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Abstract 

The probiotics were susceptible to damage in commercial starters due to improper 

environmental conditions. In this study, the encapsulation technique was applied to 

improve probiotics survival using alginate, inulin (commercial and beneng taro-source), 

skim milk and their combination; which is prepared by the extrusion method. The survival 

of encapsulated probiotics in adverse environmental conditions was investigated by 

exposing them to low pH and heat stress. The encapsulation yield and diameter of the 

encapsulated probiotics were also measured before their application to yoghurt powder. 

Both heat stress and pH 2 resulted in the decrease of the number of viable free cells and 

viable encapsulated cells by about 5 log cycles and 3 log cycles, respectively. The 

encapsulation yield was >98% in all treatments and the diameter of probiotics was 

increased significantly around >2.5 mm by the encapsulation method. The viability of the 

encapsulated probiotic cell was decreased 1 log cycle after applying in powdered yoghurt 

while without encapsulation the cell count was much lower. Thus, the microencapsulation 

method has proven as an effective protection technique against adverse environments, 

especially if applied as a powder product.  

1. Introduction 

Probiotics are defined as live microbes that are 

consumed by humans or animals in sufficient quantities 

(6 log CFU/g), able to live and pass through gastric and 

digestive tract conditions and improve the health of the 

host (FAO/WHO, 2002). Probiotics known as one of the 

functional foods reported have a positive selling trend in 

the global market, especially in yoghurt products. 

However, yoghurt has low stability storage and is 

susceptible to change during the distribution due to 

unfavorable environments. 

The storage conditions of yoghurt become a critical 

point during the distribution and storage process. At 

room temperature, lactic acid bacteria in yoghurt are 

actively metabolized so the fermentation process will 

occur continuously and increase gas production resulting 

in unwelcome taste. Commercially, yoghurt was stored 

in cold storage to maintain its quality for 2-3 weeks but 

cost a lot. Processing yoghurt in powder form is an 

alternative to maintain the quality of yoghurt. Yoghurt in 

powder form can be stored longer and make the 

distribution process easier. Under tight storage 

conditions, yoghurt powder can be stored for more than 

18 months at cold temperatures (4℃) (Corcoran et al., 

2004). 

Foam-mat drying method is known to be used as a 

technique to make yoghurt powder. This method is 

performed at lower temperatures and shorter drying 

times compared to the conventional method (Sulaksono 

et al., 2013). However, during the drying process, the 

viability of heat-sensitive lactic acid bacteria can 

decrease. Temperature is known as a factor that can 

affect the viability of probiotics. Several studies have 

reported that probiotics are very sensitive to extreme 

environmental conditions and have low survivability in 

the product (Shi et al., 2013). To overcome this problem, 

the microencapsulation technique can be applied to 

protect bacteria during the drying process.  

Microencapsulation has been widely used as a 

technique to protect probiotics from an unfavorable 

environment (Ribeiro et al., 2014) and is one of the most 

appropriate modern technologies to maintain probiotics 

during processing and storage under extreme conditions 
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(Chavarri et al., 2010). Among all encapsulation 

methods, the extrusion method (droplet method) is 

relatively simple, easy, and low-cost. There are various 

types of polysaccharides and proteins that can be used as 

encapsulants - a material used for enclosing. The proper 

encapsulant needs to be considered because each type of 

material has different characteristics with the material to 

be encapsulated (Prata et al., 2013). Alginate is one of 

the polysaccharides-type encapsulant which has been 

reported to have good ability as a probiotic coating 

applied to powder products because of its economic 

value, integrity, and good biocompatibility (Krasaekoopt 

et al., 2003). Based on the aforementioned explanation, 

the purpose of this study was to determine the best type 

of encapsulation in microencapsulation of lactic acid 

bacteria and its application in yoghurt powder. 

