
Analysis of The Best Method in Produced of Synbiotics 
Products for Shrimp Using Microencapsulation 
Techniques 

Dian Eka Ramadhani1 , Wida Lesmanawati1, Erni Sulistiawati2, and Widanarni Widanarni3 

1Production Technology and Management of Aquaculture Study Program, School of Vocational Studies IPB, Kumbang St. 

No. 14 Bogor, 16151, West Java. 
2Veterinary Paramedics Study Program, School of Vocational Studies IPB, Kumbang St. No. 14 Bogor, 16151, West Java. 
3Department of Aquaculture, Faculty of Fisheries and Marine Science, IPB University, Raya Dramaga St., Bogor, 16680, 

West Java. 

  

Abstract. This research was conducted to find the best combination of coating material and 

microencapsulation method for synbiotics. This research consists of 3 chapters. Chapter 1, was 
conducted to obtain the best combination of 3 types of coating materials (whey protein, skim 

milk, and maltodextrin) with 3 doses of coating material (0%, 10%, and 20%). Chapter 2, was 

conducted to find the best microencapsulation method that can maintain viability, the density of 

probiotic bacteria, and physiological and biochemical properties of bacteria. The probiotic 
bacteria used was Pseudoalteromonas piscisida with the prebiotic mannan-oligosaccharide 
(MOS). A total of 9 treatments in Chapter 1 was microencapsulated using spray- and drum-drying 

methods. Chapter 3, was conducted to determine the economic value of the synbiotic 

microcapsule products. The best result from Chapters 1 and 2 is synbiotics coated with a 
combination of 20% skim milk and 20% maltodextrin (treatment 6) with the spray drying method 

compared to other treatments. Treatment 6 is produced the highest percentage of product, the 

physical characteristics of which were good white powder when stored in cold (4oC) and room 

(25-29oC) temperatures. The best result in Chapter 3 is treatment 6 that showed profitable, highest 
R/C ratio and B/C ratio than other treatments. However, even though the quantity of the product is 

profitable, the resulting product can not live. Our suggestion is to use another method namely, 

freeze-drying for microencapsulation of heat-resistant bacteria such as the bacteria used in this 

study.  

 

 
1 Introduction 
Various disease prevention in aquaculture commodities including shrimp have been carried out, one of which is 

the use of microorganisms known as probiotics. Probiotics are live microbes that, when administered in 

sufficient quantities, can have a beneficial effect on host immunity and can improve microbial balance in the 

digestive tract, feed efficiency, and environmental quality [1,2]. Recent studies reported that probiotic bacteria 

Pseudoalteromonas piscicida has the potential to be applied in aquaculture, this bacteria is isolated from Pacific 

white shrimp nauplii [3]. However, not many types of potential aquaculture probiotics from research results can 

be produced on an industrial scale because most probiotics are not resistant to high temperatures, resulting in 

cell viability that drops dramatically during the manufacturing process [4]. Therefore, the types of probiotics 

sold in the market are relatively limited. Commonly used probiotics in aquaculture include Bacillus sp., 

Lactobacillus sp., Bifidobacteria sp., and Saccharomyces cerevisiae [2,4]. 

Probiotics are often applied together with prebiotics to enhance the role of these probiotics. Prebiotics are 

food ingredients that cannot be digested and it have a beneficial effect on the host by stimulating the growth and 

activity of a number of bacteria in the digestive tract of the host [5]. Materials that are often used as synthetic 

prebiotics include mannan-oligosaccharides (MOS), fructo-oligosaccharides (FOS), galacto-oligosaccharides 

(GOS), and inulin while natural prebiotics can be obtained from honey, fruits, tubers, seeds, and so on. The 

combination of prebiotics with probiotics is called synbiotics, which have been shown to have a synergistic 

effect on the host [6]. Several studies reported that the administration of synbiotics could improve growth 

performance, survival, and immune response of Pacific white shrimp [7, 8, 9].  

