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ABSTRACT 

 Air dried press cake of sugar cane (5 Kg) yielded on extraction with cold acetone 500 g of waxy residue which gave on 

saponification 150gm. Un-saponifiable matter. Gas chromatography and mass spectroscopic analysis of the present sterols 

revealed that the phytosterol mixture consists of - sit sterol (46.4%), stigma sterol (21.4%) and camp sterol (27.9 %).This sterol 

mixture was subjected to the activities of some selected locally isolated fungal strains. Fusarium solani was the most potent 

organism to produce 4-androstenedione (AD) and 1, 4 androstadiene 3, 17 dione (ADD). The maximum yield of ADD (34.6%) 

was obtained in a medium containing (g/l)  0.15  MgSO4. 7H2O, 0.188, KH2PO4, 0.38, (NH4)2 HPO4, 0.1 , CaCl2. 2H2O, 0.29 , 

NaCl, 0.001 FeSO4 and 0.8 mg 8-hydroxyquinoline, pH 7.1at transformation time 48 hr, 30°C .   
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INTRODUCTION 

 One of the potential roles of cholesterol and 

phytosterols lies in their application in the steroid drug 

industry, that include the production of  several higher value 

steroidal  compounds e.g progestantional, adrenocartical, 

estrogenic contraceptive agents, derived from 4- 

androstenedione (AD) and 1,4 androstadiene  3,17dione 

(ADD) [1-3]. The world market for AD and ADD is 

estimated to be approximately U.S. $ 750×10
6
 annually. The 

process become cheaper according to lower costs for 

obtaining such steroidal substrates from raw materials [4,5]. 

By products from different industries e.g., tail oil in the 

paper industry mud residue in sugar cane industry and rice 

brane in rice industry [6,7] have been considered a suitable 

row materials for producing phytosterols rich oils. 

Successful microbial fermentation of sugar cane phytostorls 

to steroid intermediates of the androstane series has been 

reported by Iida [8], Perez [9] and Wei [10]. 

 The aim of the present investigation is to 

investigate the biotransformation of the phytosterols 

mixture of the filter cake mud obtained from the Egyptian 

cane sugar industry to the important pharmaceutical 

intermediates namely, AD and ADD which play an 

important role in the production of many steroidal 

hormones.             

 

MATERIALS AND METHODS  

Microorganism 

 The different microorganisms used in the current 

study were obtained from the Natural and Microbial 

Products Chemistry Department National Research Center 

(NRC), Dokki, Cairo, Egypt.  

 

Chemicals  

 The authentic steroids (AD, ADD) and sterols, 

sitosterol, stigmasterol were provided by sigma company 

USA. The used sterols substrates were isolated from the 

sugar cane filter cake.  

 

Colour reagent 

1- Liebermann – Burchard's reagent  

5 ml acetic anhydride: 5 ml conc. H2SO4 and 50 ml absolute 

alcohol 

 

Preparation of the unsaponifiable matter of the press 

cake 

 The dried press cake of sugar cane (5kg) was 

exhausted with cold acetone (15L), the temperature not 

exceed 30°C. The dark green extract was concentrated to 

one liter and left over night at room temperature, where by 

greenish creamy wax precipitated and separated .The 

precipitate was saponified by 5% KOH in 80% alcohol for 

4hr. The unsaponifiable matter was extracted with ethyl 

acetate   washed with water, dried over anhydrous sodium 

sulphate, filtered, and then distilled to yield 150 g semisolid 

residue. 
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Inoculum preparation  

 Erlenmeyer flasks 250 ml, containing 100 ml of the 

medium composed of (g/L), glucose 50, peptone 20, corn 

steep 3 pH 5.4 were prepared and sterilized by autoclaving 

at 121C
0
(1.51b/inch

2
).each flask was inoculated with 1ml 

spore suspension from 15 days old culture and shaked at 

220 rpm at 30
+2 

for 48hr. 

