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 Kepok banana flour (KBF) contains fructo-oligosaccharides (FOS) which 

can stimulate the growth of Lactobacillus plantarum bacteria in the digestive 

tract. The encapsulation technique is done to maintain the viability of 

probiotic bacteria from environmental conditions by packaging using coating 

materials like skim milk and maltodextrin. This research aims to determine 

the effect of adding KBF with different concentrations on Lactobacillus 

plantarum encapsulates. The research design used was a completely 

randomized design (CRD) with 5 treatments and 4 replications. The 

treatment given was a concentration of KBF of 0, 2, 4, 6, and 8%. The 

results obtained were a lactic acid bacteria (LAB) viability value of 8.72 Log 

CFU/g-9.16 Log CFU/g, a pH value of 6.55-6.43, yield value of 23.39%-

23.43%, color of 3.36-3.12, aroma of 2.80-2.88, texture of 3.08-2.92, and 

overall, 3.12-3.36. The addition of 8% KBF can increase LAB viability, 

color, and texture, but reduces the pH value, yield, and aroma of 

Lactobacillus plantarum encapsulates and produces a well-encapsulated 

microcapsule morphology. 
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1. INTRODUCTION 

Bananas are easy to grow in countries located on the equator such as Indonesia, which has an 

elevated temperature of 28-35 ℃ each year [1]. Kepok banana is one type variant of banana cultivar which 

are widely consumed in Indonesia [2]. Kepok banana is a climatic fruit that is easily damaged or has a short 

shelf life. Processing kepok banana into flour is one way to prevent banana shelf life [3]. Banana flour can be 

used as an alternative to wheat flour which is high-nutrition and gluten-free [4]. 

Kepok banana is a type of plantain banana that contains high starch content. The starch contained in 

plantain bananas includes resistant starch [5]. The resistant starch content of kepok banana is 27.7%, so it can 

be classified as one of the fruits that is high in fiber [6]. Within 100 g of plantain banana, there are 60.7 g of 

carbohydrates, 536 kcal of energy, 3.57 g of protein, and 3.6 g of fiber [7]. In addition, plantain bananas are 

also high in fructo-oligosaccharide (FOS), which is beneficial for the digestive system [8]. Processing kepok 

banana into flour can be utilized as a source of prebiotics for probiotic bacteria because it has a high content 

of resistant starch and FOS [9]. 

Lactobacillus plantarum is a probiotic bacteria that can grow optimally at a temperature of 30-37 °C 

and has the potential as a probiotic that is more resistant to acid than other types of bacteria [10]. Probiotics 
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in food products must be protected from various things that can affect processing, namely by 

microencapsulation. This encapsulation is done by wrapping probiotic bacteria and using certain encapsulant 

materials that maintain the viability of probiotic bacteria from environmental conditions [11].  

One method that can be used in the encapsulation process is freeze drying. The damage to probiotic 

bacteria cells by freeze drying can be minimized by the addition of coating materials such as skim milk and 

maltodextrin [12]. The coating material can produce a fairly high viability of Lactobacillus bacteria, besides 

the freeze-drying method that is maintained at the appropriate temperature and humidity can maintain the 

viability of Lactobacillus bacteria [13]. The growth of Lactobacillus bacteria is influenced by low pH (6.2 to 

5.0). Low pH can cause Lactobacillus bacteria growth to be more optimal [14]. The process of making 

banana flour utilizes citric acid to produce banana flour that tends to be acidic [15]. Citric acid soaking in 

flour making can result in a low flour pH [16]. Therefore, this study was conducted to make kepok banana 

flour (KBF) functional by adding probiotic bacteria which is Lactobacillus plantarum. 

 

 

2. RESEARCH METHOD  

2.1. Research design 

Samples were prepared in a completely randomized design which was carried out in stages 

including: i) making KBF, ii) making encapsulation of Lactobacillus plantarum, and iii) comparative 

analysis of microbiology, resistant starch, and physics parameters encapsulation of Lactobacillus plantarum. 

The treatment given to Lactobacillus plantarum encapsulates is the addition of KBF concentrations of 0, 2, 4, 

6, and 8%. 

The research was carried out at the Food Chemistry and Nutrition Laboratory and the Food 

Engineering and Agricultural Products, Faculty of Animal and Agriculture, Diponegoro University in 

August-October 2023. The main ingredients used in the encapsulation of Lactobacillus plantarum are KBF 

which comes from raw kepok bananas obtained homogeneously from one of the banana plantations in 

Semarang, pure isolate of Lactobacillus plantarum strain American type culture collection (ATCC) 8014, 

skim milk, maltodextrin, enzyme, de man rogosa sharpe broth (MRSB) and de man rogosa sharpe agar 

(MRSA) media, pH 4 and 7 buffers, 0.85% physiological NaCl, and citric acid. Meanwhile, the tools used in 

this research were a freezer dryer, autoclave, freezer, oven, cabinet dryer, spectrophotometry, pH meter, 

search engine marketing (SEM) tool, incubator, laminar air flow, colony counter, micropipette tip, 

micropipette, and petri dishes.  

