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Abstract

The goal of this study was to investigate the viability of microencapsulated and coated
Lactobacillus acidophilus in yogurt during storage in a refrigerator for 28 days and in
simulated gastrointestinal conditions. Furthermore, the effect of the microencapsu-
lated and coated L. acidophilus on the physicochemical, textural, and sensory prop-
erties of yogurt was assessed. Lactobacillus acidophilus was microencapsulated in
sodium alginate and coated with xanthan and/or whey protein. The coating led to the
increase in the microcapsule diameter and the microencapsulation yield, while it led
to the decreased moisture and water activity (aw) of the microcapsule. The survival
of L. acidophilus microcapsule coated with whey protein and xanthan in yogurt dur-
ing storage and exposure to simulated gastrointestinal conditions was significantly
increased. Compared with free bacteria, the L. acidophilus microcapsule coated with
whey protein and xanthan had the increased viability in yogurt until 2.16 log CFU/g
during storage and 3.52 log CFU/g in simulated gastrointestinal conditions. After the
28th day of storage, a significant difference between the acidity and pH of yogurt
containing coated and microencapsulated L. acidophilus and control yogurt was not
observed. However, yogurt containing free L. acidophilus had lower pH and higher
acidity and showed a significant difference (p < .05) with other samples. Although
the coating of L. acidophilus microcapsule did not affect the sensory properties and
gumminess of yogurt, it increased the firmness, adhesiveness, and viscosity of this
product and caused a significant decrease in syneresis and cohesiveness. In general,
the application of whey protein and xanthan coating on L. acidophilus microcapsule
surface could increase the viability of this probiotic in yogurt during storage and in

simulated gastrointestinal conditions and improve the texture attributes of yogurt.
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1 | INTRODUCTION

Nowadays, there is an increased demand for functional foods such
as probiotics (Afzaal et al., 2019). Probiotics are defined as “live mi-
croorganisms which when administered in adequate amounts confer
a health benefit on the host” (Hill et al., 2014). They are marketed in
several ways, such as dairy (Fysun et al., 2019) and non-dairy prod-
ucts (Kandylis et al., 2016). The International Dairy Federation (IDF)
recommends a minimum viable probiotic concentration of 10°-107
colony-forming unit (CFU)/g at the end of the shelf life of the product
to exert therapeutic effects (IDF, 1992). To impart beneficial health
effects on the host, probiotics must maintain their viability during
food production, processing, and storage and pass through the gas-
trointestinal tract (Khorshidian et al., 2020; de Oliveira et al., 2014;
Tripathi & Giri, 2014).

Microencapsulation of probiotics is suitable method for the
improved survival of these bacteria in foodstuffs and the gastro-
intestinal tract as well as their release at a controlled rate (Afzaal
et al.,, 2020). Microencapsulation is defined as the process of en-
trapment/enclosure of microorganisms within proper hydrocol-
loid to separate them from the surrounding environment (Afzaal
et al., 2020; Krasaekoopt et al., 2004; Ramos et al., 2018). The ma-
terials used for the microencapsulation of probiotics should be of
food grade and safe (Nedovic et al., 2011; Wandrey et al., 2010).
Sodium alginate is widely used for the microencapsulation of pro-
biotics due to its cost-effectiveness, easy use, non-toxicity, biocom-
patibility, and digestibility. However, sodium alginate is not stable in
the presence of anti-gel cations or chelating agents. In addition, the
alginate microcapsules are sensitive to low pH and rapidly releases
microencapsulated components (lravani et al., 2015). On the other
hand, alginate-based microcapsules have porous networks and could
not protect probiotics well against adverse environment conditions
(Ramos et al., 2018). The application of coating or secondary layer
on alginate-based microcapsule surface could resolve the mentioned
defects. The different materials utilized for coting include polyca-
tions, such as chitosan or poly-amino acids, proteins, and gums
(Gbassi et al., 2009, Yao et al., 2020). In some cases, the mentioned
materials themselves were applied for microcapsule production. The
coating creates an additional membrane on alginate-based micro-
capsule surface and improves its performance (Ramos et al., 2018).

Whey proteins are a by-product of the cheese industry (Trindade
et al.,, 2019). It could be applied as coating on alginate-based mi-
crocapsule. Whey proteins had different functional properties in-
clude gel formation, emulsifier, foam formation, and water bonding
(Doherty et al., 2011). Due to biodegradability and widespread use in
a variety of foods, whey protein is a good choice for coating (Gbassi
et al., 2009).

Xanthan gum is an extracellular polysaccharide and applied as
a stabilizer and emulsifier agent in the food and pharmaceutical in-
dustries. It could be utilized as a suitable coating on alginate-based
microcapsule surface (Sworn, 2021).

