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Yeast biotechnology, to date, holds valuable insight for the production of industrially 

important metabolites such as ethanol, organic acids, vitamins, and enzymes. 

Understanding the yeast growth requirements and standardizing the growth parameters 

uphold organism-friendly practices in producing many products in various sectors, such 

as industrial and pharmaceuticals. Many metabolites are obtained from plant sources, 

and the production of such products remains under question due to the climatic 

conditions of the plant, required soil fertility, seasonal fluctuations, plant pathogen 

constraints, and the purity of the final product after processing. Azelaic acid, a 

dicarboxylic acid group found naturally in rye, wheat, and barley, plays a significant 

 

1. Introduction 

 

Microbes deliver secondary metabolites in the medium for survival, 

competitor, and ecological exchanges instead of primary functions 

crucial for growth and reproduction. The vital role of secondary 

metabolites is a defence against predators, compete with or inhibit 

growth, similar to penicillin in the medium inhibiting competitors. 

Secondary metabolites also serve as signaling molecules in quorum 

sensing, adaptation to environmental stresses facing fluctuations in 

growth conditions such as temperature, pH, or nutrient availability, 

nutrient scavenging similar to Siderophores, fascinating role in 

facilitating symbiotic relationships as well as byproducts of primary 

metabolism from the metabolic pathways. The regular release of 

secondary metabolites typically occurs in the stationary phase of 

microbial growth, resulting from low nutrient levels in the medium 

and a decrease in primary metabolism for survival in the critical 

medium environment.  
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role in the bio-pharmaceuticals and food industries. The yeast M. furfur, resident flora 

of human skin, also produces this natural substance in its natural environment, where 

the application of the yeast M. fufur in Azelaic acid production industrially is still in 

progress. The investigation of M. furfur azelaic acid production holds noteworthy 

affirmation in the field of industrial biotechnology. By leveraging the metabolic 

pathways and growth conditions of yeasts, reasonable and endurable product 

production methods can be materialized, filling existing gaps and unplugging latest 

avenues for large-scale production of valuable metabolites in bioprocess industries. 

 

Objectives 

With the above review concept, the present study was aimed with following 

approaches:  

• Optimizing the Growth Conditions for M. furfur in Azelaic Acid Production Medium 

(Oleic Acid Medium)  

• Standardization of M. furfur Culturing Techniques for Consistent Experimental 

Outcomes  

 

1. Materials and Methods 

 

Using the yeast M. furfur MTCC 1374, a thorough technique was used in the current 

study to systematically synthesis dicarboxylic acid (azelaic acid) from oleic acid. A 

series of biochemical processes transition oleic acid into azelaic acid during M. furfur's 

in vitro batch culture manufacturing process. 

1.1. Maintenance of M. furfur (MTCC 1374) 

 

To maintain stability and viability, M. furfur (MTCC 1374), obtained from the 

Microbial Type Culture Collection and Gene Bank (MTCC) at the Institute of 

Microbial Technology, Chandigarh, was maintained in appropriate medium. In order to 

support the microorganisms' development and survival, a defined maintenance routine 

was followed when conserving the culture. 

2.1.1. Saline preparation 

 

Saline with 0.9% was prepared by dissolving 0.9 gms of sodium chloride in 100 

mL of dis. water and the pH was maintained to 7.0 by adjusting through 0.1 N NaOH 

or 0.1 N HCl. The saline was filter sterilized (0.22-micron) and kept in a sterile 

container until usage (Foster and Geyer, 2008). 

2.1.2. Reviving of yeast culture 

 

About 10 mL of 0.9% sterile saline solution in a sterile flask was inoculated 

with 0.1–0.2 g of M. furfur granules aseptically and incubated at 35°C for three to five 

days. The flask containing 100 mL of sterile Sabouraud Dextrose Broth (SDB) was 

inoculated with 1 to 2 mL of saline-suspended culture and incubated to track the 

growth of yeast day by day. The growth of yeast in the medium was confirmed by the 

appearance of turbidity (Kwon-Chung and Bennett, 1992). 

2.1.3. Antibiotic supplement preparation 
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To inhibit bacterial contamination in the yeast growth media, one vial of CC 

supplement FD035 (CC—Cycloheximide: 200 mg, Chloramphenicol: 25 mg) was 

rehydrated aseptically with 5 mL of distilled water, mixed well, and kept at room 

temperature (Foster & Geyer, 2008). 