 

2.2. Research procedure 

2.2.1. Making kepok banana flour 

The production of KBF has been adopted [15] with modifications. The steps for making KBF start 

with sorting and washing of kepok banana. The kepok banana is then peeled and sliced to a of ±2 mm. The 

kepok banana was soaked with 1500 ml water and added citric acid according to the treatment (w/v) 0.8% for 

3 minutes. The banana pieces are dried using a cabinet dryer at 60 °C for 6 hours. The dried banana is 

crushed and sived thorough 80 mesh. 

 

2.2.2. Making encapsulation of Lactobacillus plantarum 

Preparation of Lactobacillus plantarum encapsulate has been adopted from [17] which was carried 

out by incubation of one ose of Lactobacillus plantarum bacteria in MRSB, then incubation for 48 hours at a 

temperature of 37 °C. Next, 5 ml of the harvested Lactobacillus plantarum bacterial culture was added to 

0.85% physiological NaCl. Then 4 ml of Lactobacillus plantarum culture was mixed in 36 ml of 10% skim 

milk medium and KBF was added with concentrations of 0, 2, 4, 6, and 8% and incubated for 2 hours at  

37 °C. The Lactobacillus plantarum suspension that has been formed is added with 20% maltodextrin and 

frozen in a freezer at -24 °C for 24 hours, then the frozen material is placed in a freeze dryer at a temperature 

of -50 °C and a pressure of 0.040 mbar for 48 hours until a dry culture is formed Lactobacillus plantarum 

bacteria (microcapsules). 

 

2.2.3. Parameters testing 

Parameter assessment was carried out on Lactobacillus plantarum encapsulation with the addition of 

0% KBF as a control, KBF 2%, KBF 4%, KBF 4%, KBF 6%, and KBF 8%. Lactic acid bacteria (LAB) 

viability testing was carried out on [17] using the pour plate method with 10-7 dilution. Testing of pH values 

was carried out at [18] using a pH meter. Yield testing was carried out in [19] with weight comparisons. 

Resistant starch testing is carried out on [20] using enzymes. Microcapsule morphology testing with a 

modification of the method [21] with 2000x magnification. Organoleptic testing using the scoring method. 
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2.3. Data analysis 

The data were analyzed using an application named SPSS for Windows 26.0. The data obtained 

from testing LAB viability, resistant starch, pH, and yield were analyzed using the analysis of variance 

(ANOVA) parametric test with a significance level (p<0.05) and when there is a significant difference in 

treatment will be continued by Duncan’s multiple range test (DMRT). The organoleptic testing using Kruskal 

Wallis analysis. If the significant level has a real effect (p<0.05), then proceed with the Mann-Whitney test. 

While resistant starch was statistically analyzed using the Excel application and microcapsule morphology 

was descriptive. 

 

 

3. RESULTS AND DISCUSSION 

3.1. Encapsulation of Lactobacillus plantarum with kepok banana flour microbiology characteristics 

The microbiology characteristic of Lactobacillus plantarum with KBF is the LAB viability as 

described in Figures 1 and 2. The viability of LAB in Lactobacillus plantarum before encapsulation can be 

seen in Figure 1. Meanwhile, the viability of LAB in Lactobacillus plantarum, after encapsulation can be 

seen in Figure 2. 

 

 

 
 

Figure 1. Microbiology characteristic before encapsulation of KBF 

 

 

 
 

Figure 2. Microbiology characteristic after encapsulation of KBF 

 

 

LAB viability after encapsulation of Lactobacillus plantarum at a concentration of 0-4% decreased 

in the number of colonies, whereas at concentrations of 6 and 8% KBF Lactobacillus plantarum experienced 

an increase in the number of colonies. The higher addition of KBF indicates that the amount of fiber content 

contained in it is also high, so when KBF is mixed with the coating material it can create a gel in the sample 

solution and can be more optimally utilized as a growth medium by bacteria probiotics [22]. 

The viability of probiotic bacteria can be measured in Log CFU/g, where a high Log CFU/g value 

indicates better viability. The minimum number of probiotic bacteria used for functional food is no less than 

6 Log CFU/g [23]. Based on the data obtained, the viability of the probiotic before and after encapsulation 

shows that the number of cells is above 6 Log CFU/g, which means it meets the requirements of a probiotic. 
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The exact number of live cells that trigger probiotic effects ranges from 6 to 9 Log CFU/g [24]. Thus, KBF 

can encapsulate Lactobacillus plantarum optimally. 