The potential of synbiotics is one of the way for disease prevention in aquaculture commodities, it is 

important to find methods or techniques that can be used to maintain cell viability in the minimum range of 106-
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107 CFU/g of feed according to the recommended dose [2,10]. Microencapsulation is a new technology for 

packaging biomolecules or cells in encapsulated membranes to reduce cell loss during the manufacturing 

process and their release in the host digestive tract. Microencapsulation techniques that are widely used are 

spray-drying, freeze-drying, drum-drying, and so on. This method is most commonly used in the food, drug, and 

other feed additive industries [11,12]. In the microencapsulation process, the type of coating material that is 

often used as a coating material for probiotic bacteria is a combination of whey protein, skim milk, and 

maltodextrin. Several studies have reported that whey protein, skim milk, and maltodextrin can protect probiotic 

bacteria during the microencapsulation process [7, 13, 14, 15]. The right combination of coupling material is 

needed to obtain maximum viability of probiotic bacteria after passing through the microencapsulation process. 

This research was conducted to find the best combination of coating material and the best 

microencapsulation method for probiotic bacteria Pseudoalteromonas piscicida mixed with MOS prebiotics so 

that synbiotic microcapsules with maximum viability can be produced to be applied in shrimp farming activities. 

The research is divided into 3 chapters. Chapters 1 was conducted to obtain a combination of coating materials 

that gave maximum results on the viability of probiotic bacteria in the synbiotic microencapsulation process. 

Chapter 2 was conducted to obtain the best method for the synbiotic microencapsulation process to produce 

synbiotic microcapsules. Chapters 3 research is to evaluate the economic value of the resulting synbiotic 

microcapsule product. 

 
2 Method 
2.1 Time and Place 
This research was carried out from August-November 2020 at Laboratory of Microbiology, IPB Sukabumi 

Campus and SEAFAST (Southeast Asian Food & Agricultural Science & Technology) Center, Bogor 

Agricultural University. 

 
2.2 Research Material 
The materials needed in this research include cow's milk, rennet pills, skim milk powder, maltodextrin, CaCl2, 

rifampicin, PBS (phosphate-buffered saline; 0,8 g NaCl, 0,02 KH2PO4, 0,15 g Na2HPO4, 0,02 g KCL, and 

aquadest) , bacto agar, and SWC media (seawater complete; 0,5 g bacto peptone, 0,1 g yeast extract, 0,3 mL 

glycerol, 75 mL seawater and 25 mL aquadest), probiotic bacteria Pseudoalteromonas piscicida 1 Ub from the 

Laboratory of Fish Health and Management, Department of Aquaculture and prebiotics mannan-oligosaccharide 

(MOS) (Alltech Inc., KY USA) with a minimum content of 30% crude protein, minimum 1,4% crude fat and 

maximum 13% crude fiber.  

 
2.3 Research Design 
This research is divided into 3 Chapters. Chapter 1, a combination of 3 types of coating material (whey protein, 

skim milk and maltodextrin) was used with 3 doses of coating material (0%, 10% and 20%), so there were 9 

treatments in total (Table 1). Parameters observed were viability and density of probiotic bacteria before and 

after coating with various treatments. Chapter 2, the best result from Chapter 1 encapsulated with 2 

microencapsulation methods, for a total of 18 treatments (Table 2). The encapsulation methods used are spray-

drying and drum-drying. Parameters observed were viability and density of probiotic bacteria after passing 

through the microencapsulation process. Chapter 3, was conducted to determine the economic value of the three 

synbiotic microcapsules products so that the best and economical method could be determined to be applied in 

the field. Observation parameters in the form of profit R/C ratio and B/C ratio. 

