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Abstract  

The survival of probiotics in the gastrointestinal system of dogs is crucial for them to provide health benefits. 

However, probiotics must also endure various physical conditions during commercial production and storage. Therefore, 

this study employed the microencapsulation technique to ensure the survival of probiotics using alginate as the 

encapsulation material, both alone and in combination with goat milk (alginate-goat milk). The study assessed the survival 

rates of two probiotic LAB strains, Enterococcus hirae Pom 4 and Ligilactobacillus animalis FB2, in both types of 

matrices under simulated dog gastrointestinal conditions, during food production, and 28 days of refrigeration at 4°C. 

The findings revealed that alginate-goat milk microcapsules had the highest encapsulation yield, and the viability of 

microencapsulated LAB cells in the alginate-goat milk matrix was the best protection for both probiotic strains under all 

conditions, including pasteurization temperature. Even after pasteurization, viable counts exceeding 6 log cfu/g were 

observed, indicating the promising application of alginate-goat milk microcapsules for optimal protection, enabling 

probiotics to survive until they reach the intended site and provide health benefits to dogs. 
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1.  Introduction 

Probiotics are living microorganisms that, 

when consumed in sufficient quantities, can help 

promote the host's body health (FAO/WHO, 2002). 

At present, probiotics are commonly used as a 

dietary supplement for both humans and animals. 

Using probiotic bacteria in dogs or other pets not 

only helps maintain the balance of gut microbiota 

but also increases beneficial bacteria for dogs, 

resulting in good health and a longer lifespan (Lee 

et al., 2022). However, in order to efficiently 

promote the health of hosts, it is crucial that a 

significant quantity of them reaches their target 

area, such as the host's intestines. Moreover, 

probiotic cells must be able to survive in various 

unsuitable conditions during the production 

process, including the harsh conditions of the host's 

gastrointestinal system (Bhat et al., 2013; Moumita 

et al., 2017). Therefore, there is a need to explore 

methods that can help protect and increase the 
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survival rate of probiotic cells when passing 

through such unsuitable conditions. Micro-

encapsulation is one such option that is used to 

protect probiotic cells from unsuitable conditions in 

the gastrointestinal system, during the production 

process, and during storage of products (Vivek et 

al., 2023). The microencapsulation process involves 

coating probiotic cells with a matrix or substance 

that can shield them from unfavorable 

environmental conditions. This process results in 

the formation of microcapsules that can control the 

release of probiotic cells in the required conditions. 

The microencapsulation method used to 

encapsulate probiotic cells can be classified into 

four main types: extrusion, emulsion, spray drying, 

and freeze drying (Rajam &Subramanian, 2022). 

The extrusion method is a simple, low-cost, and 

mild encapsulation technique that does not 

significantly impact the viability of probiotic cells. 

Therefore, it is widely used for encapsulating 

probiotic cells, although the microcapsules 

produced by this method are relatively large, 

ranging from 0.5-3 millimeters in size. 

Hydrocolloids such as polysaccharides and proteins 

can be used as biopolymers for microcapsule 

preparation, which are stable, non-toxic, and 

biodegradable, without the use of organic solvents. 

Suitable polymers for encapsulation include 

alginate, chitosan, gellan gum, xanthan gum, 

casein, and whey protein (Zabot et al., 2022). 

Alginate, a commonly used polymer for 

encapsulating bioactive cells, is typically calcium 

alginate with a concentration of 0.5-4% (w/v), as it 

is non-toxic, Generally Recognized as Safe 

(GRAS), compatible with bacterial cells, cost-

effective, forms a mild gelation state, and can 

release encapsulated cells in the gastrointestinal 

tract. However, alginate microcapsules are sensitive 

to highly acidic environments, such as those found 

in the host's stomach, and the surface of the alginate 

microcapsules often contains pores or cracks, 

compromising the protection of probiotic cells from 

unsuitable environments (Heidebach, Först & 

Kulozik, 2012; Burgain et al., 2011). Consequently, 

researchers have studied other polymers in 

combination with alginate to reduce these 

drawbacks, such as alginate in conjunction with 

chitosan, zein, gum arabic, cellulose, starch, whey 

protein, gelatin, and pectin (Razavi et al., 2021). 

Additionally, researchers have investigated alginate-

milk-based matrices, which can provide better 

protection for probiotic cells due to the milk proteins' 

ability to form a stronger barrier against harsh 

environments (Prasanna & Charalampopoulos, 2018). 

Milk and milk proteins have good biological 

compatibility with bioactive cells, high buffering 

capacity, and a structure that can protect cells well 

during the gastrointestinal process and in the 

gastrointestinal tract. Milk protein is one of the 

interesting options for use as an encapsulating agent 

for probiotic cells together with alginate to improve 

the structural characteristics of alginate (Prasanna 

& Charalampopoulos, 2018; Mahmoud et al., 

2020). The utilization of milk proteins as 

encapsulating agents in microcapsules can enhance 

the viability of probiotic cells in the gastrointestinal 

tract, as demonstrated by Burgain et al. (2014). 

When comparing different types of milk, it is 

advisable for dogs and pets to consume goat milk 

due to its lower lactose content and improved 

digestibility compared to cow's milk. Goat milk 

typically contains around 4.2-4.8% lactose, whereas 

cow's milk contains 4.7-5.0% lactose (Silanikove et 

al., 2015). Additionally, goat milk offers the 

benefits of prebiotics and probiotics, which can 

effectively supplement the health of the dogs. 

Considering these factors, this study aimed to assess 

the survival of both free cells and cells encapsulated 

in sodium alginate and sodium alginate-goat milk 

microcapsules. The evaluation was conducted in a 

simulated dog gastrointestinal tract, as well as 

during storage at 4°C for 28 days and under 

pasteurization temperature. 

 

2.  Objectives 

The objectives of the study were to 

investigate the efficiency of encapsulating 

bacterial cells with probiotic properties using the 

extrusion method in the form of an alginate matrix 

and a matrix of alginate combined with goat milk. 

