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Abstract. Martani NS, Hanasia, Turnip ON, Halik H, Adnyana IGHE. 2025. Isolation and characterization of acetic acid bacteria from 
pineapple peel fermentation (Ananas comosus). Biodiversitas 26: 789-798. Pineapple (Ananas comosus) is rich in bioactive compounds 
and is often considered waste, especially its peel. The fermentation of pineapple peel can yield value-added goods, including probiotic 
drinks that promote digestive health. Acetic Acid Bacteria (AAB) are significant microorganisms in fermentation, converting ethanol 
into acetic acid, hence offering preservation advantages and probiotic qualities. This study aimed to isolate and characterize acetic acid 
bacteria from the fermentation of pineapple peel and evaluate its antibacterial properties. The fermentation occurred spontaneously 
without the use of a starting culture, utilizing three distinct formulas. On the third day of fermentation, the fermented liquid was 
extracted and characterized by 16S rRNA gene sequencing. The findings indicated that the identified AAB was Acetobacter fabarum 

strain 2567, exhibiting 97% homology. The antibacterial activity of A. fabarum filtrate at concentrations of 5-75% was tested against the 
pathogens Escherichia coli and Shigella dysenteriae using the disk diffusion method; however, no antibacterial activity was observed 
against either pathogen. The study underscores the need for further research to evaluate the antibacterial potential of A. fabarum against 
other pathogens using methods such as micro-dilution or well diffusion, highlighting the urgency of this line of investigation. 
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INTRODUCTION  

Microorganisms such as lactic acid bacteria (LAB), 

acetic acid bacteria (AAB), and yeasts like Saccharomyces 

cerevisiae play vital roles in the fermentation of foods like 

yogurt, vinegar, bread, and alcohol (Dimidi et al. 2019; 

Hussein et al. 2021). Fermentation improves flavor, texture, 

and nutrient availability, particularly proteins and vitamins, 
and lowers pathogen levels (Kårlund et al. 2020). 

Indigenous microorganisms (MOLs) derived from organic 

waste can act as bio-activators, enhancing efficiency and 

product quality in fermentation processes (Nurhayati and 

Ali 2024). 

Microbes also synthesize secondary metabolites with 

medicinal properties. For example, lactic acid produced 

during fermentation naturally preserves food by raising its 

pH, inhibiting harmful bacteria (Wang et al. 2021). 

Furthermore, studies reveal that the probiotic qualities of 

fermented goods like kefir, which are made from a mix of 

many microorganisms, help intestinal health (Saleem et al. 
2023). In agriculture, microorganisms are used to ferment 

soils and crops, enhancing quality. Liquid organic fertilizer 

created from decomposing bacteria improves soil fertility 

and expedites nitrification. Cheese whey and vegetable 

waste also serve as effective natural decomposers to 

improve organic fertilizer nutrients (Sirmacekic et al. 2022; 

Aguilar-Paredes et al. 2023). 

AABs, such as Acetobacter and Gluconobacter, are 

crucial in the food and beverage industry. They oxidize 

ethanol into acetic acid, offering probiotic benefits and 

contributing to vinegar production (Sirmacekic et al. 2022; 

Aguilar-Paredes et al. 2023). AABs also convert alcohols 
and carbohydrates into organic acids, aldehydes, and 

ketones through oxidative fermentation (He et al. 2022), 

producing acetic acid, bacterial cellulose, and gluconic 

acid-useful in food and medicine industries (Heydorn et al. 

2023). In kombucha, AABs and yeast ferment sugar into 

ethanol, later oxidized into acetic acid, giving the beverage 

its tangy flavor (Lee et al. 2024). AAB also preserves food 

by preventing harmful microbial growth (Hata et al. 2023). 

Pineapple, a tropical fruit with a unique sweet and sour 

taste, is rich in vitamin C, dietary fiber, and bromelain, 

offering significant health benefits (Tayo and Akpeji 2016). 

Pineapple peels, often discarded, contain micronutrients 
like vitamins (A, B, B1, B2, B6, B12, and C), calcium, 

potassium, phosphorus, and antioxidants such as alkaloids, 

phenolics, tannins, saponins, and flavonoids (Madhumeena 

et al. 2021; Owoeye et al. 2022). Bromelain, present in 

pineapple peel, has anti-inflammatory properties and 

accelerates wound healing (Ramli and Munir 2023). 

Moreover, pineapple peel extract has demonstrated 
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significant antibacterial activity against methicillin-resistant 

(Staphylococcus aureus (MRSA)) providing a reassuring 

safety profile at a Minimum Inhibitory Concentration 

(MIC) of 50% and a Minimum Bactericidal Concentration 

(MBC) of 100% (Husniah and Soleha 2023). 

In recent years, research on fermented products has 

revealed that they can inhibit pathogenic microorganism 

growth by forming symbiotic relationships with 

Saccharomyces cerevisiae, Lactic Acid Bacteria (LAB), 

and Acetic Acid Bacteria (AAB) (De Vuyst and Leroy 
2007). In many countries, fermented foods and beverages 

are an integral part of the cultural heritage, including 

kimchi (Korea), sake (Japan), kombucha (China), yogurt 

(Middle East), tempeh (Indonesia), and tepache (Mexico) 

(Tamang et al. 2020). 

Here, researchers are interested in the fermented drink 

tepache, which exploits pineapple peel as the primary raw 

material. Through the fermentation process, such as the 

production of tepache, pineapple peel can be transformed 

into a probiotic drink that supports digestive health (Rivera 

et al. 2023). The compound composition of this drink is 
reported to be predominantly composed of polyphenols, 

gallic acid, ferulic acid, anthocyanins, and saponins 

(Robledo-Márquez et al. 2021). The microbial diversity 

analysis revealed that the microbial community consisted 

mostly of bacteria of the genera Lactobacillus, Leuconostoc, 

Acetobacter, and Lactococcus. It was also dominated by 

fungi of the genera Saccharomyces, Gibberella, Candida, 

Zygosaccharomyces, Meyerozyma, Talaromyces, Epicoccum, 

and Kabatiella. These findings indicate the existence of a 

complex microbial ecosystem in tepache, with potential 

implications for fermentation processes and product quality 
(Gutiérrez-Sarmiento et al. 2022). This research aimed to 

isolate and identify acetic acid bacteria in pineapple peel 

based on the 16S rRNA gene sequence. This approach 

could provide insights into the utilization of pineapple peel, 

a by-product often considered waste. Ultimately, this 

research could lead to the creation of innovative products 

that not only promote human health but also reduce food 

waste. 

MATERIALS AND METHODS  

Preparation of pineapple peel fermentation 

The pineapples were obtained from the Basarang 

pineapple plantation, Basarang Sub-district, Kapuas District, 

Central Kalimantan, Indonesia. These were not just any 

pineapples but fully ripe, free from rot, and orange-yellow, 

ensuring the use of only the highest quality ingredients. 