 

Table 1 Treatment in stage 1 research: the best combination and dose of coating material 

No Treatment Description 
1 PS 10 Synbiotic coating with whey protein + 10% skim milk 

2 PM 10 Synbiotic coating with whey protein + 10% maltodextrin 

3 SM 10 Synbiotic coating with 10% skim milk + 10% maltodextrin 

4 PS 20 Synbiotic coating with whey protein + 20% skim milk 

5 PM 20 Synbiotic coating with whey protein + 20% maltodextrin 

6 SM 20 Synbiotic coating with 20% skim milk + 20% maltodextrin 

7 PSM 10 Synbiotic coating with whey protein + 10% skim milk + 10% maltodextrin 

8 PSM 20 Synbiotic coating with whey protein + 20% skim milk + 20% maltodextrin 

9 K Synbiotic coating with PBS only (Control) 
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Table 2 Treatment in Chapter 2: the best microencapsulation method 

Combination coating 
material 

Microencapsulation method 
Spray-Drying (S) Drum-Drying (D) 

PS 10 PS 10-S PS 10-D 

PM 10 PM 10-S PM 10-D 

SM 10 SM 10-S SM 10-D 

PS 20 PS 20-S PS 20-D 

PM 20 PM 20-S PM 20-D 

SM 20 SM 20-S SM 20-D 

PSM 10 PSM 10-S PSM 10-D 

PSM 20 PSM 20-S PSM 20-D 

K K-S K-D 

 
2.4 Procedures 
2.4.1 Preparation of Synbiotic 
Bacterial preparation was started by culturing the bacteria on SWC-agar media which already contained the 

antibiotic rifampicin 50 g/mL as a marker. Then the bacteria were cultured in 50 mL of SWC-liquid media and 

incubated in a water bath shaker at a temperature of 29-30oC for 18-24 hours at a speed of 140 rpm, then 

continued up scaling (1:10). After that, the bacteria were harvested and ready to be centrifuged 1 time and rinsed 

using PBS. The prebiotic that will be used is Bio-MOS. Synbiotic is made by combining probiotics and 

prebiotics in the same container. 

 
2.4.2 Microencapsulation of Synbiotic 
The first stage begins with the preparation of synbiotics and coating materials. According to the treatment, the 

coating material is prepared in a separate container. Whey protein coating is obtained by boiling 1L of cow's 

milk at a temperature of 50-60oC for 15 minutes and constantly stirring. Then wait until the temperature is 

around 30oC and give rennet pills to form lumps and then let stand at room temperature for 3-4 hours. 

Furthermore, it is filtered with sterile mori filter cloth and the resulting liquid (whey protein) is then stored in a 

refrigerator or can be used directly. After that, the coating material and synbiotic were mixed. The ratio of 

synbiotics, whey protein and maltodextrin is 1:1:0,1 (v/v/w) [16]. Furthermore, the synbiotic was dried using a 

sprayer with an inlet temperature of 50oC and an outlet temperature of 90oC. The results of the 

microencapsulation are then put in a closed container and stored in the refrigerator. For the drum-drying 

method, the sample is put into the drum dryer and the results are placed in a container and stored in the 

refrigerator. 

 
2.4.3 Parameters 
The product percentage parameter was calculated by comparing the synbiotic volume (fresh-culture) with the 

dry product produced after the encapsulation process (v/w). Parameters of viability and density of probiotic 

bacteria were calculated after coating, temperature incubation, before and after spray-drying and drum-drying as 

well as during storage. Measurement of bacterial viability was carried out using the spread plate method (TPC; 

total platting count) [17]. A sample of 1 g was homogenized in 0,9 mL of PBS then serially diluted. Samples 

were then taken as much as 50 μL and spread on SWC-agar + antibiotic rifampicin. Then incubated in an 

incubator at a temperature of 29-30o C for 18-24 hours. Then the bacterial colonies were counted one by one and 

added together. The formula for counting bacteria is below:  

∑ bacteria (CFU/g) = number of bacterial colonies (CFU) x 
�

�������	
	
 x 

�

��
��� ������ (μ�)
 