Additionally, the study aimed to investigate the 

survival of both free cells and cells encapsulated in 

microcapsules in a simulated dog gastrointestinal 

tract, during storage at 4°C for 28 days, and under 

pasteurization temperature. 

 

3.  Materials and methods 

3.1 Identification of LAB strains 

The LAB isolates Pom4 and FB2 were 

obtained from dog feces and characterized as 

probiotics (unpublished data). Identification of the 

isolates was performed by amplification of 16S 

rDNA using a standard PCR protocol with universal 

primers, following the method described by 
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Pringsulaka et al. (2011). DNA extraction was 

carried out using the method described by 

Sambrook et al. (1989), and the extracted DNA was 

used as a template for PCR amplification of the 16S 

rDNA region with the primers 27F (5' AGAGTTT 

GATC(A/C)TGGCTCAG 3') and 1492R (5'TACGG 

(C/T)TACCTTGTTACGAC TT 3') (Lane, 1991). 

PCR amplification was conducted using a Thermal 

Cycler Gradient TC1000-S (Scilogex, USA; 

Wongyoo et al., 2023). The amplified products were 

analyzed by 0.6% (w/v) agarose gel electrophoresis 

and visualized under UV light via ethidium bromide 

staining (1 mg/mL). The 16S rDNA fragments were 

purified using a gel extraction kit (MinElute Gel 

Extraction Kit; Qiagen, USA) and sequenced. 

BLAST analysis was performed on GenBank to 

determine the similarity of the sequences. The 

purified cultures were maintained in MRS broth and 

stored in glycerol at -20°C. For bacterial culti-

vation, the bacteria were cultured in MRS broth at 

37°C for 48 hours in a candle jar to create 

microaerophilic conditions. 

 

3.2 Preparation of probiotic bacterial cells for 

encapsulation 

LAB cells were cultured in MRS broth at 

37°C for 24 h. The cells were then centrifuged at 

10,000 × g for 5 min and washed with 0.85% NaCl 

solution three times. The washed cells were 

resuspended in 0.85% NaCl solution and the 

absorbance was measured at OD600 = 1 for further 

testing in the next step.  

 

3.3 Encapsulation of probiotic cells with alginate 

The method of encapsulating probiotic cells 

with alginate using the extrusion method followed 

the protocol described by Prasanna & 

Charalampopoulos (2018). A 2% (w/v) solution of 

sodium alginate was prepared in distilled water, 

sterilized by autoclaving at 121°C for 20 minutes, 

and then mixed with concentrated probiotic 

bacterial cells at a ratio of 4:1 (sodium alginate: 

concentrated probiotic bacterial cells, v/v). The 

probiotic cells were prepared according to Section 

3.2. To prepare the microcapsules, the cell 

suspension was dripped through a 21G syringe 

needle into a 0.5 M calcium chloride solution while 

gently stirring continuously. The dripping height 

was 10 cm, and the process continued for 30 min to 

allow the microcapsules to solidify. Afterward, the 

microcapsules were washed with a 0.85% (w/v) 

NaCl solution before being stored in sterilized tubes 

for further experiments. 

 

3.4 Encapsulation of probiotic cells with alginate 

and goat milk 

The method of Prasanna & Charalampopoulos 

(2018) was used to encapsulate probiotic bacteria 

with alginate and goat milk. To prepare the sodium 

alginate solution, 2% (w/v) sodium alginate was 

dissolved in filtered water and then sterilized by 

autoclaving at 121°C for 20 min. Sterile goat milk 

was then added to the sodium alginate solution in a 

ratio of 2:1 (sodium alginate: goat milk, v/v). The 

concentrated probiotic bacterial cells were then 

added at a ratio of 4:1 (sodium alginate in goat milk: 

concentrated probiotic bacterial cells, v/v). The 

microcapsules containing the probiotic cells were 

prepared according to the previously described 

method. 

 

3.5 Determination of viable free and encapsulated 

probiotic cells 

To determine the number of viable probiotic 

cells, both free and encapsulated cells were 

enumerated. For free cells, a 10-fold dilution was 

prepared in 0.85% (w/v) NaCl until an appropriate 

concentration was obtained, and the cells were 

counted using the spread plate method on MRS agar 

supplemented with 0.3% (w/v) calcium carbonate. 

The plates were incubated under microaerophilic 

conditions at 37°C for 48 h, and the viable cells 

were reported as cfu/mL. For encapsulated cells, the 

microcapsules were first weighed and then diluted 

in a 50 mM sodium citrate solution at pH 7.5. The 

microcapsules, which were in the form of calcium 

alginate, were converted to the form of sodium 

alginate that can be dissolved. The diluted 

microcapsules were then serially diluted and spread 

plated onto MRS agar supplemented with 0.3% 

(w/v) calcium carbonate. The plates were incubated 

under microaerophilic conditions at 37°C for 48 h, 

and the viable cells were reported as cfu/g. 

 

3.6 Determination of encapsulation yield and 

size of prepared microcapsules 

The encapsulating of the probiotics using 

each type of coating material can be determined by 

dissolving the microcapsules and counting them as 

previously described. Afterwards, the encapsulation 

yield can be calculated using the following 

equation: 

    Encapsulation yield (%) =  
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Number of cells released from microcapsules 

Number of free cells before encapsulation 
x 100 

 

The size of the prepared microcapsules was 

determined by randomly selecting 30 micro-

capsules of each type and measuring their size using 

a Vernier caliper. The average size was then 

calculated. 

 

3.7 Determination of the survival of free cells 

and microencapsulated cells in a simulated 

gastrointestinal system of dogs 

To determine the survival of free cells and 

microencapsulated cells in a simulated oral 

condition, samples of sodium alginate and sodium 

alginate- goat milk microcapsules were weighed, or 

a free cell sample was placed in a simulated saliva 

juice (SSJ) with a pH value of 7.4, containing 0.77 

g of 100 U α-amylase in 0.85% NaCl (w/v) (Bao et 

al., 2010). The samples were incubated in a water 

bath at 37°C for 0 and 5 min and collected. The 

surviving probiotic cells were counted as described 

in section 3.5. 

