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ABSTRACT 
 

Ergosterol is a principle sterol and an economically important metabolite produced by the Saccharomyces 
cerevisiae. This compound is a pro vitamin or a precursor to vitamin D2.. Ergosterol plays an important role in 
physiological function and in pharmaceutical clinical trials. It could be used in the treatment of fungal infection 
and rickets (disease caused by vitamin D deficiency).This project is aimed to exploit the potential of 
Saccharomyces cerevisiae to produce ergosterol from corn straw hydrolysate and soybean meal liquor as an 
inexpensive carbon source. Yeast strains were isolated from grape juice and characterized. Corn straw was 
pretreated by the process of acid hydrolysis and soybean meal liquor was prepared by boiling and filtration 
followed by the fermentation  on malt wort medium and YEPD medium using Saccharomyces cerevisiae as the 
production strain. Ergosterol was extracted using Petroleum ether as solvent. The produced ergosterol was 
analyzed using Fourier Transform Infra-Red Spectroscopy (FTIR) and Gas chromatography 
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Introduction 
 

Ergosterol, an important pharmaceutical intermediate, is the precursor of liposoluble vitamin D2 and 
cortisone (Arnezeder, C. and W.A. Hampel, 1990). It is also a main sterol in yeast cells and is responsible for 
structural membrane features such as integrity, fluidity, permeability and the activity of the membrane- bound 
enzymes (Parks, L.W. and W.M. Casey, 1995). 

 

 
Structure of ergosterol: 

 
The molecular weight of ergosterol is 396.65, melting point is 156-158 °C and boiling point is 250°C. The 

molecular formula of ergosterol C28H44O. Ergosterol is mainly produced by two different methods. First, 
ergosterol can be extracted from waste mycelium in penicillin or in citric acid fermentation. Second, ergosterol 
can also be produced by yeast fermentation.  Fed-batch fermentation is generally applied to achieve a more 
efficient production of proteins or other intracellular products by Saccharomyces cerevisiae (Hensing, M.C.M., 
et al., 1995). The limiting substrate concentration of carbohydrate must be maintained below the value that 
enables the maximum respiratory capacity of Saccharomyces cerevisiae to overcome the repression caused by 
the oversupply of carbohydrate. The high concentration of ethanol during fermentation is unfavorable for the 
growth of yeast cells. 

Soybean meal is a significant and cheap source of protein for animal feed and many packaged meals. It is 
added as fed batch to the fermentation media in the middle of the exponential phase to maintain a constant 
growth rate. 

Agricultural residues such as straw from corn grain production are an obvious source of biomass. Biomass 
could ease the current energy crisis, release environmental pressures and furthermore can be converted to 
degradable sugar by biomass hydrolysis technology. The cell wall fraction of corn straw is rich in cellulose and 
hemicelluloses, which contain Xylose, Arabinose and Galactose (Song, G.M., J. Liu, D.H. Xue, 2008; Schmidt, 
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A.S., S. Mallon, A.B. Thomsen, 2002; House, C., 1995). The low cost and high carbohydrate content of corn 
fiber make it an attractive potential substrate to produce ergosterol. Therefore, the corn straw should be pre-
treated by a special method for the process of acid hydrolysis and fermentation (Nilvebran, N.O., et al., 2001; 
Basaglia, M., et al., 1992; Lourdes, C. and V. David, 2002; Ehara, K. and S. Shiro, 2002). In this research, 
producing ergosterol from soybean meal and corn straw hydrolysate is simple and economical. 

The present study entitled “Fermentative production of ergosterol using Saccharomyces cerevisiae” was 
undertaken with following objectives: 

• To isolate Saccharomyces cerevisiae from sugarcane juice. 
• To produce ergosterol from malt wort media and YEPD media by fed batch fermentation. 
• To perform FTIR and GC for the conformation of ergosterol. 

 
Materials And Methods 

 
Chemicals: All the chemicals and media used in this study were from HiMedia chemicals, Mumbai. 
 