 

The economic analysis parameters measured include profit, R/C ratio and B/C ratio, with the following 

calculation formula: 

Profit  = total revenue – total cost 

R/C ratio  =  
����� 
������

����� ����
 

B/C ratio  =  
����� �
����

����� ����
 

2.4.4. Data Analysis 
The research data was tabulated in Microsoft Excel 2016 and data was performed using table and graph with 

descriptive analysis.  
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3 Results and Discussion 

3.1 Product percentage 
The results of calculating the percentage of probiotic bacteria products contained in synbiotics include: 1) the 

percentage of products after the spray and drum drying process; 2) the percentage of viability of probiotic 

bacteria after the spray and drum drying process. The following is the result of calculationg the percentage of 

the product (Figure 1).  

 
Fig. 1 Percentage of product after spray- and drum-drying 

The results showed that the percentage of product in the spray drying method was found in treatment 6 

(coating material skim milk 20% and maltodextrin 20%) which was 7,6% higher than other treatments. 

Meanwhile, the lowest product percentage was found in treatment 9 (Control), which was 3,4%. The results 

showed that the percentage of product in the drum-drying method was found in treatment 6 (coating material 

skim milk 20% and maltodextrin 20%) which was 3,31% higher than other treatments. While the lowest product 

percentage is in treatment 9 (control) which is 1,51%. The following is the viability of 1Ub probiotic bacteria 

after being coated with a coating material (Table 3). The results showed that the viability of probiotic bacteria in 

each treatment after being given the coating material still grew with a density range of 108-1010 CFU/mL, but 

after drying with the spray drying and drum drying methods, the viability of the bacteria became 0 meaning it 

did not grow at all. 

Table 3. Density of 1Ub probiotic bacteria cells after being coated with various treatment materials 

Treatment Probiotic bacteria cell density (CFU/mL) 

1 1,50 x 1010 

2 4,61 x 109 

3 5,80 x 108 

4 2,00 x 108 

5 4,80 x 109 

6 4,46 x 109 

7 8,40 x 108 

8 6,32 x 109 

9 4,00 x 109 

 
3.2 Synbiotic microcapsule physical quality 
At the end of the in-vitro test, there was a change in the physical form of each treatment including a change in 

color and the presence of clumping. Table 4 shows the physical quality of dry synbiotic cultures from spray 

drying and drum drying during 1 month storage. 
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Table 4 Physical quality of dry synbiotic culture from spray drying and drum drying during 1 month storage. 

Treatment Storage 
Physical form of spray drying Physical form of drum drying 

Day 1 Day 30 Day 1 Day 30 

1 

Room 

temperature 

(25-29oC) 

Powder, white, 

slightly cream 

Powder, white, 

lumpy 

Creamy brown, 

slightly lumpy 

Creamy brown, 

slightly lumpy 

Cold 

temperature 

(4oC)  

Powder, white, Powder, white, 
Creamy brown, 

slightly lumpy 

Creamy brown, 

slightly lumpy 

2 

Room 

temperature 

(25-29oC) 

Powder, white, Powder, white, 
Creamy, slightly 

lumpy 

Creamy, slightly 

lumpy 

Cold 

temperature 

(4oC)  

Powder, white, Powder, white, 
Creamy, slightly 

lumpy 

Creamy, slightly 

lumpy 

3 

Room 

temperature 

(25-29oC) 

Powder, white, 
Powder, white, 

slightly cream 

Creamy, slightly 

lumpy 

Creamy brown, 

slightly lumpy 

Cold 

temperature 

(4oC)  

Powder, white, Powder, white, 
Creamy, slightly 

lumpy 

Creamy brown, 

slightly lumpy 

4 

Room 

temperature 

(25-29oC) 

Powder, white, 
Powder, white, 

slightly cream 

Creamy, slightly 

lumpy 

Creamy brown, 

slightly lumpy 

Cold 

temperature 

(4oC)  

