmental conditions.
Semyonov et al. (2010) evaluated the implementation of
spray-freeze drying (SFD) to produce dry microcapsules of
L. paracasei with high viability. They investigated the surviv-
al of the cells encapsulated in a matrix of maltodextrin and
trehalose. Consequently, SFD can be used to produce dry
microcapsules of probiotic cells with high viability (>60 %).
It seems that trehalose concentration and maltodextrin molec-
ular weight were critical factors which affected on final pro-
biotic viability.

In summary, the principle of spray-drying technique in-
volves dissolving a polymer, in the continuous phase, which
surrounds the core material particles inside the sprayed drop-
lets. The drying process causes this solution to shrink into a
pure polymer envelope enclosing the core material. Spray
drying can be used as a cost-effective method to produce large
quantities of probiotic cultures when critical parameters such
as the type of atomization, air pressure and outlet-air temper-
ature have been controlled (Gardiner et al., 2000; Champagne
andMøllgaard, 2008). Different polysaccharides were used as
the matrix and the nozzle temperature of the spray dryer as
well as the water activity of the microcapsules had an impor-
tant impact on the survival of probiotic bacteria.

In freeze drying, the product is frozen to below the critical
temperature of the formulation. Then, the freezing process is
followed by primary drying, where the chamber pressure is
lowered, the shelf temperature usually increased and the un-
bound water removed by sublimation. Finally, a secondary
drying step is done to remove the bound water by desorption
and the product is gradually brought back to ambient temper-
ature (Jennings, 1999; Oetjen, 1999). In the freeze-drying
technique, the important factors including pH of the medium,
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content of protective compounds (e.g., carbohydrates), prehis-
tory of biomass (such as medium stress, harvest time), initial
cell concentration, freezing rate and temperature (e.g., the use
of liquid nitrogen−196 °C) should be controlled (Carvalho
et al., 2004). For instance, Schoug et al. (2006) demonstrated
that the freezing survival of L. coryniformis Si3 was affected
by the sucrose concentration, cell density and freezing rates.
The critical and important contributors to viability loss during
freeze drying are osmotic shock and membrane injury
resulting from intracellular ice formation and recrystallisation.

Among the numerousmethods proposed for manufacturing
microcapsules, spray drying is the most appropriate technique
for developing water-insoluble dry microcapsule preparations
with small and controlled particle size (Picot and Lacroix,
2003a; Groboillot et al., 1994). This system is desirable for
incorporating immobilized probiotic bacteria in food products
because of various important reasons, including higher stabil-
ity, easier handling and storage of cultures and limited effects
on sensorial and organoleptic properties of foods. Neverthe-
less, microencapsulation by spray drying for protecting active
materials is rarely considered for cell immobilization because
of the high mortality resulting from simultaneous dehydration
and thermal inactivation of probiotic microorganisms. The
exposure to high air temperature during spray-drying process,
which are required to facilitate water evaporation during the
passage of the bacteria in the spray-drying chamber has neg-
ative impact on their viability and hence their biological
activity and effectiveness in the spray-dried product. On the
other hand, because of the important role of water in stability
of biological molecules, the removal of water may cause
irreversible changes in functional and structural integrity of
bacterial membranes and proteins (Picot and Lacroix, 2003a).
Picot and Lacroix proposed easy scaled-up and low-cost mi-
croencapsulation method to improve the stability of probiotic
lactic cultures and to overcome these aforementioned limits.
This technique consisted of coating milk fat droplets contain-
ing powder particles of freeze-dried bacteria with whey pro-
tein polymers, using emulsification and spray drying in a
continuous two-step process (Picot and Lacroix, 2003b).

Important parameters affecting microencapsulation

In order to protect probiotics from stresses and heat treatment,
researchers have investigated the tolerance of probiotic mi-
croorganisms to stress by using different composites of carrier
matrix systems (Leverrier et al., 2005; Boza et al., 2004). Lian
et al. (2002) have investigated the effects of types of probiotic
strains and carriers on survival of bifidobacteria after spray
drying. As a result, spray drying at 10 % (w/w) gelatine, gum
Arabic or soluble starch showed the highest survival of
bifidobacteria. Among the organisms, B. longum B6 was the
least susceptible to spray drying under the test conditions.
Moreover, B. longum B6 and B. infantis CCRC 14633 were

