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Abstract 

The reliance on urea fertilizers as nitrogen sources is gradually being replaced by biofertilizers containing nitrogen-fixing bacteria. However, the higher 

cost of biofertilizers compared to urea remains a barrier for farmers. A potential solution for farmers is to independently produce nitrogen-fixing bacteria 

cultures using a simple, non-aseptic culture technique. This study evaluates this technique for propagating nitrogen-fixing bacteria. It examines the ef-
fects of alternative carbon sources, such as cane sugar and white vinegar, to replace malic acid in Nfb medium. Soil samples, serving as bacterial sources, 

were inoculated into liquid Nfb medium, and subcultured for six stages. The most probable number (MPN) of nitrogen-fixing bacteria and medium pH 
were monitored at each stage. The results indicate that white vinegar supported the highest bacterial cell density, reaching 6.3 × 1010 MPN by the fifth 

culture stage. The increase in medium pH to an alkaline range suggests elevated ammonium concentrations, which are beneficial as a nitrogen source for 

plants. The culture technique demonstrated promising results and holds potential for practical application by farmers in propagating nitrogen-fixing bac-

teria. 
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Nitrogen is an essential macronutrient required for 

plant growth. Naturally, nitrogen is available in the soil 

through sources such as rainfall, organic matter decom-

position, and microbial inorganic redox reactions (Har-

tono et al. 2021). However, in intensive agricultural sys-

tems, the naturally available nitrogen in the soil is often 

insufficient to meet the high nitrogen demands of high-

yield crops. To address this limitation, farmers have tra-

ditionally applied urea fertilizers, a synthetic nitrogen 

source containing approximately 46% nitrogen (Dorieh 

et al., 2019). Urea has long been proven as an effective 

nitrogen provider, supporting protein synthesis, chloro-

phyll production, and plant metabolic processes, thereby 

contributing to the high productivity of cultivated crops 

(Dazmiri et al., 2019). 

Excessive urea application, however, can negatively 

impact both crops and soil health. Prolonged use may 

lead to salt accumulation and soil pH changes, eventually 

reducing soil fertility and inhibiting plant growth (Har-

tono et al. 2021). Overuse can also impede the uptake of 

other essential nutrients, such as phosphorus and potassi-

um, making crops more susceptible to diseases and envi-

ronmental stressors (Xu et al., 2020). These challenges 

underscore the need for sustainable nitrogen sources tai-

lored to plant needs. 

Nitrogen-fixing bacteria are soil microorganisms that 

capture atmospheric N₂ and convert it into ammonia 

(NH₃), which subsequently transforms into ammonium 

ions (NH₄⁺) in moist environments, making it available 

for plant uptake (Dahal et al., 2018). These bacteria are 

widely found in commercial biofertilizers worldwide, 

including in Indonesia. Many farmers use biofertilizers 

to enhance soil fertility as part of organic farming sys-

tems. The application of nitrogen-fixing bacteria has 

been proven effective in providing a nitrogen source as 

an alternative to urea fertilizer (Mahmud et al., 2020). 

However, the cost of biofertilizers remains relatively 

high compared to urea fertilizer. As a result, many farm-

ers who are unable to afford biofertilizers revert to syn-

thetic fertilizers. 

One potential solution to reduce the costs associated 

with purchasing commercial biofertilizers is on-site pro-

duction by farmers. However, a major challenge is the 

lack of specialized facilities with aseptic conditions to 

minimize contamination by other microorganisms, which 

can outcompete the biofertilizer strains. Here, we pro-

pose a simple technique for propagating nitrogen-fixing 

bacteria that does not require aseptic conditions. The 

concept involves selectively enriching nitrogen-fixing 

bacteria naturally present in local agricultural soils.  

In general, nitrogen-fixing bacteria are present in 

lower abundance compared to the total microbial com-

munity in the soil (Orr et al., 2011). A stepwise cultiva-

tion process using N-free bromothymol blue (Nfb) medi-

um is expected to selectively enhance the growth of ni-

trogen-fixing bacterial populations. Therefore, this meth-

od can be implemented even under non-aseptic condi-
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tions. The Nfb medium contains malic acid as its sole 

carbon source (Narayan et al., 2018). Since malic acid is 

not widely available, alternative carbon sources such as 

cane sugar and white vinegar, which are more accessible 

and cost-effective, should be explored. Therefore, this 

study aims to evaluate the effectiveness of a non-aseptic 

stepwise culture technique using different carbon sources 

for enriching nitrogen-fixing bacterial populations. 

