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ABSTRACT 

 

Lactic acid bacteria (LAB) are a diverse group of Gram-positive, non-sporulating, microaerophilic bacteria that play a 

central role in the fermentation of foods. This study investigated the isolation and characterization of lactic acid 

bacteria associated with sauerkraut fermentation. Fresh cabbage samples were fermented under controlled 

conditions, and microbial analyses were conducted throughout the fermentation period. Results showed a progressive 

increase in lactic acid bacteria counts from 1.0 × 10⁴ CFU/ml at the initial stage to 2.0 × 10⁶ CFU/ml by day 14, indicating 

the typical dominance of LAB during fermentation. Concurrently, total bacterial and coliform counts declined rapidly, 

demonstrating the inhibitory effects of acid production and reduced pH on non-acid-tolerant microorganisms. Three 

major LAB species were identified based on morphological, cultural, and biochemical characteristics; Lactobacillus 

plantarum, Pediococcus pentosus, and Aerococcus viridans. All isolates exhibited acid tolerance, confirming their 

ability to survive and proliferate under acidic fermentation conditions. Antibiotic susceptibility testing revealed varying 

resistance patterns among the isolates, with general sensitivity to chloramphenicol and amoxicillin but resistance to 

several other antibiotics, consistent with intrinsic resistance traits commonly reported in LAB. The findings confirm 

that lactic acid bacteria play a central role in sauerkraut fermentation by producing organic acids that lower pH, inhibit 

spoilage and pathogenic microorganisms, and enhance product safety. The study also highlighted the potential 

importance of locally isolated LAB strains in developing starter cultures for controlled fermentation. From this study, 

it can be concluded that LAB dominate sauerkraut fermentation through acid production, microbial inhibition and 

adaptation to acidic conditions, thereby contributing to product safety, preservation and quality. 
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INTRODUCTION 
 
Fermentation is one of the oldest food preservation 
techniques known to humanity and has been widely 
applied to enhance food safety, nutritional quality, flavor, 
and shelf life (Niyigaba et al., 2025). Among fermented 
vegetable products, sauerkraut a fermented cabbage 
product remains one of the most extensively studied due 
to its simple production process and rich microbial 
ecology (Liu et al., 2023). The fermentation of sauerkraut 
occurs naturally through the metabolic activities of lactic 
acid bacteria (LAB) present on raw cabbage leaves, 
without the need for starter cultures. This natural 
fermentation process promotes the growth of beneficial 
microorganisms while suppressing spoilage and 
pathogenic organisms (Wang et al., 2024). 

Sauerkraut is traditionally produced by 
shredding fresh cabbage and fermenting it with a low 
concentration of salt, usually between 2–3% (Gaudioso 
et al., 2022). This method has been practiced for 
centuries, particularly in Europe and North Eastern 
China, where it served as a major dietary component 
during periods when fresh vegetables were scarce. 
Proper fermentation preserves the nutritional quality of 
cabbage while improving its sensory attributes such as 
flavor, texture, and aroma (Kalam and Ahmad, 2020; 
Gaudioso et al., 2022). The acidic environment created 
during fermentation ensures product stability and 
extends shelf life (Wang et al., 2024). 

The fermentation process is driven primarily by 
lactic acid bacteria, which dominate the microbial 
population under favorable conditions (Kalam and 
Ahmad, 2020). Although the microbial composition may 
vary during the early stages of fermentation, factors such 
as salt concentration, temperature, and anaerobic 
conditions favor the growth of LAB as the dominant 
microorganisms (Tlais et al., 2022). Species such as 
Leuconostoc, Lactobacillus, and Pediococcus play key 
roles in the fermentation process. Initially, 
heterofermentative species such as Leuconostoc initiate 
acid production, followed by homofermentative species 
such as Lactobacillus plantarum, which further lower the 
pH and stabilize the product (Kalam and Ahmad, 2020; 
Fevria and Hartanto, 2020). 

Sauerkraut is widely recognized as a functional 
food due to its high probiotic content and health-
promoting properties (Fijan et al., 2024). The 
fermentation process also increases the bioavailability of 
nutrients, making sauerkraut nutritionally superior to raw 
cabbage. Its simple composition primarily cabbage and 
salt make it an affordable and accessible source of 
beneficial microorganisms (Gaudioso et al., 2022). 