The pineapple peel fermentation was prepared with 3 

formulations, as shown in (Table 1). The ratio used was 3:1 

(Sukriadi et al. 2022). The fermentation process was 

conducted in a controlled environment to ensure optimal 

conditions for microbial activity. The pineapple fruit was 

first washed under running water. Afterward, the peel and 

flesh were separated. The pineapple peel was then cut into 

small pieces and weighed until it reached a mass of 150 g. 

The peel was then transferred to the fermentation container, 

and water was added until the peel was fully submerged. 

Spices such as ginger, cloves, and cinnamon were added to 

enhance the aroma. The mixture was then incubated for 

three days under anaerobic conditions. 

Isolation and identification of bacteria 

The procedure of bacterial isolation, as described by 
Ramadhanti et al. (2021), was adapted with certain 

modifications to accommodate the experimental setup. On 

the 3rd day of the fermentation process, a sample of the 

pineapple peel fermentation liquid was collected. Next, 1 

mL of pineapple peel liquid was put into a tube containing 

9 mL of MRS Broth, which was then incubated for 24 

hours at a temperature of 37°C (corresponding to a dilution 

of 10-1). After this, 1 mL of the 10-1 dilution was transferred 

into another tube containing 9 mL of MRS Broth. This 

process was repeated until the dilution reached 10-6. The 

10-6 dilution was then utilized as inoculum using the scatter 
method on a petri dish containing MRS agar, followed by 

incubation for 24 hours at 37°C. Following this incubation, 

the presence of single colonies that were round, smooth, and 

white was observed. These colonies were then transferred 

to a new medium for purification using the scratch method. 

The purified isolates were stored in MRS agar slants and 

MRS Broth. The identification of bacterial species was 

carried out through biochemical tests and PCR amplification 

using 16S rRNA primers. The PCR products were then 

analyzed by sequencing and compared with sequences in 

the database to determine the closest match. 

Biochemical properties test 

The biochemical tests performed refer to the research 

by (Najah and Manalu 2023) with modifications, which 

include Gram staining, catalase test, sugar fermentation 

test, citrate test, Sulfide Indole Motility (SIM) test, and 

Methyl Red-Voges Proskauer (MR-VP) test. To test the 

type of fermentation, the bacterial isolate was put into 5 

mL of MRS Broth; then, the Durham tube was set upside 

down. The mixture was incubated for 24 hours at 37°C. 

The presence of air bubbles in the Durham tube was observed 

as an indicator of fermentation (Saryono et al. 2023). 
 
 
 
Table 1. Pineapple peel fermentation formulation 
 

Formulation 1 Formulation 2 Formulation 3 

Pineapple peel 150 g Pineapple peel 150 g Pineapple peel 150 g 
Brown sugar 50 g Granulated sugar 50 g Wild honey 50 mL 
Boiled water 500 mL Boiled water 500 mL Boiled water 500 mL 
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DNA extraction 

Pure bacterial colonies were cultured in deMan, Rogosa, 

and Sharpe Broth (MRSB) at 37°C for 24 hours. Genomic 

DNA was then extracted using the Geneid Kit (Geneaid 

Biotech Ltd.). A total of 200 μL of bacterial colonies was 

transferred into a microcentrifuge tube containing 200 μL 

of Phosphate Buffered Saline (PBS), followed by the 

addition of 20 μL of Proteinase K. The mixture was 

homogenized and incubated at 60°C for 5 minutes. Next, 

200 μL of GSB Buffer was added, followed by vortexing 
and further incubation at the same temperature for 2 minutes. 

Absolute ethanol (96%) was then added, and the mixture 

was vortexed for 10 seconds. The mixture was transferred 

into a spin column and centrifuged at 14,000 × g for 1 

minute.  

The collection tube under the spin column was 

discarded and replaced with a new one. Subsequently, 400 

μL of buffer W1 was added, and the tube was centrifuged 

for 30 seconds at the same speed. The liquid in the 

collection tube was discarded. Then, 600 μL of wash buffer 

was added, and the tube was centrifuged for 30 seconds. 
The liquid in the collection tube was discarded, and the 

tube was centrifuged again for 3 minutes. The collection 

tube was discarded, and a sterile microcentrifuge tube was 

placed under the spin column. Finally, 100 μL of elution 

buffer was added, and the tube was allowed to stand for 3 

minutes. The mixture was centrifuged at the same speed for 

30 seconds. The resulting liquid, containing the DNA, was 

collected in the microcentrifuge tube and stored at -40°C 

for use as a PCR template. 

Molecular identification using 16S rRNA 

The 16S rRNA gene was amplified using the primers 

63F: 5'-CAG GCC TAA CAC ATG CAA GTC-3' and 

1387R: 5'-GGG CGG WGT GTA CAA GGC-3', with an 

expected product size of 1,500 base pairs (bp). The 

amplification process followed this protocol: an initial 

denaturation at 94°C for 2 minutes, followed by 

denaturation at 94°C for 30 seconds, primer annealing at 

55°C for 30 seconds, extension at 72°C for 1.5 minutes for 

30 cycles, and a final extension at 72°C for 10 minutes. 

The reaction was then stored at 12°C for 30 minutes. 

Following amplification, the PCR products were subjected 

to electrophoresis on a 2% (w/v) agarose gel in 0.5X TBE 

buffer (100 g of Tris base, 27.5 g boric acid, pH 8, and 20 
mL 0.5 M EDTA). The gel was stained with 1 μL of 

ethidium bromide (0.2 μg/mL) and visualized under UV 

light. Finally, the amplified 16S rRNA gene from the 

isolates was analyzed for sequencing. 

Sequencing analysis  

The PCR results were sequenced by using the Genetic 

Analyzer (Applied Biosystems), and the resulting data were 

subsequently analyzed by using the Bio Edit Sequence 

Alignment Editor software, version 5.0.9. The results were 

then compared with the 16S rRNA sequence of GenBank 

data (http://www.ncbi.nlm.nih.gov) using BLASTn (Basic 
Local Alignment Search Tools for Nucleotide) software by 

referring to the closest strains. Analysis of the closest 

kinship was done based on phylogenetic trees using MEGA 

11.0.13 with 1000 bootstrap repetitions. Phylogenetic analysis 

shows the closeness of evolutionary relationships between 

sequenced samples and specific strains accessible in the 

GenBank database. 

