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Introduction

For decades, there has been a trend of producing func-

tional foods containing probiotic bacteria [1]. Besides,

interest in food ingredients on health have led to many

functional foods containing such ingredients is available

on the market [2], such as food products and supple-

ments containing probiotic bacteria. Probiotics have

been defined as microbial food supplements with benefi-

cial effects on consumers [3]. There have been many

studies of LAB species, in which Lactobacillus planta-

rum ATCC 8014 has been believed to help preserve the

function of epithelial barrier and inhibit inflammation

by affecting the signaling pathway in the intestinal epi-

thelium of human [4] and ability of bacteriocin produc-

tion, and had a wide inhibitory effect on both negative

and positive Gram harmful bacteria [5]. However, the

viability of L. plantarum ATCC8014 under the impact of

high temperature in the food production process was

poorly reported.

Foodstuff is the most friendly way to consume probiot-

ics, therefore many studies on making a lot of choices

about how to combine probiotics in a multitude of foods

[6]. But it is worth noting that most of the probiotic sup-

plement foods on the market are made from dairy

sources, such as ice cream, cheese, yogurt, and more.

Meanwhile, the demand for non-dairy products is

increasing according to vegetarianism or health issues

related to dairy products such as lactose intolerance,

allergies with milk protein and blood cholesterol control

The objective of the study was to assess the survival of microencapsulated Lactobacillus plantarum

ATCC8014 produced using the emulsion technique in alginate gel combined with pectin and maltodextrin

components. The microcapsules were then added to cupcake dough that was further baked at 200℃ for

12 min. The viability of L. plantarum was assessed during baking and the 10 days of storage at 4℃ as well as

in simulated gastrointestinal conditions. In addition, yeast-mold and water activity were investigated.

After baking, the samples with microencapsulated L. plantarum contained more than 5 log CFU/g, which

was higher compared to the bacterial concentration of the control samples. The concentration of L. plantarum

was more than 6 logs CFU/g after the end of the storage; therefore, the probiotic functioned as a biopreser-

vative in the cake. The prebiotic component strengthened the microcapsules network and helped protect

the viability of L. plantarum in simulated gastric fluid (SGF) and simulated intestinal fluid (SIF) media.

The results show that the addition of L. plantarum microencapsules did not affect the sensory scores of the

cupcake while ensuring the viability of the probiotic during baking and storing.
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[7]. Therefore, probiotic bakery products contained pro-

biotic microorganism is considered a new trend as well

as diversify choice for probiotic supplement products.

However, studies on the enrichment of probiotic included

in baked products were still limited because these prod-

ucts are baked at high temperatures, where the probi-

otic life was lost [8]. Consequently, it is considered a

technology solution that helps probiotic bacteria beyond

this limit in which the microencapsulation technique

such as spray drying, emulsion, extrusion methods

achieved more attention. The purpose of microencapsu-

lation-technique is to help protect the core material from

the external environment [9], and this protective effect

has been demonstrated on probiotics [10, 11]. However,

if considered the baking process, the encapsulated

probiotic by the spray-drying method must undergo two

heating times. Therefore, there needs an alternative

encapsulating method without much influence on cell

enumeration, such as extrusion or emulsion methods.

However, capsules obtained from the extrusion method

is large that affect the sensory and cause difficulty swal-

lowing when added to food. So the goal of the microen-

capsulation technique today that create micron-sized

microcapsules [12] but still maintain the minimum of

required probiotic counting [13]. In this respect, encap-

sulation by emulsion method is considered as a reason-

able solution while overcoming the limitations of the

extrusion method but still maintaining its advantages

such as ease, low cost and has little impact on the probi-

otic viability. In addition, choosing a suitable carrier also

contributes to maintaining probiotic survival. Alginate

was known to be the most active polymer and was

widely used in previous studies to show that the ability

to protect probiotic bacteria productivity [14, 15]. Micro-

capsules of maltodextrin and alginate have been shown

to support probiotic survival during long storage [16].