2.1.4. Sabouraud Dextrose Broth (SDB) preparation 

 

About 100 mL of Sabouraud dextrose broth (SDB) was prepared by adding 0.4 g of 

peptone and 2 g of dextrose (glucose) to 100 mL of distilled water. The pH was 

adjusted to 5.6 using 0.1 N HCl or 0.1 N NaOH. The broth was sterilized by 

autoclaving at 121°C for 15 minutes and supplemented with CC supplement to reduce 

bacterial contamination (Kwon-Chung & Bennett, 1992). 

2.1.5. Sabouraud Dextrose Agar (SDA) preparation 

 

Sabouraud dextrose agar (SDA) medium was prepared by mixing 1 g of peptone, 4 g of 

dextrose, and 1.5 g of agar in 100 mL of distilled water. The pH was adjusted to 5.6, 

and the medium was autoclaved at 121°C for 15 minutes. After cooling to 45-50°C, CC 

supplement was added aseptically. The medium was dispensed into Petri dishes, 

inoculated with M. furfur, and incubated at 35°C for 3-5 days (Foster & Geyer, 2008; 

Kwon-Chung & Bennett, 1992). 

2.1.6. Emmons modified medium preparation 

 

To maintain M. furfur (MTCC 1374), Emmons modified medium was prepared by 

suspending 4.7 grams of the medium powder in 100 mL of distilled water and boiling it 

to dissolve completely (Table 1). The medium's pH was adjusted to 5.6 to suit the 

lipophilic yeast's preference for acidic conditions, enhancing growth at 37°C. The 

medium was then sterilized by autoclaving at 121°C for 15 minutes. After cooling to 

45-50°C, a CC supplement (Cycloheximide: 200 mg, Chloramphenicol: 25 mg) was 

aseptically added to prevent bacterial contamination. Sterile Petri plates were prepared 

by dispensing 15 mL of the medium, which was then overlaid with 0.1 mL of olive oil 

to enrich it for M. furfur. The plates were stored at 4°C until use. Both broth and agar 

media were prepared for reviving and culturing the yeast strain. A sterile loop was used 

to subculture the organism onto fresh plates of Emmons modified agar with olive oil to 

maintain the culture for future assays. This method ensures optimal growth conditions 

for M. furfur and minimizes contamination, providing a stable environment for 

consistent experimental results. 
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2.2. Standardization of M. furfur growth parameters in Azelaic acid 

production medium (OaM) (Guillot et al., 1996) 

To promote the growth of M. furfur yeast, a preliminary qualitative plate culture 

method was employed to screen active ingredients that enhance optimal growth. An 

Oleic acid medium (OaM) was formulated with varying ingredients, as detailed in 

Table 2 (Guillot et al., 1996). The media formulation was then subjected to a thorough 

analysis of growth parameters to identify and characterize the growth phases of M. 

furfur. 

 

 

2.2.1. Evaluation of M. furfur optimal growth in Oleic acid Medium (OaM) using 

the plate culture method 

The plate culture method was employed to evaluate the optimal growth conditions of M. 

furfur in Oleic Acid Medium (OaM), formulated per 100 mL as detailed in Table 2. The 

pH of the medium was adjusted to 5.6 using 0.1 N HCl and 0.1 N NaOH solutions. 
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After sterilization at 121°C for 15 minutes, the medium was cooled to 45-50°C. To 

prevent bacterial contamination, CC supplement was added aseptically to the cooled 

OaM. The prepared medium was then dispensed into sterile Petri dishes and allowed to 

solidify. Subsequently, log-phase M. furfur culture from Sabouraud Dextrose (SD) 

broth was inoculated onto the plates and incubated at 35±2°C for 3-5 days. Following 

incubation, yeast growth was evaluated, and the purity of the culture was confirmed 

through staining methods. 

