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Article History ABSTRACT 

Received :     1 July 2022 Oleaginous fungi are one of the microorganisms that can accumulate a high 
number of biomasses quickly (within 96-130 hours) and are often used to produce 
lipids. The growth of fungi depends on the chemical composition of the 
environment in which it grows. The growth media of fungi must contain high 
carbohydrates as a source of nutrients and high nitrogen content. One of the 
carbon sources that fungi can use in the growth process is glucose. BR 2.2 isolate is 
an oleaginous fungus capable of accumulating 28.44% lipids from the total dry 
biomass with glucose as a carbon source in 50 mL of growth media. Therefore, this 
study was conducted to determine the effect of variations in the volume of media 
and incubation time on the production of biomass and lipid isolate BR 2.2. Biomass 
and lipid production were analyzed at media with additional water volumes of 10, 
20, 30, 40, and 50 mL with 48, 96, and 144 hours of incubation times. The results 
showed that lipid accumulation and biomass production increased with the 
reduction of water content in the growth media and reached the highest number in 
the media volume of 20 mL with an incubation time of 144 hours, i.e., 0.87±0.04 
g/L and 12.53±0.29 g/L. It can be concluded that biomass and fungal lipid 
increased along with incubation time and nutrient concentration. 
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INTRODUCTION 

Fungi is a group of multicellular and 

filamentous eukaryotic microorganisms. Fungi cells 

do not contain chlorophyll, resulting in the inability 

of fungi to carry out the photosynthesis process. 

Therefore, fungi are chemo-organoheterotrophs 

that obtain energy through oxidation of organic 

compounds. Fungi is an aerobic microorganism that 

requires oxygen to survive (Fifendy, 2017). 

Microorganisms have a high productivity level 

with a low need for a growth media. 

Microorganisms that can accumulate lipid biomass 

above 20% are called oleaginous fungi. These 

microorganisms are often used in lipid production 

during the growth of secondary metabolites under 

conditions of excess carbon and limited nutrients. 

(Sergeeva et al., 2008). The high lipid accumulation 

can be up to 80% compared to bacteria or 

microalgae and is generally dominated by 

triglycerides (Dey et al., 2014). 

Oleaginous fungi are widely used as a source of 

lipids in biodiesel production. The use of oleaginous 

fungi is based on several advantages in the 

industrial sector compared to other plants and 

microalgae, namely, oleaginous fungi are easy to 

grow in bioreactors and have a short life cycle. Its 

short life cycle indicates a fast growth rate of 

oleaginous fungi and is not affected by space, light, 

or climate change (Shafiq & Chechan, 2019). In 

addition to their short life cycle, these 

microorganisms have a high growth rate and 

biomass density and can be grown in conventional 

bioreactors to maximize yield and productivity. In 

addition, cells from filamentous fungi are generally 

easier to harvest than algae and yeasts, especially 
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when grown in the form of pellets or mycelia (Yang 

et al., 2019). 

Growth media is divided into three types based 

on density: solid, semisolid, and liquid media 

(broth). Growth in a solid media generally shows 

the formation of colonies on the surface of the 

media, while growth in a liquid media is 

characterized by increasingly cloudy liquid. The 

turbidity is caused by the multiplication of 

microorganism cells (Murwani, 2015). 

Each type of microorganism requires a 

different growth media adapted to each 

microorganism's nutritional needs. Microorganisms 

need about ten macro elements, namely Carbon (C), 

Oxygen (O), Hydrogen (H), Nitrogen (N), Sulfur 

(S), Phosphorus (P), Potassium (K), Calcium (Ca), 

Magnesium (Mg), and Iron (Fe). The first six macro 

elements are used to synthesize carbohydrates, 

lipids, proteins, and nucleic acids, while the other 

four are present in cells as cations. In addition to 

macro elements, microorganisms also need several 

microelements such as Manganese (Mn), Zinc (Zn), 

Cobalt (Co), Molybdenum (Mo), Nickel (Ni), and 

Copper (Cu). Microelements are generally part of 

enzymes and cofactors (Basu et al., 2015). 