Lactic acid bacteria are responsible for the 
production of several bioactive compounds, including 
organic acids, bacteriocins, vitamins, and flavor 
compounds (Abdul-Hakim et al., 2023; Wang et al., 
2024). These metabolites contribute significantly to the 
sensory qualities, safety, and nutritional value of 
sauerkraut. The accumulation of lactic acid inhibits the 

growth of spoilage and pathogenic microorganisms, 
thereby enhancing food safety and prolonging shelf life. 
In addition, LAB exhibit probiotic properties that support 
gut health, improve digestion, and contribute to immune 
function (Kalam, 2019; Satria, 2022). 

Lactic acid bacteria have broad applications in 
food technology, agriculture, and medicine. They are 
Gram-positive microorganisms commonly used as 
starter cultures due to their ability to ferment 
carbohydrates and produce antimicrobial compounds 
(Wang et al., 2024; Akpoghelie et al., 2025). In vegetable 
fermentation, LAB significantly influence flavor, texture, 
nutritional quality, and microbial stability. However, 
variations in fermentation conditions, particularly in low-
salt or salt-free fermentations, can affect microbial 
succession and product quality. In such cases, improper 
microbial balance may lead to excessive turbidity, 
undesirable flavors, or fermentation failure (Wang et al., 
2024). 

Sauerkraut fermentation is a classic example of 
malolactic fermentation involving shredded cabbage 
(Brassica oleracea var. capitata) and sodium chloride 
under anaerobic conditions for approximately 14-21 
days. This process allows LAB to dominate and convert 
sugars into lactic acid, producing the characteristic sour 
taste and extended shelf life associated with sauerkraut 
(Gaudioso et al., 2022). The ability of LAB to metabolize 
complex compounds into simpler organic acids also 
suppresses the growth of undesirable microorganisms 
and enhances product stability (Fevria and Hartanto, 
2020). 

Despite the long history and widespread 
consumption of sauerkraut, variations in fermentation 
practices and microbial populations can significantly 
influence its quality, safety, and nutritional value. 
Therefore, the isolation and characterization of lactic acid 
bacteria involved in sauerkraut fermentation are 
essential. Therefore, this study seeks to isolate and 
characterize lactic acid bacteria associated with 
sauerkraut fermentation, thereby contributing to 
improved fermentation practices and the development of 
functional fermented foods. 
 
 
2.0 MATERIALS AND METHOD 
 
2.1 Sample Collection 
 
The cabbage used in this study was purchased from 
Wukati new market, Taraba State, Nigeria. The sample 
was conveyed to the Federal University Wukari, 
Microbiology Laboratory in a sterile, insulated container 
to maintain freshness and prevent contamination.  
 
2.2 Sample Preparation 
 
One kilogram (1kg) of cabbage was prepared. The heads 
of the cabbages were trimmed the outer leaves were 
detached that includes the soiled and bruised tissue. The 
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cabbage was washed in sterile distilled water, the 
cabbage heads were cut in half and the hard, central core 
removed. The cabbage was shredded into bits using a 
sterile knife before being placed into a clean glass jar, 
and 2% salt was added to make 200 ml volume. The 
shredded cabbage was completely submerged in 
distilled water and sealed to ensure anaerobic 
conditions. The setup was kept at room temperature 28 
± 1 0C) to ferment for 14 days, the method used was as 
described by Fadare et al., (2023) with slight modification 
of the fermentation time. 
 
2.3 Media Preparation  
 
The culture media used in this study included De Man, 
Rogosa and Sharpe (MRS) agar for the isolation of lactic 
acid bacteria, Nutrient agar, and MacConkey agar. All 
media were prepared according to the manufacturers’ 
instructions and sterilized by autoclaving at 121°C for 15 
min, and allowed to cool before being poured into sterile 
Petri dishes for use in microbial analyses. 
 
