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Abstract 
This study aimed to develop a freeze-dried lactic acid bacteria (LAB) 
starter for coffee fermentation by optimizing incubation time and coating 
formulation. The research was conducted in two stages: determining the 
optimal incubation time for the liquid coffee starter and formulating the 
dry starter coating material. The liquid starter was prepared using coffee 
skin powder, glucose, peptone, and minerals, and inoculated with 
Lactobacillus plantarum, Weissella sp., and Leuconostoc mesenteroides. 
Incubation was performed at room temperature for 24, 28, 32, and 36 h. 
The optimal incubation time was found to be 32 h, resulting in a LAB 
viability of 4.2x1013 CFU/mL and a total acid content of 1.76%. The dry 
starter was prepared by encapsulating the liquid starter with various 
coating materials (gelatin and gum arabic) at different concentrations (5, 
6, and 7%) using the freeze-drying method. The formulation with 5% gum 
arabic best maintained cell viability at 46.77% over a 4-week storage 
period. Coffee fermentation using the dry starter showed improved 
organoleptic qualities, with the best results obtained after 48 h of 
fermentation. This study presents a sustainable approach to producing 
high-quality fermented coffee, such as Luwak coffee, without the use of 
animals. 
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1. Introduction 
Luwak coffee, whose unique natural fermentation process occurs inside the digestive 

system of the civet, is a high-quality coffee commodity with a unique flavor and aroma that 
differentiates it from other coffees (1–3). The distinctiveness of this process through the 
involvement of microorganisms in the digestive system creates a rich and complex 
maturation process for coffee cherries sought after by global coffee aficionados. However, 
with the growing global market demand, the employment of civets in producing Luwak 
coffee has been accompanied by several ethical and sustainability issues. The exploitation of 
civets for coffee production has the risk of interfering with natural ecology and violating 

Keywords 
Lactic Acid 
Bacteria, Starter, 
Freeze Dryer, 
Viability. 

Article History 
Received June 10, 2025 
Accepted November 25, 2025 
Published December 31, 2025 

https://doi.org/10.20956/canrea.v8i2.1928


 
 
 

 Canrea Journal: Food Technology, Nutritions, and Culinary, 2025; 8 (2): 415–424 

 

416 

animal rights, and alternatives that are more sustainable and environmentally friendly have 
been encouraged (2,4). 

Studies of coffee fermentation that do not involve civets are expanding to address 
these challenges. One prospective method is the use of lactic acid bacteria (LAB) starter 
cultures to mimic naturally occurring fermentation processes (5–8). Bacteria have been 
extensively recognized as useful for the fermentation of many food and beverage products 
and can synthesize volatile compounds responsible for aroma and sensory profiles and 
enhance the quality and safety of products (9,10). Although studies on the utilization of LAB 
starters in coffee fermentation have been extensively conducted, starter development in 
dry forms through the freeze-drying process remains relatively selective. Dry forms present 
distinct advantages in terms of stability, longer shelf life, easier transportation feasibility, 
and more realistic application than liquid starter forms (11,12).  

This study aimed to improve an efficient and stable production process and 
specifically investigate the method of encapsulation through freeze-drying and coating 
material variations. In-depth investigations into the optimal incubation time, shelf life of dry 
starters, and optimal formulation of coating materials will pave the way for the 
development of innovative and ethical coffee fermentation technologies. The results of this 
study are expected to provide a strong scientific foundation for producing coffee with 
characteristics similar to Luwak coffee but with more sustainable practices that support an 
ecologically and ethically responsible coffee industry. 
 

2. Materials and Methods 
2.1. Experimental material 

The materials used in this study are distilled water, aluminum foil, cling wrap, 
peptone, rice flour, gelatin, glucose, gum Arabic, maltodextrin, gauze, cotton, KH₂PO₄, 
coffee skin, Lactobacillus plantarum, Leuconostoc mesenteroides, Weissella Sp. (13), latex, 
MgSO₄, MRS Agar, MRS Broth, FeSO₄, NaCl, CaCO3. 