microencapsulated by spray drying the cell suspension con-
taining the test organisms and 10 % (w/w) of the carrier
material of gelatine, soluble starch, skim milk or gum Arabic.
Survivability of these organisms was tested in simulated gas-
tric juice (pH 2.0 and 3.0) and bile solution (0.5 % and 2.0 %).
It was concluded that encapsulation of probiotic microorgan-
isms with spray drying caused higher survival than free cells
specially when exposed to gastric juice. Kearney et al. (2009))
monitored the viability of probiotic L. paracasei NFBC 338
during spray drying. They concluded that live bacterial cell
counts in spray-dried yoghurt powders depended on their
susceptibility to the spray drying temperature and also on the
numbers in the yoghurt prior to drying process. The important
reason for manufacturing yoghurt in a spray-dried powder
form is to improve its shelf-life by preserving the product in
a stable and readily usable state. Ananta et al. (2005) evaluated
the feasibility and applicability of spray drying to produce dry
skim-milk-based preparations containing probiotic bacteria
L. rhamnosus GG (ATCC 53103). Moreover, polydextrose-
based and oligofructose-based prebiotic substances were also
included in the carrier matrix to investigate their protection
capacity. Using reconstituted milk as the drying medium
achieved bacteria survival rate of>60 % at an outlet temper-
ature of 80 °C. The incorporation of mentioned commercial
prebiotic substances in the skim-milk powder did not exert
any adverse effect on bacterial survival upon spray drying, but
impaired the stability of bacteria during long-term storage.
Therefore, the maintenance of the structural and functional
integrity of the bacterial cell membranes when drying in

skim-milk/Polydextrose blends was not as effective as when
drying in skim-milk alone. Using L. paracasei NFBC 338, it
was demonstrated that survival rate of >80 % was achievable
during spray drying in reconstituted skim milk, while under
similar conditions (outlet temperature of 80 °C), Ananta et al.
(2005) reported a survival rate of >60 % for probiotic bacteria
L. rhamnosus GG (ATCC 53103).

Several important factors can influence the viability and
survival of probiotic bacteria during dehydration, such as
stress treatment, growth phase of probiotic culture prior to
dehydration, genetic modification and growth media. It has
been revealed that bacteria respond to changes in their imme-
diate surroundings by a metabolic reprogramming which
leads to a cellular state of enhanced resistance. For instance,
pre-adaptation of L. paracasei NFBC 338 by exposure to
0.3 M NaCl resulted in significant resistance to heat stress
associated with spray drying (at outlet temperatures of 95–
100 °C) in comparisonwith non-adapted control cells (33.46±
2.3 % versus 8.27±4.42 % survival, respectively) (Desmond
et al., 2001). It has been reported that the viability of the heat-
adapted L. paracasei NFBC 338 in reconstituted skim milk
was enhanced 18-fold during spray drying at outlet tempera-
tures of 95–105 °C (Desmond et al., 2001). It is well known
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that the stress responses of bacterial cultures depend on the
growth phase. The optimal growth phase for dehydration
survival is the stationary phase. For instance, it has been
reported that stationary phase cells of L. rhamnosus yielded
the highest recovery rate after drying (31–50 % survival), but
early log-phase cells exhibited only14% survival and lag
phase cells showed the highest susceptibility, with only a
2 % cell survival under similar conditions of drying (Corcoran
et al., 2004). Saarela et al. (2004) reported that freeze drying
and storage stability performance of B. animalis subsp. lactis
cells grown to a late-logarithmic growth phase (15 h) or to an
early stationary phase. On the other hand, Carvalho et al.
(2003) reported that starvation of stationary phase
L. bulgaricus cultures resulted in improved resistance during
storage in the dried state. Moreover, the final pH value of the
growth media of the probiotic cultures also influences the
survival during desiccation. It was demonstrated that the
highest viability (approximately 80 % survival) was obtained
following freeze-drying process, when L. reuteri cells were
grown at pH 5 and harvested after 2.5 h in the stationary phase
(Palmfeldt and Hahn-Hägerdal, 2000). Viability of probiotic
cultures during dehydration could be enhanced by over-
expression of the genes encoding various stress inducible
proteins. New findings in the field of genomics and
proteomics have led to the identification of genes involved
in Lactobacillus stress responses such as the molecular
chaperone groESL and dnaK. Walker et al. (1999) demon-
strated that features of the groESL operon are shared between
various LAB. It has also been reported that groESL over-
expression in L. paracasei NFBC 338 resulted in improved
performances during spray drying and freeze drying but did
not contribute to enhanced survival of probiotic cultures dur-
ing storage in the powder form (Corcoran et al., 2006). Fur-
thermore, strains expressing betL exhibited a significant in-
crease in resistance to several stresses. For example, the per-
cent survival of UCC118-betL+ during freeze drying was
36 %, compared to 18 % for UCC118-betL− (Sheehan et al.,
2006). Moreover, the tre locus plays critical role in freeze
drying of L. acidophilus. Analysis of the L. acidophilus
NCFM genome revealed that a putative trehalose utilization
locus consisting of a transcriptional regulator (treR), a treha-
lose phosphoenolpyruvate transferase system transporter (tre-
B) and a trehalose-6-phosphate hydrolase (treC). It was dem-
onstrated that disruption of both the hydrolase genes and
trehalose transporter abolished the ability of L. acidophilus
NCFM to grow on trehalose and reduced the survival of this
microorganism when subjected to repeated cycles of freezing
and thawing in the presence of trehalose, demonstrating that
not only is the internalization of trehalose important, but also
its subsequent hydrolysis is an important contributing factor
(Duong et al., 2006).