 

 

 

 

Soil Sampling 
Wet soil samples were collected from a productive 

paddy field in Malang, East Java, in April 2024 during 

the dry season. The samples were then placed in plastic 

bags and stored in a cool box during transportation to the 

laboratory. 

 

Abiotic Factor Analysis 

Soil temperature, pH, organic matter content, total ni-

trogen (N), and total phosphorus (P) were measured. Soil 

temperature was recorded on-site using a thermometer, 

while pH and moisture content were determined in the 

laboratory using a pH meter and gravimetric methods, 

respectively. Organic matter, total nitrogen (N), and total 

phosphorus (P) were quantified using gravimetric, 

Kjeldahl, and spectrophotometric methods, respectively. 

These parameters offer valuable insights into the micro-

bial habitat and soil nutrient condition. 

 

Preparation of Nfb Medium 

Liquid Nfb medium was prepared with the following 

per liter: 5 g DL-malic acid (Himedia), 0.5 g K₂HPO₄ 

(Merck), 0.2 g MgSO₄·7H₂O (Merck), 0.1 g NaCl (Bolab 

GmbH), 0.015 g FeCl₃·6H₂O (Merck), 2 mL of 2% bro-

mothymol blue (Kanto Chemical Co., Inc.), and 5.2 g 

KOH (Merck). Each component was dissolved sequen-

tially. The pH was adjusted to 6.8 using 1 M KOH or 1 

M HCl (Narayan et al., 2018). Alternative carbon sources 

(5 g/L) tested were cane sugar (sucrose) and white vine-

gar (acetic acid). In the semi-solid medium used for 

MPN analysis, 4.5 g of bacteriological agar (Bioworld) 

was added per liter medium. 

 

Non-Aseptic Stepwise Culture of Nitrogen-Fixing 

Bacteria 

Twenty-five grams of soil were added to 700 mL Nfb 

medium with different carbon sources (malic acid, cane 

sugar, white vinegar). Control cultures excluded a carbon 

source but maintained equivalent final pH. Suspensions 

were mixed for 15 minutes, labeled as “Culture 1,” and 

incubated at room temperature for seven days. After in-

cubation, the culture was homogenized and transferred 

70 mL into 630 mL fresh medium for subsequent cul-

tures. This step was repeated for six stages, resulting in a 

total duration of 42 days. 

 

 

 

 

MPN and pH Measurement 

At each stage, medium pH and bacterial cell density 

(MPN) of N-fixing bacteria were measured. A tenfold 

serial dilutions of 1 mL culture were prepared up to a 10-

10 dilution, and 1 mL from each dilution was inoculated 

into five MPN tubes containing 5 mL semi-solid Nfb 

medium. After six days of incubation at room tempera-

ture, tubes with color changes from green to blue, and 

pellicle formation were scored as positive for nitrogen-

fixing activity. The MPN values were calculated using 

the Thomas formula (Thomas, 1942). 

 

 
Where: 

∑ gj = Number of positive tubes of the chosen dilutions 

∑ tjmj = Amount of diluted samples (g or mL) from all 

positive tubes of the chosen dilutions 

∑ (tj-gj)mj = Amount of diluted samples (g or mL) from 

negative tubes of the chosen dilutions 

 

Data Analysis 

The value of pH and MPN data were analyzed using 

two-way ANOVA with a 95% confidence level (p < 

0.05). Post-hoc comparisons were conducted using the 

least significant difference (LSD) test when F-statistics 

were significant. 

 

 

 

 

Abiotic Soil Parameter 

Soil samples were collected from the surface layer 

near rice plants and composited from multiple points 

with the following coordinates: Point 1 (-7.9226772, 

112.6149481), Point 2 (-7.9225706, 112.6149950), and 

Point 3 (-7.9224693, 112.6150560). Figure 1 illustrates 

one of the sampling points, showing that the paddy 

plants at the time of sampling were approximately 30 

days old. The abiotic characteristics, including tempera-

ture, pH, organic content, total nitrogen (N), and total 

phosphorus (P), were analyzed and are summarized in 

Table 1. 

 
Figure 1. (A) Paddy field sampling area; (B) Specific soil sampling 

point. 