Another wall material, pectin, has also been shown to be

a potential material for probiotic-contained products by

helping them to be stable and a suitable micro-environ-

ment for cell growth [17]. Though these properties were

interesting, there are no data about investigating the

protective efficiency of these three types of wall materi-

als by the emulsion method. Therefore, this study aimed

to investigate the protective ability of L. plantrum ATCC

8014 by emulsion method with calcium-alginate as the

main carrier and auxiliary components contained with

maltodextrin and pectin. The preparations added to the

process of creating cupcakes and evaluated the probiotic

viability during cupcake baking, cold storage, and test-

ing in simulated gastric digestion. The spoilage of the

cake was also considered.

Material and Methods

Probiotic strain
Lactobacillus plantarum ATCC 8014 strain was cul-

tured in 10 ml of MRS broth at 37℃ for 26 h before being

transferred to 90 ml of MRS broth (Himedia, Mumbai,

India) and Alginate, maltodextrin, pepsin, and beef bile

were purchased from Himedia Company incubated

under the same conditions. Biomass was collected by

centrifuging and used for the next experiments.

Microencapsulation
The emulsion process was carried out in following

steps: 10 ml of fresh biomass mixed with 40 ml of wall

material (w/v) (including 2% alginate -A samples; 2%

alginate – 1% maltodextrin -AM samples; 2% alginate –

1% pectin -AP samples; 2% alginate – 0.5% maltodextrin

– 0.5% pectin -APM samples), then the mixture was

added 50 ml of canola oil with 0.1% (v/v) Tween 80 and

stirred for 10 min to allow emulsification and encapsula-

tion to occur. Then, 50 ml of 0.1 M CaCl2 was added

quickly down the side of the beaker to break the emul-

sion. The capsules were harvested from the solution by

centrifugation at 5000 rpm for 10 min.

Preparing Cupcake dough
Ingredients for making cupcakes include multi-pur-

pose flour, icing sugar, eggs, cooking oil, mixed in with

1:1:0.8:0.8 (w/w/w/w) respectively. Vanilla and baking

powder are added at 0.1% (w/w), conducting mixing until

homogeneous. Finally, fresh microcapsules (7% w/w)

were added and mixed well for 5 min until homoge-

neously. A similar treatment was carried out in the sam-

ple containing free L. plantarum cells. Then, the mix

was spread 50 grams into the tin and baking at 200℃ for

12 min. After baking, the cakes were cooled down at

room temperature before being taken for analysis. The

enumeration of probiotic bacteria is enumerated before

and after baking. 
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Refrigerating storage
Viability of L. plantarum during refrigerated storage. The

cupcake samples were stored in aseptic plastic bags

at 4℃ for ten days. After every 2 days, each sample was

analyzed to determine the viability of probiotic in cakes

under cold storage conditions.

Water activity value (aw) changing and yeast – mold
growth in the cupcake. The change in water activity (aw)

of the cake in storage time was determined according to

ISO 21807: 2004 [18]. The samples were placed in the

cuvette and measured by EZ - 200 (Freund, Japan) at

25℃. The total number of yeast - mold spores were

quantified according to ISO 21527-1: 2008 [19], whereby

the sample was diluted in isotonic saline solution before

being plated on DRBC medium. Petri dishes have been

incubated under aerobic conditions at 30℃ ± 1℃ for 5

days.

The viability of L. plantarum in SGF and SIF medium after
storage

10-gram (inside part of the cupcake) of samples was

incubated in 90 ml of the simulated gastric fluid (SGF)

medium (9 g/l NaCl + 3 g/l pepsin, adjusted to pH 2.5

with 5N HCl) at 37℃, and shaking speed 100 rpm for

120 min. Then, the samples were transferred into the

simulated gastric fluid (SIF) medium (9 g/l NaCl, 3 g/l

beef bile, and adjusted pH to 6.5 by 5 M NaOH solu-

tion) by centrifugation and incubating for another 3 h.

The samples were taken at 2 and 5 h of incubation for

enumeration. The viability of L. plantarum in the cup-

cake was immediately assayed by plating on MRS

media.

Enumerating probiotic population
10-gram of cupcake samples was dissolved in the phos-

phate buffer 0.1 M (pH 7.0), followed by homogenizing in

a stomacher (IUL-Spain) for 10 min. The probiotic via-

bility (CFU/g) was determined by spreading on MRS-

agar at 37℃ for 48 h. The process of similar samples for

free cell samples.