2.2.2. Determination of M. furfur growth parameters in Oleic Acid Medium 

(OaM) using the broth culture method 

The Oleic Acid Medium (OaM) was further screened to investigate the growth 

parameters of M. furfur in a broth medium, similar in composition to the plate culture 

method but excluding agar to facilitate precise examination of the yeast strain's growth 

phases (Table 3). OaM was prepared and sterilized at 121°C for 15 minutes, then 

cooled to a temperature range of 45-50°C. Approximately 10 mL of OaM was 

dispensed into 50 mL conical flasks, with the medium's pH adjusted to values between 

5.6 and 7.0 using 0.1 N HCl and 0.1 N NaOH solutions. Two duplicate broth samples 

were prepared for each pH level to expose them to temperatures of 35°C and 37°C, 

respectively. pH adjustments were made before sterilization, while heat-sensitive 

components were filter-sterilized and added after sterilization. Controls were 

maintained for each pH set to ensure comparative analysis. The OaM with varying pH 

levels was autoclaved at 121°C and 15 psi for 15 minutes. 

 

 
Approximately 1 mL of a revived Sabouraud Dextrose (SD) broth culture of M. furfur 

(1x107 cells/mL) was inoculated into conical flasks containing Oleic Acid Medium 

(OaM) adjusted to different pH levels, followed by incubation at temperatures of 35°C 

and 37°C. Yeast growth was monitored from day 1 (D1) to day 20 (D20), with 2 mL of 

medium extracted every 24 hours for turbidity analysis using a spectrophotometer at 

420 nm and a 1 cm path length. pH measurements were taken in sets to ensure accuracy, 

and controls were consistently maintained for comparative purposes. Absorbance 

readings were recorded to construct growth phase graphs, plotting absorbance on the 

Y-axis against time (days) on the X-axis. This data allowed for comparison of optimal 
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yeast growth under varying pH and temperature conditions (Guillot et al., 1996; 

Mayser et al., 2004). 

Throughout the study, separate control samples were maintained, including Sabouraud 

Dextrose broth inoculated with M. furfur (1x107 cells/mL) and uninoculated OaM. 

Absorbance readings for these control samples were also recorded to establish a 

baseline for comparison. 
 

3. Experimental observations 

    3.1. Growth parameters of M. furfur (MTCC 1374) 

The lipophilic resident yeast M. furfur on the skin of humans and animals, heavily 

depends on lipids for its growth and development. The fondness for lipids, 

predominantly unsaturated fatty acids such as oleic acid in sebum, stresses yeasts 

nutritional requirements and role in diverse skin diseases (Gupta et al., 2004; Gaitanis 

et al., 2012). 

Our examination of the growth of M. furfur in diverse conditions closely approximates 

the existing literature, conveying attention to several notable findings and comparisons: 

3.1.1. Growth characteristics in different media 

M. furfur's growth characteristics on SDA and Emmons-modified medium confirm 

previous studies. Creamy to yellowish colonies marked on SDA, indicative of the 

yeast's growth pattern, are consistent with reports by earlier researchers (Abdillah et al., 

2020). Besides, the production of distinguishing pigments on Emmons-modified 

medium, subsidized by olive oil supplementation, contemplates its appropriateness for 

mocking lipid-rich environments essential for yeast growth (Sugita et al., 2004; Zhai et 

al., 2012). 

3.1.2. Nutritional and lipid dependence 

The yeast growth on Emmons-modified medium with olive oil supplement for 

excellent growth concur with the reports of Gupta et al. (2004) and Gaitanis et al. 

(2012). The present examinations highlight the fundamental function of lipids, mainly 

unsaturated fatty acids, in facilitating metabolic functions and promoting the growth 

rate of M. furfur under controlled laboratory conditions. 

3.1.3. Cultural challenges and media adaptation 

The present study addresses the slow and sluggish colony nature of M.furfur in both 

SDA and Emmons medium that has been supplemented with specific lipid sources for 

enhanced growth. The growth promotion of the yeast was identified to be accelerated 

under the addition of supplements, the major challenge effectively managed in the in 

vitro growth condition as well as the medium environment and parameters were 

optimized for the better growth of M.furfur (Gupta et al., 2004; Warner et al., 2001). 