2.4 Isolation and Enumeration of Bacteria  
 
The isolation of lactic acid bacteria from the fermented 
cabbage was carried out according to the method 
described by Fadare et al. (2023). Aseptically, 1 ml of the 
fermenting cabbage broth was withdrawn from the 
fermentation setup using a sterile pipette. To reduce the 
microbial concentration and facilitate isolation, a ten-fold 
serial dilution was performed. One milliliter of the 
cabbage broth was added to 9 mL of sterile peptone 

water, producing a 10⁻¹ dilution. From this dilution, 1 mL 
was transferred to another 9 mL of sterile diluent to 
create a 10⁻² dilution, and the process was repeated 

sequentially up to 10⁻¹⁰, ensuring thorough mixing at 
each step. 

From the prepared serial dilutions, 1 ml aliquots 
from the second (10⁻²) and fourth (10⁻⁴) dilutions were 
aseptically transferred into separate sterile Petri dishes. 
The pour plate technique was then employed by adding 
approximately 20 mL of molten agar (cooled to about 45 
°C) into each plate. The contents were gently swirled in 
a circular motion to ensure uniform distribution of the 
inoculum within the medium. The plates were allowed to 
solidify. The inoculated MRS agar plates were incubated 
anaerobically using an anaerobic jar at 37 °C for 48 hours 
to favor the growth of lactic acid bacteria. While the 
nutrient agar and MacConkey agar plates were 
incubated aerobically at 37°C for 24 hours. After 
incubation, bacterial enumeration was carried out, 
colonies on plates that showed distinct and countable 
growth. Plates containing 30–300 colonies were selected 
as suitable for enumeration to ensure accuracy. The 
visible colonies were counted by direct visual 
observation and result recorded as cfu/ml. 
 

 

2.6 Purification of Lactic Acid Bacteria 
 
Distinct colonies were aseptically picked and 
subcultureed onto freshly prepared De Man, Rogosa and 
Sharpe (MRS) agar plates using the streak plate method 
to obtain pure cultures of lactic acid bacteria. 
 
2.7 Characterization and Identification of Lactic Acid 
Bacteria 
 
 Lactic Acid Bacteria (LAB) identification and 
characterization were  performed using a combination of 
cultural, colonial, morphological, Gram staining, 
biochemical, and physiological characteristics. 
Biochemical tests, such as catalase activity, 
carbohydrate fermentation, and gas production, 
characterized metabolic properties and physiological 
tests of the isolate by acid tolerance were all determined 
as described ( John et al., 1994,  Cheesbrough, 2006,  
Obasi, et al., 2025). 
 
2.8 Antibiotic Susceptibility  
 
Antibiotic Susceptibility Testing of the isolates was 
performed using the standard disc diffusion method. 
Sterile agar plates were inoculated evenly with the 
bacterial culture, and commercially available antibiotic 
discs were aseptically placed on the surface of the agar. 
The plates were then incubated under appropriate 
conditions, and after incubation, zones of inhibition 
around each disc were measured. The diameter of the 
inhibition zones was used to determine whether the 
isolates were sensitive, intermediate, or resistant to the 
tested antibiotics. 
 
 
3.0 RESULTS AND DISCUSSION 
 
The results in Table 1 for Total aerobic plate count of 
bacterial cells, coliform and lactic acid bacteria isolated 
from fermented Sauerkraut during storage showed a 
progressive increase in the total lactic acid bacteria 
(LAB) count as fermentation time increased. At day zero 
(0), the initial LAB population was relatively low (1.0 × 

10⁴ CFU/ml), reflecting the natural microflora present on 
fresh cabbage before fermentation began. By day 1, 

there was a slight increase to 1.5 × 10⁴ CFU/ml, 
indicating the early adaptation and initial growth of LAB 
in the fermenting environment. A rise was observed by 
day 7, where the LAB count increased sharply to 1.4 × 
10⁶ CFU/ml. This rapid growth corresponds to the active 
fermentation phase, during which LAB multiply 
extensively and produce lactic acid, leading to a 
reduction in pH and suppression of undesirable 
microorganisms. By day 14, the LAB count further 
increased to 2.0 × 10⁶ CFU/ml, suggesting that the 
fermentation process had reached a mature stage with 
LAB dominance and stable microbial activity. The trend 
demonstrates that lactic acid bacteria proliferate steadily 
during sauerkraut fermentation, playing a crucial role in 
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acid production, preservation, and development of the 
characteristic flavor and safety of the final product. 