Previous studies have reported that sodium alginate microcap-

sules coated with whey protein or xanthan gum improve the survival
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of probiotic bacteria under simulated intestinal gastric conditions
(Fareez et al., 2015; Rajam et al., 2012). However, not much is known
about the microencapsulation of L. acidophilus in sodium alginate and
coating with xanthan or/and whey protein as well as inoculation in
yogurt. Therefore, the aim of this study was to investigate the effect
of coating of L. acidophilus microcapsules with whey protein and/
or xanthan on the survival of bacteria in yoghurt in a refrigerator
for 28 days and under gastrointestinal simulated conditions. In addi-
tion, the physicochemical, texture, and sensory properties of yogurt

during storage at 4°C for 28 days were investigated.

2 | MATERIALS AND METHODS
2.1 | Material

Sodium alginate and xanthan gum were purchased from Sigma-
Aldrich (St-Louis, USA). MRS agar and broth were bought by
Liofilchem (Roseto degli Abruzzi, Italy). Calcium chloride (CaCl,), po-
tassium monophosphate, sodium citrate, pepsin, pancreatin, and bile
salts were bought from Merck (Darmstadt, Germany). The lyophi-
lized culture of L. acidophilus (ATCC 4356) was bought from Persian
Type Culture Collection (Tehran, Iran), and low-fat milk samples (1%
fat) were obtained from Damdaran Company (Tehran, Iran), The
starter culture containing Lactobacillus delbrueckii subsp. bulgaricus
and Streptococcus thermophilus were purchased from Chr. Hansen
(Copenhagen, Denmark). Whey protein was obtained from Razan

dast Co. (Hamadan, Iran).

2.2 | Lactobacillus acidophilus culture activation

The activation of L. acidophilus was performed similar to our previ-
ous study (Mousavi et al., 2019). Briefly, the lyophilized culture of
L. acidophilus was mixed with MRS broth and incubated at 37°C for
24 hr. Then, the tube containing MRS broth and L. acidophilus was
centrifuged. The supernatant was removed, and normal saline was
added to obtain bacteria suspension with opacity equal to the num-
ber 2 McFarland standard. The bacterial count in suspension was
equal to 6.21 x 108 CFU/mL.

2.3 | Microencapsulation and coating of
Lactobacillus acidophilus

In this study, L. acidophilus was microencapsulated in sodium alginate
and coated with whey protein and/or xanthan. First, the solution of
sodium alginate (1% w/v), whey protein (5.5% w/v), xanthan (0.4%
w/v), and calcium chloride (0.1 M) was separately prepared and steri-
lized at 121°C for 15 min. The microencapsulation of L. acidophilus
was performed by the extrusion method. One mL of the suspension
of L. acidophilus (containing 6.21 x 108 CFU/mL bacteria) was added

into 5 ml of sodium alginate solution and stirred gently for 30 min
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at 500 RPM. Then, the obtained suspension was added into a cal-
cium chloride solution (0.1 M) by a sterile nozzle syringe to form a
bacteria microcapsule. The obtained microcapsules were separated
by centrifuging (3,700 g, 5 min) and washing twice with distilled
water. Afterward, microcapsules were immersed in 5 ml of coating
solution (i.e., whey protein, xanthan, or a mixture both (with ratio
of 50:50 v/v) of whey protein and xanthan) and stirred for 30 min
at 500 RPM, transferred into a sterile glass container and placed in
a freezer (-80°C, 2 hr). In final, it was dried in vacuum-freeze dryer
(operon-Hwanggeum, Korea) at -60°C for 24h. The coated micro-

capsule powder was gathered and stored in a refrigerator (4°C).

2.4 | Calculation of microencapsulation yield

To determine the encapsulation yield, the number of L. acidophilus
in the coated microcapsule and bacterial suspension was counted.
First, 1 g of microencapsulated and/or coated L. acidophilus was
added into 9 ml of sterile sodium citrate (2% w/v, pH 7) and stirred
for 5 min until the capsule was completely dissolved, and the bac-
teria were released. Second, serial dilutions of bacteria were pre-
pared and cultured on MRS-agar-medium-containing plates by the
pour plating method, which were subsequently placed in an incu-
bator at 37°C for 72 hr, and the number of bacteria was counted.
On the other hand, the number of bacterial cells in the suspension
was measured according to a previous study (Mousavi, Heshmati,
Garmakhany, et al., 2019). Then, microencapsulation yield was cal-
culated as follows (Gebara et al., 2013):

Microencapsulation yield (%) = (N/N,) x 100.