Sensory evaluation
The “A, not A” test was conducted with the objective of

determining if a significant difference existed between A

(cupcake without containing microcapsules) and ‘not A’

(cupcake containing microcapsules). The sensory evalua-

tion was conducted by 30 assessors. Each assessor was

familiarized with the sensory characteristics of the tar-

get sample (‘A’) from the cupcake without containing

microcapsules and the nontarget sample (‘not A’) from

the cupcake containing microcapsules having the best

result in the study, and then received one test sample

and asked to identify it as the ‘target’ or ‘not the target’.

The Chi-square test was used to determine whether

consumers recognize the difference between the two

samples.

Static analysis
All data obtained will be expressed as mean value

(± SD) of at least three replicates for each treatment

using a Turkey test (SPSS20, IBM Inc.) and on Excel

2013 (Microsoft Inc.). The Chi-square test was used for

sensory evaluation. 

Results and Discussion

Effect of baking process on the viability rate of L. plantarum
After 12 min of baking, the temperature of crust

increased 51℃ from 58℃ to 109℃, respectively, the cake

center increased 42℃ from 42℃ to 84℃ (Fig. 1). After the

baking process, free samples showed the lowest protec-

tion capacity (p < 0.05) decreased by 6.7 ± 0.04 log CFU

dramatically. The addition of pectin or maltodextrin has

shown a significant increase in protection capacity

(p < 0.05) compared to free samples with a reduction

from 10.39 ± 0.23 to 5.65 ± 0.25 log CFU/g and from

10.31 ± 0.18 to 5.82 ± 0.17 log CFU/g, respectively, but

no significant difference (p > 0.05) between them. In par-

Fig. 1. Change of temperature in the cake center and crust
during baking.
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ticular, the highest protection capacity was found in

APM samples when the viability rate of L. plantarum

cells in the microcapsules decreased from 10.52 ± 0.18

log CFU/g to 5.98 ± 0.22 log CFU/g after baking for

12 min. However, the L. plantarum viability was no sig-

nificant difference among microencapsulated samples

(Fig. 2).

The capacity protection of probiotic bacteria against

the high temperature of carrier components has also

been reported in previous studies. Anekella et al. made

microencapsulation probiotic from maltodextrin by the

spray-drying method which concluded that a heat level

sub-lethal pre-treatment allowed cells to survive in this

range and was only destroyed with the above output

temperature at 92℃ [10]. Similarly, Salar-Behzadi et al.

demonstrated that pectin had capacity protection B.

bifidum BB-12 cell membrane during spray drying and

minimized cell destruction better than maltodextrin

[20]. Another study by Seyedain-Ardabili et al. showed

that encapsulated L. acidophilus and L. casei in alginate

2% (w/v) and Hi-maize resistant starch 2% (w/v) beads

added to Hamburger cake showed the survival rate 4.2

log CFU/g and 3.5 log CFU/g cells survived 1 day after

baking (180℃ for 15 min), respectively, with an initial

amount of about 11 log CFU/g [21]. The author also

noted that the temperature at the center of the ham-

burger between 93℃ to 94℃, which was higher than the

84℃ in the center of the cupcake (Fig. 1) which had

lower baking time but higher baking temperature than

hamburger [21]. Lactobacillus rhamnosus R011 was

encapsulated in WPI by freeze-drying method supple-

menting to biscuit showed that less than 2 log CFU/g

cells were detected one day after baking with the center

temperature and the surface temperature about 92℃

and 98℃ respectively [2]. Rajam et al. even recorded no

Lactobacillus plantarum MTCC 5422 cells in the FOS +

WPI beads in dried noodles after cooking, with about 6

to 8 log CFU cells lost in this process [22]. The results

presented in Fig. 2 show that alginate combined with

pectin and maltodextrin gave higher thermal resistance

(p < 0.05) than the only alginate was used. In addition, it

was particularly noteworthy that 4.65 ± 0.17 log CFU/g

cells L. plantarum free form were surviving in cupcakes

(Fig. 2). These suggests that not only the structural com-

position of the wall material but also the food matrix

structure contributing to the protection of probiotic cells

when exposed in harsh heating. Similarly, Malmo et al.

investigated that microcapsules of L. reuteri DSM 17938

in food form helped maintain their survival rate better

than the in vitro form after undergoing heat treatment

at 180℃ for 10 min [23]. This suggests that the micro-

capsule carrier as well as the food ingredient had

impacted significantly on the viability rate of probiotic

bacteria (Fig. 2).