It has been demonstrated that different bacterial species
vary with respect to spray-drying tolerance, indicating the

importance of strain selection. The criteria for the selection
of probiotic microorganisms includes acid tolerance, bile tol-
erance, heat tolerance and ability to metabolize probiotics,
adherence and colonization to intestinal epithelium/tissue,
stimulating immune response, antimicrobial activity/
antagonisms to pathogens, improving host digestion, etc. It
is well known that thermal and osmotic resistance of LAB is
species-dependent. The survival of probiotics after spray dry-
ing also depends on the kinds and concentrations of carriers
used as well as on the outlet temperature of the spray dryer
(Ananta et al., 2005; Hisiao et al., 2004; Lian et al., 2003; Lian
et al., 2002). Among different probiotic microorganisms, ther-
mophilic or thermotolerant ones such as S. salivarius subsp.
thermophilus, L. helveticus and L. delbrueckii ssp. bulgaricus
or lactis have an advantage in withstanding higher tempera-
tures during processing and storage (Gardiner et al., 1998;
Gardiner et al., 2000; Rodtong and Tannock, 1993; Drake
et al., 1996). For instance, L. paracasei NFBC 338 survived
significantly better that L. salivarius UCC 118 at similar
spray-drying conditions, which may be attributed to the great-
er thermal tolerance of L. paracasei compared to L. salivarius
(Gardiner et al., 2000). Furthermore, it has been shown that
B. animalis subsp. lactis survived spray drying at ~70 % or
greater in reconstituted skim milk (20 % w/v) at an outlet
temperature of 85–90 °C (Simpson et al., 2005).

A variety of protectants have been added to drying media
before the processes of freeze drying and spray drying to
protect the viability of probiotics during dehydration (Morgan
et al., 2006). These protectants including skim milk powder,
whey protein, trehalose, glycerol, betaine, sucrose, glucose,
lactose, adonitol and polymers (e.g., polyethylene glycol and
dextran) (Anal and Singh, 2007; Heidebach et al., 2010; Lian
et al., 2002). For instance, it has been reported that survival of
L. helveticus during vacuum drying was improved by addition
of 1 % sorbitol (Santivarangkna et al., 2006). It was well
documented that the addition of carbohydrates can improve
the viability of probiotics and has protective effects for probi-
otic bacteria during freeze drying. These cryoprotectants can
raise the glass-phase transition temperature and therefore via-
ble cells can reach the glassy phase without nucleating intra-
cellular ice (Fowler and Toner, 2005). It also has been reported
that trehalose is an effective cryoprotectant during freeze
drying, enabling higher survival of L. acidophilus, due to the
remarkably high glass transition temperature of trehalose and
the strong ion-dipole interactions and hydrogen bonding be-
tween trehalose and the biomolecules (Conrad et al., 2000;
Patist and Zoerb, 2005). Moreover, it was demonstrated that
trehalose, trehalose/lactose and lactose/maltose were the most
efficacious disaccharides during freeze drying (Meng et al.,
2008). In one study, the influence of microencapsulation,
prebiotics and cryoprotectants on the viability of probiotic
bacteria (L. acidophilus, L. casei, L. rhamnosus and
Bifidobacterium spp.) in yoghurt and freeze-dried yoghurt
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after processing and storage have been investigated (Capela
et al., 2006). There was a 7 % improvement in the viability of
L. casei 1,520 when cryoprotectant (Unipectine TM RS 150)