Isolation and Identification of Saccharomyces cerevisiae:  
 
Sugarcane juice was collected from local Vellore market, these samples were transported to lab using cool 

box. The samples were serially diluted from 10ˉ¹ to 10ˉ⁴ followed by pour plate, for which 1 ml of sample from 
each of the dilutions was transferred on to YEPD (yeast extract 1%, peptone 2%, glucose/dextrose 2%, and agar 
2%) agar plates.  After spreading it properly the plates were kept for incubation at 37°C for 24-48 hours. After 
incubation, based on shape, margin, elevation, and color the isolates were selected and examined 
microscopically. Pure culture was maintained at 4ºC. 
 
Characterization: 
 
Lacto phenol cotton blue staining: 

 
A loopful of isolated culture was emulsified in a drop of LPCB stain on a glass slide. A cover slip was 

placed over the emulsion and the prepared wet mount was observed, under low power objective for round, oval 
budding yeast cell. 
 
Nitrate reduction test: 

 
Nitrate broth was prepared, inoculated with isolated culture and incubated at room temperature for 1 to 2 

days. After incubation few drops of α- napthyl amine reagent and sulphanilic acid reagent was added. The color 
change was observed from (pink). 
 
Sugar fermentation test: 

 
Sugar fermentation broth with 1 % sugar was prepared, inoculated with isolated culture and incubated at 

room temperature for 24 days. Next day, the tubes were observed for acid and gas production. 
 
Ascospore fermentation: 

 
Ascospore agar plate was prepared and inoculated with isolated culture and incubated at room temperature 

for 3 -4days. After incubation a wet mount with LPCB was prepared and observed under low power objective 
for Ascospore. 
 
Urease test: 

 
Christenson’s urea agar slant was prepared and inoculated with the isolated culture and incubated at room 

temperature. The color change in the slant was observed (pink). 
 
PROCESS-1 (Fed batch fermentation of ergosterol using malt wort media): 

Corn straw was obtained from K.V. kuppam, Vellore (plate1). The yeast (Saccharomyces cerevisiae) was 
cultured under aerobic conditions (Liu et al., 2007) in VIT University laboratory. 
 
Corn straw pre-treatment: 
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Corn straw was pre-treated by steam at 200º C to 240º C for 15 to 20 min[11]Being blasted rapidly in 
reactor, the lignose become soft and the cellulose crystal was broken. Due to the removal of the anchor coat of 
lignose and hemi-celluloses, cellulose was exposed and easily hydrolyzed for the following fermentation. 
 
Hemi- Cellulose Hydrolysis: 

 
Hemi-Cellulose hydrolysis was prepared by using inorganic acid (H2SO4) hydrolysis at a solid: liquid ratio 

of 1:10 in boiling water bath and 90ºC for 8 hrs. The suspension was then centrifuged to remove the 
unhydrolyzed residue.  
 
Malt wort preparation: 

 
Overnight soaked (germinated) barley was mixture grinded. The grinded barley was boiled for 10 mins and 

filtered using muslin cloth to get the malt wort. 
 
Inoculum preparation: 

 
Malt Wort (3.9%) was sterilized for 15 min (121ºC, 15 lbs pressure). A loopful of cells taken from plate 

was inoculated in a 250 ml Erlenmeyer flask containing 120 ml of 3.9% of malt wort media and the flask was 
incubated at 28º C in a rotary shaker at 200 rpm for 16 hrs . 
 
Production of ergosterol using fermenter: 

 
The bioreactor containing 3 l cultivation medium was sterilized at 121 º C for 20 min . And the bioreactor 

was inoculated with 10 % (v/v) seed culture. Cultivation was carried out at 28ºC at an agitation speed of 600 
rpm.The fermentation using malt wort media in a bioreactor. At regular interval the O.D. and the yeast wet 
weight has been observed. The corn straw hydrolysate was added into the bioreactor using fed- batch  control 
system and the pH was adjusted  at 5.5 by automatic addition of 25% ammonia or 20% (w/w) KOH (Xue, D.H., 
et al., 2006). 
 