 
2.2. Determination of Optimum Incubation Time of Liquid Starter 

The first stage focused on identifying the optimal incubation time for LAB liquid 
starter. The coffee skin was prepared by drying and grinding it into a powder. A total of 1 kg 
of dried coffee skin that had been ground was used to prepare 1 liter of the liquid starter. 
The liquid starter was comprised of 2% coffee skin powder, 1% glucose, 1% peptone, and 5% 
minerals (0.5% MgSO4, 0.5% KH2PO4, and 0.01% FeSO4). This mixture was homogenized and 
sterilized before the addition of 1% of each type of LAB (Lactobacillus plantarum, Weissella 
sp., and Leuconostoc mesenteroides). Incubation was performed at room temperature at 
120 rpm for 24, 28, 32, and 36 h. LAB viability was measured using the Total Plate Count 
(TPC) method by taking 1 mL of liquid starter sample, performing a multilevel dilution, 
pouring the last three-level dilution results into a petri dish containing MRSB, and incubating 
for 48 h before counting the number of colonies. In addition, total acid was measured by 
titrating 4 mL of liquid starter sample that had been added with 100 mL of aquadest and 1% 
PP indicator using 0.1 N NaOH until it turned pink. The optimal incubation time obtained at 
this stage was used in the next stage of the study. Workflow for determination of optimum 
incubation time for a coffee skin–based LAB liquid starter can be seen in figure 1. 
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Figure 1. workflow for determination of optimum incubation time for a coffee skin–

based LAB liquid starter 
 

2.3. Preparation and Characterization of Encapsulated Dry Starter 

The second stage involved encapsulating the liquid LAB starter with various coating 
materials. The experimental design for this stage was a Completely Randomized Design with 
two factors: type of encapsulant (A) and concentration of the encapsulant (B). Factor A 
consisted of two levels: A1 (gelatin) and A2 (gum Arabic). Factor B consisted of three levels: 
B1 (5%), B2 (6%), and B3 (7%). The coating materials used were gelatin, gum Arabic, and 
maltodextrin. The dry starter formulation consisted of 1% liquid starter, 10% maltodextrin, 
various concentrations of gum Arabic and gelatin (5%, 6%, and 7%), 1% peptone, 1.5% 
glucose, and 5% minerals. All materials were homogenized and heated, and bacterial 
cultures were added at a ratio of 1:3. The encapsulation process was carried out using the 
freeze-drying method at -55 °C for 24 h. Water content testing was conducted using a 
moisture analyzer, and TPC testing was performed on the starter to assess cell viability 
during storage. 

 
2.4. Coffee Fermentation 

Red Arabica and Robusta coffee cherries were sorted, pulped, mixed, and fermented 
using a dry starter from the previous step, using a fully washed method. Fermentation 
lasted 48 h, with sampling every 12 h. The beans were then washed, dried, and evaluated 
for organoleptic quality using cupping tests. Coffee fermentation process using a dry starter 
can be seen in figure 2.  
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Figure 2. Coffee fermentation process using a dry starter 

 

3. Results and Discussion  

3.1. Liquid Starter LAB Viability Measurement 
Viability analysis was performed to test the ability of lactic acid bacteria to survive in a 

sample. This test can be related to the shelf life of products containing LAB, and the number 
of bacterial cells present in the sample during storage is known (14). The purpose of the LAB  
test was used to determine the best results from the variation of samples tested, which 
were indicated by the growth of bacterial colonies that met the standards. Viability testing 
was performed by the TPC (Total Plate Count) method. The results of viability tests of the 
liquid coffee starter with varying incubation times are shown in Table 1. 
 

Table 1. Viability testing results of LAB starter liquid coffee 
TPC method. 

Time (hours) Colony Count (CFU/mL) 

0 4.96 x 107 

24 3.8 х 109 

28 5.2 x 1010 

32 4.2 x 1013 

36 3.06 x 1012 

 
Based on the results of the calculation of LAB viability of lactic acid bacteria using the 

TPC method, there was an increase in viability of the starter after–incubation for 24-32 
hours. After an incubation time of 36 h, the viability of the starter decreased. At the peak of 
the incubation period, namely at 32 hours with 4.2 x 10¹³ CFU/mL of colonies, it is assumed 
to be the stationary period of the viability test. Therefore, the best time to use was chosen 
as, 32 h before the death period, which was 36 h.  