Where N is the number (log CFU/g) of bacteria released after
microencapsulation, and N is the number (log CFU/g) of bacteria in
the suspension before microencapsulation and coating.

2.5 | Determination of capsule properties

The moisture content of the capsules was determined by placing
them in an oven at 105 + 2°C until they attained a constant weight.
The surface electrical charge of the capsules (zeta potential) was
determined by using a Zeta seizer (Malvern Ltd., Malvern, UK). The
volume mean diameter of the microcapsules was measured by using
a particle seizer (Malvern Ltd., Malvern, UK).

The water activity of the powders produced by the LabMaster
was determined (LabMaster.aw, Novasina, Switzerland).

2.6 | Preparation of yogurt

In this study, various types of yogurt were produced, including yo-
gurt without a probiotic or control yogurt, (C), yogurt containing free
L. acidophilus (F), and yogurt containing L. acidophilus: microencapsu-
lated in sodium alginate (Alg), microencapsulated in sodium alginate

and coated with whey protein (AlgW), microencapsulated in sodium

alginate and coated with xanthan (AlgX), and microencapsulated in
sodium alginate and coated with whey protein and xanthan (AlgWX).
Probiotic bacteria (free, microencapsulated, microencapsulated, and
coated) were added along starter culture.

For yogurt production, homogenized and pasteurized milk was
heated at 82-86°C for 25 min, followed by cooling to 45°C and pour-
ing into containers, adding the starter culture and probiotic (free,
microencapsulated, microencapsulated, and coated), and incubating
it at 43-43°C for 3-3.5 hr. Next, samples were transferred into a
refrigerator at 4°C for 28 days (Mousavi, Heshmati, Garmakhany,
et al., 2019). The viability of L. acidophilus as well as the physiochem-
ical, textural, and sensory properties of the product were investi-
gated after 14 and 28 days of storage in a refrigerator (4°C).

2.7 | Preparation of simulated gastric and
intestinal juice

Simulated gastric juice (SGI) was prepared by the addition of 0.3 g
of pepsin into 100 ml of a sodium chloride solution (0.2% w/v) and
adjustment of the pH to 2.0 using 0.1 N HCI (Chaikham, 2015).
Simulated intestinal juice (SIJ) was prepared by the suspension of
pancreatic (0.1% w/v) and bile salts (0.45% w/v) into sodium citrate
(2%) and adjustment of the pH to 7.4 using 0.1 N NaOH (Fazilah
et al., 2019). Both SGJ and SIJ were filtered through a membrane
(0.45 um, Millipore, Spain) for sterilization.

2.8 | Viability of Lactobacillus acidophilus
in yogurt after exposure to simulated
gastrointestinal conditions

First, 1 g of yogurt samples that were stored in the refrigerator for
1, 14, and 28 days was placed in tubes containing 9 ml of SGJ and
incubated at 37°C for 120 min. Second, the pH of the samples was
adjusted to 7, and 10 ml of SlJ was added, followed by incubation at
37°C for 300 min. Finally, the number of L. acidophilus was counted
according to the aforementioned method.

2.9 | pH and acidity of yogurt

The pH of the yogurt samples was measured using a pH meter
(Denver Instruments, TX, USA).

The acidity of yogurt samples was measured by the titration
method and reported according to the percentage of lactic acid
(Hasani et al., 2017).

2.10 | Syneresis measurement of yogurt

First, 5 g of yogurt samples was poured on a filter paper placed on

a funnel in a glass container in a refrigerator at 5°C for 2 hr. Second,
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the amount of liquid collected at the bottom of the container was

weighed. Syneresis was calculated by the following equation:

Syneresis = (weight of the collected liquid/the initial weight of yo-
gurt) x 100.

2.11 | Texture analysis

Textural properties such as firmness, cohesiveness, adhesiveness,
and gumminess, as well viscosity, were determined using a Zwick
Texture Analyzer (Roller Company, Ulm, Germany). Extrusion test
and a cylindrical probe (diameter of 40 mm) were applied for texture
assessment. A cylindrical-type probe with a diameter of 40 mm was
used. The penetration speed and depth of the probe into the yogurt

were 10 mm/s and 25 mm, respectively.

2.12 | Sensory evaluation

Fifty trained panelists examined the sensory properties of samples,
including taste, mouthfeel, appearance, and overall acceptability,
by a 5-point hedonic scale. The highest (5) and lowest (1) scores
revealed that the sample is very good and very bad, respectively
(Mousaviet al., 2019). The samples were presented to panelists at a
temperature of 4°C.

2.13 | Statistical analysis

All experiments were performed in triplicate. The mean +standard
deviation of data was presented. One-way ANOVA and Duncan's
multiple range tests were employed for data analysis by SPSS ver-
sion 22.0 Advanced Statistics (IBM, Armonk, NY, USA). The signifi-

cant level was considered to be p < .05.