In general, the growth of microorganisms can 

include two major processes: Solid-State 

Fermentation (SSF) and Submerged Fermentation 

(SmF). SSF is a process for the growth of 

microorganisms under uncontrolled conditions 

without the use of excess water during the process 

(Mienda & Idi, 2011). SmF is a process of growing 

microorganisms in a liquid media with the 

optimization of appropriate nutrients. The process 

involves the growth of microorganisms in a closed 

reactor containing a fermentation media and a high 

oxygen concentration (Doriya et al., 2016). 

However, in lipid production, SmF method is 

considered too expensive due to the high cost of 

bioreactors and substrates (Meeuwse, 2011). The 

large quantity of substrate produced makes it 

difficult for the substrate disposal process and 

affects the cost used. SmF is known to be so 

sensitive that it is susceptible to infection, resulting 

in yield loss and total breakdown of individual 

batches (Manpreet et al., 2005). 

The main object used in this study was the 

oleaginous fungi isolate BR 2.2, which was isolated 

from the Baturraden Botanical Gardens, Central 

Java, Indonesia. A previous study (Rizki & Ilmi, 

2021) found that BR 2.2 isolate had the highest lipid 

concentration (28.44%) of the 19 isolates. In a 

previous study, lipid production by oleaginous fungi 

isolates BR.2.2 still used the SmF method. 

Therefore, with the high cost and the amount of air 

used by SmF, it is necessary to research reducing 

air in lipid production by BR.2.2 oil isolate to make 

it more economical. Departing from the production 

of isolates obtained, this research is expected to 

produce a high lipid content with water that is not 

excessive. 
 

MATERIALS AND METHODS 

The research started with the process of 

rejuvenation and manufacture of spore suspension 

of BR 2.2 isolate. Starting from the suspension, lipid 

production was carried out in the growth media 

using a shaker incubator  

 

Subculture of BR 2.2 isolate 
Subculture of BR 2.2 isolate was made by 

inoculation technique from culture stock available at 

the Microbiology Laboratory, Faculty of Biology, 

Gadjah Mada University. The isolates were 

inoculated into a Potato Dextrose Agar (PDA) 

growth media slant in a test tube and incubated for 

14 days in an incubator at room temperature. 

 

Suspension preparation and spore calculation of 
BR 2.2 isolate 

The fungi spore suspension was prepared using 

the subcultured isolates on slanted PDA grown for 

14 days. The growth media was added with 10 mL 

of distilled water mixed with 0.01% Triton. Using a 

loop needle, the isolates were suspended by 

carefully threshing the spores immersed in 0.01% 

triton solution. The suspension was put into a 

sterile glass bottle, then tightly closed and stored 

until used. 

The number of spores in the suspension was 

calculated by graded dilution. The dilution results 

were then calculated using a spectrophotometer at 

550 nm. PDA was then inoculated using the spread 

plate method for 14 days based on the concentration 

obtained. Colonies that grow are counted to get 

total plate count (TPC). The number of microbes in 

Colony Forming Unit (CFU)/mL from each 

dilution was obtained. The data spectrophotometer 

and TPC were used to create a standard curve 

between Abs and CFU/mL values. 

 

Making growth media with variations of water 
content 

Fungi biomass production was carried out by 

the batch fermentation method. The production 

media is composed of KH2PO4 0.125 gr; ZnSO4.H2O 
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0.0005 gr; CuSO4.5H2O 0.00005 gr; MnSO4 0.0005 

gr; MgSO4.7H2O 0.025 gr; FeSO4.7H2O 0.001 gr; 

CaCL2 0.005 gr; yeast extract 0.05 gr; KNO3 0.05 

gr; glucose 1.5 gr; and varied distilled water 

amounts (50, 40, 30, 20, and 10 mL). The pH in the 

media was adjusted to pH 5.5 using HCl and NaOH 

(Somashekar et al., 2002). The media was sterilized 

using an autoclave at a temperature of 121°C with a 

pressure of 1 atm for 15 minutes. 