To determine the survival of free cells and 

microencapsulated cells in simulated gastric 

conditions, microcapsules or free cells were placed 

in a simulated gastric juice (SGJ) with a pH value 

of 2.0, containing 3 g of pepsin in 0.2% NaCl (w/v) 

(Sun & Griffiths, 2000). The samples were 

incubated in a water bath at 37°C and collected after 

0, 30, 60, 90, 120, 150, and 180 min. The surviving 

probiotic cells were counted as described in section 

3.5. 

To determine the survival of free cells and 

microencapsulated cells in simulated intestinal 

conditions, microcapsules or free cells were placed 

in a simulated intestinal juice (SIJ) containing 3 g 

of bile salt (Himedia, India) in 1,000 mL of 

intestinal solution containing 6.5 g/L NaCl, 0.835 

g/L KCl, 0.22 g/L CaCl2, and 1.386 g/L NaHCO3 

(Chávarri et al., 2010). The samples were incubated 

in a water bath at 37°C and collected after 0, 30, 60, 

90, 120, 150, and 180 min. The surviving probiotic 

cells were counted as described in section 3.5. 

 

3.8 Determination of the survival of free cells and 

microencapsulated cells during refrigeration 

Microcapsules containing 1 g of both 

alginate and alginate- goat milk, or 1 mL of free 

cells, were placed in sterile tubes and stored at 4°C 

for 28 days. For goat milk, 10 mL of sterilized goat 

milk was added to 1 g of microencapsulated cells or 

1 mL of free cells in tubes, and then stored at 4°C 

for 28 days. Samples were taken on days 0, 7, 14, 

21, and 28, and the surviving probiotic cells were 

enumerated using the method described in section 

3.5. 

 

3.9 Determination of the survival of free cells 

and microencapsulated cells during the heating 

process at pasteurization temperature 

Microcapsules containing 1 g of both 

alginate and alginate- goat milk, or 1 mL of free 

cells, were placed in sterile goat milk and incubated 

at 63°C for 30 min and 72°C for 15 s in a water bath. 

Samples were rapidly cooled to approximately 

20°C, and the surviving probiotic cells were 

enumerated using the method described in section 

3.5. 

 

3.10 Statistical analysis 

All tests were performed in triplicate. The 

results of microcapsule size and encapsulation yield 

were analyzed using Student’s t-test. Viable cell 

counts obtained from studies on simulated 

gastrointestinal conditions, storage, and 

pasteurization temperature were analyzed using 

one-way analysis of variance (ANOVA) with 

Tukey's multiple comparison tests in Alginate 

(version 9.2, Alginate S Institute Inc., Cary, NC, 

USA). 

 

4.  Results  

4.1 Identification of LAB strains 

Based on the identification of 16S rRNA 

genes, Pom4 belongs to E. hirae with a similarity of 

99% (1,422/1,427 bp), and FB2 belongs to Lig. 

animalis with a similarity of 99% (1,382/1,383 bp). 

Additionally, the construction of a phylogenetic 

tree using the Maximum Likelihood (ML) method 

confirmed these assignments, with Pom4 belonging 

to the E. hirae cluster and FB2 belonging to the Lig. 

animalis cluster. The bootstrap values obtained for 

these assignments were 85% and 100% respectively 

(Figure 1).
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Figure 1 The phylogenetic tree 2 isolates, Pom 4 and FB 2, based on their 16S rRNA genes using the Maximum 

Likelihood (ML) method. The nodes display the bootstrap values (%) from 1,000 replicates, and the scale bar represents 

the substitution rate per nucleotide position. 

 

Table 1 Encapsulation yield and size of microcapsules 

Probiotic strains 
Size (mm) Encapsulation yield (%) 

Alginate Alginate- goat milk Alginate Alginate- goat milk 

E. hirae Pom4 2.20±0.04B 2.26±0.01A 93.35±0.98A 93.64±1.14A 

Lig. animalis FB2 2.23±0.02B 2.27±0.01A 95.13±0.84B 96.01±0.16A 

Note: The results of the experiment were reported as the mean ± SD from three repetitions. Capital letters were used to 

indicate significant differences in size and encapsulation yield between the different types of encapsulating materials 

(rows), with statistical significance determined by Student’s t-test at a significance level of p≤ 0.05. 

 

4.2 Determination of encapsulation efficiency 

and size of microcapsules  

Alginate and alginate-goat milk matrices 

were used to encapsulate two probiotic strains, E. 

hirae Pom 4 and Lig. animalis FB2, with an 

encapsulation yield ranging from 93.35% to 

96.01%. The microcapsules had a size ranging 

between 2.20 mm and 2.27 mm, as measured using 

a vernier caliper (Table 1). Alginate-goat milk 

microcapsules encapsulating Lig. animalis FB2 had 

the highest encapsulation yield, suggesting that the 

extrusion method used mild conditions during the 

encapsulation process that did not significantly 

affect the cell viability of the probiotic cells. This 

method is commonly used in combination with a 

hydrocolloid solution (Krasaekoopt, Bhandari & 

Deeth, 2003). Significant differences in size were 

observed between alginate and alginate- goat milk 

microcapsules (p ≤ 0.05). Furthermore, significant 

differences in encapsulation yield were observed 

between Lig. animalis FB2 microcapsules 

encapsulated in alginate and alginate-goat milk 

matrices, which is consistent with a study by 

Prasanna & Charalampopoulos (2018) on 

Bifidobacterium longum encapsulation using 

alginate alone, alginate with casein hydrolysate, 

alginate with cow's milk, and alginate-goat milk. 