PROCESS-2 (Fed batch fermentation of ergosterol using YEPD media): 

 
Soybean was purchased from nearby market of Vellore. It was boiled and filtered to obtain the soybean 

meal. The yeast (Saccharomyces cerevisiae) was cultured under aerobic conditions (Liu, B., D.H. Xue, H.L. 
Wang, 2007) in VIT University laboratory. 
 
Medium 
 
Seed culture media: 

 
100ml of YEPD broth was inoculated with loopful of Saccharomyces cerevisiae. Incubated at rotatory 

shaker for 24-48 h . 
 
Fermentation medium (w/v) (%): 

 
Industrial glucose 8, soybean meal 8, urea 0.1, KH2PO4 0.6, NaNO3 0.2 and MgSO4 O.1 . 
Soyabean meal preparation: Soyabean was boiled for 10 min. then it was filtered using muslin cloth to 

get the soybean meal . 
 
Fed-batch media (w/v) (%): 

 
Soybean meal 7, industrial glucose 21. 

 
Production of ergosterol in shake flask: 

 
The cultivation medium was sterilizes at 121º C for 15 min.  After sterilization the medium was inoculated 

with 10% seed culture. The cultivation was carried out at 30 º C, at an agitation of 350-400 rpm. At regular 
interval the O.D. and the yeast wet biomass was observed and noted. 
 
Fed-batch: 
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In the cultivation medium, feeding started in the middle of exponential phase, and was fed with 7% soybean    

meal and 21% industrial glucose at 30 º C. 
 
Ergosterol extraction: 

 
For extracting ergosterol 30 ml of broth was centrifuged (4000rpm, 10 min). After centrifugation the 

supernatant was discarded and all the pellet were transferred into a 250 ml flask containing 7gm of KOH, 30ml 
of 60% ethanol solution and 70ml of water =25:60:40 (v/v) added. For saponification, the mixture was treated 
was treated at 80º C in water bath for 2 h. Finally 20ml of petroleum ether was added to extract the ergosterol in 
a separating funnel. Ergosterol extraction using separating funnel is shown in figure 1 . 

 

 
 
Fig. 1: Extraction of ergosterol using separating funnel: 
 
Analytical methods: 

 
The infrared spectrum was obtained on the infrared furrier spectrometer with KBr pellets in the 4000-400 

cm/1 regions (Chen, H.K., 1993). 
 
Result And Discussion 

 
The results suggest that the corn straw and soyabean meal could be utilized to produce ergosterol. This can 

be a promising sustainable development for limited resources, and may even benefit the effort for reduction of 
accumulated carbon in atmosphere. From this paper, with the aim of producing ergosterol using more 
economical methods, optimization of hydrolysis condition and fermentation condition were determined using 
the corn straw and soyabean meal as raw material that combined with the yeast strain. 
 
Isolation and Identification of Saccharomyces cerevisiae: 

 
Colony morphology of our isolates from the sugar cane juice, one yeast was isolated among other organism 

present and it was named as Saccharomyces cerevisiae SDJ 01 
 
Table 1:Characterization of Saccharomyces cerevisiae 

                                               Characterization of bacteria                                                       Result 
Cultural characters                        colony morphology on YEPD media                         round, regular, elevated,off white 
Microscopic characters                 LPCB staining                                                            Oval shaped blue colored cells 
Biochemical characters                 Nitrate reduction                                                         positive 
                                                    Urease                                                                         positive 
                                                    Sugar fermentation test(sucrose, glucose)                    positive 
                                                    Ascospore test                                                             positive 
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The colony morphology of the Saccharomyces cerevisiae SDJ 01 was found to be round in shape, white in 
color, elevated and having regular margin.  (Table 1). 