 

Transformation process  

 According to the method described by Sirvastava 

et al 4ml inoculum (48hr age) was used to inoculate 250 ml 

Erlenmeyer flask containing 100 ml sterilized nutritive 

medium consists of (g/L) glucose 8, peptone 10, yeast 

extract 2.5 pH 7. The culture flasks were agitated on rotary 

shaker 200 rpm for 24 hr at 30°C.The microbial growth was 

induced by 1mg sterol / 100 ml  for 24hr .Thereafter, 10 mg 

sterols mixture dissolved in 1ml ethanol were  added to each 

flask and the fermentation was allowed to proceed  for 

another 24 hr.   

 

Extraction of the transformation products  

 At the end of the transformation period, the 

contents of each flask were homogenized with twice its 

volume ethyl acetate. The extraction was separated 3 times. 

The combined extract were washed with 5% Sodium 

bicarbonate, then dried over anhydrous sodium sulphate, 

filtered, and evaporated in vacuum to give semi- solid 

residue "test material'. 

 

Analysis of the transformation on products  

Qualitative  
 The steroid constituents present in the test material 

were identified by TLC technique through comparison of 

the Rf values as well as their characteristic colours with 

authentic sample according to the methods described by 

Sallam et al [7].  

 

Quantitative  
 The quantitative analysis was achieved by gas 

chromatography, where the transformation products 

dissolved in chloroform were analyzed using GC with 

colum (HP 1.30 m  × 0.53 mm) , Gradient elution was 

performed (N2-30 ml/ min, H2 30 ml/min, air 300 ml/ min) 

using flam ionization detector. Identification of the 

components were carried out by comparing (retention time 

Rt) to those of standards which are AD (24.556 min, ADD 

25.455 min, camp sterol (34, 180 min, stigmaterol 35.38 

min and β, sitosterol 36.68. 

 

RESULTS AND DISCUSSION 

Analysis of the unsaponifiable fraction  

 The concentrated chloroform solution of the 

unsaponifiable matter and the authentic sterols were 

subjected to TLC analysis, and located with 10% H2SO4. 

The results presented in table (1) showed that the obtained 

two spots were chromatographically identical with, 

sitosterol and ceryl alcohol.  

 Further investigation of the components using by G 

C mass spectrometry indicated that the isolated substances 

is a mixture of , sitosterol (M
+
 412) 46.4% and 

stigmasterol  (M
+
 412) 21.4% and camp sterol (M

+
 400) 

27.97%..The obtained sterol mixture was then used as a 

substrate in a bioconversion process in an attempt to 

obtained important pharmaceutical and medicinal 

intermediates namely, AD and ADD. 

 

Separation of the sterol mixture  

 50 gm of unsaponifiable matter dissolved in 20ml 

chloroform were mixed with 60 gm silica gel. The mixture 

was dried, powdered then transferred to chromatographic 

column 150 cm length, 5 cm diameter, packed by activated 

silica gel G 60. Elution was achieved with benzene, benzene 

– ethyl acetate mixtures (9 : 1, 7 : 3, 5: 5, 3 : 7, 1: 9).The 

fractions were separated by TLC using CHCl3 – Ch3OH 

(49:1v/v) as developing system and 10%  H2SO4  as colour  

agent was compared with that of authentic samples. The 

sterol fractions were combined and concentrated the residue 

15 gm was dissolved in 30 ml methanol with worming and 

filtered. The solution was concentrated and dried in vacuum 

to give crystalline residue 10 gm. It is crystallized easily 

with acetone to give needles m.p 135-136 C0 .Its IR 

spectrum showed absorpition bands near 3420cm-1(OH gp).   

