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Introduction 
 

Lactobacillus acidophillus recognized as 

probiotic bacteria, it has good contribution for 

human health such as improving digestion 

and gives immunity. Probiotic bacteria will 

work optimally when it contains living cells 

that persist as it passes through the digestive 

tract with the high acidity of the stomach and 

survived on the food processing, storage, and 

has a good organoleptic.  

 

The working principle of probiotic bacteria in 

the body that there is a capability in solving 

the long chain of nutrients (carbohydrates, 

protein, fat) by enzymes owned. 

 

 

 

 

 

 

 
 

The problem of probiotics application in the 

food product was the sensitivity of probiotic 

to environmental conditions (Carvalho et al., 

2004) and its resistency through stomach and 

digestive tract. Therefore, probiotics survival 

need a protection method through 

microencapsulation. Microencapsulation is a 

covering technique in order to protect the 

cells from extreme environments (Capela et 

al., 2007). The successive of 

microencapsulation depends on the suitability 

of the membrane of the microparticles, when 

bacterial cells that can live after the 

microencapsulation process, micro-

encapsulation must remain intact when 
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The purpose of this research was to determine the concentration ca-alginate, whey 

protein isolate and glycerol. The treatments were P1 (1:1:1); P2 (1:2:1); P3 (1:3:1) 

on the viability of the cells, PSA, cell distribution and shape with photograph and 

the structure using Scanning Electron Microscopy (SEM). The data were subjected 

to analysis of variance (ANOVA). The results showed that the concentration of ca-

alginate, whey protein isolate and glycerol as microencapsule materials gave no 

significant differences (P>0.05) effect on the cell viability of encapsulated 

Lactobacillus acidophilus and gave different particle size, cell distribution and 

shapes photographs and the microstructure of encapsulated L. acidophilus. It 

concluded that ca-alginate, whey protein isolate and glycerol as microcapsule 

materials increased viability of L. acidophilus, better Particle Size of the beat and 

the morphological structure is better and smoother. 
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environment conditions are unfavorable for 

bacterial cells (Islam et al., 2010). 

 

Microencapsulation requires ingredients in 

forming the covering (bead). The material that 

can be used is alginate because it has ability 

to form egg-box arrangement that can be 

utilized as coating material of encapsulation 

process (Qurrat-ul-Ain et al., 2003). Alginate 

gave more optimum protection properties 

when whey protein isolate was added. The 

addition of whey protein ingredients is widely 

used as a protective wall in encapsulation 

(Chen et al., 2014) and encapsulation using 

less fortified alginates to protect bacteria from 

acidic environments (Sultana, 2000).  

 

The microencapsulated material may be 

combined with cryoprotectant. Combination 

with glycerol (cryoprotectan) can be used as 

internal protection by uphold the cell 

membrane while microencapsulation can be 

used as protection from outside (Widati et al., 

2007) and it can be used as cryoprotectan 

because its ability to prevent the occurrence 

of crystallization of ice at freezing point and 

able to form edible film to form a layer 

protector. 

 

Emulsion techniques often used in lactic acid 

bacteria encapsulation are continuously 

produced in large scale form. According to 

Talwalkar and Kailasapathy (2003) the 

emulsion method will produce smaller 

encapsulation bead sizes as a sign that the 

bead size or the distribution of cells within the 

bead is more widespread, resulting in more 

number of cells being produced than the 

method of extraction. 
 

In a recent research (Purwandhi et al., 2007) 

in two-layered encapsulation technique using 

ca-algianat with skim milk on emulsion 

method prodused more cell numbers when 

compared to single layer encapsulation and 

smaller bead size than the method of the 

extraction. 

The aim of this study was to investigated the 

use of a combination of glycerol as 

cryoprotectant material with ca-alginate and 

whey protein isolates as microcapsule 

materials using emulsification method on the 

cell viability, bead size (PSA), and 

microscopic observation.  