3 | RESULTS AND DISCUSSION

3.1 | Microencapsulation yield and physico-
chemical properties of coated Lactobacillus acidophilus
microcapsule

The results for the microencapsulation yields of L. acidophilus mi-
crocapsules uncoated/coated with whey protein and/or xanthan are
shown in Table 1. The microencapsulation yield is an important fac-
tor for assessing the effective encapsulation method and indicating
the efficiency of the chosen encapsulating agents (Bora et al., 2019).
The results revealed that coating increased microencapsulation
yields. The highest microencapsulation yield (99.81 + 1.03%) was
found in the microcapsules coated with whey protein and xanthan.
Some factors such as the hydrogen bonding between carboxylate
groups of sodium alginate and xanthan and good interaction be-

tween sodium alginate (negative charge) and whey protein (positive

CWILEY- 2%

charge) and freeze-drying method could increase microencapsula-
tion yield (Bekhit et al., 2016; Gbassi & Vandamme, 2012). The pre-
vious study indicated the freeze-drying method had a higher yield
than the spray-drying method (Rajam et al., 2012).

The coating of microcapsules with whey protein and/or xanthan
increased the diameter of the L. acidophilus microencapsulated in so-
dium alginate (ranging from 37.39 + 1.23 um to 52.01 + 1.25 um).
The microcapsule requires a diameter of 40-100 pum to obtain suit-
able survival of the microencapsulated probiotic without affecting
the foods’ sensory properties (Xia et al., 2020). The diameter de-
pends mainly on the size of the syringe, the microencapsulation
method, the viscosity of the solution, and the distance between the
syringe and the calcium chloride solution (Nualkaekul et al., 2012).

The range of zeta potential values of the microcapsules prepared
in this study was from -9.21 + 0.65 to -16.3 + 1.05 mV (Table 1).
The high value of the colloidal particles’ zeta potential increases the
electrostatic repulsion force and the physical stability of the system.
Various factors such as pH, ionic strength, type and concentration
of polysaccharides, and used protein macromolecules (and the ratio
between these) all affect the level of surface charge and zeta poten-
tial (Ding et al., 2019).

The microcapsules’ aw and moisture levels ranged from 0.12-
0.24 and 7.74%-14.08%, respectively. The moisture content of the
probiotic microcapsules is an important factor in protecting bac-
teria during storage. Microorganisms have better survival rates in
low-moisture environments due to reduced biochemical reactions
(Peredo et al., 2016). In the present study, the coating decreased aw
and moisture levels of the probiotic microcapsules. The microcap-
sules’ aw was lower than the limit (<0.6) recommended for microbi-
ological stability (Ashwar et al., 2018); it was also similar to a study
by Peredo et al., (2016). Here, the authors reported aw ranging from
0.18 to 0.23 for Lactobacillus casei encapsulated with potato starch-

alginate, psyllium-alginate, or inulin-alginate.

3.2 | Lactobacillus acidophilus viability

In comparison with free bacteria, microencapsulation and coating
could significantly increase the viability of L. acidophilus in yogurt
during storage and after exposure to simulated gastrointestinal con-
ditions (Figures 1-4). The reduction in L. acidophilus as free, micro-
encapsulated with Alg, microencapsulated and coated with AlgW,
AlgX, and AlgWX after 28 days of yogurt storage was 3.84, 2.46,
1.33, 1.2, and 0.68 log CFU/g, respectively (Figure 3). Figure 4 illus-
trates the reduction in L. acidophilus in yogurt after various days of
storage and exposure to simulated gastrointestinal conditions. After
28 days of storage of yogurt in a refrigerator and exposure to simu-
lated gastrointestinal conditions, the reduction value of L. acidophilus
as free; microencapsulated with Alg; microencapsulated and coated
with AlgW, AlgX, and AIgWX was 5.63, 6.2, 3.29, 2.47, and 1.63 log
CFU/g, respectively (Figure 3). Thus, the coating with whey protein
and/or xanthan intensified the viability and reduced the death rate

of the probiotic. The coating caused pore size of sodium alginate
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TABLE 1 Encapsulation efficiency and physico-chemical properties of encapsulation and coated L. acidophilus

Microencapsulation

Treatment efficiency (%) Diameter (um) Zeta potential (mV) Moisture (%) aw

Alg 77.9 £ 1.25¢ 37.39 + 1.23¢ -15.8+0.87" 14.08 + 1.21° 0.24 +0.02°
AlgW 91.99 +2.21° 41.88 + 1.41° -10.8+0.65° 11.81 + 1.24° 0.19 +0.01°
AlgX 95.94 + 2.85° 48.35 + 0.89" -16.3 + 1.05" 9.09 +0.21° 0.16 +0.03¢
AlgWX 99.81 + 1.03° 52.01 + 1.25° -9.21 + 0.65° 7.74 + 0.98¢ 0.12 +0.02¢

Note: Values are expressed as the mean + SD of three determinations. Means followed by different lowercase letters differ statistically within each
column (p < .05).