The longer the fermentation time, the total number of LAB increases. LAB can reproduce by 

utilizing the nutrients in the Lactobacillus plantarum encapsulate medium during the fermentation process to 

hydrolyze sugar into simpler components, namely CO2, H2O, and lactic acid, so that the number of bacterial 

cells increases [25]. KBF contains resistant starch which has the potential to act as a prebiotic which can 

protect probiotics. The probiotic bacteria Lactobacillus plantarum can survive in the large intestine when 

contained in resistant starch granules because resistant starch as a potential prebiotic cannot be digested in the 

small intestine [26]. 

 

3.2. Encapsulation of Lactobacillus plantarum with kepok banana flour resistant starch and physics 

characteristics 

Resistant starch and physics characteristics of Lactobacillus plantarum with KBF were pH value 

and yield as described in Figure 3. Figure 3 explains the results of the resistant starch, pH value, and yield 

tests. Resistant starch only uses 0 and 8% samples to determine the effectiveness of the highest KBF addition 

of 8%. Meanwhile, the pH value and yield tests use all samples. 

 

 

 
 

Figure 3. Resistant starch and physics characteristic of encapsulation KBF 

 

 

Based on the data in Figure 3, the addition of KBF at concentrations of 0 and 8% affects the yield of 

resistant starch. The freeze-drying method is able to increase the percentage of resistant starch content in 

encapsulated KBF [27]. The treatment with the addition of 8% KBF produced higher resistant starch than 

without the addition of KBF. This is influenced by the presence of Lactobacillus plantarum which plays a 

role in increasing the levels of resistant starch in banana flour. The fermentation of LAB by Lactobacillus 

plantarum is able to produce amylase and pululanase enzymes which can convert some of the starch in KBF 

into resistant starch [28]. 

The maltodextrin coating material has an influence on the yield value because maltodextrin has 

natural characteristics that produce sponge microcapsules with many remaining water molecules [29]. The 

freeze-drying method used resulted in very few encapsulate samples coming out of the container and many 

remaining in the container and the addition of maltodextrin which could increase the total solids of the 

material and increase the volume, so that the encapsulate yield value was high [30]. The coating material 

maltodextrin and skim milk with the same concentration in each treatment resulted in yield values that were 

not much different. 

Lactobacillus plantarum can thrive in the pH range of 4 to 6 [31]. The data obtained was that the pH 

of the Lactobacillus plantarum encapsulate was in the range of pH 6. The 8% KBF treatment showed pH 

results that tended to be lower compared to other treatments, this influenced increased bacterial growth. 

Encapsulation with a freeze dryer can increase the tolerance of Lactobacillus plantarum to pH in acidic 

conditions [32]. The greater the number of probiotic bacterial cells, the more acidic the resulting encapsulate 

acidity value will be increased [33].  

The pH value of Lactobacillus plantarum encapsulates which becomes more acidic or decreases 

with the higher concentration of KBF indicates that the nutritional needs of probiotic bacteria have been met 

by the addition of KBF so that the number of bacterial cells increases [34]. The pH value which tends to be 

acidic can help prevent the development of unwanted microorganisms so that it can increase the shelf life of 

Lactobacillus plantarum encapsulates [35]. 
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3.3. Microcapsule morphology 

Figure 4 is presented as follows: Figure 4(a) the treatment with the addition of 0% KBF shows quite 

a lot of Lactobacillus plantarum. Figure 4(b) the treatment with the addition of 2% KBF shows Lactobacillus 

plantarum growing slightly. Figure 4(c) treatment with the addition of 4% KBF shows that Lactobacillus 

plantarum is seen growing. Figure 4(d) treatment with the addition of 6% KBF shows Lactobacillus 

plantarum growing a lot. Figure 4(e) treatment with the addition of 8% KBF shows that Lactobacillus 

plantarum grows more optimally than the previous treatment, which is indicated by a white image from the 

results of SEM observations. 
 

 

 
(a) 

 
(b) 

 
(c) 

   

 
(d) 

 
(e) 

Note :  

Kepok banana flour (KBF) 

A: Lactobacillus plantarum 

B: KBF, skim milk, and 

maltodextrin 

 

Figure 4. SEM of encapsulated Lactobacillus plantarum KBF concentration with the same magnification of 

2000x where (a) 0%, (b) 2%, (c) 4%, (d) 6%, and (e) 8% 
 

 

The morphology of Lactobacillus plantarum microcapsules shows that the increasing use of KBF is 

able to function as a carrier medium for Lactobacillus plantarum. It can be seen at the same magnification 

(2000x) that there are more Lactobacillus plantarum attached to the surface of the KBF in the 8% KBF 

formulation. Lactobacillus plantarum is shown in the SEM results to be bright in color, which shows that 

Lactobacillus plantarum is under the KBF. KBF and other components in the form of skim, milk, and 

maltodextrin are darker in color, which means they are on the surface of Lactobacillus plantarum. According 

to Liu et al. [36], observing the morphology of Lactobacillus plantarum using SEM can be shown by the 

results of Lactobacillus plantarum being rod-shaped and looking shiny white. 