 

Methods and materials  

 

Materials  

 

Pure cultured Lactobacillus acidophillus was 

purchased from agricultural technology 

faculty laboratory, Brawijaya University, 

MRS Broth (Oxoid). MRS agar (Oxoid), 

Alginate, NaCl, whey isolate Protein, 

Glycerol (Merck), paraffin oil, Span 85 

(Merck), CaCl2 (Merck), Pepton (Oxoid), 

sodium citrate (Merck), Sodium citrate 

(Merck) and distilled water. 

 

Encapsulation process 

 

The encapsulation process according to the 

method of Song et al., (2013) with several 

modification. Sodium alginate 1.5% (w/v) is 

in 0.9% (w / v) NaCl filtered and sterilized at 

121
0
C for 15 min. Whey protein isolate 

powder sterilized at 110
0
C for 10 min and 

dissolved in sterile distilled water. Glycerol 

dissolved in distilled water at a concentration 

of 6% and sterilized at 121
0
C for 15 min. 

Alginate powder, whey protein isolate and 

glycerol mixed well with based ratio (1: 1: 1); 

(1: 2: 1); (1: 3: 1) as P1, P2 and P3 treatment 

respectively, entered into an emulsion using 

50 ml of paraffin oil and 0.5% (v / v) span 85 

and stirred for 30 minutes at 200rpm. Add 

slowly 10 ml of 0.05 M CaCl2 to the 

emulsion. Centrifuge for 10 minutes at 

1000rpm and the supernatant discarded.  
 

Cell viability 
 

Cell viability of encapsulation that is ready to 

be added to a solution of sodium citrate 0.055 
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mol/L in order to detach the cells from the 

bead. Cell viability calculated using the TPC 

(Song et al., 2013).  
 

Particle size analysis 
 

The size of the microcapsule was measured 

using particle size analyser (CILAS 1090D). 

0,1 ml of Lactobacillus acidophillus dissolved 

in 0,9 ml of distilled water and observed using 

particle size analyser (Chun, Kim, Hee-cho, 

2014). 

 

Optical microscopy  

 

Optical microscopy using microscope BX 35 

to find out the photograph cell distribution 

and shape of the microcapsule (Chum et al., 

2014) 
 

Scanning electron microscopy 
 

The morphologies structure and shape of the 

microcapsule were evaluated using Scanning 

Electron Microscopy (SEM). Lactobacillus 

acidophillus microencapsule was dried using 

freeze drying for 5 hours (Chun, Kim, Hee-

cho, 2014). The dried microcapsule were 

placed on specimen aluminium stub with the 

help of double sided sticky and coated by 

sputter (Zanjani et al., 2013), the 

microstructure was observed using SEM. 

 

Statistical analyses 

 

The statistical differences among the 

experimental data were analyzed using 

analysis of variance (ANOVA). 

 

Results and Discussion 

 

Cell viability  

 

Viability is a survival parameter of a microbe 

that can live after treatment. Based on the 

result of variance analysis showed that 

microencapsulation quality of Lactobacillus 

acidophillus using ca-alginate-WPI-glycerol 

with emulsification method at different 

concentration showed No significant 

differences (P>0.05) were found on cell 

viability can be seen in table 1.  

 

Based on the analysis of variance indicate that 

microencapsulation of Lactobacillus 

acidophillus using ca-alginate-WPI-glycerol 

at higher concentration produced higher cell 

viability at P2, however slight lower at P3. 

The treatment P1, P2 and P3 gave cel viability 

10.836, 10.853 and 10.781 (cfu/ml), 

respectively. The decrease in cell viability on 

P3 probably due to the higher concentration 

of whey protein less able to form a perfect 

microencapsulation protector so that the 

structure of microencapsule becomes weaker 

and fragile.  

 

The viability of cells will increase due to the 

nature of the whey protein ability to entrapp 

bacterial cells into the microencapsulation. 

According to Heidebach et al., (2009b) that 

whey proteins are capable to forming 

excellent solid gelation despite differences in 

the encapsulation techniques and the ability of 

probiotics to capture into the gel is very easy. 