injury by stabilizing the cell membrane (Saarela et al., 2006).
True selection of capsule materials regarding their purpose

surrounding environment is very important. For instance,
leakage of calcium ions from alginate capsules structure leads
to its decomposition. Therefore, alginate capsules should be
avoided from environments containing high acidity and che-
lating agents. However, in milk-based media such as liquid
milk, cream and yoghurt, due to availability of high levels of
calcium ions, leaching of calcium ions from gel-bead struc-
tures could be considerably inhibited. Therefore, gel-beads
maintain their shape and structure (Truelstrup-Hansen et al.,
2002). Using resistant starch as a capsule material makes
beads resistant against enzymatic digestion (Dimantov et al.,
2003). Sometimes it is necessary to use especial types of
hydrophobic components for encapsulation to make the beads
tolerant against the high moisture conditions of products
(Truelstrup-Hansen et al., 2002).

Concentration of the capsule-making solution and final
beads diameter are important factors in the encapsulation
effectiveness. In parallel with increasing beads diameter, their
protective effects against the violent environmental factors
increase (Truelstrup-Hansen et al., 2002). Sultana et al.
(2000) reported that alginate capsules with the range of 0.5–
1.0 mm in diameter significantly increased viability of
bifidobacteria in yoghurt with normal pH during refrigerated
storage, but not at the simulated stomach pH. Increasing beads
diameter more than the especial limit (regarding types of
capsule and product) is inapplicable because of causing inap-
propriate mouth-feel and flavor. Furthermore, increasing cap-
sule diameter leads to decreasing its digestibility by pancreatic
enzymes. Increasing of beads diameter especially when resis-
tant starch is used for capsule formation should be under
attention because this component is resistant to enzymatic
digestion of pancreas (Dimantov et al., 2003). Research rele-
vant to the concentration of capsule-making solutions has
revealed that raising concentration of alginate solution from
0.75 % to 1.8 % has noticeable effects on L acidophilus
viability under the simulated gastric conditions; but at >2 %,

it was impossible to generate spherical and homogeneous
beads due to increase in solution viscosity and decrease in
its of mass diffusivity (Chandramouli et al., 2004). Moreover,
increasing the solution concentration containing calcium algi-
nate and HACS (>2 %, of even up to 4 %) did not have any
considerable effect on the protective properties of beads
against intensive environmental factors (Sultana et al., 2000).

Type and severity of detrimental environmental factors are
some of the most important parameters that reduce encapsu-
lation effectiveness. For instance, capsules tolerate low acidic
environments such as yoghurt medium much more than vio-
lent acidic conditions such as gastric juices (Sultana et al.,
2000; Truelstrup-Hansen et al., 2002). It has been reported
that alginate capsules with a mean diameter of 100 μm are
effective enough for the most types of fermented products, but
not for gastric acid (Cui et al., 2000). There is a report
regarding digestion of starch capsules by encapsulated bacte-
ria (Takata et al., 1977). Therefore, prior to selection of cap-
sule materials for encapsulation, ability of the enclosed bac-
teria to digest starch should be considered.

Sensory quality of fermented milks with microencapsulated
probiotics

Microencapsulation of probiotics has certain consequences for
sensory quality of fermented milk products. The shape and
size of capsules affecting the sensory quality of final products
are important issues for industrial production. Furthermore, in
spray-drying process, the outlet temperature may affect the
colour of the capsules due to a Maillard reaction (a form of
non-enzymatic browning similar to caramelization)
(McMaster et al., 2005; O′Riordan et al., 2001; Su et al.,
2007). The addition of encapsulated probiotic bacteria did
not significantly change the appearance and color, acidity,
flavor, or aftertaste of the yoghurts, but significantly affected
their textural properties (smoothness) (Krasaekoopt et al.,
2006). Although microencapsulation of probiotic cells can
be applied as an efficient method to improve the sensory
attributes of the probiotic fermented milks, its unsuitable
usage might lead to the off flavor and/or off texture of the
final product. For example, encapsulation of B. longum and
B. lactis in milk led to an especial off-flavor which was not
observed in the product containing free cells of the same
bacteria. This fact was attributed to changes in the metabolic
pathways of the encapsulated cells which caused production
of small-bitter peptides (Truelstrup Hansen et al. 2002).