3.1.4. Relevance to clinical and research applications    

Understanding resident yeast M. fufur growth needs and cultural characteristics in the 

present investigation has extended yeast usage in the industrial, clinical and research 

areas for future novel metabolites. Still, the application of M. fufur has not yet been 
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focused on industrial or pharmaceutical metabolite production. The present pilot scale 

approach to finding enhanced growth under favorable nutritional requirements and 

parameters will lead to the application of yeast in producing therapeutic metabolites 

like Azelaic acid as an alternative to plant-based production. Several investigations 

related to skin disorders of M. fufur has been highlighted Bart et al. (2018) and Guého 

et al. (1998), and such studies have also explained the usage of Azelaic acid in therapy 

3.2.  Growth kinetics and stationary phases at 35°C under variable pH 

M.furfur (MTCC 1374) growth phases in Oleic Acid Medium (OaM) have been 

accurately focused by applying constant temperature (35°C) with variable pH (5.6 to 

7.0) (Tables 4 and 5, Fig 1 & 2), under the growth acceleration absorbance at 420 nm, 

for a period of 20 days. 

The present investigation screened the growth kinetics, where the optimal temperature 

and pH influence accelerating the M. furfur in the medium. The findings disclose the 

exact pH was 6.0, promoting robust growth with the highest absorbance of 

2.8395±0.01 (averaged), which denotes the cell density (turbidity) in the medium 

favorable environment. Furthermore, the entry of the yeast into the stationary phase has 

been predicted from Day 12 to 15, achieving stability in the growth. This does not 

mean that other pH levels (5.6, 5.8, 6.2, 6.4, 6.6, 6.8, and 7.0) are not accelerating 

growth but are still inferior to pH 6.0. It was worth noting that all the pH-induced 

stationary phase consistently on Day 12, with the exception of pH 5.6, held their 

stationary phase on Day 14 and terminated on Day 16. 

3.2.1. Influence of pH on yeast growth 

The present study identified that the pH of growth medium was central to the 

operations of enzymes in yeast cells. Enzymes would reach and lead their maximum 

activities in a constant medium environment within a strict or narrow range of pH, 

holding the efficiency of metabolic pathways (Madigan et al., 2018). It is 

unquestionable that at pH 6.0, M. furfur may have had optimal enzymatic activity 

increasing cell division and growth that facilitated lipid metabolism, since M.fufur, an 

acidophilic yeast with a consistency of lipophilic nature, enabling to ingest nutrients 

efficiently from conditions in which there is adequate carbon flow (Kurtzman et al., 

2011). Similarly, the bioavailability and nutrient uptake at pH 6.0 in the medium could 

experience the yeast for better growth acceleration, thus explaining the maximum cell 

density. 

3.2.2. Growth at other pH levels 

M. furfur’s growth was observed throughout the pH range from 5.6 to 7.0, but 

metabolic efficiency varied within this range. In conditions with pH, which were not 

optimal, enzymes could be less active leading to slower rate of growth and a lower 

cellular population density. Yeast experienced a delayed entry into stationary phase 

starting on day 14 and terminating on day 16 when its pH was lowered to 5.6 (Lodder, 

1971). When the yeast cells are exposed to an acidic environment such as in this 

experiment at pH 5.6, they may need more time to adjust their metabolic activities 

(Lodder, 1971). The long stationary phase at different pH levels showed that there was 

a period of balanced nutrient uptake and output of waste materials by the cells in order 

for them to reach equilibrium through nutrient consumption and waste production rates 

(Lodder, 1971). However, at pH=6; this steadiness came earlier and remained longer 
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indicating a better metabolic adaptation. 

3.2.3. Role of temperature in cellular functioning 

M. furfur’s enzymatic kinetics and cellular functions were controlled by temperature, 

which is crucial for its cellular function. At about 35°C, an optimal temperature, 

enzyme reactions occurred rapidly so the yeast could get the required nutrients to grow 

and reproduce. This range of temperatures maintained the desired fluidity of the cell 

membrane through which metabolic processes like nutrient uptake and waste excretion 

passed freely (Madigan et al., 2018). The coordination between the best pH and 

temperature conditions ensured M. furfur’s switch to a stationary phase where 

metabolic activities remained stable while enzymatic activities persisted for sustainable 

growth and product formation. 