Antibacterial activity test 

The antibacterial test was conducted using the disc 

diffusion method with four repetitions, following the 

procedure outlined by Saryono et al. (2023) with some 

modifications. Initially, bacterial isolates were obtained and 

dissolved in 5 mL of sterile distilled water. Paper discs 
were then immersed in the bacterial isolate solution for 15 

minutes. A second paper disc was immersed in 5 mL of 

sterile distilled water as a control. Pathogenic bacteria, 

Escherichia coli, and Shigella dysenteriae were each 

prepared by dissolving 3-4 colonies in 5 mL of sterile 

distilled water and homogenizing the solution. Next, 0.1 

mL of the pathogenic bacteria solution was inoculated onto 

the surface of MHA media using the spread plate method, 

and the plates were left undisturbed for 5 minutes. The 

paper discs that had been soaked with bacterial isolates 

from pineapple peel fermentation were then placed on the 
surface of the media and incubated for 24 hours at 37°C. 

Ciprofloxacin, a well-established antibacterial agent, was 

used as a positive control, and the presence of an inhibition 

zone around the discs indicated the potential of the isolates 

to produce antibacterial compounds.  

RESULTS AND DISCUSSION 

Fermentation of pineapple peel 

The microbial communities involved in pineapple peel 

fermentation have been the subject of extensive investigation. 
Recent studies exhibited that the fermentation process 

involved a diverse range of bacteria and fungi, contributing 

to the unique flavor profile of fermented pineapple peel 

(Omorotionmwan et al. 2019; Luo et al. 2023, 2024; 

Sukirah et al. 2023). Prior research has identified technical 

parameters, including temperature, pH, and fermentation 

time, that must be monitored and controlled during the 

fermentation process (Mengesha et al. 2022). By regulating 

these parameters, the fermentation process can be better 

managed to create an optimal environment for the growth 

of probiotic bacteria and can also help prevent spoilage 
(Rahayu et al. 2021). This study examined the spontaneous 

fermentation of pineapple peel without the addition of a 

starter. The findings confirmed the significance of setting 

the fermentation time, which enabled the growth of 

probiotic bacteria, particularly the genus Lactobacillus. As 

elucidated by Kim et al. (2020), lactic acid bacteria were 

present at the outset of fermentation (24 hours), yeast was 

present after 48 hours, and acetic acid bacteria were present 

after 72 hours of fermentation. These distinct stages of 

microbial presence during fermentation play a crucial role 

in the development of flavor and texture in the final 

product (Wang et al. 2016) 
The results of pineapple peel fermentation on day 3 

demonstrated that the surface of the solution exhibited 

foam or small bubbles (Figure 1). This denotes that the 
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fermentation process has been successfully completed. In 

addition, the pH decreased from pH 5 (on day 0 or when 

fermentation started) to pH 3 (on day 3). The reduced pH 

indicates the production of organic acids such as lactic acid 

and acetic acid during the anaerobic fermentation metabolism 

of microorganisms. This result aligns with the findings of a 

prior study, demonstrating the pH reduction of the 

pineapple peel fermentation reaching 3.3 after 72 hours of 

fermentation (Gutiérrez-Sarmiento et al. 2022). This acidic 

environment is essential for killing harmful bacteria and 
encouraging beneficial microorganisms to grow  (Arcari et 

al. 2020). Furthermore, the declined pH and the presence of 

bubbles or gas in fermented beverages (Zhao et al. 2020) 

have been identified as indicative of successful fermentation. 

Additionally, changes in aroma and flavor profiles during 

fermentation can also serve as markers of successful 

fermentation (Zang et al. 2020).  

The organoleptic test also revealed a thicker liquid 

consistency and a pleasant acidic aroma typical of 

fermentation rather than a foul odor and sour taste. Acetic 

acid compounds yielded by the fermentation products 
contributed to the strong and intense sour aroma. In 

addition, the activity of ethyl acetate compounds produced 

a pleasant sour aroma, like the smell of fruit with a sweet 

touch (Li et al. 2022). Overall, the combination of acetic 

acid and ethyl acetate compounds resulted in a well-

balanced and appealing aroma profile for the fermented 

product. Nevertheless, prolonged fermentation of pineapple 

peel is not recommended as it may result in an unpleasant 

flavor (Gutiérrez-Sarmiento et al. 2022). Besides, it can 

reduce product quality and nutritional value and may cause 

the formation of harmful compounds (Peralta et al. 2008). 
Some other volatile compounds, such as esters, aldehydes, 

ketones, and lactones, can also be present during the 

fermentation process to provide unique characteristics, 

especially by enriching the flavor and aroma profile of the 

fermented product (Bortoleto and Gomes 2022). However, 

excess acid or alcohol can give a very sharp and unpleasant 

taste or odor, thereby reducing the organoleptic quality of 

the fermented product. Unpleasant flavors in fermented 

products are often caused by microbial contamination and 

uncontrolled fermentation conditions (Chen et al. 2024). 

It's important to consider the makeup of the ingredients, 

temperature, pH level, fermentation time, and choice of 

starter culture to avoid creating unwanted flavors or 

spoiling the taste of the product (Tian et al. 2023; Casas-

Rodríguez et al. 2024). 

Pineapple skin fermentation has been widely recognized 

as a traditional Mexican beverage known as tepache. 

Studies show that tepache has bacteria like Lactobacillus 

casei, Lactiplantibacillus pentosus, and Lacticaseibacillus 

paracasei. These bacteria can boost the immune system, 

help the body fight infections, support gut health by 
keeping harmful bacteria in check, and help balance the 

microbiome (Ligenza et al. 2021). In addition, tepache is 

rich in peptides and organic acids, which have the potential 

to lower blood pressure, normalize blood sugar levels, and 

have antioxidant and anti-inflammatory properties (Hartini 

et al. 2024). 

Macroscopic and microscopic morphology of bacteria 

isolated from pineapple peel fermentation  

The bacterial density isolated from the pineapple peel 

fermentation was 127 × 106 CFU/mL for formulation 1.267 

× 106 CFU/mL for formulation 2, and >300 CFU/mL for 
formulation 3 (Figure 2).  
 

 
 

  
 
Figure 1. A. Pineapple (Ananas comosus L. Mer); B. Fermentation 
product 

 
 
 

   
 

Figure 2. Bacterial isolates isolated from pineapple peel fermentation. A. Formulation 1; B. Formulation 2; C. Formulation 3  

A B 

A B C 
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The colonies that grew on MRS agar for formulation 1 

consisted of two types of colonies; for formulation 2, there 

were five types of colonies, and for formulation 3, there 

were two types of colonies. Overall, there were five types 

of colonies with distinct characteristics, which were 

subsequently labeled as N1, N2, N3, N4, and N5. The 

cultural characteristics (colony) of the isolated strains are 

described and presented in Table 2. N1, N2, and N4 were 

circular, while N3 and N5 were irregular. The size of the 

isolated samples varied as small, medium, and large. The 
isolates exhibited colony colors such as white and translucent 

white. The isolates showed various types of elevation, 

including convex, flat, raised, and umbonate. The surface 

of these isolates was smooth, moist, glossy, and oily. 