 

Selection of the potent sterols transforming culture  

 The aim of thin study is to explore the ability of 

some different selected microorganism to transform the 

sterol mixture obtained from the press- cake. The results in 

Table (2) showed that among the different used micro 

organisms, Fusarium salani were found to be able to 

transform the sterol mixture to AD and ADD. The 

quantitative analysis of the two active strains is given in 

Table (3).Where gave the highest AD, ADD outputs (13.87 

– 16.88 %) respectively 

 

Suitability of the fermentation medium  

 The present investigation was conducted to assess 

the influence of the chemical constitution of the 

fermentation medium on the activities of the experimental 

organism. Five different nutritive media, differing in the 

nature and/ or the concentration of some constituents were 

used at initial pH 7.2. The composition of these media is as 

follow.(g/l) 

Medium I  

Glucose 10, K2HPO4 0.75, KH2PO43, (NH4)2 SO4 1, MgSO4 

H2O, 8- hydroxyquinoline 0.8 mg.   

Medium II 

Peptone 5, yeast extract 2.5, beef extract 2.5 and NaCl 2.5 

Medium III 

KH2PO4   3, meat extract 2, corn steep 1 
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Medium IV 

NaHPO4. 2H2O   3, KH, PO4 3, NaCl 0.2, (NH4)2 SO4  1, 

FeSO4 0.001, CaCl2. 2H2O 0.1 Mg SO4.7H2O 0.3, Sodium 

molybdate 0.0001, 8 hydroxy quinaline 0.8 mg.  

Medium V 

MgSO4. 7H2O 0.15, KH2PO4 0.188, (NH4)2 HPO4 0.38, 

CaCl2. 2H2O 0.1,NaCl 0.2 FeSO4 0.001, 8hydroxyquinoline, 

0.8 mg).  

 The results given in table (4and fig. 1) clearly 

indicated that the composition of the fermentation medium 

affects the capacity of the used microorganism to transform 

the sterol mixture to AD and ADD. However, the 

composition of medium 4 supported the best bioconversion 

efficiency, which reflected by high yield of ADD (32.96%). 

On the other hand, the other media showed variation in their 

suitability, where, moderate yields were obtained (26.8, 

24.11 and2 3.64 %) for media 1, 2 and 3 respectively .while 

, a reduced yield (12.97) was obtained by using the 

fermentation medium 5.  These results agree with that 

reported by Under kofler and Hickey [12].  

Bioconversion time course  

 The transformation products are varies according 

to the time at which the fermentation process terminated. 

After which the fermentation products were analyzed. It is 

clearly evident from the data given in table (5and fig, 2), 

that the productivity was considerably affected by the time 

at which the fermentation process is terminated. The 

maximum yield (33.96%) of ADD was obtained after 48 hr. 

On the other hand, at the earlier and later transformation 

periods 72 and 96 hr lower out puts of ADD were obtained 

(29.87 and 21.10.1% respectively). There results were also 

reported by Sirvastava et al [12]. 

 

pH relations  

         It is well known that among the different 

physiological factors affecting the transformation process is 

the pH of the fermentation medium. Accordingly, the 

bioconversion of the sterol mixture was investigated at 

different initial pH values of the used fermentation basal 

medium V.  

 From the results presented in Table (6), it could be 

detected that the bio conversion efficiency was markedly 

affected by the initial pH value of the fermentation medium. 

The best yield of ADD (33.96%) was recorded at pH 6.5. 

On the other hand, the pH changes towards the more acidic 

or alkaline side produced remarkable decrease in the outputs 

of AD and ADD. The variation in the hydrogen ion 

concentration in the fermentation medium was reflected by 

remarkable changes in AD and ADD productivity these 

results correlated with that recorded by Nagasawa et al [13]. 

 

Table 1. Thin layer chromatography of the unsaponifiable matter 

Spot No. Colour with H2SO4 10% Rf I Rf II Relative conc. 