The results in Table 1 showed a decrease in both 
total bacterial and coliform counts during the early stage 
of sauerkraut fermentation. At day zero (0), the total 

bacterial count was 2.0 × 10⁴ CFU/ml, while the coliform 
count was relatively high at 1.8 × 10⁴ CFU/ml, reflecting 
the natural microflora and possible contaminants present 
on fresh cabbage before fermentation commenced. By 
day 1, both counts had declined, with total bacteria 
reducing to 1.0 × 10⁴ CFU/ml and coliforms decreasing 

to 1.2 × 10⁴ CFU/ml. This reduction can be attributed to 
the rapid growth of lactic acid bacteria, which produce 
organic acids that lower the pH of the fermenting 
medium. The increasingly acidic environment inhibits the 
growth and survival of many non-acid-tolerant bacteria, 
particularly coliforms. This trend indicates the early 
establishment of lactic acid fermentation, where acid 
production begins to suppress undesirable 
microorganisms and promotes microbial safety of the 
fermenting sauerkraut.  

 The result in Table 1 revealed that sauerkraut 
fermentation was characterized by a steady increase in 
lactic acid bacteria (LAB) counts, reflecting the typical 
microbial succession observed in vegetable 
fermentations. The LAB population increased from 1.0 × 
10⁴ CFU/ml at day 0 to 2.0 × 10⁶ CFU/ml by day 14, 
demonstrating the progressive dominance of LAB as 
fermentation advanced. The progressive increase in 
lactic acid bacteria (LAB) counts during sauerkraut 
fermentation obtained in this study is consistent with the 
report of Gaudioso et al., (2022) who reported that LAB 
populations are low at the start but rapidly increase as 
fermentation proceeds, outcompeting other microbiota 
as pH decreases and lactic acid accumulates. 

Fresh cabbage naturally harbours only low 
numbers of LAB on its surface; however, during 
fermentation, these organisms rapidly proliferate by 
metabolizing available fermentable sugars into lactic 
acid. The accumulation of lactic acid lowers the 
environmental pH, thereby creating selective conditions 
that favour acid-tolerant LAB while inhibiting competing 
microorganisms. This ecological shift is a defining 
feature of vegetable fermentations and ensures both 
product preservation and microbial safety (Ghosh, 2021). 
The increase in LAB observed in this study is in 
agreement with the findings of Han et al., (2025) who 
reported LAB abundance accompanied by progressive 
acidification in sauerkraut fermentations, where 
Lactobacillus plantarum and Pediococcus pentosaceus 
are commonly identified as dominant species during later 
stages due to their strong acid tolerance and metabolic 
efficiency. 

The observed decline in total bacterial and 
coliform counts between day zero (0) and day 1 
demonstrates the inhibitory effect of acidification on non-
acid-tolerant microorganisms. Early fermentation 
typically involves a mixed microbial population, including 
environmental bacteria and enteric contaminants; 
however, as LAB produce organic acids and salt exerts 

osmotic stress, many spoilage and pathogenic bacteria, 
including coliforms, are suppressed (Rahman et al., 
2026). This reduction plays a crucial role in improving the 
microbial safety and shelf stability of fermented cabbage 
products. The observed decline in total bacteria and 
coliform count is in line with the findings of Gaudioso et 
al. (2022) who reported acid production during 
sauerkraut fermentation which leads to rapid inhibition of 
coliforms and other undesirable bacteria. In addition to 
organic acids, LAB are known to produce antimicrobial 
metabolites such as bacteriocins, hydrogen peroxide, 
and diacetyl, which further inhibit competing 
microorganisms and contribute to the decline of non-LAB 
genera during fermentation (Fugaban et al., 2022; Liu et 
al., 2023). Similarly, Ghosh (2021) reported the absence 
of acid and gas formation in MacConkey broth inoculated 
with sauerkraut brine, confirming the elimination of 
coliform bacteria as fermentation progressed. 

The results in Table 2 showed that the bacterial 
isolates obtained during sauerkraut fermentation were 
predominantly Gram-positive, catalase-negative 
organisms, which are typical characteristics of lactic acid 
bacteria (LAB). The bacterial isolates obtained from the 
fermenting sauerkraut were identified as Lactobacillus 
plantarum, Aerococcus viridans, and Pediococcus 
pentosus based on their morphological and biochemical 
characteristics. The isolates indicate that lactic acid 
bacteria, particularly Lactobacillus and Pediococcus 
species, were the dominant microorganisms associated 
with sauerkraut fermentation.  