This decline marks the beginning of the death phase, which is characterized by a 
greater number of dead cells than living cells (15,16). Some factors that lead to a decrease in 
viability, such as environmental conditions, temperature, pH, and the amount of nutrients 
present in the starter, also affect LAB growth. Sugar molecules serve as microbial nutrients 
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and are converted into organic acid products. The longer it is, the greater the nutrients it 
contains will be decreased, so the viability of LAB will decrease as long as the fermentation 
takes a long time (14). In addition to nutrient availability, fermentation duration also affects 
LAB growth (17). 

 
3.2. Total Acid of Liquid Starter 

Total acid measurement is a crucial parameter in studies involving Lactic Acid Bacteria 
(LAB) because it directly reflects the metabolic activitiy of these microorganisms. LAB are 
widely known for their ability to ferment carbohydrates (sugars) into lactic acid and other 
organic acids, such as acetic acid (18). Therefore, an increase in total acid levels in a sample 
strongly indicates optimal LAB growth and activity. The total acid testing in this study was 
aimed at determining the effect of variations in the incubation time of the coffee liquid 
starter on the total acid produced. The results of the total acid measurements are shown in 
Figure 3. 

Figure 3. Total acid testing results of coffee liquid starter. 
 

Figure 3 shows the variation in incubation time (h) of the liquid coffee starter. For time 
0, the results were 1.42%, 24 hours obtained results of 1.665%, 28 hours obtained results of 
1.57%, 32 hours obtained results of 1.76%, and 36 hours obtained results of 1.665%. The 
total acid yield increased with an increase in incubation time. A decrease in the value was 
observed at an incubation time of 28 h. This could be caused by suboptimal environmental 
conditions and decreasing nutrients in the sample, so the total acid sample at 28 h also 
decreased. Total acid production in the 32-hour sample increased because the longer the 
fermentation time, the more LAB produced lactic acid from its metabolic process. At 36 h, 
the LAB in the liquid coffee starter experienced a period of death, which was marked by a 
decrease in the total acid value.  

 
3.3. Moisture Content of Dried Starter 

Moisture content was defined as the amount of water in the food. Moisture content 
determines the quality of food, especially during the shelf life, and is related to the activity 
of water in the material. The higher the water content of a material, the lower its shelf life 
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the material will have. In dry starter containing microbes such as LAB, the moisture content 
determines the stability level of the sample during storage. The moisture content of each 
sample is shown in Figure 4. 

 

Figure 4. Water content of dry starter with various coating materials. 
 

Based on the test results (Figure 4), the variations in the dry starter water content of 
the gelatin coating material with the use of 5% gelatin (A1B1), 6% gelatin (A1B2), and 7% 
gelatine (A1B3) were 7.53 %, 12.03 %, and 10.93%, respectively. While the results of the dry 
starter water content using variations of gum Arabic coating materials obtained the results, 
namely, the use of 5% gum Arabic (A2B1) was 5.60%; the use of 6% (A2B2) was 7.73%; the 
use of 7% (A2B3) was 6.37%. Based on the results of the analysis using variance (ANOVA), a 
significant value of (0.000), which means there was a significant difference (<0.05), and 
further testing (Duncan) was carried out, and the results showed that all results were 
significantly different between treatments. However, A1B1 and A2B2 showed results that 
were not significantly different between treatments.  

Moisture content testing dry lactic acid bacteria (LAB) starter cultures revealed 
significant variation, depending on the type and concentration of the coating material used, 
as shown in Figure 4. The use of gelatin as a coating material resulted in a higher water 
content than gum Arabic at the same concentration, except for A1B1 (7.53%) and A2B2 
(7.73%), which showed no significant difference. Gelatin has a reasonably high water 
absorption capacity therefore, the use of gelatine as a coating affects the water content of 
the dry starter (19). The water content of the starter affects bacterial activity during the 
fermentation process. The water content of a good dry starter range from 5-10% (20). The 
water content of dry cultures can affect product stability during storage. Low water activity 
causes bacterial cells to dehydrate, thereby inhibiting their growth (21,22). 
 

