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Abstract 

Optimization of culture conditions such as pH, temperature, media composition, various carbon 

and nitrogen sources were standardized. From the above experiments on optimization 

parameters, a pH of 6.0 and at ambient room temperature (30ºC) favoured for maximum biomass 

(8.11g/L) and total lipid yield (2.18g/g) and lipid content (26.95%). The optimum temperature 

was found to be 30ºC wherein the highest biomass observed was (9.84g/L) total lipid yield 

(2.97g/g) and lipid content (30.22%). Evaluation of various carbon sources for maximizing the 

lipid production was carried out, with glucose, fructose, xylose, lactose and sucrose. The results 

indicated that, Aspergillus niger JGK – 12 showed significantly higher biomass (9.87g/L), total 

lipid yield (2.96g/g) and lipid content (30.19%). The effect of nitrogen on the production of total 

lipids in Aspergillus niger JGK – 12 was studied by using different nitrogen sources such as 

peptone, yeast extract, urea, ammonium sulphate, ammonium chloride and ammonium nitrate. 

Our results concluded that the medium containing yeast extract gave highest cell dry biomass 

(10.03 g/L), total lipid yield (3.14 g/g) and lipid content (31.38 %).  

Keywords: Oleaginous fungi, pH, Temperature, Media, Nitrogen, Carbon, Lipid  

 

INTRODUCTION 

Among physiological parameters temperature is another one of the most critical factors that 

affect all species of living organisms and controlling the growth rate, lipid synthesis and alters 

the composition of fatty acids in cellular level. Earlier studies showed that temperature has 

pronounced effect on growth and biosynthesis of unsaturated fatty acids in certain oleaginous 
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fungi. Fermentation at high temperature produce more saturated than unsaturated fatty acid and 

vice versa when grown at low temperature. This phenomenon is a part of adaptive response to 

cold environment (Michinaka et al., 2003). Hansson and Dostalek, (1988) studied the effect of 

growth temperature on biomass yield and fatty acid composition of Mortierella ramanniana, M. 

ramanniana, M. vinacea and M. isabellina at 20, 25, and 30°C, it was observed that at 25°C, 

there was a maximum biomass yield and was the optimal temperature for growth. Effect of 

temperature on fatty acid composition of Mortierella fungi which normally produce Arachidonic 

Acid but not Eicosapentanoic Acid at 28°C was studied (Shimizu et al., 1988). Shimizu et al., 

(1988) hypothesized that an enzyme catalyzed reaction is activated at low temperatures which 

converts AA to EPA.  Formation of lipid and unsaturated fatty acids tends to increase 

considerably and these results were also observed in certain Mucor spp. (Quoc and Duacq, 

1997). Angerbauer et al., (2008) reported that the pH optimal for lipid accumulation is generally 

lower than that for optimal growth, in Lipomyces starkeyi with sewage sludge as nutrient 

medium accumulated highest lipid content at pH 5.0 while the highest growth was at pH 6.5. 

Brown and Hasan, (1990) have observed that highest lipid content accumulation occurred at pH 

3.2 in Trichoderma reesei in glucose substrate while the highest growth was calculated at pH 4.0. 

Oleaginous microorganisms accumulate high lipid content when the nitrogen source was 

exhausted from the medium and excess carbon was diverted into lipid synthesis (Fakas et al., 

2008).  Fat Production Medium is commonly used, since the oleaginous microorganisms grow 

well in N2limiting media and produce high lipid content. It provides favorable conditions 

necessary for the accumulation of lipid inside the mycelium of fungi. Oleaginous 

microorganisms like zygomycetes fungus showed good growth and more lipid accumulation in 

N2limited medium (Komaitis et al., 2001). Mortierella spp. produced more biomass, lipid and 

poly unsaturated fatty acids (PUFAs) in Glucose yeast extract medium, since it is nutrient rich 

medium. Potato Dextrose Broth (PDB) has components such as metal ions and/or other 

micronutrients which provide suitable conditions to enhance growth of the organisms (Dyal et 

al., 2005). Glucose is the carbon source most commonly employed for growth of oleaginous 

fungi and lipid production (Zhao and Hu, 2010). High glucose concentrations enhance the carbon 

flow that is directed toward TAG production, thus improving lipid production in several yeasts. 

However, growth of R. toruloides is inhibited by high concentration of glucose, (Li et al., 2007). 

Furthermore in batch cultures initial glucose concentration also affects the fatty acid composition 
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of the lipids (Amaretti et al., 2010). Carbon sources other than glucose, such as xylose (Heredia 

and Ratledge, 1988), lactose, arabinose, mannose, mannitol (Hansson and Dostalek, 1988), 

ethanol (Eroshin and Krylova, 1983), have also been investigated in the 80s and 90s for the 

production of microbial lipids.  