Methods 

Results 
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Table 1. Abiotic parameters of paddy field soil samples 

Parameter Value Category 

Temperature (°C) 24,4 ± 0,51 Medium (Supriyadi et al., 2020) 

pH 7,42 ± 0,56 Neutral (Widowati & Sukris-
tyonubowo, 2012) 

Organic Matter (%) 7,00 ± 2,19 High (Ye et al., 2024) 

Total N (%) 0,19 ± 0,00 Medium (Yang et al., 2020) 
Total P (%) 0,06 ± 0,00 Medium (Nishigaki et al., 2019) 

 

Nitrogen-Fixing Bacteria in Stepwise Non-Aseptic 

Cultures 

In this study, culture media with different carbon 

sources were used, and all were cultured stepwise with a 

seven-day period for each stage. The pH indicator (bro-

mothymol blue) revealed notable changes in the culture 

media, except for the control, which remained green 

(neutral pH) (Figure 2). In contrast, cultures containing 

malic acid or white vinegar exhibited a shift to blue, in-

dicating an increase in pH, while cane sugar-based cul-

tures turned yellow, reflecting acidification. 

 
Figure 2. The pH indicator color changes in cultures with various 

carbon sources: (A) control (no carbon source); (B) malic acid; (C) 
cane sugar; (D) white vinegar. 

 

pH Changes Across Culture Stages 
The pH values for each stage are shown in Figure 3. 

After the first week, a significant pH increase was ob-

served in cultures containing malic acid (pH 9.42) and 

white vinegar (pH 11.57). Conversely, the cane sugar 

culture exhibited a marked derease in pH to 3.28. Subse-

quent subcultures continued to show increasing pH levels 

for malic acid and white vinegar media, while the cane 

sugar culture maintained a consistently lower pH. The 

control culture that remained green had pH values rang-

ing from 6.55 to 7.04. 

 

MPN Analysis of Nitrogen-Fixing Bacteria 

In addition to observing the pH values of the cultures, 

the cell densities of nitrogen-fixing bacteria were also 

determined using the MPN method after incubation (Fig-

ure 4). Initial cell densities (day 0) ranged from 6.9 × 104 

to 7.6 × 105 MPN across all media. After the first week, 

MPN values for the control and malic acid cultures in-

creased to 107, while cane sugar and white vinegar cul-

tures remained at 105. By the fifth culture stage (day 35), 

the white vinegar-based culture achieved the highest 

MPN value of 1.2 × 1010, surpassing malic acid. These 

findings indicate that white vinegar supports robust ni-

trogen-fixing bacterial growth, consistent with the ob-

served pH increases. 

 

 

 

 
Figure 3. pH values of non-aseptic stepwise cultures with different carbon sources. 

 

 
Figure 4. MPN values of nitrogen-fixing bacteria in non-aseptic stepwise cultures with different carbon sources. 
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Abiotic Characteristics of Soil Samples 

The recorded soil temperature and pH fall within the 

typical range observed in Indonesian paddy fields, which 

generally ranges from 24–30°C and 5.5–7.5, respectively 

(Supriyadi et al., 2020; Widowati & Sukristyonubowo, 

2012). The measured temperature of 24.4°C aligns with 

the optimal range for microbial activity in soils. Soil mi-

croorganisms, including nitrogen-fixing bacteria, exhibit 

increased metabolic activity within a temperature range 

of 20°C to 30°C, facilitating enzymatic processes essen-

tial for nutrient cycling and organic matter decomposi-

tion, which in turn enhances soil fertility (Ye et al., 

2024). The slightly alkaline soil pH of 7.42 is beneficial 

for the growth and activity of nitrogen-fixing bacteria. 

Many diazotrophs, such as Azotobacter species, thrive in 

neutral to slightly alkaline conditions, where they effi-

ciently fix atmospheric nitrogen. A pH within this range 

promotes microbial stability and enhances nitrogen fixa-

tion efficiency, ultimately contributing to plant nutrient 

availability (Harun et al., 2020).  

A 7% organic matter content provides a substantial 

carbon source, serving as an energy substrate for soil 

microbes. In addition to supporting microbial metabo-

lism, high organic matter improves soil structure and 

enhances moisture retention, creating favorable condi-

tions for microbial activity. The process of organic mat-

ter mineralization can contribute to nitrogen availability; 

however, the release rate is often slow and may not suffi-

ciently meet the immediate nitrogen demand of rice 

crops (Tu et al., 2022). In terms of nitrogen availability, 

the total nitrogen (N) content of 0.19% falls within the 

moderate to low range for optimal rice growth. As a crit-

ical nutrient, nitrogen plays a key role in leaf develop-

ment, tillering, and overall grain yield in rice plants (Ye 

et al., 2024). However, its effectiveness in promoting 

plant growth depends not only on total nitrogen content 

but also on its transformation into plant-available forms, 

such as ammonium (NH₄⁺) and nitrate (NO₃⁻), which are 

more readily absorbed by plant roots (Yang et al., 2020).  