3.4. Viability of Dried LAB Starter 
Viability is a measure of the ability of the bacteria to survive. Microbial survival was 

measured using the TPC method. Viability measurements are used to determine the 
durability of a product containing microbial species so that it can be used to evaluate the 
quality of a product. The viability of a sample is influenced by several factors, such as the 
type of microbes used, environmental conditions, oxygen levels, and acidity levels in the 
sample. In a dry starter, viability measurement determines the shelf life of a dry starter with 
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a vulnerable time of 1 week for one month. The results of the LAB viability test are shown in 
Figure 5. 
 

Figure 5. Dry starter viability test results. 
 

Based on the average results of LAB viability measurements using the TPC method,  
6% gum Arabic (A2B2) showed the highest number of colonies in the first week, (7.551 log 
CFU/mL). In comparison, the highest number of colonies in the fourth week was observed in 
the starter culture using 5% gum Arabic (A2B1), which was 6.884 Log CFU/mL. Based on the 
results of the analysis using variance (ANOVA), a significance value (0.00) was obtained so 
that it had a significant effect between the treatments (<0.05), was obtained, which means 
that there are differences between the types of coating material concentrations during the 
storage period. Duncans test results showed that all treatments differed significantly 
between storage times and treatment variations. Based on the results of each variation in 
the coating concentration, the best result was obtained, that is, the concentration of 5% 
gum Arabic (A2B1). This is indicated by the viability of each week, which is experiencing a 
decrease that is not too far, therefore, the 5% gum Arabic coating material can protect LAB 
during storage. The requirement for a sufficient number of probiotic colonies for 
consumption or application is a minimum of 10⁶ CFU/g (23).  
 
3.5. Cupping Test  

Cupping tests of coffee fermented with a dry starter revealed differences in 
organoleptic quality based on the fermentation time (Table 2). At 0 h of fermentation, the 
coffee had a total score of 84.81. After 12 h of fermentation, the total score had decreased 
to 83.52. However, as fermentation time increased, the total score increased. At 24 h, the 
total score was 84.82, slightly higher than that at 0 h. The increase continued at 36 h with a 
total score of 85.38 and peaked at 48 h with a total score of 85.75. Specifically, the 
fragrance/aroma, flavor, and overall attributes showed an increase in value from 0 h to 48 
h, with maximum values of 8 at 36 and 48 h for fragrance/aroma and flavor and 8 at 48 h for 
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overall. Sweetness, uniformity, and clean cup attributes consistently received a perfect 
score of 10 across all samples (0, 12, 24, 36, and 48 h). 
 

Table 2. Cupping test results for coffee fermented using a dry starter. 

Parameters 
Time (hours) 

0 12 24 36 48 

Fragrance /aroma 8 7.94 7.94 8 8 
Flavor 8 7.87 7.94 8 8 
Aftertaste 7.75 7.63 7.69 7.69 7.94 
Acidity 7.62 7.44 7.69 7.88 7.88 
Sweetness 10 10 10 10 10 
Body 7.81 7.57 7.94 8 7.94 
Uniformity 10 10 10 10 10 
Balance 7.81 7.57 7.82 7.88 8 
Clean cup 10 10 10 10 10 
Overall 7.82 7.5 7.82 7.94 8 
Total score 84.81 83.52 84.82 85.38 85.75 

 
The results of the cupping tests indicated that fermentation time had a significant 

effect on the organoleptic quality of coffee. The lowering of the overall score for the 12-
hour-fermented sample may be caused by suboptimal microbial activity or an initial 
asymmetry in the compound profile. At the initial stage of pulp incubation with coffee 
cherries, the degradation of certain compounds is suspected, with the synthesis of 
undesirable compounds responsible for the suboptimal aroma and flavor of the final coffee. 
However, as the incubation time increased, particularly during and after 24 h of incubation, 
the overall organoleptic quality of the coffee improved and reached the best level after 48 h 
of incubation of the pulp with cherries. This manifests as higher scores for fragrance/aroma, 
flavor, and overall attributes. This coincides with the activity of lactic acid bacteria (LAB) 
responsible for fermentation the ability to synthesize volatile constituents responsible for 
the aroma and flavors of the final product, and improving overall quality (24,25). 