F: yogurt containing free (without microencapsulated) L. acidophilus, Alg: yogurt containing L. acidophilus microencapsulated with sodium alginate;
AlgW: yogurt containing L. acidophilus microencapsulated with sodium alginate and coated with whey protein; AlgX: yogurt containing L. acidophilus
microencapsulated with sodium alginate and coated with xanthan; AlgWX: yogurt containing L. acidophilus microencapsulated with sodium alginate
and coated with whey protein and xanthan.

Wthe fist day Blthe 14 th day Bthe 28 th day

Aa Aa

L]

~

FS w oan

Viability (log CFU/g
w

LI I 1 e B e

AlgX AlgWX

FIGURE 1 The number of viable cells of L. acidophilus (log CFU/g) in probiotic yoghurt after 1, 14 and 28 days of storage in refrigerator
(n = 3). F: yogurt containing free (without microencapsulated) L. acidophilus, Alg: yogurt containing L. acidophilus microencapsulated with
sodium alginate; AlgW: yogurt containing L. acidophilus microencapsulated with sodium alginate and coated with whey protein; AlgX:

yogurt containing L. acidophilus microencapsulated with sodium alginate and coated with xanthan; AlgWX: yogurt containing L. acidophilus
microencapsulated with sodium alginate and coated with whey protein and xanthan. Uppercase letters above columns indicate significant
difference (p <.05) among different treatments for the same storage period. Lowercase letters above columns indicate significant difference
(p <.05) among different storage period for each treatment

# Imtial count (before exposure to simulated gastrointestinal conditions)
O Final count (after exposure to simulated gastrointestinal conditions)
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FIGURE 2 Change in the number of viable cells of free, microencapsulated, and or coated L. acidophilus (log CFU/g) in yogurt after
exposure to simulated gastrointestinal conditions (n = 3). F: yogurt containing free (without microencapsulated) L. acidophilus, Alg: yogurt
containing L. acidophilus microencapsulated with sodium alginate; AlgW: yogurt containing L. acidophilus microencapsulated with sodium
alginate and coated with whey protein; AlgX: yogurt containing L. acidophilus microencapsulated with sodium alginate and coated with
xanthan; AlgWX: yogurt containing L. acidophilus microencapsulated with sodium alginate and coated with whey protein and xanthan.
Lowercase letters above columns indicate significant difference (p <.05) between initial and final count of L. acidophilus of each treatment
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microcapsule was decreased. Yao et al., (2020) declared the pore
size of alginate-based microcapsule affects the survival of probiot-
ics under adverse conditions. For the survival of bacteria in the gas-
trointestinal tract, the pore size of microcapsule should be smaller
than the size of hydrogen ions (<1 nm) and enzymes (<5 nm) (Yao
et al., 2020). At the end of the expiration date (day 28), all the yogurt
samples containing coated L. acidophilus had viable probiotic counts
higher than the recommend (6 log CFU/g) level (Nyanzi et al., 2021).
The highest probiotic count (6.98 log CFU/g) after 28 days was found
in the sample containing L. acidophilus microencapsulated with so-
dium alginate and coated with whey protein and xanthan.

The reduction level of the probiotic coated with whey protein
and/or xanthan in the current study was similar to study done by
Chen et al., (2017). The authors found Bifidobacterium reduction
value (after 21 day) in the sample of yogurt containing free bacte-
ria and bacteria encapsulated with xanthan-chitosan and xanthan-

chitosan-xanthan were 0.96 and 1.23 log CFU/mL, respectively. In

45

_

AlgWX

L. acidophilus reduction (log CFU/g)

F

FIGURE 3 The reduction value of viable cells of L.
acidophilus (log CFU/g) in probiotic yoghurt after 28 days

of storage in refrigerator (n = 3). F: yogurt containing free
(without microencapsulated) L. acidophilus, Alg: yogurt containing
L. acidophilus microencapsulated with sodium alginate; AlgW:
yogurt containing L. acidophilus microencapsulated with sodium
alginate and coated with whey protein; AlgX: yogurt containing
L. acidophilus microencapsulated with sodium alginate and
coated with xanthan; AlgWX: yogurt containing L. acidophilus
microencapsulated with sodium alginate and coated with whey
protein and xanthan. The various letters above columns indicate
significant difference (p <.05) among different treatments