The SEM image of Lactobacillus plantarum encapsulates (Figure 4) shows that the morphology of 

the microcapsules is similar to the surface shrinking due to the uniform drying process by freeze drying [37]. 

A smoother microcapsule surface and uniform structure were demonstrated with a concentration of 8% KBF, 

20% maltodextrin, and 10% skim milk. The probiotic bacteria in the encapsulation results are located 

randomly on the surface of the microcapsule, this is due to the type of matrix with scattered cells and may be 

located on the surface of the coating material [29]. 

The aim of using a scanning electron microscope on Lactobacillus plantarum encapsulates was to 

observe the probiotics coated with the coating material. Figure 4 shows that a thin layer of protective matrix 

is formed covering the cells with regular intercellular spacing and a dense structure [38]. From the SEM 

image, it can be that its morphology is irregular and heterogeneous. Coating ingredients for skim milk and 

maltodextrin with the same concentration for each treatment caused the size of the encapsulated 

Lactobacillus plantarum microcapsules to tend to be uniform between treatments [39]. 

The shape of the microcapsules looks smooth and slightly wrinkled which can be caused by the high 

ratio of maltodextrin encapsulant compared to skim milk. Skim milk is a protein-based coating material that 

has a double emulsion system that can produce microcapsules with a shape that does not look wrinkled and 

smooth, but due to the presence of another encapsulant material, namely maltodextrin with a high 

concentration, the texture looks wrinkled [40]. Maltodextrin coating does not have good emulsion ability, so 

the microcapsule shape has wrinkles and size non-uniformity due to the high viscosity of the emulsion [41]. 
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3.4. Organoleptic properties 

The organoleptic testing attributes of Lactobacillus plantarum encapsulates assessed include color, 

aroma, texture, and overall organoleptic encapsulation of Lactobacillus plantarum with KBF as described in 

Figure 5. The organoleptic testing was carried out with the help of 25 semi-trained panelists. Lactobacillus 

plantarum encapsulates have a white color, the color of each Lactobacillus plantarum encapsulate treatment 

tends to fluctuate. The addition of high levels of maltodextrin resulted in the encapsulate color of 

Lactobacillus plantarum increasing or being white and tending to be bright, this was due to the increasing 

number of total solids and white maltodextrin [42]. The color of Lactobacillus plantarum encapsulates is also 

influenced by the color of the skim milk used. The research results of [43] the encapsulation results of red 

peppers have a red color which comes from the red pepper raw materials used. This can also be interpreted as 

the encapsulation results of Lactobacillus plantarum are white, influenced by the color of the material used 

during encapsulation. 

Lactobacillus plantarum encapsulates tend not to have a typical banana aroma, this is because the 

concentration of the addition of KBF is not too high. Adding a low concentration of coating material can 

result in the aroma of the encapsulation still having a distinctive banana aroma because it cannot cover the 

strong characteristic aroma of kepok banana [39]. However, the addition of KBF also affects the resulting 

aroma. The small concentration of KBF in the Lactobacillus plantarum encapsulation means that the aroma 

produced cannot be seen significantly between treatments [44]. Overall, the encapsulate produced was as 

expected, namely, it did not have a typical banana aroma. 

Encapsulation of Lactobacillus plantarum with the addition of KBF using freeze drying can make 

the texture of the encapsulate less rough which is caused during the drying process carried out by freezing 

and low temperatures [45]. Lactobacillus plantarum encapsulates have a rough to non-coarse texture which 

can be caused by the uneven grinding of the encapsulates between treatments. Lactobacillus plantarum 

encapsulates produce a texture that is not rough due to the addition of maltodextrin which can interact with 

water so that it is able to maintain the texture of the Lactobacillus plantarum encapsulates [46]. 

Lactobacillus plantarum encapsulates have overall criteria that tend to fluctuate. However, with the 

addition of 8% the KBF had a high score and was liked by the panelists. The treatment with the highest score 

is the best treatment that can be received by the panelists [47]. Overall acceptance is an assessment of 

Lactobacillus plantarum encapsulates on color, aroma, and texture parameters. These results indicate that the 

ratio of KBF, coating material, and Lactobacillus plantarum at 8% KBF according to the expectations and 

criteria preferred by the panelists. 

 

 

 
 

Figure 5. Organoleptic of encapsulation KBF 

 

 

4. CONCLUSION 

This research shows the effect of adding KBF on Lactobacillus plantarum encapsulation. Our 

findings offer definitive evidence that this phenomenon at a KBF concentration of 8% is the best treatment 

with results in high LAB and resistant starch viability, low pH and yield values, non-grainy texture, white 

color, non-banana aroma, and overall very favorable levels. This change was caused by the addition of higher 

KBF concentrations. From the best treatment encapsulated Lactobacillus plantarum, research on synbiotic 

food can be continued because the addition of KBF can act as a prebiotic for Lactobacillus plantarum. 