Powder, white, 
Powder, white, 

slightly cream 

Creamy, slightly 

lumpy 

Creamy brown, 

slightly lumpy 

5 

Room 

temperature 

(25-29oC) 

Powder, white, 
Powder, white, 

slightly lumpy 

Creamy brown, 

slightly lumpy 

Creamy brown, 

slightly lumpy 

Cold 

temperature 

(4oC)  

Powder, white, 
Powder, white, 

slightly lumpy 

Creamy brown, 

slightly lumpy 

Creamy brown, 

slightly lumpy 

6 

Room 

temperature 

(25-29oC) 

Powder, white, 
Powder, white, 

slightly cream 

Creamy, slightly 

lumpy 

Creamy brown, 

slightly lumpy 

Cold 

temperature 

(4oC)  

Powder, white, Powder, white, 
Creamy, slightly 

lumpy 

Creamy, slightly 

lumpy 

7 

Room 

temperature 

(25-29oC) 

Powder, white, Powder, white, 
Creamy brown, 

slightly lumpy 

Creamy brown, 

slightly lumpy 

Cold 

temperature 

(4oC)  

Powder, white, Powder, white, 
Creamy brown, 

slightly lumpy 

Creamy brown, 

slightly lumpy 

8 

Room 

temperature 

(25-29oC) 

Powder, white, Powder, white, 
Creamy, slightly 

lumpy 

Creamy brown, 

slightly lumpy 

Cold 

temperature 

(4oC)  

Powder, white, Powder, white, 
Creamy, slightly 

lumpy 

Creamy, slightly 

lumpy 

9 

Room 

temperature 

(25-29oC) 

Powder, white, 

slightly cream 

Powder, white, 

watery, 

yellowish white 

and lumpy 

Brown, slightly 

lumpy 

Brown, slightly 

lumpy, sticky 

Cold 

temperature 

(4oC)  

Powder, white, 

slightly cream 

Powder, white, 

watery, 

yellowish white 

and lumpy 

Brown, slightly 

lumpy 

Brown, slightly 

lumpy, 
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The results of microencapsulation (spray-drying) showed that the percentage of product in treatment 6 

(addition of 20% skim milk coating material and maltodextrin) resulted in the highest percentage of product 

compared to other treatments. The higher composition of skim milk in the encapsulating material, the lower the 

water content of the microencapsulated produced. The water content of skim milk ranges from 3-7% [18]. 

According to [19] the range of good moisture content for microencapsulated products obtained from spray 

drying is 2-6%. Furthermore, carbohydrates such as starch, maltodextrin, are good coating materials because of 

their low viscosity at high solids and high solubility properties [20]. Microencapsulation using the drum-drying 

method showed the same results in treatment 6 (coating material skim milk 20% and maltodextrin 20%). This 

treatment produced the highest percentage of product compared to other treatments. 

The concentration of addition of skim milk combined with maltodextrin can affect the viability of bacterial 

cells. This is in accordance with the research conducted by [21] which showed that the higher the coating 

concentration, the higher the encapsulation efficiency, the better and stronger the shell. This statement was again 

proven in the research of [22], encapsulation treatment with 10% skim milk and 20% maltodextrin resulted in 

bacterial cell viability of 97,76%. These results were significantly different from the other three treatments. The 

better the coating material used, it can protect the core material well and protect volatile substances when the 

drying process takes place, which results in increased retention of the core material. 

The choice of coating material that will protect the core material is the most important factor to maintain the 

viability of bacterial cells in the microencapsulation process. According to [23] optimal efficiency can be 

obtained from the protein and carbohydrate matrix as a microencapsulated wall. The coating materials used in 

this study were whey protein, skim milk, and maltodextrin. Referring to the results of the study, the two 

encapsulation ingredients in the form of 20% skim milk and 20% maltodextrin (Treatment 6) were the best 

ingredients. The microencapsulated wall consisting of two encapsulated materials is able to provide good 

protection because the use of these two materials results in higher efficiency than one encapsulated material as a 

filler. This is due to the ability of the encapsulant to interact to form granules that can coat the encapsulated 

components better [22]. 

