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Optimization of Sugar Cane Phyto Sterols  Bioconversion Using Arthrobacter rubellus
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Abstract: Phytosterols separated from filter cake mud obtained from sugar cane industry were successfully
converted into 1,4androstenedione (AD) and 1,4androsta-dienedione (ADD) by the strain of A. rubellus.
The bioconversion process was achieved by investigation of the effect of different fermentation medium
constituents, some additives and inducers. The results showed that the maximum yield of ADD (39.48%)
was obtained by using fermentation medium consists of (g/L) glucose 5, peptone 10, KH2PO4 0.18, MgSO4

7H20 0.15, NaCl 0.1supplemented  by Ni+2, and α, α di-pyridyle as well as the  induction by β, sitosterol,
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INTRODUCTION 

The microbial degradation of sterols has been
studied by [1,2,3].  The microbial degradation of sterols
play an important role in the production of highly
valuable intermediates as AD, ADD. These are playing
an important role in the production of many steroid
hormones as well as some corticosteroids, which 
participate in the production of many medical and
pharmacological preparation.

phytosterols constitute a major part of many
agriculture wastes ,specially sugar cane industry, these
wastes were consider to be valuable substrate for
microbial growth. It was a mixture consists of mainly
β, sitosterols, stigmasterol, campsterol and ceryl
alcohol.

The present study is the first trial for investigation
of using phytosterols obtained from sugar cane mud for
the production of highly important steroids
intermediates AD and ADD.

MATERIALS AND METHODS  

Materials:
Microorganism: The microorganism used in the
current work Arthrobacter rubellus was selected
according to a previously screening experimental
studies and it was obtained from the Natural and
Microbial Products Chemistry Department, National
Research Center, (NRC), Dokki, Cairo, Egypt.

Chemicals: phytosterol mixture  used in the present
study was isolated from  filter cake mud obtain from

qus sugar Mill company. The authentics sterols, β,
sitosterol, stigma sterol, campsterol, and AD, ADD
were  provided from Sigma company USA, and Ciba
Geiges, Company, Switzerland.

Solvent Systems:
1- Benzene: Ethyl acetate: Acetone (4: 1: 1 V/V) 
2- Cyclo hexane: Acetone – Chloroform  (15: 5: 2

V/V)

Colour Reagents: Libermann – Burchard's reagent 5
ml sulphuric acid, 5 ml acetic anhydride, 45 ml
absolute alcohol [4,5,6].

Methods:
Maintenance of the Microorganism: The used micro
organism was maintained on nutrient agar medium
(g/L) beef extract 1, yeast extract 2; peptone 5, NaCl
0.5 and agar agar 15.

Transformation Process: The inoculum was prepared
by using Erlenmeyer flasks 250 ml containing 100 ml
of the flowing medium (g/L) glucose 5, peptone 10,
yeast extract 2.5 pH 7 [7]. The sterile medium was
inoculate using a spore suspension and incubated at
200 rpm, 30°C, 24 hr.

4 ml from  the previously prepared  inoculum was
added to 250 ml Erlenmeyer flask containing 100 ml
of the same medium used for inoculum and incubated
for 24 hr after which, the substrate  (sterol mixture)
was added as 10 mg/ 100 ml. The transformation
process  was  continued  to  48  hr at 200 rpm and
30± 1°C.
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Separation and Analysis of the Transformation
Products: According to the method described by
Salam, et al., [6] at the end of the transformation
period. The contents of each flask were extracted with
twice its volume of ethyl acetate, and the solvent layer
was separated and evaporate under vacuum to give
semi solid residue" test material". This material
undergo qualitative and quantitative analysis.

Qualitative: The qualitative analysis was carried out
using thin chromatography technique(TLC) according
to the methods described by [6,8].

Quantitative: The transformation products were
dissolved in chloroform and analyzed by GC apparatus
with column HP (1.30 m ×  0.53 mm) Gradient elution
was performed (N2 30 ml/min, H2 30 ml/min, air 300
ml/min) using flame ionization detector. Identification
of the components, were carried out by comparing 
retention time Rt to these of standards. AD (25.45 min,
ADD 23.40 min campsterol 34.18 min, stigmasterol
35.13 min and β, sitosterol 36.68 min [9].

RESULTS AND DISCUSSION

Addition of   MgSO4. 7H2O and KH2PO4: Firstly, 
the effect of MgSO4. 7H2O on the bioconversion  of
the sterol mixture has been investigated. The data
presented in table (1) showed that the maximum ADD
yield (32.97% )was obtained  at (0.15 g/L ) of  MgSO4

.7H2O.The concentration above and below  this value
showed reduced ADD yields. The investigation of
KH2PO4 effects on  the bioconversion process revealed
that the best yield of ADD (34.8%) was obtained at
0.2 g/L. While, the other concentrations showed
reduced out puts under the same conditions. These salts
are very important for the bacterial growth and
metabolism at certain concentration ,therefore it is very
important to submit the fermentation medium by these
salts [10]. On the other hand, some bacterial sp such as 
Mycobacterium sp require higher concentration of these
salts where, the maximum yield was obtained at conc.
(3 gm/L) and reached in some cases to (12 g/L) [11,10].