 

 

ACKNOWLEDGEMENTS  

Author thanks to DIPA No. 4/UN7.F5/HK/III/2023 Faculty of Animal and Agricultural Sciences, 

Diponegoro University who gives sponsor and financial support. 

 



Int J Adv Appl Sci  ISSN: 2252-8814  

 

Microbiological and physics testing encapsulation of Lactobacillus plantarum … (Anang Mohamad Legowo) 

25 

REFERENCES 
[1] C. Sugianti, T. Imaizumi, M. Thammawong, M. Tsuta, M. Nagata, and K. Nakano, “Time–temperature tolerance of harvested 

green bananas exposed to high temperatures,” Sci. Hortic. (Amsterdam)., vol. 329, p. 112970, Apr. 2024, doi: 

10.1016/j.scienta.2024.112970. 

[2] A. Setiawan, L. R. Dianti, N. E. Mayangsari, D. R. Widiana, and D. Dermawan, “Removal of methylene blue using 
heterogeneous fenton process with Fe impregnated kepok banana (musa acuminate L.) peel activated carbon as catalyst,” Inorg. 

Chem. Commun., vol. 152, p. 110715, Jun. 2023, doi: 10.1016/j.inoche.2023.110715. 

[3] A. Campuzano, C. M. Rosell, and F. Cornejo, “Physicochemical and nutritional characteristics of banana flour during ripening,” 
Food Chem., vol. 256, pp. 11–17, Aug. 2018, doi: 10.1016/j.foodchem.2018.02.113. 

[4] Y. Cheng et al., “Investigate the composition and physicochemical properties attributes of banana starch and flour during 

ripening,” Carbohydr. Polym. Technol. Appl., vol. 7, p. 100446, Jun. 2024, doi: 10.1016/j.carpta.2024.100446. 
[5] C. V. Borges et al., “Nutritional value and antioxidant compounds during the ripening and after domestic cooking of bananas and 

plantains,” Food Res. Int., vol. 132, p. 109061, Jun. 2020, doi: 10.1016/j.foodres.2020.109061. 

[6] R. N. Arifah and A. Sofyan, “Effect of modified banana kepok (musa paradisiaca L.) starch substitution on resistant starch, 
protein, and water content in steamed brownies,” in The 7th Mechanical Engineering, Science and Technology International 

Conference, Basel Switzerland: MDPI, Mar. 2024, p. 24. doi: 10.3390/engproc2024063024. 

[7] U.S. Department of Agriculture, “Banana plantain strips, banana,” U.S. Department of Agriculture-Agricultural Research Service. 
Accessed: Jun. 03, 2024. [Online]. Available: https://fdc.nal.usda.gov/fdc-app.html#/food-details/2627618/nutrients 

[8] O. M. Rahmawati et al., “Effect of unripe banana flour as a functional feed ingredient on growth performance, internal organ 

relative weight and carcass traits of broilers,” Vet. Med. Sci., vol. 9, no. 2, pp. 851–859, Mar. 2023, doi: 10.1002/vms3.1070. 
[9] P. Powthong, B. Jantrapanukorn, P. Suntornthiticharoen, and K. Laohaphatanalert, “Study of prebiotic properties of selected 

banana species in Thailand,” J. Food Sci. Technol., vol. 57, no. 7, pp. 2490–2500, Jul. 2020, doi: 10.1007/s13197-020-04284-x. 
[10] K. Ardhian, I. D. P. Kartika, and A. S. Duniaji, “The viability of lactobacillus plantarum FNCC-0027 in apple juice (malus 

sylvestris mill) with different varieties (in Indonesian: Studi viabilitas lactobacillus plantarum FNCC-0027 pada sari buah apel 

(malus sylvestris mill) dengan varietas yang berbeda),” J. Ilmu dan Teknol. Pangan, vol. 8, no. 4, p. 440, Dec. 2019, doi: 
10.24843/itepa.2019.v08.i04.p10. 

[11] A. F. Massounga Bora, X. Li, Y. Zhu, and L. Du, “Improved viability of microencapsulated probiotics in a freeze-dried banana 

powder during storage and under simulated gastrointestinal tract,” Probiotics Antimicrob. Proteins, vol. 11, no. 4, pp. 1330–1339, 
Dec. 2019, doi: 10.1007/s12602-018-9464-1. 

[12] S. O. Oluwatosin, S. L. Tai, and M. A. Fagan-Endres, “Sucrose, maltodextrin and inulin efficacy as cryoprotectant, preservative 

and prebiotic – towards a freeze dried Lactobacillus plantarum topical probiotic,” Biotechnol. Reports, vol. 33, p. e00696, Mar. 
2022, doi: 10.1016/j.btre.2021.e00696. 

[13] T. Hongpattarakere and S. Uraipan, “Bifidogenic characteristic and protective effect of saba starch on survival of Lactobacillus 

plantarum CIF17AN2 during vacuum-drying and storage,” Carbohydr. Polym., vol. 117, pp. 255–261, Mar. 2015, doi: 
10.1016/j.carbpol.2014.09.065. 