 

4. Conclusions 

This study successfully determined the optimal incubation time for a lactic acid 
bacteria (LAB) liquid starter and developed an LAB dry starter using a freeze-drying method 
with various coating materials. The best incubation time for the LAB liquid starter was 32 h, 
resulting in a total acid content of 1.76% and LAB viability of 4.2×1013 CFU/mL. The 
encapsulated LAB dry starter showed a shelf life of up to four months at freezing 
temperatures owing to its low water content. The best formulation for making a coffee LAB 
dry starter using the freeze-drying method was 5% gum arabic as a coating material. This 
formulation exhibited good bacterial viability during storage. The results of this study 
significantly contribute to providing a sustainable solution for fermented coffee production, 
especially Luwak coffee, by addressing the ethical and sustainability challenges. 
 

Acknowledgement 
This research was supported by the RIIM LPDP Grant and BRIN, grant number 

184/IV/KS/11/2023 and 04313/UN4.22/PT.01.03/2023, respectively. 
 



 
 
 

 Canrea Journal: Food Technology, Nutritions, and Culinary, 2025; 8 (2): 415–424 

 

423 

Author Contributions 
Conceptualization, A.B.T and V.A; methodology, Z.D.Z. and Z.Z; software, N.R.; 

validation, M.M. and I.; formal analysis, F., A.B.T, and M.M; investigation, F.; resources, V.A 
and A.R.R; data curation, A.B.T and All authors have read and agreed to the published 
version of the manuscript. 
 

Funding 
This research was supported by the RIIM LPDP Grant and BRIN, grant number 

184/IV/KS/11/2023 and 04313/UN4.22/PT.01.03/2023, respectively. 
 

Institutional Review Board Statement 
Not Applicable 

 

Data Availability Statement 
Available data are presented in the manuscript 

 

Conflicts of Interest 
Author declares no conflict of interest 

 
References 
1. Fitri, Tawali AB, Laga A. Luwak coffee in vitro fermentation : literature review. IOP 

Conf Ser Earth Environ Sci [Internet]. 2019;230(1):1-6. 
2. Muzaifa M, Hasni D, Rahmi F, Syarifudin. What is kopi luwak? A literature review on 

production, quality and problems. IOP Conf Ser Earth Environ Sci. 2019;365(1):1-8 . 
3. Yulia M, Ningtyas KR, Kuncoro S, Aurum FS, Suhandy D. A low-cost and eco-friendly 

approach for rapid discrimination between authentic and feeding Luwak arabica 
coffees. IOP Conf Ser Earth Environ Sci [Internet]. 2023;1172(1):1-7. 

4. Hooper J. Cat-Poo-Chino and Captive Wildlife: Tourist Perceptions of Balinese Kopi 
Luwak Agrotourism. Soc Anim [Internet]. 2022;32(3):229–49. 

5. Al-kubati A. Kopi Luwak Coffee. Alma Mater Stud di Bol. 2023, 1-11. 
6. Fauzi M, Subagio A, Restanto DP, Jayus J. Identification of lactic acid bacteria isolated 

from developed dried coffee starter culture used as a fermentation agent to produce 
Robusta civet coffee. Biodiversitas J Biol Divers [Internet]. 2023;24(7):3715-3722. 

7. Sibarani AEEB, Rahmawati R, Saputra F. Identification of Lactic Acid Bacteria From 
Pandan Civet Feces (P. hermaphroditus) in West Kalimantan Based on Phenotypic 
Similarity. J Biol Trop [Internet]. 2023 Sep 1;23(4 SE-Articles):37–49.  

8. Fevria R, Vauzia V, Putri DH, Achyar A, Putri SD, Edwin E. Isolation and Identification 
of Lactic Acid Bacteria Using PCR Gene from Tempe Wrapped with Banana Leaves and 
Plastic. Indones Food Sci Technol J [Internet]. 2024 Jul 29;7(2):127–32.  

9. Wang Y, Wu J, Lv M, Shao Z, Hungwe M, Wang J, et al. Metabolism Characteristics of 
Lactic Acid Bacteria and the Expanding Applications in Food Industry. Front Bioeng 
Biotechnol [Internet]. 2021;9:1-19. 