 

2. Materials and methods 

2.1 Materials 

The materials used in this study were sodium 

alginate (Sigma), commercial inulin (Orafti), skim milk, 

beneng taro tubers obtained from the Pandeglang Banten 

Farmers Association, whole cow milk from the Sitandu 

Serang Farm, commercial lactic acid bacteria starter, 

CaCl2 (Merck), maltodextrin, metochel, granulated 

sugar, MRSA (de Man, Rogosa and Sharpe Agar) 

(Himedia), MRSB (de Man, Rogosa and Sharpe Broth) 

(Himedia), and buffer phosphate. 

2.2 Lactic acid bacteria microencapsulation  

2.2.1 Culture preparation  

Commercial lactic acid starter bacteria (Yógourmet, 

France was under license from the Canadian Company) 

were obtained from the marketplace which contained 

Lactobacillus bulgaricus, Streptococcus thermophilus 

and Lactobacillus acidophilus bacteria. This starter was 

added to 50 mL sterile MRSB and incubated for 24 hrs at 

37°C. One ml of the culture was transferred into 100 mL 

sterile MRSB media and incubated again at 37°C for 24 

hrs for biomass production. The biomass was harvested 

using a centrifuge (Centurian Scientific/C2 Series) set at 

5000 rpm for 15 mins at 4℃. The biomass produced was 

washed twice using 0.9% NaCl (sterile) with the same 

centrifugation conditions (Jouki et al., 2021) 

2.2.2 Microencapsulation 

The probiotics were microencapsulated based on 

Jantarathin et al. (2017) with modification. The 

encapsulant solutions used in this study were ME-A (3% 

alginate), ME-ACI (3% alginate + 10% commercial 

inulin), ME-SM (3% alginate + 10% skim milk) and ME

-ABTI (3% alginate + 10% Beneng Taro Inulin). Each 

encapsulant solution was sterilized by using an autoclave 

(TOMY SX 500) at 121°C for 15 mins, then cooled to 38

-40°C prior to use. A mixture of 20 mL of sterile 

encapsulant solution and 5 mL of stock culture was put 

into a centrifuge tube (50 mL) and then vortexed (DLAB 

MX-S) until homogeneous for 15 mins. The 

microencapsulated probiotics were formed by dripping 

the mixture by injection into 100 mL of 1 M CaCl2 

solution. The syringe distance was 5 cm above the CaCl2 

solution. The microcapsules were allowed to harden for 

30 mins in CaCl2, then stored in a 4oC refrigerator. A 

lactic acid bacteria (LAB) inoculated in a sterile MRSB 

solution without encapsulation was also prepared as a 

control (K). 

2.3 Production of yoghurt powder  

A 300 mL yoghurt for each treatment was made 

using cow's milk. Milk was put into a sterile Duran 

bottle, then warmed on a hotplate (Thermo Scientific DJ 

Series) until it reached 85℃. Then, 5% sugar was added 

and cooled to 35-45℃. Subsequently, a 1% beneng taro 

inulin was added. The milk was inoculated with 0.1% 

(w/v) yoghurt starter. The resulting mixture was 

incubated at 37℃ for 12 hrs and then stored in the 

refrigerator (Kusumasari and Pamela, 2019). 

A 20% maltodextrin and 2% methocel (1:6) were 

added to the prepared yoghurt. The mixture was 

homogenized using a mixer at low speed for 20 mins. 

After the foam was formed, several variations of LAB 

microencapsulation (ME, ME-ACI, ME-SM, ME-ABTI) 

were added into yoghurt then flattened on a heat-resistant 

plastic and dried in an oven (Memmert) at 50oC for 2 

days. The dry yoghurt foam was blended until it became 

yoghurt powder. Yoghurt without LAB 

microencapsulation was also made as a control 

(Krasaekoopt and Bhatia, 2012).  

2.4 Beads product analysis 

2.4.1 Encapsulation yield and beads diameter  

The encapsulation yield (EY) was determined based 

on Darjani et al. (2016) with modification. One gram of 

probiotic microcapsules was disintegrated into 9 mL of 

sterile 2% sodium citrate solution (pH 6.0) and then 

homogenized with a vortex for 10 mins. The serial 

dilutions were prepared to count the number of cells 

using the pour plate technique in MRS Agar. The 

probiotics that had been released from the microcapsules 

were counted and expressed as encapsulated yield (EY). 