[14] S. Jung and J.-H. Lee, “Characterization of transcriptional response of Lactobacillus plantarum under acidic conditions provides 

insight into bacterial adaptation in fermentative environments,” Sci. Rep., vol. 10, no. 1, p. 19203, Nov. 2020, doi: 
10.1038/s41598-020-76171-6. 

[15] A. Legowo, Y. Pramono, A. Hintono, B. E. Setiani, A. Nabila, and N. Handoko, “Inhibition of Maillard reaction of kepok banana 

flour with citric acid,” Indones. J. Agric. Res., vol. 7, no. 1, pp. 29–37, Mar. 2024, doi: 10.32734/injar.v7i1.15207. 
[16] W. Fan, J. Zhao, and Q. Li, “Effect of different food additives on the color protection of instant pumpkin flour,” Food Chem. 

Adv., vol. 3, p. 100413, Dec. 2023, doi: 10.1016/j.focha.2023.100413. 

[17] D. M. Sumanti, I. in Hanidah, I. L. Kayaputri, T. Rialita, E. Sukarminah, and R. A. P. Zakaria, “Microencapsulation of 
Lactobacillus acidophilus with freeze drying method and application to synbiotic beverage of banana corm stone,” Int. J. Adv. Sci. 

Eng. Inf. Technol., vol. 9, no. 2, pp. 532–537, Apr. 2019, doi: 10.18517/ijaseit.9.2.7903. 

[18] L. I. Machado Vasconcelos et al., “Functional fermented sausages incorporated with microencapsulated Lactobacillus plantarum 
BG 112 in Acrycoat S100,” LWT, vol. 148, p. 111596, Aug. 2021, doi: 10.1016/j.lwt.2021.111596. 

[19] K. S. Yoha, J. A. Moses, and C. Anandharamakrishnan, “Effect of encapsulation methods on the physicochemical properties and 

the stability of Lactobacillus plantarum (NCIM 2083) in synbiotic powders and in-vitro digestion conditions,” J. Food Eng., vol. 
283, p. 110033, Oct. 2020, doi: 10.1016/j.jfoodeng.2020.110033. 

[20] P. S. Kumar, A. Saravanan, N. Sheeba, and S. Uma, “Structural, functional characterization and physicochemical properties of 

green banana flour from dessert and plantain bananas (Musa spp.),” LWT, vol. 116, p. 108524, Dec. 2019, doi: 
10.1016/j.lwt.2019.108524. 

[21] L. Chang et al., “Structural, physicochemical, antioxidant and in vitro digestibility properties of banana flours from different 

banana varieties (musa spp.),” Food Biosci., vol. 47, p. 101624, Jun. 2022, doi: 10.1016/j.fbio.2022.101624. 
[22] N. Azizah and A. Sofyan, “The effect of modified kepok banana (musa acuminata × balbisiana) starch substitution on the fat, 

dietary fiber, and resistant starch content of product cookies,” in The 7th Mechanical Engineering, Science and Technology 

International Conference, Basel Switzerland: MDPI, Feb. 2024, p. 7. doi: 10.3390/engproc2024063007. 
[23] V. Y. Marinova, I. K. Rasheva, Y. K. Kizheva, Y. D. Dermenzhieva, and P. K. Hristova, “Microbiological quality of probiotic 

dietary supplements,” Biotechnol. Biotechnol. Equip., vol. 33, no. 1, pp. 834–841, Jan. 2019, doi: 

10.1080/13102818.2019.1621208. 
[24] A. Olivares, C. Soto, E. Caballero, and C. Altamirano, “Survival of microencapsulated Lactobacillus casei (prepared by vibration 

technology) in fruit juice during cold storage,” Electron. J. Biotechnol., vol. 42, pp. 42–48, Nov. 2019, doi: 

10.1016/j.ejbt.2019.10.002. 
[25] Y. Wang et al., “Metabolism characteristics of lactic acid bacteria and the expanding applications in food industry,” Front. 

Bioeng. Biotechnol., vol. 9, May 2021, doi: 10.3389/fbioe.2021.612285. 

[26] W. Y. Koh, X. X. Lim, T.-C. Tan, R. Kobun, and B. Rasti, “Encapsulated probiotics: potential techniques and coating materials 
for non-dairy food applications,” Appl. Sci., vol. 12, no. 19, p. 10005, Oct. 2022, doi: 10.3390/app121910005. 

[27] A. A. Khoozani, A. E.-D. A. Bekhit, and J. Birch, “Effects of different drying conditions on the starch content, thermal properties 

and some of the physicochemical parameters of whole green banana flour,” Int. J. Biol. Macromol., vol. 130, pp. 938–946, Jun. 
2019, doi: 10.1016/j.ijbiomac.2019.03.010. 