The growth study of M. furfur in OaM at 35°C made it clear that a pH level of 6.0 is 

appropriate for growth till cell density and the growth of the cell is continuous. This 

was ideal for enhancing enzyme activities and efficiency in the breaking down 

nutrients, which encouraged the high growth of yeast. These data are of critical 

importance for fine-tuning the commodity culture conditions in both experimental and 

clinical practice and elucidating the metabolic plasticity of M. furfur. Enhanced studies 

should thus zoom in to identify the actual enzymatic and metabolic pathways activated 

at the different pH levels to understand the mechanisms that affect the growth patterns 

above. M.furfur growth phase and characteristics at 35°C on an OaM medium have not 

yet been explored, but the present work has explored the growth pattern at 35 °C. 
 

3.3. Growth kinetics and stationary phases at 37°C under variable pH 

3.3.1. Experimental Observations 

The study investigated the growth kinetics and stationary phases of M. furfur (MTCC 

1374) in Oleic Acid Medium (OaM) at a constant temperature of 37°C under varying 

pH conditions (5.6- 7.0) (Tables 6 and 7, Fig. 3 & 4). The yeast, known for its 

association with human skin diseases, showed significant growth and a well-defined 

stationary phase, particularly at pH 6.0. The observations are as follows: 

pH 5.6 : The yeast exhibited robust growth, with an average 

absorbance of 2.604±0.002, peaking by Day 13 and entering 

the stationary phase from Day 13 to Day 14. 

pH 5.8 : Growth patterns stabilized with an average absorbance of 

3.178±0.004 after the initial log phase, entering the stationary 

phase from Day 12 to Day 14. 

pH 6.0 : Demonstrated the highest and most sustained growth, with an 

average absorbance of 4.4208±0.003, peaking by Day 12 and 

maintaining stability through Day 15. 

pH 6.2 : The yeast had an average absorbance of 3.214±0.01, 

entering the stationary phase from Day 13 to Day 14. 

pH 6.4 : Exhibited an average absorbance of 2.754±0.01, with the 

stationary phase from Day 12 to Day 14. 
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3.3.2. Influence of pH and temperature on yeast growth 

The present study finding revealed that the pH's role in the growth media affects the 

associated enzymes and metabolic reactions of M. furfur. The enzymes in lipid 

metabolism are said to be considerably effective at pH 6.0, hence the enhanced nutrient 

regenerative and storage mechanisms and biomass production (Madigan et al., 2018). 

At this pH, all the enzymes needed for the yeast's cell division and growth were active 

at their optimum level. Comparatively, although substantial growth was observed at 

lower pH levels (5.6-6.2), it was less sustained than at pH 6.0. The stationary phase of 

the yeast growth was shorter, and peak absorbance values were low under higher pH 

conditions (6. 4 – 7. 0). 

Temperature also became a controlling factor in terms of enzymatic kinetics and other 

cellular activities as well. The optical densities revealed that yeast activity was highest 

at 37°C. When the temperature was set at 37°C, the yeast grew optimally and 

metabolized at its best. This temperature preserved a proper membrane fluidity that is 

especially important in transporting nutrients, removing wastes, and for unhindered 

metabolism (Madigan et al., 2018). The combination of pH 6.0 and 37°C provided 

conditions conducive to rapid proliferation during the log phase and sustained stability 

in the stationary phase. The pH 6.0 and 37°C allowed for profuse growth in the log 

phase and stability in the stationary phase. 

3.3.3. Growth parameter essentially in the production of azelaic acid 

The stationary phase was stressed as vital in metabolite production, especially azelaic 

acid, synthesized in OaM by M. furfur Azelaic acid, known for its antimicrobial and 

keratolytic properties, is produced as a byproduct of oleic acid metabolism (Wang et 

al., 2014). The stationary phase at pH 6. 0 is essential for synthesizing azelaic acid 

since metabolic energies are only used to form this compound (Lourith K, 

Kanlayavattanakul, 2014). This makes pH 6. 0 an ideal condition for maximum yield 

of azelaic acid and serves a tremendous industrial interest. The potential to increase 

azelaic acid production by optimizing its producer’s growth conditions offers 

significant applications in industry, particularly dermatology (Pinto et al., 2000). 