However, Mortierella spp. produced maximum gamma linolenic acid (GLA) with 1% yeast 

extract and also increased yeast extract concentration in the cultivation medium which promoted 

the cell growth (Bajpai and Bajpai, 1992). Urea as nitrogen source in the cultivation medium 

enhanced growth and GLA production of C. echinulata. Ammonium nitrate and urea were the 

better nitrogen source for growth and potassium nitrate was best for maximum lipid (35%) 

production in the case of C. echinulata (Chen and Chang, 1996). Yeast extract enhances the 

growth of the organisms, since it is a complex nitrogen source but an expensive source for large 

scale production. Fakas et al., 2008 and Ahmed et al., 2006 studied the difference of N2 sources 

on GLA production by Mucor sp.  

 

MATERIALS AND METHODS 

Optimization of culture conditions for biomass and lipid content of oleaginous fungus: In 

the present study, inoculum was prepared by cultivating the fungi in PDA slants for seven days 

at 30º C. To the fully sporulated fungal slant, 2-3 ml of sterile Tween- 80 was added and the 

spores were dislodged from the sporangiospores by gently scraping with a sterile needle. Before 

inoculation spore count was taken using a Haemocytometer, Feinoptik, Bad Blankenburg, 

Germany. An optimized level of 1.5X106 ml inoculum was used for the inoculation. For growth 

optimization studies, different media, pH, temperature, carbon and nitrogen source were used, all 

experiments were performed in 500-ml Erlenmeyer flasks containing 100±2 ml of nutrient 

medium (FPM) autoclaved at121° C for 20 min. The pH was adjusted by the addition of 0.1N 

NaOH and 0.1N HCl solutions accordingly before autoclaving and incubation was carried out for 

6 days. The lab temperature was maintained at ambient room temperature (28- 30°C). 

Growth optimization in nutrient media: Five different media namely, 1) Fat production 

medium (FPM) (Komaitis et al.,2001), 2) Synthetic medium (SM), 3) Glucose yeast extract 

medium (GYM), 4)Potato dextrose broth (PDB) 5) Czapeck dox broth (CDB) and 6) Wheat bran 

as Solid media (WBS) (Mamatha, 2009) were used for growth optimization of oleaginous 

fungus.  
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Nutrient medium for solid state fermentation:  Autoclaved 50g fresh wheat bran was used for 

the study. For the comparative studies, i) dry wheat bran, ii) dry wheat bran with sterile distilled 

water at 60% saturation, iii) dry wheat bran with 60% saturated and autoclaved nutrient solution 

(Mamatha, 2009) iv) dry wheat bran with 70% saturated and autoclaved nutrient solution, were 

inoculated with spore suspension inoculum (1.5X106/ml). The flasks were incubated in an 

inclined position to facilitate proper aeration at ambient temperature. The growth, lipid yield and 

total lipid contents were observed after 6 days. 

Growth optimization in different pH: To determine the optimum pH for the growth of 

oleaginous fungi, before autoclaving, the pH like 3.0, 4.0, 5.0, 6.0, 7.0, 8.0 and 9.0 were 

maintained in the nutrient media (Chunjie Xia et al., 2011). 

Growth optimization at different temperature: To determine the optimal temperature for the 

growth of oleaginous fungi, temperature ranging from 15, 20, 25, 30, 35 and 40° C (± 0.5° 

C)were maintained for 6 days in an incubator orbital shaker (Chunjie Xia1 et al.,2011). 

Growth optimization in different carbon sources: To determine the optimal carbon sources 

for the growth of oleaginous fungi, glucose, fructose, sucrose, galactose and lactose were used. 

All sugars were used at 4% level in the medium. Yeast extract was used as the nitrogen source at 

0.286% (Papanikolaou et al., 2007). 

Growth optimization in different nitrogen sources: To determine the optimal nitrogen sources 

for the growth of oleaginous fungi, following nitrogen sources were used in this study; Peptone, 

Yeast extract, Urea, Ammonium Sulphate, Ammonium Chloride and Ammonium nitrate at a 

concentration of 0.286 % (Park et al., 1999), Glucose was used as the carbon source at 4% level 

in the medium. 