 

Lipid production from BR 2.2 with variations in 
water content 

An amount of 3.85 mL spore suspension 

representing 102 CFU was inoculated into media 

with additional water of 50 mL, 40 mL, 30 mL, 20 

mL, and 10 mL. Each media variation was carried 

out in three replications and grown for 48, 96, and 

144 hours at 28 °C. The lipid production process 

was carried out using a shaker at 130 rpm. The 

formed biomass was separated from the media by 

filtration using Whatman filter paper no. 1. To 

ensure that no media left, the biomass were washed 

with sterile distilled water twice 

 

Fungi biomass calculation and lipid extraction 
The biomass calculation was carried out on the 

dry weight of the fungi mycelium. The fungi 

mycelium was filtered using filter paper (Whatman 

no. 1; diameter 15 cm/150 mm) which was dried in 

the oven for 24 hours and weighed. The dried 

biomass was weighed periodically until it reaches a 

constant weight. The difference between initial and 

final weight was taken as the dry weight of fungi 

biomass (Barboráková et al., 2012). 

Lipid extraction was carried out by crushing 

the dry biomass produced by the BR.2.2 oleaginous 

fungi and then homogenized with acid sand in a 

ratio of 1:2. The homogenization results were then 

added with chloroform and methanol as much as 20 

times the total weight of biomass and acid sand. 

The ratio of chloroform: methanol added to the 

mixture of biomass and acid sand was 2:1 (Axelsson 

& Gentili, 2014). The mixture was vortexed until 

each component mixed and then centrifuged for 10 

minutes at a speed of 4000 rpm. 

The supernatant containing lipid was 

transferred into a sterile 15 mL vial bottle 

previously weighed and then placed in the oven for 

the evaporation process. After all, the solvent was 

evaporated, and only the lipid remains, the bottle is 

weighed again. Lipid accumulation was expressed as 

grams of lipid per liter of growth media and the 

percentage of grams of lipid per dry biomass 

(Somashekar et al., 2002). 

 

Data Analysis 

The analysis was carried out using Two-Way 

ANOVA analysis followed by Duncan's Post-Hoc 

Test with the IBM SPSS Statistics 22 application to 

see a significant difference in the study results with 

p< 0.05. 
 

RESULTS AND DISCUSSION 
Judging from the average data testing results 

using Duncan's analysis test with a significance of 
p<0.05, it shows that the incubation times of 48 
hours, 96 hours, and 144 hours are significantly 
different. This is indicated by a superscript symbol 
that differs between incubation times. The 
incubation time of 48 hours has a mean total 
biomass yield of 4.54 g/L marked with a superscript 
symbol a, and an incubation time of 96 hours has an 
average total biomass yield of 7.17 g/L with a 
superscript symbol b. An incubation time of 144 
hours has a mean biomass yield of—total 9.97 g/L 
with superscript symbol c. In addition, that the 
increase in incubation time is directly proportional 
to the total biomass production produced by BR 2.2 
isolates, which is indicated by a gradual increase in 
the average total biomass yield concerning 
incubation time. Viewed from the average total 
biomass yield based on variations in the volume of 
media, average biomass yields of 10, 20, 30, 40, and 
50 mL are 6.20, 12.53, 9.85, 4.12, and 3.44 g/L, 
respectively. 

Based on the Figure 1, it can be seen that the 

orange bar shows the results of the treatment for 

the production of BR 2.2 isolate at media with 

additional 20 mL volume of water. The orange 

diagram in the 144-hour incubation group had the 

highest yield compared to the total biomass 

production under other conditions, which is 12.53 

g/L. 

Based on the data shown in Figure 2, there is a 

gradual increase in lipid production in all variations 

of the water volume of the media. Like the results in 

the test to calculate total biomass, the results in this 

test, when viewed from the aspect of incubation 

time, it can be seen that the increase in incubation 

time is directly proportional to the lipid produced 

by BR 2.2 isolates in all variations of the media. 
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Figure 1. Comparison of water volume variations in medium and incubation time on biomass 
production of BR 2.2. isolates. a: group with confidence interval of 2.828-4.717; b: group with 
confidence interval of 5.6 - 6.8; c: group with confidence interval of 9.25 - 10.45; d: group with 

confidence interval of 11.93 - 13.22 

 
Figure 2. Comparison of water volume variations in medium and incubation time on lipid 

production of BR 2.2. isolates. a: group with confidence interval of 0.38 - 0.54; b: group 
with confidence interval of 0.55 - 0.72; c: group with confidence interval of 0.79 - 0.95 

These results, it was also obtained through 

Duncan's test of significance p <0.05, showed that 

each incubation time was significantly different. 