Cell viability decreases as milk protein 

shrinks as a result of the effect of excessive 

protein-specific concentrations on the surface 

layer make it less capable to gel formation 

(Fäldt and Bergenstål, 1994). Whey proteins 

are often biodegradable and protective 

derivatives of proteins are susceptible to cell 

release when the concentrations used are too 

high (Solanki et al., 2013). The emulsion 

technique is carried out through emulsion 

droplets and to entrap of probiotic bacteria to 

enhance the survival of microorganism cells 

under extreme environmental conditions 

according to the type of emulsifier (Chavarri 

et al., 2012). According to Heidebach (2009a) 

the emulsion technique in encapsulation using 

milk protein ingredients can provide good cell 

viability. This is due to rennet in milk 
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containing probiotic cells and emulsification 

to the oil and then this method is modified by 

replacing rennet with transglutaminase that 

allows crosslink with milk protein.  

 

Particle size analysis 

 

The purpose of this study is to measure the 

size of particle size in microencapsulation that 

is to detect the quality of bacterial cells that 

are protected using microencapsulated 

materials during food processing and in the 

digestive tract (Cabuk and Harsa, 2015). The 

results showed that microencapsulation 

quality of Lactobacillus acidophillus using 

ca-alginate- WPI-glycerol by emulsification 

method with different concentration to 

particle size of bead can be seen in table 2. 

 

The results of table 2 indicate that the particle 

size form is expressed in 10%, 50%, 90% and 

span values used as the final value of the 

overall particle size. The higher value of the 

span indicates that the particle size is larger. 

The results indicate that the increasing 

concentration of ca-alginate-WPI-glycerol 

produced higher microencapsule particle size 

at P2 and P3 treatment compared to P1 

treatment it indicates that there is an 

increaseing in thickening in the protective 

structural layer. The particle size of P3 

treatment slight decreased than P1 treatment 

may be due to the higher concentration of 

WPI, causing weaker microcapsule formation 

and smaller particle size. Microencapsulation 

using emulsification method is capable to 

producing micrometer-sized particle size. 

 

The emulsification technique in the 

encapsulation process is one of the 

recommended methods of forming a capsule 

bead at less than 1000 μm but has difficulties 

when produced in large quantities (Rosas-

flores et al., 2013). Emulsion techniques 

require several chemicals and oil separation 

steps (Sohail  et al., 2011) in addition to the 

coating materials used in the enclosure 

process as well as essential ingredients for its 

successful encapsulation process (Chum et 

al., 2014). 

 

The size of the capsule beads produced by the 

emulsion method has an effect on the cell 

dispersion. According to Talwakar and 

Kailasapathy (2003) that the size of 

expanding beads of capsules having variations 

sizes causes the spreading of cells in the 

capsule unevenly and added by Mortazavian 

et al., (2007) that the unequal size of the 

capsule also gives The sensory organoleptic 

effect on the final product on the size of the 

capsule diameter 1000-3000 μm. 

 

Optical microscopy  

 

The result of this research, it is shown that the 

microencapsulation of L. acidophillus using 

ca-alginate-WPI-glycerol with emulsification 

method at different concentration observed 

using BX 35 microscope. The result of 

microscopic observation can be seen in figure 

1.  

 

Microscopic observations using the BX 35 

microscope that P1, P2 and P3 of different 

concentrations are capable of forming spheres 

identified as encapsulation and in the 

presence of Lactobacillus acidophillus 

bacterial cells. The arrows on the result of 

observation number 1 are marked as protector 

while the arrow number 2 as the protected 

core material is Lactobacillus acidophillus 

bacterial cell. 

 

Several layers of encapsulation derived from 

encapsulation materials are essential for 

forming a barrier in protecting the core 

material (bacterial cell) against extreme 

environments (Solanki et al., 2013) So that 

the type and microencapsulation material 

produced is influenced by coating materials, 

particle size, and number of living cells. 
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There are several forms of encapsulation 

according to Zuidam and Nedovic (2010) 

namely 1. Reservoir is a type of matrix that 

has several layers around the core material.  