The use of alginate with cow's milk and goat milk 

resulted in larger microcapsule sizes than using 

alginate with casein hydrolysate and alginate alone, 
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possibly due to the higher protein content in cow's 

milk and goat milk that contributes to the larger size 

of microcapsules.  

 

4.3 Determination of the survival of free cells 

and microencapsulated cells in a simulated 

gastrointestinal system of dogs  

A study conducted a comparison of the 

survival rate of two probiotic strains, one 

encapsulated using alginate and alginate- goat milk 

and the other being free cells, in a simulated SSJ. 

The results indicated that there was no statistically 

significant difference between the survival rates of 

the two strains. Both the encapsulated and free 

probiotic strains had a survival rate of more than 

95% after being exposed to the SSJ for 5 min (Table 

2).  

After exposing both encapsulated probiotic 

strains and free cells to a simulated SGJ, it was 

observed that free cells had the lowest survival rate, 

which was less than 6 log cfu/mL - the minimum 

number of probiotics required in the product to 

provide health benefits to the host (Kechagia et al., 

2013). In comparison, encapsulated probiotic cells 

with alginate and alginate- goat milk had a higher 

survival rate, especially those coated with alginate- 

goat milk. The study found that E. hirae Pom4 in 

alginate-goat milk had a higher survival rate of 

89.02% than Lig. animalis FB2, which was 84.97% 

(Table 3). The simulated gastric fluid condition had 

a low pH and contained pepsin enzymes, which 

impacted the survival of probiotic cells, whether 

encapsulated or not, after 180 min of exposure. This 

is consistent with the findings of Dikit & Maneerat 

(2015), which reported that the low pH of the 

simulated gastric fluid condition affected the 

survival of L. plantarum D6SM3 cells, whether 

encapsulated or not. Additionally, there are reports 

that encapsulating L. plantarum D6SM3 cells with 

alginate resulted in higher survival rates compared to 

non-encapsulated cells. Furthermore, encapsulating 

probiotic cells with alginate combined with goat 

milk provided the highest protection, which may be 

due to the high buffering capacity of goat milk that 

helps protect probiotic cells (Prasanna & 

Charalampopoulos, 2018; Krasaekoopt et al., 2003; 

Guérin, Vuillemard & Subirade, 2003). 

Similarly, in a simulated SIJ, the study 

compared the survival of encapsulated cells with 

alginate and alginate- goat milk to free cells for 180 

min. It was found that the free cells of both strains 

had the lowest survival rate compared to 

encapsulated cells. Encapsulating probiotic cells 

with alginate goat milk had a higher survival rate 

than alginate alone (Table 4). The study concluded 

that probiotic cells encapsulated with alginate and 

alginate- goat milk had a higher survival rate than 

free cells in simulated SGJ and SIJ. 

 
Table 2 Survival of free and microencapsulated probiotic cells in a simulated saliva fluid after exposure to 37°C for 5 

min 

LAB strains 
Encapsulation 

material 

Incubation period (min)1 

0 5 Survival rate (%)2 

E. hirae Pom4 

Alginate  8.96±0.08A 8.84±0.08A 97.07A 

Alginate-goat milk 9.10±0.28A 9.05±0.08A 97.97A 

Free cells 9.09±0.04A 8.95±0.03A 97.48A 

Lig. animalis FB2 

Alginate  8.96±0.13A 8.88±0.27A 97.98A 

Alginate-goat milk 9.00±0.08A 8.79±0.24A 95.83A 

Free cells 9.01±0.23A 8.68±0.02A 95.57A 

Note: The results of the experiment are presented as the mean ± SD of three replicates. Capital letters indicate significant 

differences within each time point (column) among the different matrices, as determined by Tukey's test with a 

significance level of p≤ 0.05. 
1Log cfu/g for microencapsulated cells or log cfu/mL for free cells. 
2Determined by dividing the final viable cells (cfu/g or cfu/mL) by the original viable cells (cfu/g or cfu/mL) 
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Table 3 Survival of free and microencapsulated probiotic cells in a simulated gastric juice (pH 2) at 37°C for 180 min  

LAB 

strains 

Encapsulation 

material 

Incubation period (min)1 

0 30 60 90 120 150 180 
Survival 

rate (%)2 

E. hirae 
Pom4 

Alginate 8.31±0.08B 8.13±0.10A 7.63±0.17B 7.24±0.08B 7.17±0.05B 7.11±0.05B 7.01±0.07B 84.33B 

Alginate-goat 
milk 

8.22±0.08B 8.16±0.10A 8.13±0.10A 8.10±0.07A 8.02±0.05A 7.82±0.05A 7.32±0.07A 89.02A 

Free cells 8.81±0.06A 7.91±0.01B 7.07±0.08C 6.84±0.10C 6.54±0.05C 6.02±0.10C 5.43±0.04C 61.70C 

Lig. 

animalis 

FB2 

Alginate 8.21±0.04C 8.02±0.06B 7.88±0.07A 7.45±0.04A 7.18±0.06B 7.22±0.07B 7.08±0.05B 86.22A 

Alginate-goat 

milk 
8.77±0.06B 8.49±0.05A 8.15±0.04A 8.02±0.07A 8.03±0.05A 7.53±0.07A 7.45±0.04A 84.97A 

Free cells 8.79±0.06A 7.47±0.02C 6.73±0.08B 6.06±0.08B 5.46±0.04C 5.44±0.17C 5.15±0.04C 58.57B 

Note: The results of the experiment are presented as the mean ± SD of three replicates. Capital letters indicate significant differences 

within each time point (column) among the different matrices, as determined by Tukey's test with a significance level of p≤ 0.05. 
1Log cfu/g for microencapsulated cells or log cfu/mL for free cells. 
2Determined by dividing the final viable cells (cfu/g or cfu/mL) by the original viable cells (cfu/g or cfu/mL). 