CWILEY--2

another study, the reduction in L. acidophilus coated with alginate,
chitosan, and galacto-oligosaccharide after 28 days of storage at
4°C was 1.8 log CFU/mL (Krasaekoopt & Watcharapoka, 2014). The
reduction in L. acidophilus coated with pectin-whey protein and in-
oculated into yogurt (after 35 days of storage) was 0.2 log CFU/g
(Ribeiro et al., 2014). The count of L. plantarum coated with alginate
and chitosan in yogurt after 35 days of storage decreased to 0.55 log
CFU/mL (Brinques & Ayub, 2011).

3.3 | Physiochemical properties of yogurt

In the present study, a significant difference between pH of yogurt
containing coated and microencapsulated L. acidophilus and contro
yogurt was not observed. However, yogurt containing free L. aci-
dophilus had lower pH and showed a significant difference (p < .05)
compared with control yogurt and yogurt containing microencapsu-
lated and/or coated L. acidophilus. Similar to our finding, Prasanna
and Charalampopoulos (2019) found no difference between the
pH of control yogurt and yogurt containing Bifidobacterium coated
in an alginate-goat milk-inulin matrix. In all the treatments, the pH
increased during the storage period due to lactic acid production
by starter culture. The yogurt samples containing free L. acidophilus
stored for 28 days in a refrigerator had the lowest pH (2.49 + 0.28).

In the present study, the acidity of the yogurt samples signifi-
cantly increased during storage (Table 2). The inoculation of L. aci-
dophilus as microencapsulated and/or coated could not have caused
considerable changes in the acidity compared with control sample.
However, these samples had lower acidity than yogurt containing
free L. acidophilus. Similar to our finding, Chen et al., 2017 indicated
that the acidity of yogurt containing Bifidobacterium encapsulated
with xanthan-chitosan and xanthan-chitosan-xanthan was lower
than the acidity of the samples containing free probiotics. The mi-
croencapsulation and coating process decreased the activity of
probiotic and postacidification in yogurt. Therefore, pH and acid-
ity of samples containing L. acidophilus as microencapsulated and/
or coated had not significant difference with the control sample,
while free L. acidophilus had higher activity and caused lower pH and
greater acidity (Ribeiro et al., 2014).

45
@a| 2
5 g b
335 | B &£
°p = =
e 3| E = 2
£:s| B E i é £b FIGURE 4 The reduction value of
'f; 2 | B E b d g E c viable cells of L. acidophilus (log CFU/g) in
é 15 E 4 E % & % % E é probiotic yoghurt after 1, 14 and 28 days
;ﬁf 1| E = & E e E % d E E g = :f: of storage in refrigerator and exposure
Sos | B = £ = é =E = = =] E E E B to simulated gastrointestinal conditions
. = = E E E E = 5757 = E E E E (n = 3). The various letters above
F  Alg AlgW AlgX AlgWX F  Alg AlgW AlgX AlgWxX| F  Alg AlgW AlgX AlgWX| columns indicate significant difference
The first day The 14th day The 28th day (p <.05) among different treatments for a
Storage time of yogurt particular day of the storage period
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TABLE 2 Chemical properties of probiotic yogurt containing free and microencapsulated and coated L. acidophilus during yogurt storage

at 4°C
Treatment

Storage

Parameter time (day) C F Alg AlgW AlgX AlgWX

pH 1 4.32 +0.39" 4.29 +0.39" 4.35+0.39% 4.28 +0.39% 4.34 +0.25% 4.23 +0.16"°
14 4.25 +0.37% 3.54 +0.355% 4.11+0.37% 3.97 +0.37/ 4.20+0.24"" 408 +0.15"
28 3.81+0.3"° 2.49 +0.285¢ 3.33 +0.31°° 3.55+0.33"° 3.57 +0.21"° 3.66 + 0.14%°

Acidity 1 111 047 1.14 + 0.1%¢ 1.08 + 0.1 1.13 £ 017 1.10 + 0.06"° 1.08 + 0.04"°
14 1.13 + 0.114% 1.31 + 0.12°% 1.24 + 0114 1.29 + 0.117% 1.20 + 0.074%° 1.24 +0.05%
28 1.23 + 0.12% 1.57 + 0.13"2 1.39 + 0.12852 1.33 £ 0.12% 1.27 +0.07% 1.25 + 0.05%2

Syneresis 1 15.98 + 0.97"° 18.25 + 1.16"° 14.25 + 0.844 8.96+0.33%0  039+0.31“ 0.38 + 0.19¢
14 2211 +£1.33% 2524 1096" 0 0.58 + 0.02%° 0 0
28 26.18 + 1.59" 30.45 + 1.14" 0 0 0 0

Note: Values are expressed as the mean + SD of three determinations. Means followed by different uppercase letters differ statistically within each

row (p < .05). Means followed by different lowercase letters differ statistically within each column (p < .05).