The result of these isolates identified in this study   
are consistent with the microbial composition commonly 
reported in sauerkraut fermentation as reported by other 
researchers (Azevedo and Gierus, 2025) showed that L. 
plantarum and P. pentosaceus are frequently dominant 
LAB species because of their ability to tolerate acidic 
environments, efficiently metabolize sugars, and 
produce antimicrobial compounds that suppress 
competing microorganisms. Kalam and Ahmad,  (2022) 
reported that earlier stages of fermentation of sauerkraut 
are typically dominated by heterofermentative LAB such 
as Leuconostoc mesenteroides and Lactobacillus brevis, 
which initiate fermentation before being replaced by 
more acid-resistant species like L. plantarum and 
Pediococcus spp. Molecular community analyses of 
sauerkraut  as described by (Choińska et al., 2025) also 
confirms that strains of Pediococcus are among the most 
abundant taxanomic in traditional products, which 
corresponds closely with our culture-based identification 
of L. plantarum and P. pentosaceus  as obtained in this  
present study. 

Although Aerococcus species are less 
commonly emphasized in vegetable fermentations, they 
may occur as part of the natural epiphytic microbiota of 
plant materials or as transient environmental 
contaminants (Minervini et al., 2015; Gaudioso et al., 
2022).  

The isolation of Lactobacillus plantarum, 
Aerococcus viridans, and Pediococcus pentosaceus are 
in agreement with other previous findings. Zabat et al. 
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(2018) identified Lactobacillus species as predominant 
LAB in sauerkraut fermentation, Georgieva et al. (2023) 
reported the presence of Pediococcus pentosaceus 
during fermentation, Liu et al. (2023) reported 
Lactobacillus species representing approximately 73% of 
total isolates, and Fevria and Hartanto (2020) similarly 
reported the isolation of Lactobacillus spp. from 
sauerkraut. 

The results in Table 3 showed that the bacterial 
isolates demonstrated consistent acid tolerance 
throughout the fermentation period. Test tube A (pH 
buffer) and test tube B (MRS broth) both remained cloudy 
from day zero (0) to day 14, while their respective 
controls remained clear. The persistent turbidity indicates 
active bacterial growth under acidic conditions. This 
finding confirms that the isolates are acid-tolerant 
organisms, a key characteristic of lactic acid bacteria. 
Their ability to survive and grow in low pH environments 
explains their dominance during sauerkraut 
fermentation, where they produce lactic acid that lowers 
the pH and inhibits non-acid-tolerant microorganisms.  

All isolates in this study demonstrated acid 
tolerance throughout fermentation, a key physiological 
characteristic of LAB that enables their survival and 
dominance in low-pH environments. Acid tolerance 
mechanisms in LAB include proton pump activity, 
intracellular pH regulation, and adaptive stress response 
systems that protect cellular proteins and membranes. 
These physiological adaptations ensure sustained lactic 
acid production and contribute to the stability and safety 
of fermented foods. Acid tolerance is therefore widely 
recognized as an essential trait for LAB involved in 
vegetable fermentations (Fevria and Hartanto, 2020; 
Han et al., 2025). 

The results in Table 4 showed varying antibiotic 
susceptibility patterns among the bacterial isolates. 
Lactobacillus plantarum exhibited resistance to most of 
the tested antibiotics but showed sensitivity to 
chloramphenicol, amoxicillin, and augmentin, as 
indicated by measurable zones of inhibition. This 
suggests a limited susceptibility profile, which is common 
among some lactic acid bacteria. Aerococcus viridans 
demonstrated the highest level of susceptibility, showing 
sensitivity to several antibiotics including 
chloramphenicol, sparfloxacin, ciprofloxacin, amoxicillin, 
augmentin, pefloxacin, and ofloxacin. However, it 
remained resistant to ampicillin, septrin, gentamicin, 
streptomycin, ceporex, and nalidixic acid. Pediococcus 
pentosus showed a high level of resistance, being 
sensitive only to chloramphenicol and amoxicillin, while 
resistant to all other antibiotics tested. The findings 
indicated that the isolates possess multiple antibiotic 
resistance traits but retain susceptibility to a few broad-
spectrum antibiotics, particularly chloramphenicol and 
amoxicillin. This pattern is typical of many lactic acid 
bacteria, which naturally exhibit intrinsic resistance to 
several antibiotics while remaining sensitive to selected 
ones. Antibiotic susceptibility testing revealed varied 
resistance patterns among the isolates, reflecting both 
intrinsic and acquired resistance mechanisms. 