Extraction of Total lipids by Folch method: Fungal hyphal samples were extracted with 3 ml 

of chloroform: methanol (2:1,v/v) (Folch et al., 1957) by vortexing (1 min) and centrifugation at 

2000rpm for 15 min at room temperature, supernatants were collected and residues re extracted 

thrice. All supernatants were pooled together, filtered with Whatman filter No. 1 (Whatman, 

USA) and washed with two ml of Milli-Q water, followed by centrifugation at 2000 rpm for 5 

min. The lower organic phases were collected and evaporated to dryness under nitrogen and total 

lipid content were determined gravimetrically. 
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Statistical analysis: Data obtained from three independent analyses was expressed as mean 

standard deviation. Experimental data was subjected to analysis of variance and Duncan’s 

multiple range test (p <0.05) using the Statistical Analysis System (Duncan’s, 1965). 

 

RESULTS AND DISCUSSION 

Several growth conditions are known to influence lipid production in oleaginous fungi. The 

physiology of lipid production in different oleaginous microorganisms through various growth 

conditions has been reported by Ahmed et al., 2006 and Li et al., 2008. Some microorganisms 

grown under particular environmental conditions were able to accumulate significant quantities 

of lipid or polysaccharides (Fakas et al., 2008). A high C: N ratio in the medium was initially 

found essential for lipid overproduction in oleaginous microorganisms (Ratledge, 2004). 

However, lipid over production can also result from limitation of certain other essential nutrients 

and environmental parameters. Optimization is directly proportional to the effect of nutrients of 

cost effective substrate and also factors like pH, temperature, aeration or agitation on the yield of 

products (Mamatha et al., 2008; Xian et al., 2001).   

Optimization of nutrient media: In the present study, different media were tested to study the 

biomass build up and total lipid production. The results indicated that biomass yield was more in 

FPM medium at 8.20 ± 0.03g/L followed by synthetic medium (7.96 g/L) and glucose yeast 

extract medium (6.89±0.04 g/L). Oleaginous microorganisms accumulate high lipid content 

when the nitrogen source is exhausted from the medium and excess carbon diverted into lipid 

synthesis (Fakas et al., 2008). Fat Production Media (FPM) was commonly used, since the 

oleaginous microorganisms grow well in N2 limiting media and produce high lipid content. It 

provides encouraging conditions necessary for the accumulation of lipid inside the mycelium of 

fungi. The result concurred with those found in oleaginous microorganisms like zygomycetes 

fungus which shows good growth and more lipid accumulation in N2 limited medium (Komaitis 

et al., 2001). The biomass production in PDB was found to be 6.86±0.26 g/L, slightly lower than 

glucose yeast extract medium (6.89±0.04 g/L).  The biomass was found to be the least in 

Czapeckdox broth medium (6.48 ± 0.04 g/L) among broth media. Potato Dextrose Broth (PDB) 

has components such as metal ions and other micronutrients which provide thorough conditions 

to improve the growth of organisms but at the same time it was found that it was not suitable for 

lipid and PUFAs production (Dyal et al., 2005). Wheat bran is used as the solid substrate to 
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observe the growth of Aspergillus niger JGK – 12, the growth was much less with respect to both 

biomass production and lipid yield as compared to the other broth media. The supplementation 

of water with 50% saturation and nutrient solution with 50 and 60% saturations to wheat bran 

resulted in 1.69 ± 0.02, 3.5 ± 0.1 and 4.9 ± 0.2 g/L of biomass respectively. Since, among the 

solid dry wheat bran media used, dry wheat bran did not support any growth of the inoculum due 

to very less (or nearly absent) amount of moisture. The solid state fermentation for 6 days of 

incubation period resulted in the buildup of maximum dry fungal biomass yield with wheat bran 

and nutrient solution supplementation of 60% concentration, with 4.9± 0.2 g/L and total lipid 

yield of 0.82±0.01g/g. The addition of water to the wheat bran mixture to about 50% saturation 

(for 100g of wheat bran, 50mL of water was added) was better than the dried one, still it was 

lagging in supporting the growth of the culture fungus resulting in 0.22±0.015g/g of total lipid 

yield comprising 13.36±0.68 % of the lipid content. The production of total lipid yield in CDB 

media was the least at 1.17±0.01g/g and PDB media being 1.40±0.015g/g. The other media 

studied namely SM, GY and FPM produced 1.95±0.015, 1.64±0.025 and 2.20±0.015 g/g 

respectively of total lipid yields. The lipid percent varied from 13.36±0.68 % in wheat bran and 

water (50%) to 26.95±0.14 % in FPM media. The culture grown on SM comprised a lipid 

content intermediate between these two media (24.46±0.34 %). The cultures grown on CDB and 

PDB media showed lipid percentage at 18.14 ± 0.19 % and 20.58 ± 0.74 % of total dry biomass 

(Figure I). CDB medium was nutritionally intermediate, having poor growth and less lipid 

accumulation. It may be due to the occurrence of variation in pH (dropped to acidic) during 

growth phase. 