Similar results were reported by Kowser et al. (2015), who 

found that the colonies were small, medium, and large, 

white or pale white, circular and irregular in shape, with 

convex, flat, umbonate surfaces and smooth or wrinkled 

edges. 

Of the five types of colonies, only the N2 isolate 

showed bacterial cells during Gram staining. The N4 
isolate did not exhibit growth during reculturing, while the 

other three colonies displayed an oval shape resembling 

fungal cells. According to a study by Zhao and Yun (2016), 

acetic acid bacteria colonies are typically round, convex, or 

raised with smooth edges and white to cream in color. 

Biochemical tests were then performed only on the colonies 

that exhibited bacterial characteristics, and the results are 

shown in Table 3. 

The morphological characteristics and staining of 

isolate N2 are presented in Figure 3. The isolate showed 

gram-negative staining with a pink color, short rod-shaped, 
with a single and paired cell arrangement. Similar results 

were also obtained by (Kowser et al. 2015) and (Zhao and 

Yun 2016), who found that acetic acid bacteria are gram-

negative rods morphologically. 

Isolate N2 ferments glucose without producing gas, 

showing positive results for the catalase test, methyl red 

test, and motility, as well as negative results for VP and 

indole tests. Isolate N2 from formulations 1, 2, and 3 tested 

indicates that it is an acetic acid bacterium. One of the 

acetic acid bacteria identified in the study by (Alisigwe et 

al. 2022) exhibited similar characteristics, with rod-shaped 

bacterial cells, Gram-negative, catalase-positive, non-gas 
producing, non-H₂S producing, and indole-negative. Similar 

findings were also reported by (Kowser et al. 2015), where 

acetic acid bacterial isolates were capable of fermenting 

glucose and showed positive results for methyl red and 

negative results for Voges-Proskauer.  
 
 
 

 
 
Figure 3. Gram staining results of isolate N2 

 

 
Table 2. Macroscopic identification of acetic acid bacteria isolates 
 

Isolate 
Colony morphology 

Color Shape Size Margin Elevation 

N1 White Circular Large Entire Flat 

N2 White Circular Medium Entire Convex 
N3 White (transparent) Irregular Small Undulate Flat 
N4 White Circular Small Entire Flat 
N5 White Irregular Large Undulate Umbonate 

 
 
Table 3. Results of biochemical tests 

 

Formulation Gram staining 
Biochemical test results 

Catalase TSIA test Citrate test SIM test MR test VP test Fermentation type 

Formulation 1 Gram-negative, rod-
shaped 

+ Acid; no gas - H2S: - 
Indole: - 
Motility:+ 

+ - Homofermentative 

Formulation 2 Gram-negative, rod-

shaped 

+ Acid; no gas - H2S: - 

Indole: - 
Motility: + 

+ - Homofermentative 

Formulation 3 Gram-negative, rod-
shaped 

+ Acid; no gas - H2S: - 
Indole: - 
Motility: + 

+ - Homofermentative 

Notes: (+): positive; (-): negative 
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According to the study by Safari et al. (2019), there is a 

simple method to distinguish between lactic acid bacteria 

from the genus Lactobacillus and acetic acid bacteria from 

the genus Acetobacter, which is through Gram staining and 

catalase testing. Lactobacillus bacteria are generally rod-

shaped, Gram-positive, and do not contain the catalase 

enzyme. In contrast, Acetobacter has short rod-shaped cells, 

is Gram-negative, and contains the catalase enzyme, which 

allows these bacteria to break down hydrogen peroxide. 

The N2 isolate also showed a homofermentative fermentation 
type. According to Kouamé (2015), acetic acid bacteria, 

especially from the genus Acetobacter, are homofermentative. 

This characteristic is shown by the absence of bubbles in 

the Durham tube. 

16S rRNA gene sequencing for the molecular 

identification of isolates 

As shown in Figure 4, the amplification products of the 

16S rRNA gene sequencing were confirmed by the 

appearance of a PCR product fragment with a size of 1500 

bp. Using the primer combination of 63F and 1387R, the 

sizes of the products obtained were as expected. Based on 
sequencing results with Bioedit Sequence Alignment Editor 

software (version 7.0.5.1), the N2 isolate obtained from 

fermented pineapple peel was identified as the acetic acid 

bacterial strain Acetobacter fabarum 2567, with a similarity 

percentage of 93% and an access number of MT611597.1 

in GenBank. The sequencing results confirmed the presence 

of this particular strain in the fermented pineapple peel 

sample. 
 
 

 
 1 

1500 bp 

 
 
Figure 4. Amplification products of the 16S rRNA gene with 

primers of 63F and 1387R 
 

16S rRNA gene sequence analysis 

Acetobacter fabarum 2567, identified in pineapple peel 

fermentation samples in this study, was aligned and 
analyzed in a single phylogenetic tree with other acetic acid 

bacteria. A phylogenetic analysis was conducted using MEGA 

v11.0.13 software with the neighbour-joining method. With 

a bootstrap support value of 95, the phylogenetic analysis 

(Figure 5) shows that A. fabarum 2567 was very similar to 

A. fabarum R-36330. It suggests that these two strains are 

highly similar. Other A. fabarum strains closely related to 

this strain were A. fabarum LMG 24244 and A. fabarum 

DH1801. These strains collectively form a single cluster 

with a bootstrap support value of 89. It denotes that all A. 

fabarum strains are in the same kinship group. A. fabarum 

2567 is on a separate branch from other Acetobacter species, 

such as Acetobacter lovaniensis, Acetobacter ghanensis, 

Acetobacter syzygii, and so on. The strains are distributed 

across different clusters with varying bootstrap support 
values. This suggests that A. fabarum strains have a distinct 

genetic relationship compared to other Acetobacter species.  

Acetobacter is a genus of Gram-negative bacteria with a 

coccoid rod shape, 0.8 μm wide and 1.2-3.0 μm long. These 

bacteria are found in fermentation processes that result in 

products such as vinegar (Chen 2021). Acetobacter is 

known for its ability to oxidize ethanol into acetic acid, 

which is a critical component in vinegar production (Gomes 

et al. 2018). A. fabarum has been isolated from kefir 

products (Kim et al. 2020) and tin, mulberry, apple, and 

plum fruit vinegar (Sengun et al. 2022), which contribute to 
the flavor and aroma of fruit vinegar (Zhang et al. 2023) 

and may also play a role in the fermentation process. 