10. de Souza EL, de Oliveira KÁR, de Oliveira MEG. Influence of lactic acid bacteria 
metabolites on physical and chemical food properties. Curr Opin Food Sci [In. 
2023;49(100981) 



 
 
 

 Canrea Journal: Food Technology, Nutritions, and Culinary, 2025; 8 (2): 415–424 

 

424 

11. Obradović N, Volić M, Nedović V, Rakin M, Bugarski B. Microencapsulation of 
probiotic starter culture in protein–carbohydrate carriers using spray and freeze-
drying processes: Implementation in whey-based beverages. J Food Eng [Internet]. 
2022;321(110948):1-9. 

12. Tantratian S, Pradeamchai M. Select a protective agent for encapsulation of 
Lactobacillus plantarum. 2020;123 (109075): 1-12. 

13. Fitri F, Tawali AB, Laga A, Dwyana Z. Identification of lactic acid bacteria from luwak 
(Paradoxurus hermaphroditus) gastrointestinal tract. Int J Agric Biol [Internet]. 
2021;26(6):717–721. 

14. Pangestu AD, Kurniawan K, Supriyadi S. Pengaruh Variasi Suhu dan Lama 
Penyimpanan terhadap Viabilitas Bakteri Asam Laktat (BAL) dan Nilai pH Yoghurt. 
Borneo J Med Lab Technol. 2021;3(2):231–6.  

15. Hu C, He S, Lee YJ, He Y, Kong EM, Li H, et al. Live-dead assay on unlabeled cells using 
phase imaging with computational specificity. Nat Commun. 2022;13(1):713 

16. Paulander W, Varming AN, Bojer MS, Friberg C, Bæk K, Ingmer H. The agr quorum 
sensing system in Staphylococcus aureus cells mediates death of sub-population. 
BMC Res Notes. 2018;11(1):503. 

17. Yeboah PJ, Ibrahim SA, Krastonov A. A review of fermentation and the nutritional 
requirements for effective growth media for lactic acid bacteria. Food Sci Appl 
Biotechnol 2023,6(2): 1-26. 

18. Cahyanti AN, Novianto E, Sampurno A, Sudjatinah M, Wibowo CH. Viability of Lactic 
Acid Bacteria and Its Sugar Metabolism Capability in Fermentation Using Local Salak 
Extract. In: International Conference on Agricultural, Nutraceutical, And Food Science 
(ICANFS) 2022. 2022. p. 174–9.  

19. Aqila Fairuza T, Amertaningtyas D. The Effect of Gelatin on Water Holding Capacity, 
Water Activity, Water Content, and Randement of Chicken-Liver Meatball. BIO Web 
Conf. 2024;88:1-6. 

20. Maulina YAMMHPWMMA. Characteristics of Dry Starters of Indigenous Cocoa Aceh 
Bacteria Isolate. Gontor AGROTECH Sci J. 2019;(Vol 5, No 2 (2019): December 
2019):89–109. 

21. Chitrakar B, Zhang M, Adhikari B. Dehydrated foods: Are they microbiologically safe? 
Crit Rev Food Sci Nutr [Internet]. 2019 Sep 25;59(17):2734–45.  

22. Wang D, Zhang M, Ju R, Mujumdar AS, Yu D. Novel drying techniques for controlling 
microbial contamination in fresh food: A review. Dry Technol. 2023 Jan 23;41(2):172–
89.  

23. Binda S, Hill C, Johansen E, Obis D, Pot B, Sanders ME, et al. Criteria to Qualify 
Microorganisms as “Probiotic” in Foods and Dietary Supplements. Front Microbiol 
[2020;11:1-9. 

24. Wang C, Sun J, Lassabliere B, Yu B, Zhao F, Zhao F, et al. Potential of lactic acid 
bacteria to modulate coffee volatiles and effect of glucose supplementation: 
fermentation of green coffee beans and impact of coffee roasting. J Sci Food Agric 
[Internet]. 2019 Jan 15;99(1):409–20.  

25. Wu B, Liu J, Yang W, Zhang Q, Yang Z, Liu H, et al. Nutritional and flavor properties of 
grape juice as affected by fermentation with lactic acid bacteria. Int J Food Prop. 2021 
Jan 1;24(1):906–22.  