[28] M. Das, N. Rajan, P. Biswas, and R. Banerjee, “Dual enzyme treatment strategy for enhancing resistant starch content of green 

banana flour and in vitro evaluation of prebiotic effect,” LWT, vol. 160, p. 113267, Apr. 2022, doi: 10.1016/j.lwt.2022.113267. 

 



                ISSN: 2252-8814 

Int J Adv Appl Sci, Vol. 14, No. 1, March 2025: 19-27 

26 

[29] W. Sun et al., “Microencapsulation and application of probiotic bacteria Lactiplantibacillus plantarum 299v strain,” 

Microorganisms, vol. 11, no. 4, p. 947, Apr. 2023, doi: 10.3390/microorganisms11040947. 
[30] F. R. Eris, V. Y. Pamela, S. Kusumasari, M. R. Febriansah, and R. A. Riyanto, “Dextrose equivalent (DE) variation and 

maltodextrin concentration effects in yoghurt powder characteristics using foam-mat drying,” Indones. Food Sci. Technol. J., vol. 

7, no. 1, pp. 36–42, Dec. 2023, doi: 10.22437/ifstj.v7i1.30152. 
[31] U. Nwachukwu, U. George-Okafor, U. Ozoani, and N. Ojiagu, “Assessment of probiotic potentials of Lactobacillus plantarum CS 

and Micrococcus luteus CS from fermented milled corn-soybean waste-meal,” Sci. African, vol. 6, p. e00183, Nov. 2019, doi: 

10.1016/j.sciaf.2019.e00183. 
[32] W. Tee, R. Nazaruddin, Y. Tan, and M. Ayob, “Effects of encapsulation on the viability of potential probiotic Lactobacillus 

plantarum exposed to high acidity condition and presence of bile salts,” Food Sci. Technol. Int., vol. 20, no. 6, pp. 399–404, Sep. 

2014, doi: 10.1177/1082013213488775. 
[33] A. A. Mendonça, W. de P. Pinto-Neto, G. A. da Paixão, D. da S. Santos, M. A. De Morais, and R. B. De Souza, “Journey of the 

probiotic bacteria: survival of the fittest,” Microorganisms, vol. 11, no. 1, p. 95, Dec. 2022, doi: 

10.3390/microorganisms11010095. 
[34] I. Handayani and N. Aini, “Potential addition of lactobacillus casei and flour of ambon banana to inhibit pathogens at yogurt,” 

JITIPARI (Jurnal Ilm. Teknol. dan Ind. Pangan UNISRI), vol. 6, no. 2, pp. 1–13, Aug. 2021, doi: 10.33061/jitipari.v6i2.5008. 

[35] M. S. Maia, M. M. Domingos, and J. F. B. de São José, “Viability of probiotic microorganisms and the effect of their addition to 
fruit and vegetable juices,” Microorganisms, vol. 11, no. 5, p. 1335, May 2023, doi: 10.3390/microorganisms11051335. 

[36] S. Liu et al., “Evaluation and proteomic analysis of lead adsorption by lactic acid bacteria,” Int. J. Mol. Sci., vol. 20, no. 22, p. 

5540, Nov. 2019, doi: 10.3390/ijms20225540. 
[37] J. Baranauskaite Ortasöz, B. Üner, G. Duman, and Ç. Taş, “The microencapsulation of oregano extract by using different 

techniques: spray-drying and freeze-drying techniques and their in vitro characterization,” J. Res. Pharm., vol. 26(1), no. 26(1), 

pp. 1119–1128, 2021, doi: 10.29228/jrp.107. 
[38] T. H. Nguyen, J.-S. Kim, H.-J. Kwon, and C.-H. Kang, “The effect of a glutathione (GSH)-containing cryo-protectant on the 

viability of probiotic cells using a freeze-drying process,” Fermentation, vol. 9, no. 2, p. 187, Feb. 2023, doi: 
10.3390/fermentation9020187. 

[39] F. Shoaei, A. Heshmati, R. Mahjub, A. D. Garmakhany, and M. Taheri, “The assessment of microencapsulated Lactobacillus 

plantarum survivability in rose petal jam and the changes in physicochemical, textural and sensorial characteristics of the product 
during storage,” Sci. Rep., vol. 12, no. 1, p. 6200, Apr. 2022, doi: 10.1038/s41598-022-10224-w. 