 

Table 4 Survival of free and microencapsulated probiotic cells in a simulated intestinal juice (pH 7.4) at 37°C for 180 min 

Note: The results of the experiment are presented as the mean ± SD of three replicates. Capital letters indicate significant differences 

within each time point (column) among the different matrices, as determined by Tukey's test with a significance level of p≤ 0.05. 
1Log cfu/g for microencapsulated cells or log cfu/mL for free cells. 
2Determined by dividing the final viable cells (cfu/g or cfu/mL) by the original viable cells (cfu/g or cfu/mL). 

 

Table 5 Survival of free and microencapsulated probiotic cells during refrigerated storage (4°C) for 28 days. 

Note: The results of the experiment are presented as the mean ± SD of three replicates. Capital letters indicate significant differences 

within each time point (column) among the different matrices, as determined by Tukey's test with a significance level of p≤ 0.05. 
1Log cfu/g for microencapsulated cells or log cfu/mL for free cells. 
2Determined by dividing the final viable cells (cfu/g or cfu/mL) by the original viable cells (cfu/g or cfu/mL).  

 

LAB 

strains 

Encapsulation 

material 

Incubation time (min)1 

0 30 60 90 120 150 180 
Survival 

rate (%)2 

E. hirae 

Pom4 

Alginate  8.46±0.05B 8.29±0.04C 7.86±0.06B 7.63±0.08B 7.61±0.03C 7.24±0.10C 7.01±0.08B 82.91B 

Alginate-goat 

milk 
8.53±0.03B 8.49±0.05B 8.37±0.05A 8.22±0.06A 8.28±0.03A 7.96±0.05A 7.93±0.06A 92.96A 

Free cells 8.89±0.02A 8.63±0.04A 8.40±0.04A 8.09±0.04A 7.88±0.16B 7.47±0.10B 6.4±0.14C 78.06C 

Lig. 

animalis 

FB2 

Alginate  8.10±0.04A 8.21±0.06B 8.00±0.02C 7.97±0.03B 7.92±0.02B 7.68±0.15B 7.68±0.02B 84.26A 

Alginate-goat 

milk 
8.68±0.05A 8.65±0.08A 8.55±0.04A 8.22±0.10A 8.26±0.05A 8.14±0.07A 7.99±0.13A 94.81A 

Free cells 8.56±0.4A 8.60±0.02A 8.36±0.04B 7.99±0.11B 7.82±0.06B 7.33±0.10C 7.21±0.02C 79.86B 

LAB strains 
Encapsulation 

material 

Days of storage1 

0 7 14 21 28 
Survival 

rate (%)2 

E. hirae Pom4 Alginate 8.99±0.15A 8.35±0.50A 7.75±0.13B 7.44±0.20B 7.57±0.23B 79.84B 

Alginate-goat 

milk 
9.17±0.26A 8.70±0.14A 8.57±0.12A 8.23±0.18A 7.89±0.26A 86.06A 

Free cells 9.30±0.17A 8.70±0.12A 8.02±0.30B 8.29±0.27A 6.90±0.23B 74.24B 

Lig. animalis 

FB2 
Alginate 9.06±0.20A 8.92±0.03A 7.98±0.02A 7.57±0.07B 6.25±0.04B 69.05B 

Alginate-goat 

milk 
9.08±0.07A 9.03±0.05A 7.84±0.04A 7.92±0.10A 7.92±0.04A 87.21A 

Free cells 9.07±0.32A 8.12±0.09B 6.96±0.30B 6.83±0.23C 6.58±0.20B 72.61B 
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Table 6 Determination of the survival of free cells and microencapsulated cells in goat milk at 4°C for 28 days. 

Note: The results of the experiment are presented as the mean ± SD of three replicates. Capital letters indicate significant differences 

within each time point (column) among the different matrices, as determined by Tukey's test with a significance level of p≤ 0.05. 
1Log cfu/g for microencapsulated cells or log cfu/mL for free cells. 
2Determined by dividing the final viable cells (cfu/g or cfu/mL) by the original viable cells (cfu/g or cfu/mL).  

 

4.4 Determination of the survival of free cells 

and microencapsulated cells during 

refrigeration 

 Table 5 presents the survival rates of both 

free cells and microencapsulated cells during 

storage at 4°C for 28 days. The results indicate that 

cells encapsulated with alginate alone and free cells 

of E. hirae Pom4 and Lig. animalis FB2 had 

survival rates of 74.24% and 79.84%, and 72.61% 

and 69.05%, respectively. In contrast, encapsulated 

probiotic cells combined with goat milk had the 

highest survival rates of 86.06% and 87.21% for the 

two strains, respectively. The results indicate that 

both free and microencapsulated forms of the 

strains can survive when stored in a refrigerator. 

However, it is worth noting that the free cells 

exhibited relatively lower survival rates compared 

to the encapsulated cells combined with goat milk. 

Despite this, the ability of the free cells to survive 

under refrigeration conditions suggests that they 

may possess inherent characteristics that enable 

them to tolerate the adverse environment of low 

temperatures and maintain viability. Further 

investigation is warranted to determine the specific 

mechanisms and factors contributing to the survival 

of free cells during refrigeration storage. This 

finding is consistent with a study by Shi et al. 

(2013), which investigated the survival of L. 

bulgaricus encapsulated and non-encapsulated cells 

during storage at 4°C for one month. They observed 

that encapsulated cells could maintain their cell 

count without a significant decrease, while non-

encapsulated cells experienced a substantial decline 

in survival, dropping from 10 log cfu/mL to only 

2.3 log cfu/mL after one month of storage. 