Furthermore, A. fabarum has been demonstrated to possess 

probiotic characteristics, indicating its potential for 

utilization in the food industry to enhance flavor profiles 

and gut health (Kim et al. 2020; El-Askri et al. 2022). A. 

fabarum is an acetic acid-producing bacterium first 

identified in 2008. It was isolated from fermented cocoa 

bean pods in Ghana (Cleenwerck et al. 2008). This bacterium 

is known for its ability to yield acetic acid, which contributes 

to the unique flavor profile of fermented foods (Tovar et al. 
2020).  

Antibacterial activity analysis 

In this study, the isolate N2, which was confirmed as A. 

fabarum, did not show antibacterial activity at concentrations 

of 5%, 10%, 20%, 30%, 40%, 50%, and 75% against E. 

coli and S. dysenteriae. These results are shown in Figure 

6. The results of this study do not meet expectations, 

especially when compared to previous research (Kim et al. 

2020) which showed that A. fabarum strain DH1801, 

isolated from Korean kefir, exhibited antibacterial activity 

against seven foodborne pathogens, namely B. cereus, S. 

aureus, L. monocytogenes, C. sakazakii, S. enteritidis, E. 
coli enterotoxigenic, and S. flexneri. Other species from the 

genus Acetobacter, such as A. pasteurianus, have also been 

reported to show antibacterial activity against non-

pathogenic E. coli and S. mutans (Safari et al. 2019).  

Additionally, two other acetic acid bacteria, A. indonesiensis 

and A. syzygii, isolated from 27 Iranian traditional yogurts 

and curd, demonstrated antibacterial activity against various 

pathogens, including E. coli (0157), S. typhimurium, S. 

aureus, B. cereus, L. monocytogenes, K. pneumoniae, S. 

flexneri, P. aeruginosa, C. albicans, S. marcescens, E. 

faecalis, S. saprophyticus, and S. mutans (Haghshenas et al. 
2015). 

 
 

1500 bp 
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Figure 5. The phylogenetic relationship of A. fabarum 2567 based on the 16S rRNA gene sequence. The phylogenetic tree was analyzed 
with MEGA software, version 11.0.13, using the neighbor-joining method 
 

 
 

  
 
Figure 6. Results of antibacterial activity test of isolate N2 against 
A. S. dysenteriae and; B. E. coli  

 

 

These findings suggest that A. fabarum DH1801 has the 

potential to be used as a natural antimicrobial agent in food 

preservation and safety. In addition, this study revealed that 

the bactericidal activity of A. fabarum DH1801 may be due 

to the production of organic acids and bacteriocins. Acetic 

acid bacteria have been utilized in the production of 
numerous antimicrobial agents and have the remarkable 

ability to synthesize various organic acids, such as acetic 

acid, gluconic acid, and ascorbic acid precursors, through 

oxidative fermentation (Hata et al. 2023). Research has 

exposed the antimicrobial potential of AAB strains, including 

A. cerevisiae and A. pasteurianus, which have been shown 

to exhibit strong antibacterial activity against pathogens 

such as S. aureus (Kim et al. 2023). Another recent study 
has reported that A. tropicalis produced bacteriocin against 

B. cereus (Nagarathinam and Sundharam 2017). 

The results of studies on Drosophila melanogaster Meigen 

1830 demonstrated that A. fabarum had the potential to 

extend the lifespan of mice by influencing the aging 

pathways, including the glucagon signaling pathway and 

cysteine and methionine metabolism. This discovery, while 

promising, underscores the need for further research to 

fully understand the mechanisms underlying these effects 

and their potential implications for human health. 

Methionine, an essential amino acid for humans, plays a 

crucial role in this process. The body cannot produce it, and 
it must be obtained from food. Its functions include a role 

as a precursor for cysteine synthesis. Cysteine, made from 

methionine, serves as a precursor to glutathione, an 

antioxidant compound that plays a crucial role in protecting 

cells from potential damage caused by oxidative stress 

(Matthews et al. 2020). 

The study indicates that by modulating these pathways,  

A. fabarum may have the potential to enhance overall 

health and longevity in mammals. Still, further research is 

needed to fully understand the mechanisms underlying 

these effects and their potential implications for human 
health. Further, it has been demonstrated that fermented 

A B 
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products containing A. fabarum can also suppress the 

expression of beta-amyloid-related proteins, including 

BACE (Beta-secretase), γ-secretase, and APP (Amyloid 

Precursor Protein) enzymes, which are regarded as a primary 

cause of Alzheimer's disease (Tyliszczak et al. 2023). The 

discoveries suggest that A. fabarum strains have the 

potential to be new starters, natural food preservatives, and 

probiotic agents. 

The spontaneous fermentation process is often not well 

controlled, so it does not always extract all the active 
compounds to the maximum. Alternatively, further research 

could try using a controlled fermentation process by adding 

starter cultures such as L. plantarum, L. rhamnosus and A. 

oryzae. Studies show that the addition of starter cultures to 

pineapple skin fermentation can increase the release of 

phenolic compounds. This compound is associated with 

increased antioxidant and anti-inflammatory activity 

(Ortega-Hernández et al. 2023). The use of A. niger in the 

fermentation process can release tannin compounds that 

can be hydrolyzed and condensed, which have antioxidant 

properties (Casas-Rodríguez et al. 2024). In addition, 
fermentation with A. niger can also increase protein content 

and improve the nutritional value of pineapple skin (Victor 

et al. 2016). 

Although the antibacterial activity of A. fabarum has 

not been widely reported, it is hoped that future research 

will conduct antibacterial activity testing using the micro-

dilution method in broth or the good diffusion method. The 

micro-dilution method measures bacterial growth inhibition 

by examining the Optical Density (OD) of bacterial cultures. 

This OD value can be determined using a spectrophotometer. 

A decrease in OD value after antibacterial treatment 
indicates a higher antimicrobial activity of the test filtrate 

(Safari et al. 2019; Kim et al. 2020). 

In conclusion, the acetic acid bacteria isolated from 

pineapple peel fermentation are rod-shaped, Gram-negative, 

catalase-positive, and homofermentative. Phylogenetic 

analysis, based on 16S rRNA sequencing, showed that the 

bacterial isolate was identified as A. fabarum 2567. 

Although A. fabarum strain isolated from pineapple peel 

fermentation does not show antibacterial activity, the 

presence of A. fabarum is still valuable in vinegar production. 

The antibacterial potential of pineapple skin can be utilized 

in other ways, such as the use of starter cultures to make 
the fermentation process more controlled and to test 

antibacterial activity; other methods can be used, such as 

the micro-dilution method in broth or the well-diffusion 

method.  

ACKNOWLEDGEMENTS 

The authors thank the Institute for Research and 

Community Service of Universitas Palangka Raya, Palangka 

Raya, Indonesia for providing financial support for this 

research project. We are also indebted to the Hasanuddin 

University Medical Research Centre, Makassar, Indonesia 

for their invaluable contribution to the molecular examination 
of this research. 