EY is the number of bacterial cells that can survive 

during the encapsulation process, which is calculated by 

the following formula: 

EY (%) = (N/N0) × 100 

where N is the number of entrapped cell counts 



 Pamela et al. / Food Research 8 (5) (2024) 421 - 429 423 

 https://doi.org/10.26656/fr.2017.8(5).585 © 2024 The Authors. Published by Rynnye Lyan Resources 

R
E

S
E

A
R

C
H

 P
A

P
E

R
 

(CFU/g) released from the microcapsules and N0 is the 

number of free cells (CFU/mL) in culture.  

The probiotic bead diameter was measured by using 

a millimeter-scale ruler (Ortakci and Sert, 2012). 

2.4.2 Resistance of probiotic beads against heat 

stress 

The heat resistance was determined using the method 

described by Jati et al. (2015), with slight modification. 

A 1 g of microencapsulated probiotics was added into 9 

mL of sterile distilled water and homogenized using 

vortex. The solution was heated at 60℃ and 70℃ with a 

water bath for 20 mins, then cooled to room temperature. 

A free probiotic sample was used as a control. 

2.4.3 Resistance of probiotic beads against low pH  

The low pH resistance test was carried out using the 

method described by Oberoi et al. (2021), with a slight 

modification. A 1 g of microencapsulated probiotics was 

added into a tube containing 9 mL of MRSB pH 2 (set by 

adding 1 mol HCl) and then homogenized using a vortex. 

A 1 mL culture was taken from the tube and serially 

diluted 10-fold with 0.85% normal saline solution and 

poured on the MRS agar plates. The plates were 

incubated for 5 hrs at 37℃. The number of probiotic 

colonies was counted at 0 and 5 hrs incubation. A free 

probiotic sample was used as a control. 

2.4.4 Morphological structure of probiotic beads  

The surface morphology of probiotic beads was 

determined by using scanning electron microscopy 

(ZEISS). The samples were set on metal pins with 

double-sided adhesive tape, and then coated with a 

mixture of gold (95%) and palladium (5%) by the plasma 

deposition method in a coater (Polaron E5350). 

Microphotographs were obtained with an acceleration 

potential of 10 kV and WD 11 mm (Costa et al., 2013).  

2.5 Yoghurt powder product analysis 

2.5.1 Viability of lactic acid bacteria  

The variation of sample concentration was prepared 

by dissolving yoghurt powder in serial sterile distilled 

water. An aliquot (1 mL) of each sample was inoculated 

on MRSA media and incubated at 37℃ for 48 hrs. Total 

bacteria were expressed as CFU/g (Sulaksono et al., 

2013). 

2.5.2 Morphological structure of yoghurt powder  

The morphological structure was employed by using 

the method described by Malik and Sharma (2019), with 

slight modification. The yoghurt powder sample was 

placed in an airtight container to make a moisture-free 

condition. The powder was evenly placed on aluminum 

stubs in the form of slabs with a diameter of 6 mm, then 

vacuumed with argon gas until it was stable and coated 

with gold with a sputter coater for 20 s. The aluminum 

stubs containing the sample were inserted into the 

electron microscope and observed for the diameter and 

microscopic shape of the yoghurt powder. Observation 

images were taken by Carl Zeiss scanning electron 

microscope (SEM) Type EVO MA 10 at EHT 16.00 kV, 

WD 7.5-8.0 mm, and magnifications of 1000 and 2000 

times.  

2.5 Statistical analysis 

All experiments were repeated twice, and data were 

subjected to one-way analysis of variance (ANOVA) 

using SPSS 26. The significant differences in treatments 

were tested using the Duncan Multi Range Test at 95% 

confidence level (P<0.05). All data were presented as 

mean±standard deviation. 