 

4.5 Determination of the survival of free cells 

and microencapsulated cells in goat milk 

during refrigerated storage 

 Table 6 illustrates the survival rates of free 

cells and microencapsulated cells in alginate and 

alginate- goat milk during storage at 4°C for 28 

days. The results showed no statistically significant 

differences in survival rates among the different 

strains of free cells and encapsulated cells of each 

strain. The survival rate of free cells in goat milk 

ranged from 80.36% to 84.44%, with a decrease in 

cell concentration of 1.44 to 1.84 log cfu/mL after 

28 days of storage. Although the difference was not 

statistically significant, alginate- goat milk 

microcapsules provided greater cell protection 

compared to alginate and free cells. Moreover, all 

treatments maintained a viability level exceeding 6 

log cfu in goat milk throughout the 28-day storage 

period. Additionally, the survival rate of both free 

and microencapsulated cells in goat milk was 

higher compared to the absence of goat milk (Table 

5). The improved probiotic survival and growth in 

the digestive system can be attributed to the 

presence of prebiotic oligosaccharides in goat milk, 

as suggested by van Leeuwen et al. (2020). These 

prebiotic oligosaccharides create a favorable 

environment that supports the viability and 

proliferation of probiotics, enhancing their survival 

in the digestive system. These findings suggest that 

both free and microencapsulated cells with alginate 

LAB strains 
Encapsulation 

material 

Days of storage1 

0 7 14 21 28 
Survival 

rate (%)2 

E. hirae Pom4 

 

Alginate  8.87±0.20A 8.32±0.53A 8.15±0.62A 8.07±0.19A 7.80±0.54A 89.15A 

Alginate-goat 
milk 

8.78±0.15A 8.34±0.51A 8.24±0.60A 8.12±0.33A 7.92±0.42A 90.53A 

Free cells 8.75±0.23A 8.48±0.20A 8.30±0.28A 7.70±0.28A 7.48±0.24A 85.45A 

Lig. animalis 

FB2 

Alginate  9.03±0.38A 9.21±0.49A 8.80±0.28A 8.77±0.40A 8.56±0.26A 95.10A 

Alginate-goat 

milk 
9.21±0.38A 8.90±0.15A 8.89±0.08A 8.95±0.51A 8.59±0.36A 93.24AB 

Free cells 9.73±0.23A 9.43±0.13A 8.34±0.11A 8.62±0.29A 8.45±0.04A 86.84B 
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and alginate- goat milk in goat milk could be 

utilized in feed products, providing sufficient 

supply for the host and maintaining survivability 

during longer storage at 4°C for 28 days. 

 

4.6 Microencapsulated cell survivability under 

pasteurization temperature 

Table 7 shows the viability of E. hirae Pom4 

and Lig. animalis FB2 microencapsulated cells at 

different pasteurization temperatures, as compared 

to free cells. The results show that the viability of 

free E. hirae Pom4 and Lig. animalis FB2 cells was 

significantly reduced after pasteurization at 63°C 

for 15 min and 72°C for 15 sec, whereas micro-

encapsulated cells exhibited greater survivability. 

Specifically, encapsulation with alginate- goat milk 

was able to maintain the survivability of E. hirae 

Pom4 and Lig. animalis FB2 at around 7.10-8.25 

log cfu/g and 7.37-7.91 log cfu/g, respectively. The 

pasteurization process is an important heat 

treatment in destroying pathogenic bacteria in food 

and beverage products. However, probiotic bacteria 

are not heat-resistant, resulting in a decrease in their 

survival rate. This poses a problem when using 

probiotics in the industrial setting. These findings 

suggest that the use of alginate- goat milk can 

effectively improve the thermal stability of E. hirae 

Pom4 and Lig. animalis FB2. Teoh et al. (2011) 

reported that L. acidophilus LA-5 and B. 

pseudocatenulatum G4, which were encapsulated 

with alginate and coated with chitosan and starch, 

had higher survival rates than free cells when 

exposed to temperatures of 55, 60, and 65°C. 

Similarly, Mahmoud et al. (2020) found that L. 

plantarum encapsulated with alginate and skim 

milk had higher cell survival rates than non-

encapsulated cells when exposed to a temperature 

of 65°C for 30 min. Wang et al. (2015), which 

reported that encapsulating L. kefiranofaciens M1 

with gellan gum and skim milk resulted in a 

stronger microcapsule structure, which helped 

protect L. kefiranofaciens M1 cells when exposed 

to a temperature of 75°C for 1 min. Ilha et al. (2015) 

also found that encapsulating L. paracasei FNU 

with skim milk and cheese whey could protect the 

cells when exposed to a temperature of 65°C for 30 

min, compared to non-encapsulated cells. 

 

5.  Conclusion 

Encapsulated probiotics E. hirae Pom4 and 

Lig. animalis FB2 using alginate and alginate-goat 

milk matrices offer a promising solution for 

commercial probiotic production in dogs. These 

microencapsulated probiotics exhibit exceptional 

survivability not only in the dog's gastrointestinal 

tract but also during commercial production, and 

they can maintain high viability rates during 

refrigerated storage (4 °C) for up to 28 days in goat 

milk. Furthermore, the use of alginate-goat milk 

encapsulation provides substantial protection for 

the probiotic bacteria, enabling them to maintain a 

viable count of over 106 cfu/g even under harsh 

pasteurization conditions. These findings indicate 

that these encapsulated probiotics can provide 

optimal protection, ensuring their survival until 

they reach the intended site, and thus deliver health 

benefits to dogs.

 

Table 7 Survival of free and microencapsulated probiotic cells in pasteurization temperature. 