C: control yogurt (without probiotic), F: yogurt containing free (without microencapsulated) L. acidophilus, Alg: yogurt containing L. acidophilus
microencapsulated with sodium alginate; AlgW: yogurt containing L. acidophilus microencapsulated with sodium alginate and coated with whey
protein; AlgX: yogurt containing L. acidophilus microencapsulated with sodium alginate and coated with xanthan; AlgWX: yogurt containing L.
acidophilus microencapsulated with sodium alginate and coated with whey protein and xanthan.

3.4 | Syneresis

The highest syneresis value was related to yogurt containing free L.
acidophilus. When L. acidophilus was microencapsulated in alginate
and inoculated into the yogurt, this resulted in syneresis reduction
(Table 2). The coating of whey protein and xanthan on L. acidophi-
lus microcapsule could significantly decrease syneresis of yogurt, so
that the lowest syneresis value was observed in yogurt containing
L. acidophilus microcapsule coated with whey protein and xanthan
(Table 2). The impact of xanthan on syneresis reduction was higher
than whey protein. The components applied for probiotic microen-
capsulation and coating including sodium alginate, whey protein, and
xanthan absorbed water and could decrease syneresis. The role of
protein-based compounds and fibers on syneresis reduction was
previously documented (Mousavi, Heshmati, Daraei Garmakhany,
et al., 2019). In control yogurt and yogurt containing free L. acido-
philus, syneresis was increased during storage. However, no syner-
esis was observed in samples containing L. acidophilus microcapsule

coated with whey protein and/or xanthan.

3.5 | The viscosity of yogurt

The viscosity of yogurt samples depended on storage time and coat-
ing type of inoculated L. acidophilus (Table 3). In all samples during
the storage period, viscosity was increased. There was no signifi-
cant difference between the viscosity of control yogurt and yogurt
containing free L. acidophilus, although coating and microencapsula-
tion of L. acidophilus caused yogurt viscosity to increase. The highest
viscosity (43,053.34 + 5,321.87 centipoise) was related to yogurt

containing L. acidophilus microcapsule coated with whey protein and

xanthan and stored for 28 days in a refrigerator. Xanthan and so-
dium alginate are an anionic hydrocolloid and can interact with posi-
tive charge particles within milk including proteins or calcium ions.
These interactions strengthen the protein network and result in an
increase in viscosity (Macit et al., 2019). In addition, the increase in
whey protein concentration in yogurt enhanced the interactions of
inter-particles, such as protein and fat globules, and improved vis-
cosity (Krzeminski et al., 2011). In a previous study performed by
Afzaal et al., (2019), results indicated that the coating of L. acidophi-
lus with carrageenan enhanced yogurt viscosity. These findings were
similar to our results.

3.6 | Texture properties of yogurt

Firmness is the most important parameter for evaluating yogurt tex-
ture and indicating hardness. It is considered as the force required to
achieve a certain deformation (Mudgil et al., 2017). There was no sig-
nificant difference between the firmness of control yogurt and yogurt
containing free L. acidophilus. Thus, this showed that the addition of
a probiotic did not impact firmness (Table 3). However, samples con-
taining microencapsulated and coated L. acidophilus had higher firm-
ness. The highest firmness value (0.1985 + 0.18 N) was observed in
the yogurt sample containing L. acidophilus microcapsule coated with
whey protein and xanthan. In the present study, the firmness value
of all samples was increased during the storage period. In a previous
study performed by Mousa et al., (2014), the firmness of yogurt con-
taining Bifidobacterium bifidum microencapsulated with whey protein
and sodium alginate was raised gradually and then reduced after the
14th day. The authors concluded that firmness reduction was related

to postacidification and enzymatic activity of lactic acid bacteria.
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Treatment Taste Mouthfeel Appearance
C 4.75 £ 0.55 4.82 +0.57 5.00 +0.60

F 472 +0.47 4.52 +0.54 4.80 +0.58"°
Alg 4.8 +0.58 4.60 +0.55 4.80+0.58
AlgW 4.75 + 0.57 4.50 +0.56 4.75 +0.57
AlgX 4.70 £ 0.56 4.70 £ 0.56 4.8 +£0.57
AlgWX 440 +0.44 4.60 +0.46 4.50 +0.45

TABLE 4 Sensory properties

of probiotic yogurt containing free
and microencapsulated and coated
Lactobacillus acidophilus during yogurt
storage at 4°C