 

3. Results and discussion 

3.1 Encapsulation yield and particle size  

The encapsulation yield (EY) (Table 1) was 

calculated by comparing the number of cells before and 

after microencapsulation. The encapsulation yield was 

used to determine the effectiveness of the 

microencapsulation. The addition of fillers (commercial 

inulin, skim milk, or beneng taro inulin) significantly 

(p<0.05) increased the EY with an average of >98%. 

According to Prasanna and Charalampopoulos (2018), 

the high encapsulation yield was due to the processing 

condition at room temperature (25°C), which did not 

affect the microorganism growth. Shi et al. (2013) 

reported that they can achieve a 100% encapsulation 

yield. Although the EY value of this study was close to 

100, the log CFU/mL for the number of bacteria before 

encapsulation and the number of bacteria after 

encapsulation did experience a slight decrease. Nagpal et 

al. (2012) reported that this phenomenon is probably 

because of an increase in the viscosity of the cross-

linking bond that occurs between calcium chloride and 

sodium alginate. 

Several other studies reported similar results 

(Krasaekoopt et al., 2004; Gebara et al., 2013; Holkem 

Treatment EY (%) Particle size (mm) 

K  1.54±0.01b 

ME-A 97.55±0.00d 2.51±0.01a 

ME-ACI  99.02±0.00a 2.53±0.00a 

ME-SM 97.91±0.00c 2.51±0.01a 

ME-ABTI 98.25±0.00b 2.52±0.01a 

Table 1. Encapsulation yield and particle size of microcapsule. 

Values are presented as mean±SD. Values with different 

superscripts within the same column are statistically 

significantly different (P<0.05). 
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 et al., 2016; Moghanjougi et al., 2021). They reported 

the average efficiency is ranged from 84-99%, for pectin 

microcapsules and sodium alginate. The variation of EY 

could mainly be caused by high polymer concentrations, 

which increase ionic cross-linking and form denser 

membranes by repeating oppositely charged groups 

(Dehkordi et al., 2019). 

 In addition, the microencapsulation process had no 

effect (p>0.005) on the particle size of the encapsulated 

beads, although the particle size of the encapsulated and 

non-encapsulated beads was significantly different. 

Chean et al. (2021) reported that inulin as a microcapsule 

filler did not have a significant effect on the 

microencapsulation of Lactiplantibacillus plantarum. 

Several other research also reported that the addition of 

filler did not affect the particle size of the 

microencapsulated beads (Haghshenas et al., 2015; Chan 

and Pui, 2020; Yong et al., 2020). The typical 

appearance of beads can be seen in Figure 1. 

Table 2 shows that the EY was positively correlated 

with the diameter of the beads. The larger the EY, the 

larger the diameter of the beads. This result is similar to 

Miskiyah et al. (2020) that the higher the alginate 

concentration used, the higher the yield and diameter of 

the beads produced. The increasing alginate 

concentration can increase the interaction of alginate 

carboxylate anions with Ca2+ cations from CaCl2, so that 

the matrix and the diameter of the beads formed become 

larger (Nussinovitch, 2010). 

3.2 Heat resistance test 

The heat resistance test was conducted to determine 

the strength of microencapsulated LAB against heat 

exposure. Table 2 shows free probiotics have a greater 

decreasing number of cells compared to the 

microencapsulated probiotics after exposure at 60 and 

70℃. At 70℃, the free and microencapsulated 

probiotics was decreased by 5 log cycles and 3 log 

cycles, respectively. While, at 60℃, the decreasing 

number of probiotics is lower compared at 70℃, with 4 

log cycles for free probiotics and 2 log cycles for 

microencapsulated.  

Similar results were also reported by Oberoi et al. 