LAB 

strains 

Encapsulation 

material 

Before 

pasteurization 

After pasteurization temperature (oC) 

63oC, 

15 min 

Survival  

rate (%)2 
72oC, 15 s 

Survival 

rate (%)2 

E. hirae 

Pom4 

Alginate 9.84±0.02A 3.57±0.14B 36.24±1.34B 5.53±0.35B 56.24A 

Alginate-goat milk 9.46±0.01A 7.10±0.02A 75.10±0.16A 8.25±0.15A 87.23B 

Free cells 9.64±0.05A 3.53±0.03B 36.58±0.43B 4.79±0.16C 49.73C 

Lig. 

animalis 

FB2 

Alginate  9.02±0.05A 4.81±0.07B 51.10±0.67B 5.52±0.10B 61.11B 

Alginate-goat milk 9.00±0.12A 7.37±0.05A 78.75±1.44A 7.91±0.16A 70.39A 

Free cells 9.03±0.03A 3.24±0.30C 34.47±2.12C 4.75±0.11C 40.61C 

Note: The results of the experiment are presented as the mean ± SD of three replicates. Capital letters indicate significant differences 

within each time point (column) among the different matrices, as determined by Tukey's test with a significance level of p≤ 0.05. 
1Log cfu/g for microencapsulated cells or log cfu/mL for free cells. 
2Determined by dividing the final viable cells (cfu/g or cfu/mL) by the original viable cells (cfu/g or cfu/mL).  



FOONGSAWAT ET AL. 

JCST Vol. 13 No. 3 Sep-Dec. 2023, 584-594 

593 

6.  Acknowledgements 

This work was supported by the 

Srinakharinwirot University Fund (grant number 

653/2563) and Graduate Study Development Grant 

from National Research Council of Thailand 

(NRCT) (grant number N41A660291). 

 

7.  References  

Bao, S. S., Hu, X. C., Zhang, K., Xu, X. K., 

Zhang, H. M., & Huang, H. (2011). 

Characterization of spray‐dried microalgal 

oil encapsulated in cross‐linked sodium 

caseinate matrix induced by microbial 

transglutaminase. Journal of Food Science, 

76(1), E112-E118. 

https://doi.org/10.1111/j.1750-3841.2010.01953.x 

Bhat, A. R., Irorere, V. U., Bartlett, T., Hill, D., Kedia, 

G., Charalampopoulos, D., Nualkaekul, S., & 

Radecka, I. (2015). Improving survival of 

probiotic bacteria using bacterial poly-γ-glutamic 

acid. International Journal of Food Microbiology, 

196, 24-31. 

https://doi.org/10.1016/j.ijfoodmicro.2014.11.031 

Burgain, J., Gaiani, C., Linder, M., & Scher, J. 

(2011). Encapsulation of probiotic living cells: 

From laboratory scale to industrial applications. 

Journal of Food Engineering, 104(4), 467-483. 

https://doi.org/10.1016/j.jfoodeng.2010.12.031 

Burgain, J., Scher, J., Lebeer, S., Vanderleyden, J., 

Cailliez-Grimal, C., Corgneau, M., ... & 

Gaiani, C. (2014). Significance of bacterial 

surface molecules interactions with milk 

proteins to enhance microencapsulation of 

Lactobacillus rhamnosus GG. Food 

Hydrocolloids, 41, 60-70. 

https://doi.org/10.1016/j.foodhyd.2014.03.029 

Chávarri, M., Marañón, I., Ares, R., Ibáñez, F. C., 

Marzo, F., & del Carmen Villarán, M. (2010). 

Microencapsulation of a probiotic and prebiotic 

in alginate-chitosan capsules improves survival 

in simulated gastro-intestinal conditions. 

International Journal of Food Microbiology, 

142(1-2), 185-189. 

https://doi.org/10.1016/j.ijfoodmicro.2010.06.022 

Dikit, P., & Maneerat, S. (2015). Survival of 

encapsulated potentially probiotic 

Lactobacillus plantarum D6SM3 with 

bioemulsifier derived from spent yeast in 

simulated gastrointestinal conditions. 

Songklanakarin Journal of Science and 

Technology, 37(4), 425-432. 

FAO/WHO. (2002). Guidelines for the evaluation 

of probiotics in food. Food and Agriculture 

Organization of the United Nations, World 

Health Organization, London, Ontario. 

Retrieved Feb. 12, 2023. From 

http://www.who.int/foodsafety/fs_manageme

nt/en/ probiotic_guidelines.pdf. 

Guérin, D., Vuillemard, J. C., & Subirade, M. 

(2003). Protection of bifidobacteria 

encapsulated in polysaccharide-protein gel 

beads against gastric juice and bile. Journal 

of Food Protection, 66(11), 2076-2084. 

https://doi.org/10.4315/0362-028X-66.11.2076 

Heidebach, T., Först, P., & Kulozik, U. (2012). 

Microencapsulation of probiotic cells for food 

applications. Critical Reviews in Food Science 

and Nutrition, 52(4), 291-311. 

https://doi.org/10.1080/10408398.2010.499801 

Ilha, E. C., Da Silva, T., Lorenz, J. G., de Oliveira 

Rocha, G., & Sant’Anna, E. S. (2015). 

Lactobacillus paracasei isolated from grape 

sourdough: Acid, bile, salt, and heat 

tolerance after spray drying with skim milk 

and cheese whey. European Food Research 

and Technology, 240, 977-984. 

https://doi.org/10.1007/s00217-014-2402-x 

Kechagia, M., Basoulis, D., Konstantopoulou, S., 

Dimitriadi, D., Gyftopoulou, K., Skarmoutsou, 

N., & Fakiri, E. M. (2013). Health benefits of 

probiotics: A review. International Scholarly 

Research Notices, 2013, Article 481651. 

https://doi.org/10.5402/2013/481651 

Krasaekoopt, W., Bhandari, B., & Deeth, H. 

(2003). Evaluation of encapsulation 

techniques of probiotics for yoghurt. 

International Dairy Journal, 13(1), 3-13. 

https://doi.org/10.1016/S0958-6946(02)00155-3 

Lane, D. J. (1991). 16S/23S rRNA sequencing. 

New York, US: Wiley. 

Lee, D., Goh, T. W., Kang, M. G., Choi, H. J., Yeo, 

S. Y., Yang, J., ... & Kim, Y. (2022). 

Perspectives and advances in probiotics and 

the gut microbiome in companion animals. 