Phosphorus, another essential nutrient, is typically 

present in soil at lower concentrations, usually ranging 

from 0.02% to 0.1%. The measured total phosphorus (P) 

content of 0.06% falls within this range and is generally 

sufficient to meet the phosphorus requirements of rice 

plants. Sufficient phosphorus availability not only sup-

ports plant growth but also plays a crucial role in enhanc-

ing the nitrogen-fixing efficiency of diazotrophic bacte-

ria. As a key component of ATP and nucleic acids, phos-

phorus is essential for the energy-intensive process of 

biological nitrogen fixation (Nishigaki et al., 2019). 

Based on the soil characteristics observed in the sam-

ples, it can be inferred that nitrogen-fixing bacteria are 

likely present. This assumption is supported by the fact 

that the soil conditions align well with those required for 

the optimal growth of nitrogen-fixing bacteria. There-

fore, the sample is suitable for use in the subsequent 

stage as a bacterial source in non-aseptic propagation. 

 

 

 

Culture Performance with Different Carbon Sources 

In the malic acid-based culture, the pH value in-

creased significantly to 9.23 after seven days of incuba-

tion. This elevated pH level remained consistent from the 

second culture stage (day 14) through the sixth stage 

(day 42). In a nitrogen-free medium, as used in this ex-

periment, the observed pH increase may result from ni-

trogen fixation activity, which releases alkaline com-

pounds. Previous studies have reported that the pH val-

ues in media containing Azotobacter cultures, with malic 

acid as the sole carbon source, typically range between 8 

and 9 (Arsita et al., 2020; Aasfar et al., 2021). The in-

crease in pH occurs as extracellular ammonia, released 

from the cell, reacts with water molecules to form am-

monium ions (NH₄⁺) and hydroxide ions (OH⁻). This 

process begins with the fixation of a single nitrogen gas 

(N₂) molecule by the nitrogenase enzyme, reducing it to 

two ammonia (NH₃) molecules. While some ammonia is 

assimilated into biomass for cellular growth, the excess 

is excreted into the surrounding environment, where it 

undergoes hydrolysis, leading to pH elevation (Baldani 

et al., 2014;  Ni et al., 2023). 

When malic acid was replaced with white vinegar, 

the pH of the culture increased significantly to 11–12 

within the first seven days, which was considerably 

higher than the pH observed in the malic acid-based cul-

ture. Despite this alkalization, the MPN values indicated 

that the density of nitrogen-fixing bacteria in the white 

vinegar culture was initially lower than in the malic acid 

culture during the early stages of growth. This discrepan-

cy suggests that the extreme alkalinity may have initially 

inhibited bacterial proliferation, which is not entirely 

consistent with the expected correlation between pH and 

bacterial density (Navarro et al., 2016). However, by the 

fifth culture stage, bacterial density in the white vinegar 

culture had increased and reached levels comparable to 

those in the malic acid culture, with a maximum MPN 

value of approximately 10⁹. This suggests that, over 

time, the bacteria adapted to the alkaline conditions and 

were able to achieve similar population densities as those 

cultured with malic acid. 

Malic acid provides optimal support for the growth of 

nitrogen-fixing bacteria, as demonstrated by the highest 

MPN values observed among all tested carbon sources at 

the first incubation stage (day 7). At this stage, the MPN 

value increased from 10⁵ to 10⁷, indicating rapid bacterial 

proliferation. This accelerated growth suggests that malic 

acid is readily utilized by the bacteria, providing an effi-

cient energy source that promotes biomass production. 

From a metabolic perspective, malic acid (C4) molecules 

enter the tricarboxylic acid (TCA) cycle directly, facili-

tating rapid oxidation and generating a total of 12 ATP 

molecules through the respiratory pathway (Xu et al., 

2024). In contrast, white vinegar, in the form of acetic 

acid (C2), must first be converted into acetyl-CoA by 

acetyl-CoA synthetase, which consumes the equivalent 

of 1 ATP before entering the TCA cycle. As a result, the 

total energy yield per molecule of acetic acid is 9 ATP 

(He et al., 2022; Sun et al., 2020). This indicates that the 

oxidation of malic acid generates more ATP than acetic 

acid, thereby supporting better cell growth. Although not 

as efficient as malic acid, white vinegar has also been 

Discussion 

63 



 Evaluation of a Non-Aseptic Stepwise Culture Technique 

 Berkala PENELITIAN HAYATI | Volume 31 | Number 1 | April | 2025 

 62 

shown to support cell growth, achieving comparable cell 

densities after several culture stages. 