Though the percentage lipid content varied between different media used, because of the 

variation in the quantity of biomass produced (consequently dry biomass content) the final 

quantity of lipid produced varied. The total lipid yield thus calculated was expected to give basis 

about the choice of media for future studies using Aspergillus niger JGK - 12 
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Figure I Optimization of nutrient media 

Optimization of incubation period: The Aspergillus niger JGK-12 was inoculated to FPM 

media and incubated for different incubation periods starting from 1 to 10 days. The maximum 

growth was observed during the 6th day of incubation, where 8.11±0.01 g/L of dry biomass was 

obtained with a total lipid yield of 2.18±0.025g/g constituting 26.95±0.16 % of lipid contents of 

total dry biomass. The inoculum did not proliferate extensively during initial period of 

incubation. After reaching 6th day of incubation period, the culture biomass reached a saturation 

level, wherein the biomass and total lipid contents began to decrease at a slower phase, with 7th 

day of incubation resulting in 7.43±0.18 g/L and 1.55±0.03g/g of dry biomass and 20.96 ± 

0.21% total lipid content respectively, and on the final 10th day of incubation it reached a level of 

7.09±0.29 g/l of dry biomass, 1.45±0.055g/g of total lipid yield and 20.5 ± 0.25 % total lipid 

content respectively, which may be due to the depletion of available nutrient media and hence 

degradation of cellular machinery of the Aspergillus niger JGK-12 (Figure II). María et al., 2009 

have standardized about 4 days of incubation period for the enhanced production of pectinase 

enzyme by Aspergillus niger resulting in 1032 U/L of pectinase activity. Mahesh Khot et al., 

(2012) have reported that oleaginous fungi namely Aspergillus terreus and others isolated from 

tropical mangrove wetlands, have studied growth for up to 3 days to determine the growth 

optimization and biomass harvesting by employing Czapeck Dox medium. 
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Figure II Optimization of incubation period 

Optimization of pH: The required pH for the optimum growth of Aspergillus niger JGK – 12 was found 

to be in the intermediate range, which played an essential role in biomass formation and lipid 

accumulation. In the present study, highest biomass and lipid accumulation by Aspergillus niger JGK - 12 

was found in the medium with initial pH 6.0 resulting in 9.12±0.51 g/L of dry biomass and yielding 

2.56±0.09 g/g of total lipids constituting 28.17±0.78 %. There is a drastic decrease in biomass content and 

lipid yield, when the fungi is grown in lower pH 3.0, with 0.73±0.22 g/l of biomass and 0.14±0.04g/g of 

total lipid yield representing 20.19±1.46 % of total lipids, similarly at pH 9.0 resulting in 4.42±0.21 g/l, 

0.91±0.03 g/g of total lipid yield and 20.76±0.34 % of total lipid content (Figure III). These observations 

were supported by the studies of Venkata and Venkata, (2014). They reported that pH 5.5- 6.0 was 

suitable for the growth and lipid accumulation of Aspergillus awamori. In general, fungal strains are more 

tolerant to acidic than alkaline pH, whereas, pH 5 - 6 were found to be the most suitable for fungal growth 

as reported by Lilly and Barnett, (1951).  
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Figure III Optimization of pH 

Optimization of incubation temperature: Triacylglycerols (neutral lipids) are the chief lipid 

components produced in Aspergillus niger JGK – 12 and their yield is associated with the growth of 

fungus, lipid accumulation and growth temperature under cultivation. Results indicated that Aspergillus 

niger JGK-12 did not show significant growth and lipid yield both in low and high temperatures 

specifically whereas incubation at ambient room temperature (30º C) resulted in maximum biomass 9.84 

± 0.08 g/L of dry biomass and 2.97±0.01 g/g of total lipid yield with 30.22 ± 0.19 %. The incubation at 

lowest temperature of 15º C yielded a dry biomass of 4.41±0.76 g/L and 0.51±0.01 g/g of total lipid 

constituting 11.60±0.04 % of lipid content whereas at highest temperature of 40º C yielded 6.03 ± 0.22 

g/L of dry biomass, 1.08±0.01 g/g of total lipid yield constituting 17.97±0.49 % of lipid content (Figure 

IV). This confirms the observations of Hector Palacios-Cabrera et al., (2005) that, the optimum 

temperature tested for the growth of three Aspergillus spp. between 25- 30º C, in which for A. 

carbonarius and for A. niger, 30º C was the best temperature. A. ochraceus presented good growth at 25 

and 30º C, while at 35º C their growth was slowed as the temperature was raised and the results were 

supported with the findings of Shehu and Bello, 2011. 
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Figure IV Optimization of incubation temperature 

Optimization of carbon sources: The carbon sources tested were Glucose, Fructose, Xylose, Lactose 

and Sucrose on the growth of Aspergillus niger JGK – 12.  The monosaccharide Glucose gave the 

maximum biomass and total lipid yield with 9.87±0.03, 2.96±0.02 g/g respectively constituting 

30.19±0.08% of total lipid content, followed by the same supportive growth from fructose resulting in 

7.95 ± 0.34 g/L of dry biomass and 1.57±0.02 g/g of lipid yield constituting 19.87±0.62% of lipid content. 