Survey of refrigerating storage
The survival rate of L. plantarum during storage. The

results show that cupcakes containing microcapsules

AM, AP and APM all showed that L. plantarum viability

had a tendency to increase slightly over 6 log CFU after

10 days of cold storage and reach the required minimum

count [13]. The sample containing free cells also increased

to 0.3 log CFU after 10 days of storage. Especially, the

cupcake containing calcium-alginate (2% w/v) product (A

samples) reduced 0.29 log CFU of L. plantarum, but no

significant difference (p > 0.05) compared to the free

cell samples.

The increase in the number of L. plantarum cells has

shown that metabolism has occurred during cold stor-

age. Avila-Reyes et al. have reported that the metabo-

lism of probiotic bacteria in microcapsules still took

place at 4℃ [24]. Kraseakoopt et al. showed the growth

Fig. 2. The survival rate of free and encapsulated L. plantarum
before and after baking process. A: alginate 2%, AM: alginate
2% + maltodextrin 1%; AP: alginate 2% + pectin 1%; APM: algi-
nate 2% + maltodextrin 0.5% + pectin 0.5%. Superscript letters
(a-b) above the error bars that are significantly different among
samples (p < 0.05).
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of L. acidophilus at 0.2 log CFU in calcium-alginate with

FOS (fructo oligosaccharide) 0.3% (w/v) beads added in

orange juice preserved at 4℃ after 4 weeks of storage

[25]. Similar to FOS, maltodextrin was also widely

known as a prebiotic [10]. This protection has been

proven, Sohail et al. showed that the double-layer spray

drying microcapsules of L. acidophilus NCFM helped

maintain 5.51 log CFU/g after 6 months of storage at 4℃

[16]. The presence of both prebiotic and probiotic formed

a symbiotic system [7]. therefore L. plantarum seemed

to have access to the carbon source for their development

(Fig. 3). On the other hand, pectin was also recognized

by many authors as a prebiotic [17]. Yeo et al. stated

that the addition of maltodextrin and pectin increased

the amount of probiotic in fermented soy milk [26]. Voo

et al. 2010 reported that pectin was a potential carrier

that helps probiotic cells reproduce stably and was a

suitable micro-environment for cell growth [17]. There-

fore, the absence of supplementation with maltodextrin

and pectin were considered to significantly (p < 0.05)

effect on the viability rate of the probiotic contained in

the cake (Fig. 3). In addition, L. plantarum in the free

cell form also had a slight growth from 4.65 ± 0.17 to

4.95 ± 0.22 log CFU/g (Fig. 3). This phenomenon can be

explained by the fact that free probiotics have assimi-

lated carbon sources from the cupcake. In addition, cryo-

preservation temperature (4℃) also played an important

factor that helps prolong the probiotics self-life during

the storage period. Trabelsi et al. showed similar protec-

tion ability when L. plantarum TN8 was entrapped in

alginate microcapsules coated with chitosan preserved

in phosphate buffer (pH 7.4), almost no change in the

enumeration of probiotic cells at 4℃ in 7−15 days of

preservation [27]. But this was in contrast to the study

of Zanjani et al. observed that the survival rate of L.

casei in three samples: free cells, calcium alginate, and

calcium alginate - corn resistant starch in cake cream

tended to decrease continuously for 1 to 2 weeks at 4℃

[12]. This suggests that the type of carrier as well as the

food ingredient had affected the viability of probiotic bac-

teria during the preservation of the cake. The results

showed that the viability of L. plantarum was decreased

rapidly after 10-day of storage. Besides, the sensory

property of the cupcakes was getting a negative smell. 

Change in aw value and the growth of yeast – mold
during storage. The results showed that the water activ-

ity of the cake was on day 0 and day 10 ranged from

Fig. 3. The survival of L. plantarum during refrigerated (4℃)
storage period (10 day). A: alginate 2%, AM: alginate 2% +
maltodextrin 1%; AP: alginate 2% + pectin 1%; APM: alginate
2% + maltodextrin 0.5% + pectin 0.5%. Superscript letter (a-b)
appeared at the last of each line that is significantly different
(p < 0.05).

Table 1. The spoilage of cupcake sample monitored by the growth of yeast and mold during storage. 