Journal of Animal Science and Technology, 

64(2), 197–217. 

https://doi.org/10.5187/jast.2022.e8 

Mahmoud, M., Abdallah, N. A., El-Shafei, K., Tawfik, 

N. F., & El-Sayed, H. S. (2020). Survivability of 

alginate-microencapsulated Lactobacillus 

plantarum during storage, simulated food 

processing and gastrointestinal conditions. 



FOONGSAWAT ET AL. 

JCST Vol. 13 No. 3 Sep-Dec. 2023, 584-594 

594 

Heliyon, 6(3), Article e03541. 

https://doi.org/10.1016/j.heliyon.2020.e03541 

Moumita, S., Goderska, K., Johnson, E. M., Das, 

B., Indira, D., Yadav, R.,... & Jayabalan, R. 

(2017). Evaluation of the viability of free and 

encapsulated lactic acid bacteria using in-

vitro gastrointestinal model and survivability 

studies of synbiotic microcapsules in dry 

food matrix during storage. LWT-Food 

Science and Technology, 77, 460-467. 

https://doi.org/10.1016/j.lwt.2016.11.079 

Prasanna, P. H. P., & Charalampopoulos, D. 

(2018). Encapsulation of Bifidobacterium 

longum in alginate-dairy matrices and 

survival in simulated gastrointestinal 

conditions, refrigeration, cow milk and goat 

milk. Food Bioscience, 21, 72-79. 

https://doi.org/10.1016/j.fbio.2017.12.002 

Pringsulaka, O., Patarasinpaiboon, N., Suwannasai, N., 

Atthakor, W., & Rangsiruji, A. (2011). Isolation 

and characterisation of a novel Podoviridae-

phage infecting Weissella cibaria N 22 from 

Nham, a Thai fermented pork sausage. Food 

Microbiology, 28(3), 518-525. 

https://doi.org/10.1016/j.fm.2010.10.011 

Rajam, R., & Subramanian, P. (2022). 

Encapsulation of probiotics: past, present and 

future. Beni-Suef University Journal of Basic 

and Applied Sciences, 11, Article 46. 

https://doi.org/10.1186/s43088-022-00228-w 

Razavi, S., Janfaza, S., Tasnim, N., Gibson, D. L., & 

Hoorfar, M. (2021). Microencapsulating 

polymers for probiotics delivery systems: 

Preparation, characterization, and applications. 

Food Hydrocolloids, 120, Article 106882. 

https://doi.org/10.1016/j.foodhyd.2021.106882 

Sambrook, J., Fritsch, E. R., & Maniatis, T. (1989). 

Molecular cloning: A laboratory manual. 

2nd ed. New York: Cold Spring Harbor.  

Shi, L. E., Li, Z. H., Li, D. T., Xu, M., Chen, H. Y., 

Zhang, Z. L., & Tang, Z. X. (2013). 

Encapsulation of probiotic Lactobacillus 

bulgaricus in alginate–milk microspheres 

and evaluation of the survival in simulated 

gastrointestinal conditions. Journal of Food 

Engineering, 117(1), 99-104. 

https://doi.org/10.1016/j.jfoodeng.2013.02.012 

Silanikove, N., Leitner, G., & Merin, U. (2015). 

The Interrelationships between lactose 

intolerance and the modern dairy industry: 

global perspectives in evolutional and 

historical backgrounds. Nutrients, 7, 7312-

7331. https://doi.org/10.3390/nu7095340 

Sun, W., & Griffiths, M. W. (2000). Survival of 

bifidobacteria in yogurt and simulated gastric 

juice following immobilization in gellan–

xanthan beads. International Journal of Food 

Microbiology, 61(1), 17-25. 

https://doi.org/10.1016/S0168-1605(00)00327-5 

Teoh, P. L., Mirhosseini, S. H., Mustafa, S., & 

Manap, M. Y. A. (2011). Tolerance of free 

and encapsulated probiotics towards heat 

treatment and high sodium concentration. 

Journal of Food, Agriculture & Environment, 

9(1), 69-73. 

van Leeuwen, S. S., te Poele, E. M., 

Chatziioannou, A. C., Benjamins, E., 

Haandrikman, A., & Dijkhuizen, L. (2020). 

Goat milk oligosaccharides: their diversity, 

quantity, and functional properties in 

comparison to human milk oligosaccharides. 

Journal of Agricultural Food Chemistry, 

68(47), 13469–13485. 

https://doi.org/10.1021/acs.jafc.0c03766 

Vivek, K., Mishra, S., Pradhan, R. C., Nagarajan, 

M., Kumar, P. K., Singh, S. S., Manvi, D., & 

Gowda, NA. N. (2023). A comprehensive 

review on microencapsulation of probiotics: 

technology, carriers and current trends. 

Applied Food Research, 3(1), Article 100248. 

https://doi.org/10.1016/j.afres.2022.100248 

Wang, S. Y., Ho, Y. F., Chen, Y. P., & Chen, M. J. 

(2015). Effects of a novel encapsulating 

technique on the temperature tolerance and 

anti-colitis activity of the probiotic bacterium 

Lactobacillus kefiranofaciens M1. Food 

Microbiology, 46, 494-500. 

https://doi.org/10.1016/j.fm.2014.09.015 

Wongyoo, R., Sunthornthummas, S., Surachat, K., 

Atithep, T., Rangsiruji, A., Sarawaneeyaruk, S., 

Pringsulaka, O. (May, 2023). Isolation and 

Characterization of Lytic Pseudomonas fluorescens 

Bacteriophage isolated from milk. Journal of 

Current Science and Technology, 13(2), 428-442. 

https://doi.org/10.59796/jcst.V13N2.2023.885 

Zabot, G. L., Schaefer Rodrigues, F., Polano Ody, 

L., Vinícius Tres, M., Herrera, E., Palacin, 

H., ... & Olivera-Montenegro, L. (2022). 

Encapsulation of bioactive compounds for 

food and agricultural applications. Polymers 

(Basel),14(19), Article 4194. 

https://doi.org/10.3390/polym141941

 