REFERENCES 

Aguilar-Paredes A, Valdés G, Araneda N, Valdebenito E, Hansen F, Nuti 

M. 2023. Microbial community in the composting process and its 

positive impact on the soil biota in sustainable agriculture. Agronomy 

13 (2): 542. DOI: 10.3390/agronomy13020542. 

Alisigwe CV, Njoku GC, Iloanusi DU, Uchendu JC, Aririguzo PC. 2022. 

Study about acetic acid bacteria isolated from some selected waste 

protein source. J Adv Microbiol 2: 22-28. DOI: 

10.9734/jamb/2022/v22i530460. 

Arcari T, Feger M.L, Guerreiro DN, Wu J, O’byrne CP. 2020. 

Comparative review of the responses of Listeria monocytogenes and 

Escherichia coli to low pH stress. Genes 11 (11): 1330. DOI: 

10.3390/genes11111330. 

Bortoleto GG, and Gomes WPC. 2022. Monitoring of organic volatile 

compounds in craft beers during fermentative process. J Microbiol 

Biotechnol Food Sci 11: e4761-e4761. DOI: 10.55251/jmbfs.4761. 

Casas-Rodríguez AD, Ascacio-Valdés JA, Dávila-Medina MD, Medina-

Morales MA, Londoño-Hernández L, Sepúlveda L. 2024. Evaluation 

of solid-state fermentation conditions from pineapple peel waste for 

release of bioactive compounds by Aspergillus niger spp. Appl 

Microbiol 4 (2): 934-947. DOI: 10.3390/applmicrobiol4020063. 

Chen L, Liu R, Wu M, Ge Q, Yu H. 2024. A review on aroma-active 

compounds derived from branched-chain amino acid in fermented meat 

products: Flavor contribution, formation pathways, and enhancement 

strategies. Trend Food Sci 145: 104371. DOI: 10.1016/j.tifs.2024.104371. 

Chen P. 2021. Chapter 24 - Lactic Acid Bacteria in Fermented Food. In: 

Dhanasekaran D, Sankaranarayanan A (eds). Advances in Probiotics. 

Academic Press, Cambridge. DOI: 10.1016/B978-0-12-822909-

5.00024-1. 

Cleenwerck I, Gonzalez Á, Camu N, Engelbeen K, De Vos P, De Vuyst L. 

2008. Acetobacter fabarum sp. nov., an acetic acid bacterium from a 

Ghanaian cocoa bean heap fermentation. Intl J Syst Evol Microbiol 

58: 2180-2185. DOI: 10.1099/ijs.0.65778-0. 

De Vuyst L, Leroy F. 2007. Bacteriocins from lactic acid bacteria: 

Production, purification, and food applications. J Mol Biotechnol 13: 

194-199. DOI: 10.1159/000104752.  

Dimidi E, Cox SR, Rossi M, Whelan K. 2019. Fermented foods: 

Definitions and characteristics, impact on the gut microbiota and 

effects on gastrointestinal health and disease. Nutrients 11 (8): 1806. 

DOI: 10.3390/nu11081806. 

El-Askri T, Yatim M, Sehli Y, Rahou A, Belhaj A, Castro R, Durán-

Guerrero E, Hafidi M, Zouhair R. 2022. Screening and characterization 

of new Acetobacter fabarum and Acetobacter pasteurianus strains 

with high ethanol-thermo tolerance and the optimization of acetic acid 

production. Microorganisms 10 (9): 1741. DOI: 

10.3390/microorganisms10091741. 

Gomes RJ, Borges MF, Rosa MF, Castro-Gómez RJH, Spinosa WA. 

2018. Acetic acid bacteria in the food industry: Systematics, 

characteristics and applications. Food Technol Biotechnol 56: 139-

151. DOI: 10.17113/ftb.56.02.18.5593. 

Gutiérrez-Sarmiento W, Peña-Ocaña BA, Lam-Gutiérrez A, Guzmán-

Albores JM, Jasso-Chávez R, Ruíz-Valdiviezo VM. 2022. Microbial 

community structure, physicochemical characteristics and predictive 

functionalities of the Mexican tepache fermented beverage. Microbiol 

Res 260: 127045. DOI: 10.1016/j.micres.2022.127045. 

Haghshenas B, Nami Y, Abdullah N, Radiah D, Rosli R, Khosroushahi 

AY. 2015. Anticancer impacts of potentially probiotic acetic acid 

bacteria isolated from traditional dairy microbiota. LWT Food Sci 

Technol  60: 690-697. DOI: 10.1016/j.lwt.2014.09.058. 

Hartini S, Cahyanti MN, Kusumahastuti DKA, Susilowati IT, Mahardika 

YMA. 2024. Antioxidant profile in pineapple peel fermentation by 

Lactobacillus plantarum and Lactobacillus casei. Jurnal Penelitian 

Pendidikan IPA 10: 2065-2072. DOI: 10.29303/jppipa.v10i4.7546. 

Hata NNY, Surek M, Sartori D, Serrato RV, Spinosa WA. 2023. Role of 

acetic acid bacteria in food and beverages. Food Technol Biotechnol 

61: 85-103. DOI: 10.17113/ftb.61.01.23.7811. 

He Y, Xie Z, Zhang H, Liebl W, Toyama H, Chen F. 2022. Oxidative 

fermentation of acetic acid bacteria and its products. Front Microbiol 

13: 879246. DOI: 10.3389/fmicb.2022.879246. 

Heydorn R L, Lammers D, Gottschling M, Dohnt K. 2023. Effect of food 

industry by-products on bacterial cellulose production and its structural 

properties. Cellulose 30 (7): 4159-4179. DOI: 10.1007/s10570-023-

05097-9 



MARTANI et al. – Isolation and characterization of acetic acid bacteria from fermented pineapple peel 

 

797 

Husniah I, Soleha TU. 2023. Antibacterial activity of honey pineapple 

peel extract (Ananas comosus [L] Merr.) against Methicillin-resistant 

Staphylococcus aureus. Warmadewa Med J 8: 16-22. DOI: 

10.22225/wmj.8.1.5918.16-22.  

Hussein ZEH, Silva JM, Alves ES, Castro MC, Ferreira CSR, Chaves 

MLC, Bruni AR da S, Santos OO. 2021. Technological advances in 

probiotic stability in yogurt: A review. Res Soc Dev 10 (12): 

e449101220646-e449101220646. DOI: 10.33448/rsd-v10i12.20646. 