Whereas, the xylose, lactose and sucrose and resulted in biomass production with 4.48±0.15, 5.74±0.07, 

4.65±0.07 g/L and total lipid yield of 0.56±0.02, 1.01±0.01 and 0.85±0.01g/g constituting 12.66±0.11, 

17.72±0.12 and 18.37±0.12% respectively. During fungal fermentation, the carbon source acts as a chief 

nutrient for building cellular material and energy source. Biomass buildup, lipid accumulation, fatty acid 

profile and their constitution have been influenced by different types of sugars during fermentation (Dyal 

and Narine, 2005, Papanikolaou et al., 2007). Similar results were reported by Somashekar et al., 2002 in 

Mucorrouxii and Mucor sp.  Glucose and fructose produced much higher biomass than the sucrose which 

is in agreement with the findings of Weete, (1980). Where the results did not correlate with the findings 

of Ahmed et al., 2006 and Somashekar   et al., 2002 reported that, the growth of Mucor spp. was 

supported by lactose as the carbon source. The details of dry biomass, total lipid yield and lipid content 

are given in Figure V. 
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Figure V Optimization of carbon source 

Optimization of nitrogen source: In the present study, among the six nitrogen sources used for the 

cultivation of Aspergillus niger JGK - 12, Ammonium nitrate medium yielded the lowest dry biomass of 

2.90 ± 0.27 g/L, the highest dry biomass was in yeast extract (10.03±0.15 g/L), remaining other nitrogen 

sources like peptone yielded 9.85±0.08 g/L, urea 5.88±0.1 g/L, ammonium chloride 4.39±0.07 g/L, 

ammonium sulphate gave 4.72 ± 0.46 g/L of dry biomass. 

The total lipid contents were ranging from 13.82±0.43% for ammonium nitrate with 0.39±0.03 g/g of 

total lipid yield being the lowest, to highest 31.38±0.21% for yeast extract with 3.14±0.02 g/g of total 

lipid yield, the other nitrogen sources yielded 2.98±0.01 g/g, with 30.29±0.28% of total lipid content for 

peptone, 0.91±0.01 g/g and 15.64±0.12% of total lipid content for urea, 0.78±0.04 g/g of total lipid yield 

and 16.68±1.03% of total lipid content for ammonium sulphate, 0.72±0.01 g/g of lipid yield and 

16.52±0.1 % for ammonium chloride of lipid contents (Figure VI). Several studies reported that use of a 

range of nitrogen sources during fermentation process affected the yield of mycelial growth in different 

ways (Park et al., 1999). Lipid accumulation in oleaginous microorganisms generally takes place during 

exhaustion of nitrogen contents in the nutrient medium, by decreasing the cell growth rate and in turn 

diverting the excess carbon content to lipid storage in cells both intracellular and intercellularly as 

triacylglycerols (TAG) (Papanikalou et al., 2004b). Many studies have shown the effect of nitrogen 

source on the biomass and lipid yield in yeast and fungal species (Fakas et al., 2007b and Somashekar et 

al., 2002). Dyal et al., (2005) reported that 1% yeast extract and 4% glucose as nitrogen source in the 

cultivation medium gave the best production of biomass, lipid and arachidonic acid production in M. 

ramanniana. Where the results are very much in accordance with their findings and hence, nitrogen is 

concluded as key nutrient in lipid synthesis.  
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Figure VI Optimization of nitrogen source 

CONCLUSION 

 Cultivation conditions were selected for lipid production by optimizing appropriate selection of 

both physical and chemical parameters such as pH, temperature, nutrient media, different carbon 

sources and different nitrogen sources. It was concluded in this study that pH 6.0, temperature at 

30º C, glucose and yeast extract as carbon and nitrogen sources produced maximum dry biomass, 

lipid yield and lipid contents. After this by using different organic solvent extraction total lipids 

was extracted and found that chloroform and methanol in 2:1 ratio gave highest amount during 

recovery which can be potential converted in to biodiesel. 
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