2. Matrix is a type of matrix that has cells 

scattered in the carrier material and on the 

surface. 3. Coated matrix is the type of matrix 

combination between multiple layer matrices 

and scattered cells. 

 

Table.1 The viability cell of Lactobacillus acidophilus using Ca-alginate whey protein isolate 

glycerol (log 10 Cfu / ml) 
 

Treatment Cfu/ml 

P1 (1:1) 10,836 ± 0,081
a 

P2 (1:2) 10,853 ± 0,049
a 

P3 (1:3) 10,781 ± 0,080
a 

 

Table.2 Particle size of Lactobacillus acidophilus bead 
 

Treatment 

PSA (μm) 

10% 

PSA (μm) 

50% 

PSA (μm) 

90% 
SPAN 

P1 (1:1) 9,42
 

62,90 121,30 1,77 

P2 (1:2) 18,13
 

110,68 362,77 3,11 

P3 (1:3) 14,55 110,28 354,29 3,08 

 

Fig.1 The photograph of L. acidophilus bead using BX 35 optical microscope 

        

   P1                    P2                    P3 

Fig.2 The microstructure of L. acidophilus bead using SEM 
 

                P1                                                 P2                                           P3 

1 

1 2 3 
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Scanning electron microscopy 

 

Encapsulated L. acidophillus required a 

morphological examination through 

microscopic analysis by scanning electron 

microscopy (SEM) in order to know the 

formation of bacterial cell protection that 

would be protected to have a surface structure 

capable of enveloping bacterial cells either. 

 

The result showed that microencapsulation 

quality of L. acidophillus using ca-alginate-

WPI-glycerol by emulsification method at 

different concentration was done 

microscopically observation using Scanning 

Electron Microscopy. The microstructure 

observations using Scanning Electron 

Microscopy can be seen in figure 2.  

 

The result of the research that P1 has a 

surface gel structure that is not smooth, oval-

shaped and easily fragile. At P2 it has a 

smooth, round, solid, and there are some non-

entangled bacteria (arrows) indicating that 

small bead sizes can trap cells better when 

compared to large bead sizes. At P3 the 

surface structure appears smooth, round, and 

a thin protective structural layer indicating 

that the size of the bead is so large that the 

cells inside the bead are not completely 

suspect and the number of cells produced is 

less. This indicates that the P2 encapsulation 

treatment using ca-alginate whey protein 

isolate glycerol (1: 2: 1) with emulsification 

method is able to provide cell-celling useful 

for protecting cells from environment 

unfavorable for cell survival. 

 

Research by Ayama et al., (2014) that the 

calcium alginate form contains Lactobacillus 

plantarum CM53 microscopically through 

SEM in the form of spherical, cracked and 

cleft but when 3D observations show alginate 

able to entrap Lactobacillus plantarum 

CM53. 

 

The microcapsule structure produced by 

sodium alginate, xanthan gum, alginate and 

chitosan will produce microcapsules with 

smooth surfaces while the material is mixed 

with the dairy material will result in slow gel-

forming properties and the irregularly 

produced surface structure (Ainsley  et al.,  

2005). The gel structure of a brittle to dense 

bead can occur during the encapsulation 

treatment process. These different gel 

structures can be attributed to faster and 

slower stirring processes and the 

concentrations of the materials used make 

different gel structures (Guerin et al., 2003). 

The alginate material used in encapsulation is 

capable to producing small rounded bead 

surfaces such that able to protect bacterial cell 

Lactobacillus acidophillus (Mokarrom et al., 

2009). 

 

It concluded that ca-alginate-WPI-glycerol as 

microcapsule materials increased the viability 

of L. acidophilus, and gave better particle size 

of the bead and the morphological structure is 

better and smoother. 
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