(2021). In their research, the combination of alginate and 

xanthan gum as encapsulant could increase the bacterial 

heat resistance of beads, whereas alginate and chitosan 

encapsulation decreased compared to free cells. Another 

study concluded that encapsulated bacteria have more 

viable cells than non-encapsulated (free) bacteria during 

heat exposure (Abbaszadeh et al., 2014). The ME-ACI 

treatment showed higher resistance results, followed by 

the ME-ABTI treatment. This is because the long chain 

of inulin with a high degree of polymerization gave 

strong heat resistance to provide more protection for 

bacteria (Tárrega et al., 2010). According to Krasaekoopt 

et al. (2003), the microencapsulation process with 

hydrogel beads, such as alginate, can entrap probiotics 

and make them immobilized in the gel matrix as well as 

provide protection to probiotic cells against 

environmental conditions, such as heating conditions.  

3.3 Survival under conditions at low pH 

The resistance test at low pH was performed to 

determine the resistance of microencapsulated lactic acid 

bacteria at pH 2. This pH was selected as a simple 

simulation of their resistance in the human digestion 

organ. The microencapsulation process could increase 

the resistance of lactic acid bacteria at pH 2 treatment. 

Table 3 shows a significant decrease (p<0.05) in bacteria 

treated with low pH for 5 hrs. The free cells show the 

most decreasing number, with 5 log cycles, higher than 

microencapsulated cells with 3 log cycles. The results 

obtained in this study concurred with the result of 

previous research conducted by Jati et al. (2015), in 

which they reported that there was a decrease of 4.4 and 

5.3 log cycles in free L. acidophilus 2B4 and L. 

rhamnosus R23 bacteria, respectively, due to low pH 

treatment. In contrast, they observed a lower decrease in 

the number of cells in encapsulated L. acidophilus 2B4 

ME-A ME-ACI 

ME-ASM ME-ABTI 

Figure 1. Appearance of beads. ME-A: Alginate, ME-ACl: 

Alginate added commercial inulin, ME-SM: Alginate added 

skim milk, ME-ABTI: Alginate added beneng taro inulin. 

Treatment 
Log CFU/g 

Actual count 60℃ 70℃ 

K 10.36±0.02a 6.08±0.04d 5.65±0.01a 

ME-A 10.11±0.00d 8.01±0.00c 7.00±0.00a 

ME-ACI  10.26±0.00b 8.09±0.00a 7.04±0.04a 

ME-SM 10.14±0.00cd 8.02±0.00c 6.99±0.00a 

ME-ABTI 10.18±0.00c 8.06±0.00b 7.01±0.00a 

Table 2. Survival in heat stress conditions. 

Values are presented as mean±SD. Values with different 

superscripts within the same column are statistically 

significantly different (P<0.05). 
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and L. rhamnosus R23 bacteria, which was only 2.4 and 

1.6 log cycles, respectively. In addition, Oberoi et al. 

(2021) reported that encapsulated L. rhamnosus shows 

higher viability at low pH compared to free cells when 

exposed to pH 3. 

Based on Table 3, the lowest decrease in cell number 

was shown by the ME-ACI treatment (3.02 log cycles), 

followed by the ME-ABTI. This is due to the presence of 

inulin which can act as a prebiotic, which is also known 

to possess resistant properties at low pH, such as the pH 

in the stomach. Inulin can enter the gastrointestinal tract 

as a feed for the intestinal microbiota. 

In addition, the effect of alginate is because the 

hydrogel network (alginate) formed by the encapsulating 

material can reduce the rate of acid diffusion into the 

microcapsules (Shi et al., 2013). The hydrogel formation 

that covers probiotic cells is thought to be the basis for 

cell protection, where the acid solution needs to 

penetrate the gel layer before reaching the probiotic cells 

(Mokarram et al., 2009). 

3.4 Microstructure of beads 

SEM analysis was employed to obtain information 

about the surface morphology and shape of the alginate 

beads as well as to determine the effect of different 

fillers on the resulting beads. Figure 2 shows SEM 

images of beads loaded with L. bulgaricus, S. 

thermophilus and L. acidophilus. All beads produced 

with different encapsulation agents showed irregular 

shapes with rough surfaces. This could be attributed to 

an artifact resulting from the sample preparation process 

or the high vacuum applied during SEM analysis 

(Mahmoud et al., 2020). The rough surface of beads 

indicates the presence of probiotics inside the beads 

(Martin et al., 2013). It was also observed that the 

immobilization of cells in sodium alginate produced 

semispherical beads with rigid surfaces and spongy 

structures (Albertini et al., 2010). 