 
3.3 Economic Analysis 

The economic analysis used includes profit, business feasibility analysis (R/C) ratio, and (B/C) ratio. The 

results of the economic analysis of the resulting product are shown in Table 5. 

 

Table 5 Results of the economic analysis of synbiotic microcapsules using the spray drying and drum drying 

methods 

Treatments  

Spray drying method Drum drying method 

Benefit 
R/C 

Ratio 
B/C Ratio Benefit  

R/C 

Ratio 
B/C Ratio 

1 (335,444,444) 0.74 -0.256064461 (371,745,941) 0.72 -0.283775527 

2 (221,111,111) 0.83 -0.168787108 (261,671,442) 0.80 -0.199749193 

3 (174,833,333) 0.87 -0.13346056 (217,117,479) 0.83 -0.165738533 

4 (359,944,444) 0.73 -0.274766751 (395,333,333) 0.70 -0.30178117 

5 (384,444,444) 0.71 -0.293469042 (418,920,726) 0.68 -0.319786814 

6 562,888,889 1.43 0.429686175 493,125,119 1.38 0.376431389 

7 (356,541,667) 0.73 -0.272169211 (621,542,980) 0.53 -0.47446029 

8 174,291,667 1.13 0.133047074 (238,247,851) 0.82 -0.181868589 

9 (457,944,444) 0.65 -0.349575912 (489,682,904) 0.63 -0.373803743 

 

Based on economic analysis, the most profitable treatment and has business feasibility is treatment 6. This 
can be seen in the results of the percentage of synbiotic products produced which have a greater value than the 
others. R/C ratio analysis is an analysis used to see the relative advantages that will be obtained in a business. 
Basically, a business will be said to be feasible to run if the R/C ratio value obtained is greater than 1. This can 
happen because the higher the R/C ratio value of a business, the higher the profit level to be obtained [24]. The 
results of the R/C ratio analysis showed that with the spray drying method, treatments 6 and 8 had values of 1,4 
and 1.13, respectively. While in the drum drying method, the treatment with the highest R/C ratio value resulted 
from treatment 6. The next analysis is the B/C ratio, where the B/C ratio is the ratio between positive net 
benefits and negative net benefits in a business. In the application of the B/C ratio, a business/investment can be 
said to be feasible if the B/C value >1 is obtained, while a business is said to be unfeasible if the B/C value <1. 
In its application to a business, the analysis of the B/C ratio against a situation is an analysis that is needed to see 
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to what extent the comparison between the value of benefits and the value of costs is seen in the present value 
condition. The results of the analysis of the B/C ratio on the spray drying and drum drying methods in all 
treatments showed a B/C value <1, but in treatment 6 the resulting value was still positive and if further 
improvements were made it could provide maximum business feasibility. 
 
Conclusions and Suggestions 
Synbiotic coated with a combination of 20% skim milk and 20% maltodextrin (Treatment 6) with spray drying 
and drum drying methods was the best result in this study compared to other treatments. Treatment 6 on the 
spray drying method resulted in the highest percentage of product, physical characteristics in the form of a white 
fine powder when stored at cold temperatures (4oC) or at room (25-29oC). Meanwhile, in the drum drying 
method, the characteristics are brownish beige and there are few lumps. The results of the economic analysis also 
show that treatment 6 is more profitable and from the analysis of the R/C ratio along with the B/C ratio, 
treatment 6 has business feasibility compared to other treatments. Research on drying methods that can maintain 
the viability of 1Ub bacteria needs to be done, one of which is the freeze drying method, but it needs a 
combination that matches so that the resulting product has high viability and the method used can be more 
efficient to use. 
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