3.3.4. Significance of the stationary phase 

The stationary phase at pH 6. 0 usually indicates a healthy balance between cell 

division and cell death; nutrient consumption and metabolic activities are ideal. These 

two characteristics make it essential for industrial employment where relative 

steadiness in the productivity increase rate is far more significant than its intensity. It 

was also necessary to explain the changes in growth parameters in case when the pH is 

6. The result of this study demonstrates that pH 6 0 supports cell growth and metabolic 

activity and also supports a longer maintenance phase that would need metabolic and 

pH 6.6 : Showed an average absorbance of 2.573±0.006, entering the 

stationary phase from Day 12 to Day 14. 

pH 6.8 : The yeast had an average absorbance of 2.279±0.01, with the 

stationary phase from Day 12 to Day 14. 

pH 7.0 : Demonstrated an average absorbance of 2.229±0.01, 

entering the stationary phase from Day 12 to Day 14. 
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product stabilization (Madigan et al., 2018; Leeming & Notman, 1987). 

3.4. Findings 

The pH 6.0 indicates the best improvement of the stationary phase of M. furfur in an 

Oleic Acid Medium incubated at 37°C. At this pH, the growth is rapid, metabolic rates 

are high, and the cells are stable in the stationary phase. One of the studies highlights 

the need to maintain pH 6.0, which helped in having constant and improved production 

of azelaic acid, an important metabolite. These results are essential for subsequent 

investigations of M. furfur to understand better the patterns of growth kinetics of this 

yeast and its potential for use in pharmaceutical and industry fields. 

3.4.1. Optimal temperature and pH for M. furfur stationary phase 

3.4.1.1. Experimental Observations 

The key findings of M. furfur (MTCC 1374) growth phases in Oleic Acid Medium 

(OaM) under two different temperatures (35°C and 37°C) with varying pH (5.6 to 7.0) 

and absorbance at 420 nm for about 20 days were disclosed below: 

A. Growth at 35°C 

At optimal pH 6.0 most robust growth with an absorbance peak averaging 2.8395±0.01 

was observed. A stable stationary phase from Day 12 to Day 15 was observed where 

the density of the yeast was stable during this period. The reflection of other pH (5.6, 

5.8, 6.2, 6.4, 6.6, 6.8, and 7.0) enhanced growth with lower cell density not comparable 

to pH 6.0. The onset of stationary phase was delayed and shorter at more acidic or 

alkaline pH values, with the most significant delay at pH 5.6 (Day 14 to Day 16). 

B. Growth at 37°C 

At Optimal pH 6.0 highest, most sustained growth, with an absorbance of 4.415 was 

observed on Day 12 and maintained stability through Day 15. The influence of other 

pH (5.6, 5.8, 6.2, 6.4, 6.6, 6.8, and 7.0) was analogous to 35°C. Besides the lower pH 

(5.6, 5.8) entertainment significant growth but less uninterrupted than at pH 6.0. High 

pH (6.4-7.0) evidenced shortened stationary period and lower absorbance values. 

3.4.2. Influence of pH and temperature on growth 

A. Enzymatic Activity: Perfect pH (6.0) increases the enzymatic activity of the 

particular enzymes involved in lipid metabolism, which is crucial for M. furfur for its 

excellent nutrient use efficiency and biomass accumulation. 

B. Temperature: M. furfur has positive development at two temperatures (35°C and 

37°C), where 37°C. had a higher absorbance, which states that the growth range and the 

cell concentration were wider which is not in the case of 35°C. 

3.4.3. Optimal Conditions for Industrial Applications 

A. Optimal pH: pH 6.0 is the best for the efficient and long-lasting growth of the yeast 

M. furfur in OaM, such change in pH means that maximum levels of the enzymes, 

sugar, and acids are maintained, leading to maximum growth rates and sustained 

growth. 

B. Optimal Temperature: It could be said that 37°C is a bit better than 35°C for the 

M. furfur population growth. The results include higher peak absorbance, consequently, 
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the metabolism was more active in the whole experiment. 

3.4.4. Significance for industrial production 

A. Azelaic acid production: Azelaic acid, a metabolite with antimicrobial and 

keratolytic properties, is maximally produced when the pH is 6.0 and the temperature 

is 37°C. During the stationary phase, the metabolic resources are steered in the 

direction of azelaic acid production. 