Lactobacillus plantarum exhibited a high level of 
resistance to multiple antibiotics, including Ampicillin, 
Septrin, Sparfloxacin, Ciprofloxacin, Gentamicin, 
Pefloxacin, Ofloxacin, Streptomycin, Ceporex, and 
Nalidixic acid, while remaining susceptible to 
Chloramphenicol, Amoxicillin, and Augmentin. This is 
consistent with the findings of Floris et al. (2025) who 
reported that Lactobacillus and Leuconostoc strains 
frequently exhibit resistance to multiple antibiotics, 
including vancomycin and tetracycline, and that many 
LAB strains carry transferable resistance genes such as 
tetK. This finding suggests that LAB in fermented foods 
may act as reservoirs of antibiotic resistance 
determinants, potentially contributing to resistance gene 
dissemination within food microbiota and the human gut. 
Khablenko et al. (2024) revealed that lactic acid bacteria 
isolated from sauerkraut were resistant to ampicillin and 
kanamycin but showed sensitivity to chloramphenicol, 
erythromycin, and tetracycline. 

 This observed resistance pattern may be due to 
intrinsic characteristics of LAB, such as reduced cell wall 
permeability, efflux pump systems, and the absence of 
specific antibiotic target sites (Martínez et al., 2020). 
Additionally, Álvarez-Cisneros and Ponce-Alquicira, 
(2018) reported that LAB commonly harbour antibiotic 
resistance genes that may be naturally occurring or 
acquired through horizontal gene transfer within 
microbial ecosystems.  

Aerococcus viridans demonstrated a broader 
susceptibility profile but still showed resistance to several 
antibiotics, including Ampicillin, Septrin, Gentamicin, 
Streptomycin, Ceporex, and Nalidixic acid. This trend is 
consistent with the findings Ali et al., (2016) who reported 
a high resistance rate among Aerococcus isolates to 
multiple antibiotic classes. Guccione et al. (2013) also 
reported extensive multidrug resistance in Aerococcus 
viridans, particularly against penicillins, cephalosporins, 
and sulfonamide combinations, while noting retained 
susceptibility to macrolides and tetracyclines. 

The susceptibility of Aerococcus to 
Chloramphenicol, fluoroquinolones, and beta-lactam 
suggests variability in resistance mechanisms within this 
species. Resistance in Aerococcus is often associated 
with cell wall structural characteristics, enzymatic 
antibiotic inactivation, and genetic determinants that limit 
antibiotic penetration.  

Pediococcus pentosaceus exhibited 
susceptibility to all tested antibiotics, as indicated by 
measurable zones of inhibition. This finding suggests the 
absence of major acquired resistance determinants and 
supports its potential safety for use in food fermentation. 
The high susceptibility observed may be attributed to 
limited exposure to antibiotic selective pressures and the 
absence of mobile resistance genes. Yi et al. (2025) 
similarly reported strong antimicrobial activity of 
Pediococcus pentosaceus strains against multidrug-
resistant pathogens, highlighting their potential probiotic 
and bio-preservative applications. However, Shani et al. 
(2021) found that although Pediococcus genomes were 
generally free of known resistance genes, certain strains 
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displayed elevated minimum inhibitory concentrations for 
chloramphenicol and tetracycline. Such discrepancies 

may be explained by strain-specific genetic variability, 
differences in environmental exposure to antibiotics. 