The average lipid produced at an incubation time of 

48, 96, and 144 hours was 0.49 g/L, 0.63g/L, and 

0.75 g/L, respectively. Meanwhile, when viewed 

from the variations of water addition onto media, 

the 10, 20, 30, 40, and 50mL media produced an 

average lipid of 0.63 g/L, 0.87 g/L, 0.64 g/L, 0.52 

g/L, and 0.46 g/L, respectively. Based on all the 

data presented in Figure 2, the treatment at the 

media volume of 20 mL water for 144 hours 

produced the most lipids compared to other 

treatment conditions, namely 0.87±0.04 g/L. 

Filamentous fungi have an important role in 

the industrial production of biological products and 

the fermentation industry due to their ability to 

secrete proteins and enzymes, high growth rates, 

ease of handling in large-scale production, and low-

cost requirements for production compared to other 
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microorganisms. The fungi growing process results 

in high-quality biomass (high protein and fat 

content) (Asadollahzadeh et al., 2018). Filamentous 

fungi grow by elongation and branching of hyphae 

tips. The process involves the cytoplasm mass flow 

from the colony's center to the tip of the hyphae. In 

hyphae, there are porous septa that function to 

separate hyphae and have the potential to control 

the movement of molecules within the colony (Daly 

et al., 2020). 

Based on the data obtained, it can also be seen 

that the increase in incubation time is directly 

proportional to the total biomass production 

produced by the BR 2.2 isolate, which is indicated 

by a gradual increase in the average total biomass 

yield. Incubation time allows more fungi to grow, 

forming more biomass (Hosseinpour et al., 2017). 

The concentration of nutrients in the media has 

been shown to affect the activity of fungi, especially 

on sporulation and oxygen consumption. Increasing 

oxygen in culture can produce thicker cell walls 

than less oxygen, so the dry weight of the biomass 

formed will be greater. Generally, the biomass 

produced and fungal activity increased with 

incubation time and nutrient concentration 

(Fuentes et al., 2015). 

The process of accumulation of lipids in 

oleaginous fungi is known to produce 

polyunsaturated fatty acids (PUFAs) by the SmF 

method and glucose as a source of C (Meeuwse, 

2011). Based on the data shown in Figure 2, there is 

a gradual increase in lipid production in all 

variations of the water volume of the media.  

This study resulted in data on the condition 

that the volume of 20 mL of media water for 144 

hours had the most lipid accumulation compared to 

other treatment conditions, that is, 0.87±0.04 g/L. 

Lipid accumulation by oleaginous fungi mostly 

occurs when nutrients in the growth media are 

limited and excess carbon sources are converted to 

TAG storage. The limited supply of nitrogen (N), 

phosphorus (P), sulfur (S), iron (Fe), or zinc (Zn) is 

known to cause lipid accumulation in oleaginous 

fungi (Wu et al., 2010). During the growth phase, 

the carbon source is regulated for cell growth and, 

consequently, low lipid content. When nitrogen 

concentration becomes limited, cell growth stops, 

and microbial metabolism shifts to lipid 

accumulation (Vazquez-Duhalt & Greppin, 1987). 

A rapid decrease in lipid accumulation is seen 

when cultures are grown in media containing 

higher inorganic and organic nitrogen sources. At 

the same time, there will be a higher accumulation 

of biomass but lower lipid content. The low lipid 

accumulation that occurs due to the availability of 

sufficient amounts of nitrogen for producing 

reproductive enzymes leads to an increase in 

biomass rather than lipid accumulation. In terms of 

stress level, lower nitrogen salt concentration 

creates higher metabolic stress conditions in 

microbes which triggers lipid accumulation in cells 

much faster than higher nitrogen concentration 

where the stress level is relatively low (Gohel et al., 

2013). 

 

CONCLUSION 

Lipid accumulation and biomass production 

increased with the reduction of water content in the 

growth media. They reached the highest number in 

the media volume of 20 mL with an incubation time 

of 144 hours, i.e., 0.87±0.04 g/L and 12.53±0.29 

g/L, respectively. The biomass produced and fungal 

activity increased with incubation time and nutrient 

concentration. Therefore, even with limited water 

but high nutrient content, it could still achieve high 

biomass and lipid production yields without 

excessive substrate waste. 
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