Day
Total number of yeast - mold (log CFU/g)

Without probiotic sample Control sample A AM AP AMP

0 Na Na Na Na Na Na

2 Na Na Na Na Na Na

4 2.26 ± 0.24 Na Na Na Na Na

6 2.96 ± 0.28 2.10 ± 0.05 2.42 ± 0.25 2.27 ± 0.23 2.37 ± 0.24 2.32 ± 0.21

8 3.75 ± 0.20 2.57 ± 0.21 3.19 ± 0.22 2.97 ± 0.18 3.10 ± 0.27 2.82 ± 0.23

10 5.25 ± 0.31 3.95 ± 0.23 4.58 ± 0.36 4.35 ± 0.22 4.48 ± 0.26 4.30±0.22

Na: below 2Log CFU/g.
Control sample: cupcake containing free probiotic cell, A: alginate 2%, AM: alginate 2% + maltodextrin 1%; AP: alginate 2% + pectin 1%;
APM: alginate 2% + maltodextrin 0.5% + pectin 0.5%).
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0.96−0.98 (data not shown). In the investigation of yeast-

mold growth in the cupcake, except for the control sam-

ple, the total yeast and mold count (over 2 log CFU/g)

was only detected on the 6th day of storage (Table 1). On

subsequent preservation days, total yeast and mold

count in all cupcake samples increased, in which sam-

ples with L. plantarum added tended to be lower than

control samples. Samples containing free probiotic cells

had significantly lower yeast-mold (p < 0.05) than the

control samples, but this difference was not significant

when compared to other samples contained probiotic

microcapsules (Table 1). In the previous study, Khalil et

al. found that the density of yeast-mold in the mayon-

naise sample supplemented with Bifidobacterium was

lower than that of non-supplementary mayonnaise sam-

ples [28]. This suggests that probiotic cells may have

acted as a bio-preservation agent against the spoilage of

the cake, which was shown to inhibit the growth of

yeast-mold. The higher enumeration of mold in probiotic

microcapsules samples compared to free samples may be

due to L. plantarum being “entrapped” in the carrier

matrix, leading to a lower inhibitory effect on mold than

in free form (Table 1). 

Viability of L. plantarum in SGF and SIF treatment after
storage

The viability of encapsulated L. plantarum and free

cells in SGF and SIF media is presented in Fig. 4. In the

SGF medium, L. plantarum cells were provided signifi-

cant protection (p < 0.05) when encapsulated in APM

with 2.78 ± 0.17 log CFU/g cells survived and it was

higher (p < 0.05) than AM or AP samples with the

remaining cell enumerations of 2.08 ± 0.23 and 2.21 ±

0.22 log CFU/g cell survived after exposed in SGF,

respectively. No L. plantarum cells were detected in

sample A and free samples (Fig. 4). In the SIF treat-

ment, after 3 h incubating, the viable cells were only

recorded in the APM samples (Fig. 4). The results also

indicated that the negative impact that the SGF

medium causes on encapsulated L. plantarum was

stronger than the SIF medium.

Under SGF conditions, the viability of L. plantarum in

microcapsules supplemented with pectin or maltodex-

trin was higher in protective efficacy than alginate

sample 2% w/v (A sample) (Fig. 4). Chen et al. suggested

that the addition of prebiotic may help to limit the

porous structure of the microbial composition [29]. This

helped to strengthen the gel network structure and pre-

vent the diffusion of acid (outside) into the microbial

impact of probiotic life (Fig. 4). In addition, Ca-alginate-

pectin gel particles were thought to be dense and insolu-

ble when exposing to an environment that had pH value

was close to their pKa [17]. Fareez et al. showed that the

survival rate of L. plantarum LAB12 in the alginate-

xanthan gum beads coated with chitosan reached 95%

after 120 min of treatment under SGF conditions (pH

1.8, not containing pepsin) [30]. Meanwhile, Rajam et al.

reported that about 30% of L. plantarum cells were

detected in FOS microcapsules contained in noodles

after treatment with SGF supplemented with 0.3% (v/v)

pepsin after 2 h of treatment [22]. This may be due to

the presence of pepsin in SGF affecting the protective

effect of carriers. In addition, cryopreservation condi-

tions can also increase the sensitivity of probiotic bacte-

ria to low pH conditions. Sathyabama et al. reported

that, during cryopreservation (4℃), prebiotic compo-

nents outside the microcapsules caused osmotic pressure

on the probiotic inside [15].