There was a significant difference in the shape of the 

resulting beads. Some beads were more spherical (ME-

ACI, ME-ASM and ME-ABTI) than others (ME-A). 

Another study conducted by Sultana et al. (2000) on the 

starch-coated alginate matrix with probiotic bacteria 

showed that the beads were generally spherical, but 

sometimes elliptical in shape (Moghanjougi et al., 2021).  

The ME-ASM capsules appeared in a drop-like 

shape with a small tail. This could be a consequence of 

the high surface tension of the crosslinking solution 

(CaCl2) used, resulting in the formation of an imperfect 

spherical capsule (Maresca et al., 2016). The shape of 

the microcapsules formed in this study is in agreement 

with those reported by Oberoi et al. (2021). 

3.5 Lactic acid bacteria viability in powdered yoghurt 

Table 4 shows that the microencapsulation process 

significantly (p<0.05) influenced the cell viability in 

both liquid and powdered yoghurt. The lactic acid 

bacteria cells in liquid yoghurt with encapsulated 

treatment show a small decreasing number (1 log cycle) 

after being made into powdered yoghurt. Meanwhile, the 

number of bacterial cells in liquid yoghurt without 

encapsulation treatment significantly decreased by 3 log 

cycles. Similar results were reported by Juniawati et al. 

(2019) and Tanganurat et al. (2019) that after the drying 

process, the encapsulation treatment could maintain the 

total viability of lactic acid bacteria compared to non-

encapsulated treatment. 

The number of lactic acid bacteria in powdered 

yoghurt products was reduced by 0.5 log CFU/g from 

fresh yoghurt. This indicates that the foam mat drying 

process slightly affects the viability of lactic acid 

bacteria. Similar research also shows that the number of 

lactic acid bacteria in yoghurt powder prepared by foam 

mat drying was greater than in commercial powdered 

yoghurt (Krasaekoopt and Bhatia, 2012). 

 

Figure 2. Microstructure of beads. ME-A: Alginate, ME-ACl: 

Alginate added commercial inulin, ME-SM: Alginate added 

skim milk, ME-ABTI: Alginate added beneng taro inulin. 

Treatment  
Log CFU/g  

Actual count pH 2 
K 10.34±0.00a 5.48±0.01b 
ME-A 10.13±0.00c 7.04±0.04a 
ME-ACI 10.33±0.00b 7.11±0.03a 
ME-SM 10.17±0.00d 7.08±0.04a 
ME-ABTI 10.22±0.00c 7.08±0.04a 

Table 3. Survival on low pH conditions. 

Values are presented as mean±SD. Values with different 

superscripts within the same column are statistically 

significantly different (P<0.05). 

ME-A ME-ACI 

ME-ASM ME-ABTI 
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3.6 Microstructure of powdered yoghurt 

The morphological structure of powdered yoghurt is 

shown in Figure 2. In all samples of powdered yoghurt, 

there were small holes and a rough surface seen after 

being observed with a scanning electron microscope. 

According to Malik and Sharma (2019), the small holes 

found in powdered yoghurt are fat granules, and clusters 

of protein particles indicated by a rough surface. 

In the micrograph of powdered yoghurt with 

encapsulated cells, Figure 3 shows that there was a rod-

shaped bacterium, which is Lactobacillus, while without 

encapsulated treatment only showed the surface and no 

presence of rod-shaped bacteria. This might be because 

the heating process decreases the number of lactic acid 

bacteria in powdered yoghurt without encapsulated cells 

compared with encapsulated cells (Table 4).  

 

4. Conclusion   

Probiotics were successfully encapsulated in alginate

-based microencapsulation prepared by extrusion 

method. The viable cells showed better survival ability 

than free cells on heat treatments, low pH, and when 

applied to powdered yoghurt.  
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