On the other hand, in the cane sugar culture, the 

number of nitrogen-fixing bacteria increased significant-

ly from 10⁵ (day 0) to 10⁷ (day 14) and remained at this 

level until the end of the observation period. This bacte-

rial count exceeded the cell density observed in the vine-

gar culture up to the third culture stage (day 21). Despite 

the relatively high bacterial density, the pH of the su-

crose culture dropped drastically from 6.8 in the first 

culture stage (day 7) to 3.4, after which it remained rela-

tively stable until the final culture stage. This significant 

pH reduction is likely attributed to fermentation activity, 

which leads to the accumulation of organic acids. Su-

crose, a disaccharide derived from sugarcane plants, con-

sists of glucose and fructose (Kizling et al., 2020). Once 

hydrolyzed within the cell, these monosaccharides are 

further metabolized via glycolysis. Under anaerobic con-

ditions, the resulting pyruvate undergoes fermentation, 

producing organic acids that are subsequently released 

into the environment, leading to a decline in medium pH 

(Aasfar et al., 2021). The development of this highly 

acidic environment likely inhibits nitrogen fixation activ-

ity, as many nitrogen-fixing bacteria are sensitive to ex-

treme acidity. Consequently, bacterial proliferation is 

suppressed, preventing further increases in cell density. 

As the culture progresses, the microbial community 

shifts, becoming dominated by fermentative microbes, 

which are more tolerant to low pH conditions. 

Although sucrose is an easily accessible carbon 

source, its breakdown into glucose and fructose can lead 

to changes in osmotic pressure. This enzymatic reaction 

increases the number of dissolved particles in the culture 

medium, creating a hypertonic environment, where the 

solute concentration is higher than that of the bacterial 

cytoplasm, causing water to flow out of the cells. This 

can result in cellular dehydration, reduced turgor pres-

sure, and disrupted cellular functions. Under such condi-

tions, bacterial cells must expend additional energy to 

regulate their internal osmotic balance, diverting re-

sources away from essential metabolic activities, includ-

ing nitrogen fixation. As a result, nitrogen-fixing effi-

ciency declines, ultimately affecting bacterial prolifera-

tion and function. Nitrogen-fixing bacteria such as Rhi-

zobium and Azotobacter are particularly sensitive to os-

motic stress, which can inhibit their growth and nitrogen-

fixing capability (Singh et al., 2020). 

In the control culture, there were minimal changes 

detected in pH or the cell density of nitrogen-fixing bac-

teria. A slight increase was observed after seven days of 

incubation, rising from 104 to 106, but in subsequent cul-

ture stages, the cell density declined and stabilized at 

around 105. This increase was likely due to the utilization 

of simple carbon compounds naturally present in the soil. 

The preparation of the soil suspension in the medium 

dissolved these compounds, making them accessible to 

nitrogen-fixing bacteria. However, this condition did not 

last long, as soil generally contains significantly more 

complex organic compounds than simple ones, which 

may have been depleted during the initial incubation 

stage (Ni et al., 2020). 

This study demonstrated that the proposed non-

aseptic culture technique successfully increased the pop-

ulation of nitrogen-fixing bacteria by four orders of 

magnitude (10⁵ to 10⁹) as the culture stages progressed. 

Additionally, white vinegar, a cost-effective and widely 

available carbon source, was proven to be a viable alter-

native to malic acid for propagating nitrogen-fixing bac-

teria. By the fourth or fifth subculture, white vinegar-

based media achieved high bacterial cell densities, mak-

ing them suitable for application as a biofertilizer. How-

ever, the elevated pH levels observed in these cultures 

could influence soil pH upon application. In slightly 

acidic soils, this increase in pH may be beneficial for 

enhancing microbial activity and supporting plant 

growth. Nevertheless, proper dilution and precise dosage 

calibration are essential for field applications to prevent 

excessive bacterial introduction, which could potentially 

disrupt the soil microbial community. Further field trials 

are necessary to evaluate the effectiveness of this tech-

nique under varying environmental conditions and crop 

types. Additionally, certain minor chemical components 

used in the Nfb medium in this study could likely be 

omitted, as their natural presence in the soil may be suf-

ficient to support bacterial growth. 
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