[40] T.-T. Gao, J.-X. Liu, X. Gao, G.-Q. Zhang, and X.-Z. Tang, “Stability and digestive properties of a dual-protein emulsion system 

based on soy protein isolate and whey protein isolate,” Foods, vol. 12, no. 11, p. 2247, Jun. 2023, doi: 10.3390/foods12112247. 
[41] D. Ogrodowska, I. Z. Konopka, M. Tańska, W. Brandt, and B. Piłat, “Effect of maltodextrin replacement by selected native 

starches and disaccharides on physicochemical properties of pumpkin oil capsules prepared by spray-drying,” Appl. Sci., vol. 12, 

no. 1, p. 33, Dec. 2021, doi: 10.3390/app12010033. 
[42] T. Shadordizadeh, E. Mahdian, and M. A. Hesarinejad, “Application of encapsulated Indigofera tinctoria extract as a natural 

antioxidant and colorant in ice cream,” Food Sci. Nutr., vol. 11, no. 4, pp. 1940–1951, Apr. 2023, doi: 10.1002/fsn3.3228. 

[43] J. Vulić et al., “Bioavailability and bioactivity of encapsulated phenolics and carotenoids isolated from red pepper waste,” 
Molecules, vol. 24, no. 15, p. 2837, Aug. 2019, doi: 10.3390/molecules24152837. 

[44] A. Abdelazez, D. M. Mohamed, M. M. M. Refaey, and J. Niu, “Intervention effect of freeze-dried probiotic and unripe banana 

pulp combination on set-type bio-yogurt production during storage,” J. Food Meas. Charact., vol. 18, no. 4, pp. 2461–2478, Apr. 
2024, doi: 10.1007/s11694-023-02208-9. 

[45] D. Nowak and E. Jakubczyk, “The freeze-drying of foods—the characteristic of the process course and the effect of its parameters 

on the physical properties of food materials,” Foods, vol. 9, no. 10, p. 1488, Oct. 2020, doi: 10.3390/foods9101488. 
[46] U. S. Prabowo and P. Saraswati, “Effect of maltodextrin concentration and drying temperature on the characteristics of 

watermelon (Citrullus vulgaris S.) albedo instant drink enriched with telang flower (Clitorea ternatea) extract,” Anjoro Int. J. 

Agric. Bus., vol. 2, no. 2, pp. 50–57, Oct. 2021, doi: 10.31605/anjoro.v2i2.1058. 
[47] M. Dimopoulou, P. Vareltzis, S. Floros, O. Androutsos, A. Bargiota, and O. Gortzi, “Development of a functional acceptable 

diabetic and plant-based snack bar using mushroom (Coprinus comatus) powder,” Foods, vol. 12, no. 14, p. 2702, Jul. 2023, doi: 

10.3390/foods12142702. 

 

 

BIOGRAPHIES OF AUTHORS 

 

 

Anang Mohamad Legowo     is a professor in the Food Technology Department at 

Diponegoro University. He received his PhD in 1996. His research interests are food analysis 

and food engineering. He can be contacted at email: anangmohlegowo@lecturer.undip.ac.id. 

  

https://orcid.org/0000-0002-5457-1111
https://scholar.google.com/citations?hl=en&user=wKD_KCYAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=56094377300


Int J Adv Appl Sci  ISSN: 2252-8814  

 

Microbiological and physics testing encapsulation of Lactobacillus plantarum … (Anang Mohamad Legowo) 

27 

 

Yoyok Budi Pramono     is a lecturer in the Food Technology Department at 

Diponegoro University. He received his PhD in 2009. His research interests are microbiology 

and functional food. He can be contacted at email: yoyokbudipramono@lecturer.undip.ac.id. 

  

 

Antonius Hintono     is an associate professor in the Food Technology Department 

at Diponegoro University. He received his PhD in 2008. His research interests are agricultural 

product technology and food preservation technology. He can be contacted at email: 

antoniushintono@lecturer.undip.ac.id. 

  

 

Bhakti Etza Setiani     currently is a PhD student in Food Technology and 

Processing from Diponegoro University, Indonesia. She received her master's degree from the 

University of The Philippines at Los Banos in 2010. Her research interest includes food 

chemistry and nutrition. She can be contacted at email: bhaktietzasetiani@lecturer.undip.ac.id. 

  

 

Aulia Zalfa Nabila     currently is a Bachelor's Degree student in the Food 

Technology Department at Diponegoro University. Her research interest is food chemistry. 

She can be contacted at email: auliazalfan22@gmail.com. 

  

 

Nisfa Rama Kamila Handoko     currently is a Bachelor's Degree student in the 

Food Technology Department at Diponegoro University. Her research interest is food 

chemistry. She can be contacted at email: nisfakamila21@gmail.com. 

 

 

https://orcid.org/0000-0002-0550-545X
https://scholar.google.com/citations?hl=en&user=yHFTmP0AAAAJ
https://www.scopus.com/authid/detail.uri?authorId=56177694300
https://orcid.org/0000-0003-2721-7560
https://scholar.google.com/citations?hl=en&user=f5LP_zsAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=56232581900
https://orcid.org/0000-0002-0182-2714
https://scholar.google.com/citations?hl=en&user=bwBuXz4AAAAJ
https://www.scopus.com/authid/detail.uri?authorId=56414954900
https://orcid.org/0009-0007-0856-4053
https://orcid.org/0009-0000-5482-7124