Adhikari et al. (2002) observed that encapsulation lowered
the acetic acid content in yoghurt significantly if
bifidobacteria were added to the product before fermentation.
Acetic acid produced by Bifidobacterium spp. gives a vinegar
taint to the fermented probiotic products such as yoghurt
(Adhikari et al., 2000). This off flavor which is mainly pro-
duced during the fermentation period develops within storage
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was added at 2.5 % (w/v). The prebiotic (Raftilose® P95)
when added at 1.5 % w/v to yoghurt improved the viability of
the combined selected probiotic organisms by 1.42 log during
four weeks of storage at 4 °C. Microencapsulation with algi-
nate, improved viability of combined selected probiotic or-
ganisms by 0.31 log in freeze-dried yoghurt stored at 21 °C.
Skim milk and sucrose which have been used commonly as
cryoprotectants are considered to be capable of preventing
cellular injury. The protective activity of sucrose is suggested
to be due to its ability to prevent injurious eutectic freezing of
cell fluids by trapping salts in a highly viscous or glass-like
phase, whereas skim milk is capable of preventing cellular



time. Microencapsulation of bifidobacteria has been used to
overcome this problem, because the amount of produced
acetic acid in yoghurt generated with encapsulated
bifidobacteria was considerably lower than those produced
by non-encapsulated ones thereby, improving the flavor prop-
erties of fermented probiotic products (Adhikari et al., 2000).

It has been understood that microbeads with diameters
more than the special limit (>100 μm, particularly more than
1 mm) can deteriorate mouth-feel properties of products such
as liquid milk and yoghurt due to the appearance of the special
sense of coarseness. Beads with the range of 1–3 mm in
diameter can adversely affect both texture and flavor of the
final product might be adversely affected (Chandramouli
et al., 2004). It should be mentioned that increasing the beads
diameter to more than the particular limit (regarding type of
capsule and microorganism) has been proved to have no
significant effect on the viability of the cells (Truelstrup-
Hansen et al., 2002).

Conclusions

Fermented milk products have been consumed for nutrition
and maintenance of good health. These functional foods con-
taining probiotics and prebiotics can be used to prevent and/or
cure some important degenerative diseases. Therefore, it is
necessary to optimize the technological and economical as-
pects of manufacturing of these probiotic foods. In general, a
successful stabilization method should be able to immobilize
the growth of cells to prevent product spoilage and should
retain their viability and survival during storage and the prod-
uct shelf-life. Several methods have been used to improve the
viability of probiotics such as selection of resistant strains
(e.g., acid and bile resistant strains), incorporation of
micronutrients (such as amino acids and peptides), use of
oxygen impermeable containers, two-step fermentation, stress
adaptation and microencapsulation. Prebiotics (e.g., lactulose,
inulin and a range of oligosaccharides) can also be incorpo-
rated with probiotics (symbiotic system) to improve the via-
bility of probiotics. However, the process stability of probiotic
microorganisms is not always optimal. Microencapsulation
can be applied to maintain the viability of probiotics during
food product processing, storage and gastrointestinal passage.
When fermented milk products containing microencapsulated
probiotics are consumed, the protective barrier must ensure
probiotics survival during gastrointestinal passage and at the
same time it must ensure their proper release in the intestine in
order to ultimately achieve suitable benefits. Several micro-
encapsulation techniques were found to adequately protect the
probiotic bacteria and improve the viability and survival of
them in fermented milk products. Selection of the best micro-
encapsulation technique plays an important role in

maintaining viable cell counts of probiotic microorganisms
at sufficiently high levels to assure their therapeutic activity
throughout shelf-life. General industrial application of micro-
encapsulation technologies in the case of probiotic bacteria
seems still far from achieved and many of details are under the
question. Future studies should be concentrated on the aspects
such as applying more efficient encapsulation materials and
techniques or improving the commonly used ones, minimiz-
ing the extra costs incurred by microencapsulation, studying
correlations between process factors and microencapsulation
effectiveness in fermented milk products and optimization of
the process factors to reach the highest viability of probiotics
and the most satisfactory sensory quality of the products. The
crucial factors affecting microencapsulation must be identi-
fied, controlled and optimized in order to protect the viability
and enhance the survival of bacteria against adverse environ-
mental conditions. Innovative microencapsulation technolo-
gies which can generate large quantities of food-grade mate-
rials at low cost are still needed to improve viability and
stability of probiotics in fermented milk products and during
gastrointestinal transit.
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