Kårlund A, Gómez-Gallego C, Korhonen J, Palo-Oja OM, El-Nezami H, 

Kolehmainen M. 2020. Harnessing microbes for sustainable 

development: Food fermentation as a tool for improving the 

nutritional quality of alternative protein sources. Nutrients 12: 1020. 

DOI: 10.3390/nu12041020. 

Kim DH, Kim H, Seo KH. 2020. Microbial composition of Korean kefir 

and antimicrobial activity of Acetobacter fabarum DH1801. J Food 

Saf 40 (1): e12728. DOI: 10.1111/jfs.12728. 

Kim SH, Jeong WS, Kim SY, Yeo SH. 2023. Quality and functional 

characterization of acetic acid bacteria isolated from farm-produced 

fruit vinegars. Fermentation 9: 447. DOI: 10.3390/fermentation9050447. 

Kouamé ML. 2015. Cocoa fermentation from Agnéby-Tiassa: Biochemical 

study of microflora. Am J Biosci 3: 203. DOI: 

10.11648/j.ajbio.20150306.12. 

Kowser J, Aziz MG, Uddin MB. 2015. Give to AgEcon search isolation 

and characterization of Acetobacter aceti from rotten papaya. J 

Bangladesh Agril Univ 13: 299-306.  

Lee DH, Kim SH, Lee CY, Jo HW, Lee WH, Kim EH, Choi BK, Huh CK. 

2024. Screening of acetic acid bacteria isolated from various sources 

for use in kombucha production. Fermentation 10 (1): 18. DOI: 

10.3390/fermentation10010018. 

Li S, Tian Y, Sun M, Liu J, Bai Y, Liu X, Guo Y. 2022. Characterization 

of key aroma compounds in fermented bamboo shoots using gas 

chromatography-olfactometry-mass spectrometry, odor activity values, 

and aroma recombination experiments. Foods 11: 2106. DOI: 

10.3390/foods11142106. 

Ligenza A, Jakubczyk K, Kochman J, Janda K. 2021. Health-promoting 

potential and microbial composition of fermented drink tepache. 

Medycyna Ogólna i Nauki o Zdrowiu 27: 272-276. DOI: 

10.26444/monz/138713. 

Luo J, Xiao S, Suo H, Wang B, Cai Y, Wang J. 2024. Dynamics of 

nutrients, sensory quality and microbial communities and their 

interactions during co-fermentation of pineapple by-products and 

whey protein. Food Chem X (22): 101254. DOI: 

10.1016/j.fochx.2024.101254. 

Luo J, Xiao S, Wang J, Wang B, Cai Y, Hu W. 2023. The metabolite 

profiling and microbial community dynamics during pineapple by-

product fermentation using co-inoculation of lactic acid bacteria and 

yeast. Fermentation 9 (2): 79. DOI: 10.3390/fermentation9020079. 

Madhumeena S, Preetha R, Prasad S. 2021. Effective utilization of 

pineapple waste. J Phys Conf Ser 1979 (1): 012001. DOI: 

10.1088/1742-6596/1979/1/012001. 

Matthews MK, Wilcox H, Hughes R, Veloz M, Hammer A, Banks B, 

Walters A, Schneider KJ, Sexton CE, Chaston JM, Johnson KN. 

2020. Genetic influences of the microbiota on the life span of 

Drosophila melanogaster. Appl Environ Microbiol 86 (10): e00305-

20. DOI: 10.1128/AEM.00305-20. 

Mengesha Y, Tebeje A, Tilahun B. 2022. A review on factors influencing 

the fermentation process of teff (Eragrostis teff) and other cereal-

based Ethiopian injera. Intl J Food Sci 2022 (1): 4419955. DOI: 

10.1155/2022/4419955. 

Nagarathinam A, Sundharam SP. 2017. Antimicrobial activity and 

characterization of bacteriocin of Acetobacter tropicalis S3O1: A 

novel methionine producing bacteria isolated from sago industrial 

waste. Intl J Curr Microbiol Appl Sci 6: 813-819. DOI: 

10.20546/ijcmas.2017.612.086. 

Najah N, Manalu K. 2023. Karakteristik dan potensi Bakteri Asam Laktat 

(BAL) pada makanan khas melayu (Tempoyak) sebagai agensi 

probiotik. BEST J (Biol Edu Sains Technol) 6 (2): 331-337. 

[Indonesian] 

Nurhayati RD, Ali M. 2024. Effects of the addition of local 

Microorganism Bioactivators (MOLs) to tomato waste and EM4 on 

the composite quality of market waste with coffee waste source. J La 

Lifesci 5 (5): 443-453. DOI: 10.37899/journallalifesci.v5i5.1575 

Omorotionmwan FO-O, Ogwu HI, Ogwu MC. 2019. Antibacterial 

characteristics and bacteria composition of pineapple (Ananas 

comosus Merr.) peel and pulp. Food and Health 5: 1-11. DOI: 

10.3153/fh19001. 

Ortega-Hernández E, Martinez-Alvarado L, Acosta-Estrada BA, Antunes-

Ricardo M. 2023. Solid-state fermented pineapple peel: A novel food 

ingredient with antioxidant and anti-inflammatory properties. Foods 

12 (22): 4162. DOI: 10.3390/foods12224162. 

Owoeye TF, Akinlabu DK, Ajayi OO, Afolalu SA, Popoola JO, Ajani 

OO. 2022. Phytochemical constituents and proximate analysis of dry 

pineapple peels. IOP Conf Ser: Earth Environ Sci 993 (1): 012027. 

DOI: 10.1088/1755-1315/993/1/012027. 

Peralta EM, Hatate H, Kawabe D, Kuwahara R, Wakamatsu S, Yuki T, 

Murata H. 2008. Improving antioxidant activity and nutritional 

components of Philippine salt-fermented shrimp paste through 

prolonged fermentation. Food Chem 111 (1): 72-77. DOI: 

10.1016/j.foodchem.2008.03.042. 

Rahayu W, Albaar N, Muhamad Saleh ER. 2021. Pembuatan minuman 

probiotik berbasis kulit nanas bogor menggunakan Lactobacillus 

casei dengan lama fermentasi yang berbeda. Jurnal Agribisnis 

Perikanan 14 (1): 172-183. DOI: 10.29239/j.agrikan.14.1.172-183. 

[Indonesian] 

Ramadhanti N, Melia S, Hellyward J, Purwati E. 2021. Characteristics of 

lactic acid bacteria isolated from palm sugar from West Sumatra, 

Indonesia and their potential as a probiotic. Biodiversitas 22 (5): 

2610-2616. DOI: 10.13057/biodiv/d220520. 

Ramli ANM, Munir N. 2023. Enzymatic analysis and characterization of 

bromelain from two varieties of pineapple (Ananas comosus) fruit and 

stem extracts. Curr Sci Technol 2: 13-19. DOI: 10.15282/cst.v2i2.9289. 