B. Consistency and Scalability: Consistency and reproducibility of growth rates are 

achieved by regulating pH to 6.0 and temperature to 37°C as these conditions are 

necessary for industrial scale- up. These circumstances help secure the expected 

amount and standard of metabolites, which are important for drug and skin care 

product manufacturing. 

C. Future Research Directions 

Further studies should explore: 

D. Specific Enzymatic Pathways: Investigating the enzymatic and metabolic pathways 

at various pH to understand the underlying mechanisms of growth and metabolite 

production. 

E. Environmental Influences: Besides the basic environmental factors, nutrient 

concentrations and composition of the medium are the other factors to be considered to 

further optimize the growth conditions. The ideal conditions for the stationary phase of 

M. furfur for production of the product of industrial importance are pH 6.0 and 

temperature 37°C. Such settings stimulate the proliferation of cells, increase the period 

of metabolic activities, and the efficient production of the desired metabolites such as 

azelaic acid. 

3.5. Conclusion 

3.5.1. Importance for Research and Applications 

F. Understanding the synergistic effects of pH and temperature on M. furfur growth 

and stationary phase attainment is critical for advancing both research and clinical 

applications. These environmental factors play pivotal roles in regulating yeast 

physiology, metabolic adaptations, and growth dynamics, offering valuable insights 

into developing effective strategies for yeast control across diverse environments. 

3.5.2. Environmental Influence on Microbial Growth 

G. Madigan et al. (2018) emphasized in their study on microbiology that 

environmental factors profoundly influence microbial physiology and biochemistry. 

They highlighted how enzymes exhibit peak activity under optimal conditions, 

crucially impacting microbial growth dynamics. This understanding is particularly 

relevant to comprehending the robust growth observed in M. furfur under specific pH 

and temperature conditions. 

3.5.3. Taxonomy and Physiological Adaptations 

H. Kurtzman et al. (2011) provided an extensive overview of yeast taxonomy, focusing 

on the physiological properties and environmental conditions favorable for yeast 

growth. They underscored the importance of environmental factors, including pH and 

temperature, in modulating lipid metabolism, which is vital for lipophilic yeasts like 
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M. furfur. This insight helps explain how optimal environmental conditions support 

enhanced metabolic activities and growth rates in M. furfur. 

3.5.4. Growth Dynamics and Stationary Phase 

I. Lodder (1971) contributed significantly to understanding yeast taxonomy and 

growth requirements, highlighting variations in growth rates and stationary phase 

timings under different environmental conditions. This research contextualized the 

delayed and extended stationary phases observed in M. furfur at suboptimal pH levels, 

providing essential insights into the yeast's adaptive strategies and metabolic stability. 

3.5.5. Clinical Implications and Disease Pathogenesis 

J. Gaitanis et al. (2012) reviewed the clinical implications of Malassezia species in 

skin diseases, elucidating how microbial growth dynamics correlate with disease 

pathogenesis. This perspective is crucial for understanding the broader impact of M. 

furfur in dermatological contexts and underscores the importance of optimizing growth 

conditions for clinical management strategies. 

3.5.6. Biological Activity and Dermatological Applications 

K. Lourith and Kanlayavattanakul (2014) explored the biological activity and safety of 

skin care products containing azelaic acid, a metabolic byproduct of M.furfur. Their 

findings underscore the relevance of understanding azelaic acid production pathways 

in M. furfur for dermatological applications, highlighting its potential therapeutic 

benefits. 

3.5.7. Metabolic Pathways and Industrial Applications 

Wang et al. (2014) investigated the effects of pH and carbon sources on azelaic acid 

production by Pityrosporum ovale KCTC 7842, a related yeast species. Their 

experimental data contribute to understanding metabolic pathways in M. furfur, 

particularly relevant for optimizing industrial processes aimed at azelaic acid 

production. 

Integrating insights from studies by Madigan et al. (2018), Kurtzman et al. (2011), 

Lodder (1971), Gaitanis et al. (2012), Lourith and Kanlayavattanakul (2014), and 

Wang et al. (2014) elucidates how environmental factors, particularly pH and 

temperature, influence M. furfur's growth and stationary phase dynamics. These 

findings are instrumental in optimizing culture conditions for industrial applications, 

including the production of bioactive compounds like azelaic acid, and advancing 

clinical strategies for managing M. furfur-related skin diseases. 
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