After staining with Lacto phenol cotton blue, oval shaped blue colored cells were observed under oil 
emersion objective..The Saccharomyces cerevisiae SDJ 01 was found to be Nitrate and Urease positive 
organism . The strain efficiently fermented Sucrose and glucose with gas production. On Ascospore agar the 
organism grown well with white elevated colonies. Upon Lacto phenol cotton blue staining four Ascospores 
were found in one asci. 
 
Hemi cellulose hydrolysate from corn straw: 

 
After the hemicelluloses hydrolysis using inorganic acid (H2SO4) the corn straw hydrolysate was prepared. 

 
Process 1: Determination of biomass concentration of ergosterol using corn straw hydrolysate: 

 
After inoculating the fermentation media with the seed culture, the O.D (660 nm) and the wet biomass was 

measured at regular interval of time, starting from 0th hour to 8th hour. At 8th hour the growth reached the 
stationary phase with the O.D. of 1.13 and biomass of 0.59g/l. Since this yield is very less so, fed batch 
fermentation was carried out by adding corn straw hydrolysate at the stationary phase. After 24 hours total 
biomass (wet weight) was found to be 2.95 g/l. Therefore there is a significant increase in the yield after 
addition of fed batch. The Graphical representation between time, biomass and O.D. has been shown in Figure 
2. 
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Fig. 2: Graphical representation between time, 
 
Process 2: Determination of biomass concentration for ergosterol production using soybean meal liquor: 

 
After inoculating the fermentation media with the seed culture, the O.D (660 nm) and the wet biomass was 

measured at regular interval of time, starting from 0th hour to 8th hour. At 8th hour the growth reached the 
stationary phase with the O.D. of 1.40 and biomass of 0.14 g/l. Since this yield is very less so, fed batch 
fermentation was carried out by adding soyabean meal at the stationary phase. After 24 hours total biomass (wet 
weight) was found to be 6.35 g/l. Therefore there is a significant increase in the yield after addition of fed batch. 
The Graphical representation between time, biomass and O.D. has been shown in figure 3. 
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Fig. 3: Graphical representation between time, biomass and O.D. 
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FTIR Analysis of ergosterol : 
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Fig. 4: FTIR spectra of ergosterol obtained from process 1(corn straw hydrolysate). 
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Fig. 5: FTIR spectra of ergosterol obtained from process 1(soybean meal). 

 
Infra-red spectrogram of ergosterol. The infrared spectrum was obtained on the infrared furrier spectrometer 
with KBr pellets in the region of 4000-400cm-1. FTIR, V(cm-1) -1. Figure 3 shows the ergosterol produced by corn 
straw hydrolysate and Figure 4 shows the ergosterol produced by soyabean meal. 

 
Figure 4 and 5 shows the FTIR spectra of ergosterol synthesized by adding corn straw hydrolysate and 

soybean meal respectively. The band at 3543 to 3393cm-1 corresponds to the O-H mode of vibration (Fernandes, 
D.M., et al., 2009). The band between 860-900cm-1 corresponds to CH bonds. In the spectrum of ergosterol 
(Fig. 4), the more intensive bands are due to C=C bending vibration in alkenes at 1325.48 cm-1 and 834.11 cm-

1(Hong-fa, Wu., et al., 2012) After comparing with the standard ergosterol (Gachotte, D., et al., 2001), it is clear 
that the spectrum obtained in Figure 3 and 4 is almost same with the standard sample, but there is absorbance of 
other sterols in the spectrum too. Hence we need to crystallize it to improve its purity. Thus it was concluded 
that our product had great possibility to be ergosterol. 
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Gas chromatographic analysis: 

 
The sterol obtained after the extraction is subjected to GC analysis. The chromatogram obtained with the 

retention time of 1.13 and 1.14(min: sec), when compared with the standard given in the paper by [18] the 
presence of sterol was confirmed. The chromatogram are seen  in the figure 6and 7. 

 

 
 
Fig. 6: Chromatogram of the sterol obtained using  corn straw hydrolysate.  

 
Fig. 7: Chromatogram of the sterol obtained using soybean meal liquor.  