Rivera AMP, Toro CR, Londoño L, Bolivar G, Ascacio JA, Aguilar CN. 

2023. Bioprocessing of pineapple waste biomass for sustainable 

production of bioactive compounds with high antioxidant activity. J 

Food Measurement Charac 17 (1): 586-606. DOI: 10.1007/s11694-

022-01627-4. 

Robledo-Márquez K, Ramírez V, González-Córdova AF, Ramírez-Rodríguez 

Y, García-Ortega L, Trujillo J. 2021. Research opportunities: 

Traditional fermented beverages in Mexico. Cultural, microbiological, 

chemical, and functional aspects. Food Res Intl 147: 110482. DOI: 

10.1016/j.foodres.2021.110482. 

Safari MS, Keyhanfar M, Shafiei R. 2019. Investigating the antibacterial 

effects of some Lactobacillus, Bifidobacterium and Acetobacter 

strains killed by different methods on Streptococcus mutans and 

Escherichia coli. Mol Biol Res Commun 8: 103-111. DOI: 

10.22099/mbrc.2019.33582.1399. 

Saleem K, Ikram A, Saeed F, Afzaal M, Ateeq H, Hussain M, Raza A, 

Rasheed A, Asghar A, Asif Shah M. 2023. Nutritional and functional 

properties of kefir: Review. Intl J Food Prop 26 (2): 3261-3274. DOI: 

10.1080/10942912.2023.2280437. 

Saryono, Ismawati, Pratiwi NW, Devi S, Sipayung MY, Suraya N. 2023. 

Isolation and identification of lactic acid bacteria from traditional 

food sarobuong of Kuantan Singingi District, Riau, Indonesia. 

Biodiversitas 24 (4): 2201-2206. DOI: 10.13057/biodiv/d240432. 

Sengun IY, Kilic G, Charoenyingcharoen P, Yukphan P, Yamada Y. 

2022. Investigation of the microbiota associated with traditionally 

produced fruit vinegars with focus on acetic acid bacteria and lactic 

acid bacteria. Food Biosci 47: 101636. DOI: 10.1016/j.fbio.2022.101636. 

Sirmacekic E, Atilgan A, Rolbiecki R, Jagosz B, Rolbiecki S, Gokdogan 

O, Niemiec M, Kocięcka J. 2022. Possibilities of using whey wastes 

in Agriculture: Case of Turkey. Energies 15 (24): 9636. DOI: 

10.3390/en15249636. 

Sukirah AR, Suhaimi M, Uswatun HZ, Koh SP, Shukor MYA. 2023. 

Local pineapple waste as potential bio-ingredient. Food Res 6 (3): 35-

44. DOI: 10.26656/fr.2017.6(s3).002. 

Sukriadi HE, Rustomo WT, Astiana R. 2022. Tepache kulit nanas. Jurnal 

Pariwisata Indonesia 18: 28-37. DOI: 10.53691/jpi.v18i1.267. 

[Indonesian] 

Tamang JP, Cotter PD, Endo A, Han NS, Kort R, Liu SQ, Mayo B, 

Westerik N, Hutkins R. 2020. Fermented foods in a global age: East 

meets west. Comprehensive Rev Food Sci Food Saf 19 (1): 184-217. 

DOI: 10.1111/1541-4337.12520. 

Tayo BA, Akpeji S. 2016. Probiotic viability, physicochemical and 

sensory properties of probiotic pineapple juice. Fermentation 2 (4): 

20. DOI: 10.3390/fermentation2040020. 

Tian H, Xiong J, Yu H, Chen C, Lou X. 2023. Flavor optimization in 

dairy fermentation: From strain screening and metabolic diversity to 

aroma regulation. Trend Food Sci Technol 141: 104194. DOI: 

10.1016/j.tifs.2023.104194. 

Tovar MDL, Tibasosa G, González CM, Ballestas AK, Lopez- Hernandez 

MDP, Rodríguez VF. 2020. Isolation and identification of microbial 

species found in cocoa fermentation as microbial starter culture 



 BIODIVERSITAS  26 (2): 789-798, February 2025 

 

798 

candidates for cocoa bean fermentation in Colombia. Pelita Perkebunan 

36: 236-248. DOI: 10.22302/iccri.jur.pelitaperkebunan.v36i3.443. 

Tyliszczak M, Wiatrak B, Danielewski M, Szeląg A, Kucharska AZ, 

Sozański T. 2023. Does a pickle a day keep Alzheimer's away? 

Fermented food in Alzheimer's disease: A review. Exp Gerontol 184: 

112332. DOI: 10.1016/j.exger.2023.112332. 

Victor A, Titilayo FO, Daniel F. 2016. Solid state fermentation and 

bioconversion of ripe and unripe pineapple peels using Aspergillus 

niger. Intl J Sci World 4: 48-51. DOI: 10.14419/ijsw.v4i2.6435. 

Wang Y, Wu J, Lv M, Shao Z, Hungwe M, Wang J, Bai X, Xie J, Wang 

Y, Geng W. 2021. Metabolism characteristics of Lactic Acid Bacteria 

and the expanding applications in food industry. Front Bioeng 

Biotechnol 9: 612285. DOI: 10.3389/fbioe.2021.612285. 

Wang ZM, Lu ZM, Shi JS, Xu ZH. 2016. Exploring flavour-producing 

core microbiota in multispecies solid-state fermentation of traditional 

Chinese vinegar. Sci Rep 6 (1): 26818. DOI: 10.1038/srep26818. 

Zang J, Xu Y, Xia W, Regenstein JM, Yu D, Yang F, Jiang Q. 2020. 

Correlations between microbiota succession and flavor formation 

during fermentation of Chinese low-salt fermented common carp 

(Cyprinus carpio L.) inoculated with mixed starter cultures. Food 

Microbiol 90: 103487. DOI: 10.1016/j.fm.2020.103487. 

Zhang K, Zhang TT, Guo RR, Ye Q, Zhao HL, Huang XH. 2023. The 

regulation of key flavor of traditional fermented food by microbial 

metabolism: A review. Food Chem X (19): 1-12. DOI: 

10.1016/j.fochx.2023.100871 

Zhao C, Su W, Mu Y, Jiang L, Mu Y. 2020. Correlations between 

microbiota with physicochemical properties and volatile flavor 

components in black glutinous rice wine fermentation. Food Res Intl 

138: 109800. DOI: 10.1016/j.foodres.2020.109800. 

Zhao H, Yun J. 2016. Isolation, identification and fermentation conditions 

of highly acetoin-producing acetic acid bacterium from Liangzhou 

fumigated vinegar in China. Annals Microbiol 66: 279-288. DOI: 

10.1007/s13213-015-1106-1. 
 