Overall
acceptability

5.00+0.58
4.14 +0.49
4.90 +0.59
4.81 +0.58
492 +0.58
4.63 +0.46

Note: Values are expressed as the mean+SD of three determinations. There are no significant
difference in the taste, mouthfeel, appearance, and overall acceptability for various yogurt samples

C: control yogurt (without probiotic), F: yogurt containing free (without microencapsulated) L.
acidophilus, Alg: yogurt containing L. acidophilus microencapsulated with sodium alginate; AlgW:
yogurt containing L. acidophilus microencapsulated with sodium alginate and coated with whey
protein; AlgX: yogurt containing L. acidophilus microencapsulated with sodium alginate and coated
with xanthan; AlgWX: yogurt containing L. acidophilus microencapsulated with sodium alginate and

coated with whey protein and xanthan.

The coating of L. acidophilus microcapsule with whey protein
and xanthan resulted in adhesiveness reduction and cohesiveness
increase in yogurt. Adhesiveness is the force value one needs to
separate the material that sticks to the mouth during eating, while
cohesiveness demonstrates the power of internal bonds constitut-
ing the body and structure of food. It is the force value for creat-
ing substance deformation without breaks (Kose et al., 2018). High
adhesiveness could result in a higher degree of yogurt stickiness in
the mouth, which is a negative attribute. Lower values of adhesive-
ness are more acceptable for consumers (Li et al., 2017). There is
an inverse relationship between adhesiveness and firmness (Mani-
Lopez et al., 2014). In all samples during storage, adhesiveness was
decreased, while cohesiveness increased. These findings were
similar to previous studies (Akalin et al., 2012; Mousavi, Heshmati,
Garmakhany, et al., 2019). It seems that whey protein and xanthan
applied as a coating for L. acidophilus absorbed water, thus caus-
ing an increase in adhesiveness and a decline in cohesiveness of
yogurt.

Gumminess is the force needed to break down a semi-solid mate-
rial, so it can be ready to swallow. Gumminess depended on firmness
and cohesiveness attributes. There was no significant difference be-
tween the gumminess of various samples. However, the gumminess
value of each sample was increased during storage, which is a finding

similar to a previous study (Pinto et al., 2017).

3.7 | Sensory properties of yogurt

No significant difference in the taste, mouthfeel, appearance, and
overall acceptability for yogurt samples containing free and micro-
encapsulated and/or coated L. acidophilus was observed (Table 4).
One of the criteria's for probiotic selection is the strains selected
inoculated into yogurt should not have a negative impact on sensory
quality (Nyanzi et al., 2021), and our finding showed that used pro-
biotic had this property.

Our results were similar to those reported by Ribeiro et al., (2014).
These authors evaluated sensory properties of yogurt samples con-
taining L. acidophilus as free or microencapsulated with pectin and
whey protein after storage for 1 and 35 days and reported no differ-
ence between the taste, aroma, appearance, and overall acceptabil-
ity of these samples compared with the control specimen (Ribeiro
et al., 2014). However, Afzaal et al., (2019) have reported a signifi-
cant difference between the sensory attributes of control samples
and yogurt containing L. acidophilus encapsulated in sodium alginate

and carrageenan.

4 | CONCLUSION

In this study, the use of whey protein and xanthan as a coating on L.
acidophilus microcapsule could lead to the considerable increase in
the viability of this probiotic in yogurt during storage and in simu-
lated gastrointestinal conditions. In addition, the applied coating did
not cause any significant change in the pH and acidity, sensory at-
tributes, and gumminess of yogurt, but it simultaneously increased
the firmness, adhesiveness, and viscosity of this product and caused
a significant decrease in syneresis and cohesiveness. Therefore, the
application of coating of xanthan and/or whey protein on L. acido-
philus microcapsule surface is a suitable method for increasing the
viability of this bacteria in yogurt while simultaneously improving
the physico-chemical and textural properties of yogurt; in addition,
adverse effects on the sensory attributes of the product were not
observed.

5 | STUDIES INVOLVING HUMAN
SUBJECTS

Human subjects for this study were approved by the Research Ethics

Committee of Hamadan University of Medical Sciences, Hamadan,
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Iran for the Protection of Human Subjects in Research (IRB) protocol
IR.UMSHA.REC.1398.270.

6 | STUDIES INVOLVING ANIMAL OR
HUMAN SUBJECTS

Protocols and procedures utilized in this study for sensory evalu-
ation of samples by human panelists were ethically approved by
Research Ethics Committee of Hamadan University of Medical
Sciences, Hamadan (IR.UMSHA.REC.1398.270).
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