1 Brown 0.98 0.98 + 

2 Brown 0.90 - + 

3 Yellow 0.40 0.94 ++ 

4 Faint brown 0.36 0.92 + 

5 Faint brown 0.29 0.88 + 

6 Dark brown 0.20 0.83 ++ 

7 Faint brown 0.14 0.76 + 

8 Dark violet 0.10 0.66 +++ 

9 Faint brown - 0.43 + 

-Sitosterol Dark Violet 0.10 0.66 Authentic 

Cery1 alcohol. Dark brown 0.20 0.83 Authentic 

System ( I) benzene: Petroleum ether  (3: 1 V/V) System  (II)  benzene : ethyl alcohol (9: 1 V/V). (+)  low conc, (++) moderate 

conc, (+++) high conc, (-) absent. 

 

Table 2. The ability of different microorganisms to transform the sterol mixture to AD and ADD 

Microorganism 
Transformation products 

AD ADD 

Aspergillus terreus - - 

A. fumigatus - - 

A.ochraceus - - 

Penicillum notatum - - 

P. Chrysogenum + ++ 

Rhizopus arrhizus - - 

Mucor racemosus - - 

Streptomyces SP. + - 

Fusarium solani + ++ 

Saccharomyces cerviseae - - 
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Table 3. The quantitative estimation of the transformation products obtained by the potent microorganisms 

Microorganism 
Transformation mixtures 

AD% ADD% RS% 

Fusarium solani 13.87 16.88 65.3 

Pencillium chrysogenum 8.54 9.21 73.5 

Sterol mixture Conc. 10 mg / 100 ml medium pH 7.0 200 rpm 30+ 1°C, transformation period 48 hr.  

 

Table 4. Effect of different fermentation media on the bioconversion of the sterols mixture 

Medium 
Transformation mixtures 

AD% ADD% RS% 

1 10.93 26.80 60.42 

2 12.52 24.11 54.31 

3 15.45 23.19 50.37 

4 13.22 33.96 47.50 

5 10.61 12.97 58.70 

 

Table 5. Transformation time course of sterol mixture of press – cake to AD and ADD   

Transformation period (hrs) 
Transformation mixtures 

AD% ADD% RS% 

24 6.00 18.90 71.90 

48 13.22 33.96 47.50 

72 13.00 29.87 58.70 

96 10.80 21.10 55.40 

 

Table 6. Bioconversion of sterol mixture at different initial pH values of the fermentation medium  

Initial pH value Final pH value 
Transformation mixture 

AD% ADD% RS % 

5 4.6 11.06 15.48 77.30 

5.5 5.2 12.56 17.10 65.67 

6 5.7 13.03 24.54 57.80 

6.5 6.2 16.22 33.96 47.50 

7 6.3 12.45 24.44 53.40 

7.5 7.1 13.28 22.97 58.09 

8 7.4 13.30 21.64 59.20 

 

Table 7. Effect of different substrate concentration on the bioconversion of sugare cane phytosterols  

Substrate concentration mg/100ml Transformation AD% Mixture ADD% RS % 

5 11.12 21.34 63.32 

10 16.22 33.96 47.50 

15 13.45 42.67 33.46 

20 14.55 22.49 60.56 

25 8.45 18.94 65.32 
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Substrate concentration  

 The present investigation extended to study the 

effect of different substrate concentrations (5, 10, 15, 20, 25 

mg/100ml medium) on the bioconversion efficiency. The  

results presented in table (7 and fig. 3) showed that the best 

bioconversion activity was (42.67%) was obtained at 

substrate concentration 15g/100ml medium. On the other 

hand, at the hiher substrate concentration remarkable 

reduced levels of the transformation products were obtained 

due to substrate toxicity, these results agree with that 

obtained by Sirvastava et al [11]. 

 

CONCLUSION  

 The investigation of the sugar cane phytosterols as 

a source of some important intermediates of  pharmaceutical 

steroid hormone such as AD, ADD showed that it is a 

valuable and sheep source for these hormones. The current 

study revealed that the best transformation activity using the 

selected fungal strain was obtained at transformation time 

48hr, pH 6.5 and substrate concentration 15mg/100ml 

medium. 
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