 
Conclusion: 

 
In our present research, the use of inexpensive agricultural and industrial byproduct as carbon source is the 

active direction of byproduct production. The inexpensive corn straw and soybean meal is thus, an attractive 
carbon source to reduce fermentative production cost. Our product ergosterol has got huge application in 
medicine especially in the production of anti tumor drugs and vitamin D. 

 
References 

 
Arnezeder, C. and W.A. Hampel, 1990. Influence of growth rate on the accumulation of ergosterol in yeast-

cells. Biotechnol.Lett; 12: 277-282. 
Parks, L.W. and W.M. Casey, 1995. Physiological implications of sterol biosynthesis in yeast. Annu. Rev. 

Microbiol.; 49: 95-116 



1221 
J. Appl. Sci. Res., 9(2): 1214-1221, 2013 
 
Hensing, M.C.M., R.J. Ruowenhorst, J.J. Heijnen, J.P. Van Dijken and J.T. Pronk, 1995. Physiological and 

technological aspects of large-scale heterologous-protein production with yeast. Antonie Van 
Leeuwenhoek, 67: 261-279. 

Song, G.M., J. Liu, D.H. Xue, 2008. Application research on the production of ergosterol using corn straw 
hydrolysates fermentation by yeast. Microbiology, 35: 1862-1867.  

Schmidt, A.S., S. Mallon, A.B. Thomsen, 2002. Comparison of the chemical properties of wheat straw and 
beech fibers following alkaline wet oxidation and laccase treatments. J. Wood Chem. Technol., 22: 39-53.  

House, C., 1995. Corn gluts pinch margins in challenged ethanol industry. Feedstuffs, 67: 21-22. 
Nilvebran, N.O., A. Reinmann, S. Larsson, 2001. Detoxification of lingo-cellulose hydrolysates with ion-

exchange resin. J. Appl. Biochem. Biotechnol., 93: 35-49. 
Basaglia, M., S. Cardinali, P. Nuti, 1992. Enhanced degradation of ammonium- pretreated wheat straw by 

lignocellulolytic strptomyces. J. Microbiol, 10: 1022-1025. 
Lourdes, C. and V. David, 2002. Formation of organic acids during the hydrolysis and oxidation of several 

wastes in sub-and supercritical water. J. Ind. Eng. Chem. Res., 41: 6503-6509. 
Ehara, K. and S. Shiro, 2002. A comparative study on chemical conversion of cellulose between the batch-type 

and flow-type system s in supercritical water. J. Cellulose, 9: 301-311. 
Song, G.M., L.J. Ma, H.L. Wang, X.J. Wang, D.H. Xue, 2008. Study on the production of ergosterol using corn 

straw hydrolysates fermentation. China Biotechnol, 28: 47-51. 
Xue, D.H., X.P. Li, Y.L. Li, 2006. Study on ergosterol yeast cultivation. J. Northest Normal Univ. (Natural 

Science Edition); 38: 87-90. 
Liu, B., D.H. Xue, H.L. Wang, 2007. Study on construction of a high-biomass and ergosterol-enriched yeast 

strain. Food Sci. Technol.; 3: 21-25. 
Chen, H.K., 1993. Application of infrared furrier. Shang Hai., pp: 27-30. 
Fernandes, D.M., R. Silva, A.A.W. Hechenleitner, E. Radovanovic, M.A.C. Melo, E.A.G. Pineda, 2009. Mater. 

Chem. Phys., 115: 110-115. 
Hong-fa, Wu., Ya-li, Li., Gong-ming Song and X. Dong-hua, 2012. Producing ergosterol from corn straw 

hydrolysates using Saccharomyces cerevisiae. American Journal of Biotechnology, 11(50): 11160-11167. 
Gachotte, D., J. Eckstein, R. Barbuch, T. Hughes, C. Roberts and M. Bard, 2001. A novel gene conserved from 

yeast to humansis involved in sterol biosynthesis. Journal of Lipid Research, 42: 150-154. 