Bile salts were thought to have chelating effects on the

two valence ion bonds of alginate so they cause the

microcapsules to break and release the cell out [23]. This

has a disadvantaged effect on the survival of probiotics

when they exposed to SIF directly. The results showed

that the APM sample yielded the highest protection

capacity although insignificant (p > 0.05) compared to A,

Fig. 4. The effect of SGF and SIF condition on the viability
rate of free and encapsulated L. plantarum. A: alginate 2%,
AM: alginate 2% + maltodextrin 1%; AP: alginate 2% + pectin
1%; APM: alginate 2% + maltodextrin 0.5% + pectin 0.5.
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AM, and AP (Fig. 4). Similarly, Ding and Shah showed

that about 2 log CFU encapsulated L. plantarum in

alginate 3% (w/v) were lost after 4 h incubation in SIF

(bile 3% w/v) [11]. However, Sandoval-Castilla et al.

reported that the combination of prebiotic and alginate

provided better protection of L. casei before bile salts

than the substrate network of each individual carrier

due to alginate in the grain variation reduced to some

extent and the protective effect and both alginate and

pectin make up a structured matrix, better resilience to

acid and bile salts on microstructure characteristics of

microcapsules [14]. The results obtained in Fig. 4 show

that co-addition of pectin and maltodextrin in the pro-

cess of creating alginate microcapsules (AMP sample)

has significantly improved (p < 0.05) probiotic viability

rate compared the others sample in the SGF condition,

as well as in the SIF condition (Fig. 4). The result shows

that the protective role of maltodextrin-pectin on L.

plantarum in the adverse media.

Sensory evaluation
The sensory evaluation of comparison of the cupcake

with and without the addition of microcapsules (5% w/w).

The results showed that the Chi-square value of AM,

AP, and AMP samples were 2.40; 2.14; and 2.22 respec-

tively, which indicated that the difference between these

samples was not significant (p > 0.05) (Table 2). 

The sensory evaluation is an important role in which

sensory difference due to supplementation of microcap-

sules could lead to consumer rejection. The previous

studies indicated that the amount, as well as the particle

size of the microcapsules affecting the sensory properties

of food products. Encapsulated Bifidobacterium longum

in carrageenan particles adding into yogurt was made a

significant difference compared to the control sample

[31]. Whereas, cream-filled cakes containing microcapsules

(average size was 280 µm) or free cells of L. casei did not

show a significant difference (p > 0.05) in the body and

texture of the cream-filled cake [12]. Similarly, the

same result was obtained in the present study (Table 2).

The significant difference was found in the case of the

cupcake containing more than 8% (w/w) of microcap-

sules (data not shown). The results indicated that add-

ing microencapsulation preparation would not affect the

sensory of the cupcake as well as ensuring the viability

of probiotic during baking and storing.

The results of the study showed that microencapsula-

tion helped to improve the survival of L. plantarum

during the baking process, in which the addition of the

two components pectin and maltodextrin to the Ca-

alginate microcapsule preparation process that deliv-

ered significant impact (p < 0.05) on the survival ability

of Lactobacillus plantarum ATCC8014 during the bak-

ing process compared to the non-supplemented cupcake.

The cake preservation process also showed that L.

plantarum cell enumeration in all samples tended to

increase after 10 days of storage at 4℃ and reached the

required minimum count (6−7 log CFU/g) in the supple-

mented prebiotic samples. With a high water activity

value of 0.96−0.98, spoilage of food was shown by a sig-

nificant increase (p < 0.05) of the yeast and mold during

storage. The total of yeast and mold in probiotic supple-

mented samples were reduced compared to samples

without probiotic supplementation. Besides, the viability

of L. plantarum was more sensitive to the SGF environ-

ment than SIF and microcapsule preparations for sig-

nificantly higher protective effects. The simultaneous

addition of pectin and maltodextrin in Ca-alginate beads

gave the best protection in SGF conditions, as well as in

the SIF condition. Additionally, in the sensory evalua-

tion, the difference between samples with (AM; AP and

APM) or without microcapsules was not significant.
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