2- Calcium Chloride and Sodium Chloride: The
investigation of both calcium or sodium chloride on the
bioconversion have been tested. The data showed in
fig. (1,2) indicated that the maximum out put (32.98%) 
of ADD was obtained at 0.1 g/L using CaCl2 and at
0.2 g/L for NaCl. The addition of these salts are
important, since these compounds were essential for
microbial growth by adjusting the ionic state of
fermentation medium [12,13].

3- Steroid Inducers: Some steroid compounds such as
(Progesterone, 11α- hydroxyl-progesterone (11α-Hp), β,
sitosterol, stigma sterol, sterols mixture) were added to
the fermentation medium as inducer and was  tested 
separately atconc.1mg/100ml. The results in fig. (3)
showed that both b, sitosterol and  stigma sterol were
found to be  good inducers, since it  produce (35.7%
and 34.01%), respectively. The side chain degrading
enzymes are inducible enzymes, therefore affected  by
the addition of these substrates. The induction process
depends on the stereo structure of the compound results
in variation in the products obtained, which reflected
by low or high levels  of both AD and ADD[11,14]. 

4- Trace Elements: The effect of trace elements
addition on the bioconversion of sugar cane
phytosterols have been investigated. The results
presented in table (3) showed that Cd+2 and Sb+3, Bi+3

have an inhibitory effects to the transformation
reaction, since, it produce low yields (8.7%, 5.79% and
6.40%) respectively. However, Co+2 showed low
stimulatory effects since it gave (25.03%). The best
yield (31.07%) has been obtained by Ni+2 addition.

The mechanism of action of these ions depends on
the  preventing the steroid skeleton degradation by
converting it into phenolic or 6,16 oxido (cyclo)
steroids that is resistance to microbial attach, results in
high ADD yield [8,14].

5- Chelating Agents: Some chelating agents mixture
had been investigated on the bioconversion of sterol
mixture. The results presented in fig.,(4) revealed that
the maximum yields (39.48%and 37.8%) has been
obtained by α, α diprydyl and 1,10 orthophophosate
addition, respectively.

Table 1: Effect of MgSO4. 7H2O levels on the transformation of sterol mixture cake  using A. rubellus 
MgSO4.7H2O conc. g/L Transformation products

--------------------------------------------------------------------------------------------------------------------
AD% ADD% RS%

Control 3.80 6.84 38.19
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
0.05 5.40 16.02 73.20
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
0.10 4.09 29.52 60.78
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
0.15 3.74 32.97 58.30
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
0.20 3.53 31.50 59.11
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
0.25 3.60 30.80 60.31
Control: with out salt 
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Table 2: Effect of different concentrations of KH2PO4 on the bioconversion of sterol mixture by A. rubellus 
KH2PO4 g/L Conc. g/L Transformation Products 

--------------------------------------------------------------------------------------------------------------------
AD% ADD% RS%

*Control 6.11 2.30 84.40
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
0.1 4.08 18.30 71.30
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
0.15 3.70 21.50 68.05
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
0.18 2.5 32.97 58.90
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
0.20 2.8 34.80 60.10
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
0.25 2.35 34.51 55.73
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
0.30 3.01 30.55 63.07
* Control without KH2PO4 

Table 3: Effect of trace elements on bioconversion of sterol mixture obtained from press – cake by A. rubellus to AD & ADD. 
Elements Transformation mixtures

--------------------------------------------------------------------------------------------------------------------
AD% ADD% RS%

Co2+ 4.3 25.03 63.77
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ni2+ 3.98 31.07 60.00
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cd2+ 6.08 8.70 79.1
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Bi3+ 3.0 6.40 85.07
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Sb3+ 3.4 5.79 86.6

Fig. 1: Effect of calcium chloride concentration on the sterol mixture bioconversion
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Fig. 2: Effect of different sodium chloride concentrations on the bioconversion of the sterols mixture

Fig. 3: Effect of some steroid inducers on the bioconversion of sterols mixture
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Fig. 4: Effect of some chelating agents on the sterols bioconversion

However, 8 hydroxyqunoline gave a considerable
out put (33.4%),the addition of EDTA had showed
remarkable reduced yield of ADD.

Since, the sterol side chain cleavage with out
concomitant of the nucleus degradation is successfully
achieved in presence of chelating agent such as (α,α
dipyridy1, 8 hydroxylqunoline ), these substances found
to be effective in preventing steroid nucleus
degradation .It was reported to act in two ways on
inhibition of dehydrogenase by depriving Zn+2 which
combine the enzyme subunits together or by capturing
competitively NAD enzyme binding site through the
structural similarity. The ineffectiveness of other
compounds might be due to the aliphatic structure and
the ionic state in the aqueous solutions both of which
lower the lipophilism of the agents reflected by low
ADD out puts [15,16,17,18].
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