 
 
Table 1: Total aerobic plate count (TAPC) of bacterial cells, coliform and lactic acid bacteria isolated from 
fermented Sauerkraut during storage 

Fermentation time (days) TAPC Coliform count Total LAB 

0 2.0 x 104 1.8 x 104 1.0 x 104 

1 - - 1.5 x 104 

7 - - 1.4 x 106 

14 - - 2.0 x 106 

 
 
Table 2: Morphological and biochemical characterizations of bacteria isolates 

       TSI     

Colony morphology Gram rxn CAT OXI CIT IND GLU SUC LAC H2S GAS Identity of 
organisms 

Pin point, circular, 
entire, smooth, 
milky, flat 

+ rods - - - - + + - - - Lactobacillus 
plantarum 

Round, convex, 
grayish-white 
colonies with a  
butyrous to slightly 
mucoid texture, 
slightly raised 
elevation, and 
smooth, entire 
margins 
 

+ cocci - - + - - - - - - Aerococcus 
viridans 

Small, circular, 
convex, creamy-
white, smooth, 
shiny 

+ cocci - - - - + + + - - Pediococcus 
pentosaceus 

Key: CAT = Catalase test; OXI = Oxidase test; IND = Indole test; CIT = Citrate utilization test; GLU = Glucose 
fermentation; SUC = Sucrose fermentation; LAC = Lactose fermentation; H₂S = Hydrogen sulfide production; GAS = 
Gas production; TSI = Triple Sugar Iron agar test; Gram rxn = Gram reaction; - = negative, + = positive. 
 
 
Table 3: Acid tolerance test 

Days Test tube A (pH buffer) Control Test tube B (MRS broth) Control 

0 Cloudy Clear Cloudy Clear 
1 Cloudy Clear Cloudy Clear 
7 Cloudy Clear Cloudy Clear 
14 Cloudy Clear Cloudy Clear 

Key: Coudy = acid tolerant  
 
 
Table 4: Antibiotic susceptibility of bacteria isolates 

Isolates PN SXT CH SP CPX AM AU CN PEF OFX S CEP NA 

A R R 2.0 R R 2.3 2.1 R R R R R R 

B R R 2.5 2.0 2.3 2.5 2.5 R 1.9 2.0 R R R 

C 1.0 1.5 2.3 1.1 1.1 2.8 1.2 1.0 1.0 1.0 1.2 1.0 1.5 

Key: SXT = Septrin (Trimethoprim–Sulfamethoxazole); CH = Chloramphenicol; SP = Sparfloxacin; CPX = 
Ciprofloxacin; AM = Amoxicillin; AU = Augmentin (Amoxicillin–Clavulanic acid); CN = Gentamicin; PEF = Pefloxacin; 
OFX = Ofloxacin; S = Streptomycin; CEP = Ceporex (Cephalexin); NA = Nalidixic acid; PN = Ampicillin, A= Lactobacillus 
plantarum, B= Aerococcus viridans and C= Pediococcus pentosaceus 
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CONCLUSION 
  
This study showed a progressive increase in lactic acid 
bacteria during sauerkraut fermentation with a 
corresponding decline in total bacterial and coliform 
counts, confirming the dominance of acid-tolerant LAB 
as fermentation progressed. The identified species 
Lactobacillus plantarum, Pediococcus pentosaceus, and 
Aerococcus viridans are consistent with microorganisms 
commonly reported in sauerkraut fermentation. The 
antibiotic susceptibility patterns observed also agree with 
previous studies, where some LAB exhibited resistance 
to certain antibiotics while Pediococcus pentosaceus 
remained largely susceptible. The findings demonstrate 
that LAB dominate sauerkraut fermentation through acid 
production, microbial inhibition, and adaptation to acidic 
conditions, contributing to product safety, preservation, 
and quality.  
 
Recommendations 
 
Based on the findings of this study, which demonstrated 
the presence, diversity, and beneficial roles of lactic acid 
bacteria (LAB) in the fermentation of sauerkraut, the 
following recommendations are proposed: 
 

1. Identified beneficial LAB strains such as 
Lactobacillus and Leuconostoc species should 
be developed and used as starter cultures to 
ensure consistent fermentation quality and 
safety 

2. Strict hygienic conditions should be maintained 
during processing to prevent contamination by 
undesirable microorganisms 

3. Advanced molecular techniques should be 
employed in future studies to accurately identify 
LAB strains and determine their probiotic 
potentials 
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