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ABSTRACT
This paper reports reduction of selected terpenes such as Citral (3,7-dimethylocta-2,6-dienal), Camphor
(1,7,7-trimethylbicyclo[2.2.1]heptan-2-one) and Citronellal (3,7-Dimethyl-6-octen-1-al) involving two
green and environment friendly techniques viz. microbial transformation using Baker’s Yeast
(Saccharomyces cerevisiae ) in free as well as in immobilized form and electrochemical methods. In
the first case water-alcohol, water-isopropanol and water-glycerol combination were used for microbial
transformations of the selected terpenes. Immobilized cell showed maximum conversion of the product
as compared to the free yeast cells. Electrochemical behaviour of the selected substrates were studied
using  cyclic voltammetry to establish optimum conditions for reduction  such as media, supporting
electrolyte, reduction potential range and pH were determined which were subsequently used in their
bench scale electrochemical reduction at constant potential by using Stainless Steel Electrode
(SS-316). The reduction products were isolated and purified by chromatographic techniques and
characterized on the basis of spectral analysis.
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INTRODUCTION
Monoterpenes are widely distributed in nature and
find extensive applications in the flavor and
fragrance industry. Their simple structures make
them ideal targets for microbial biotransformation
to yield several commercially important products1,2.
Baker’s Yeast (BY) mediated reduction3-5 have
been reported for many carbonyl compounds,
however, information on similar biotransformation
of citral, camphor and citronellal remains limited.
Citral and citronellal are acyclic monoterpenes
whereas camphor is a bicyclic monoterpene. BY
has been the favoured microbe on the basis of its
ready availability, safety, low cost and ease of
handing & disposal. The optimization of process
parameters remains a challenging task due to
several limitations posed by monoterpenes such
as volatility, by-product formation, immiscibility
and low yields of the product. Immobilized cells

have been used for carrying out biotransformation
of various substrates. They offer advantages such
as easier separation and reuse of cells,
maintenance of higher cell concentrations and
stabilization of several cell functions. The reuse
of immobilized cells is presented in this work. The
conditions best suitable for culture viz. as pH,
temperature and agitation time were established
to maximize the product concentration6,7.
In this work we are also reporting electrochemical
reduction of citral, camphor and citronellal using
stainless steel electrodes8-11 at constant potential.
Prior to electrolysis cyclic voltammetric study of
substrates was carried out to find out the optimum
conditions for the electrolysis as well as the
irreversible nature12.

AIMS  AND  OBJECTIVES
The aim of the present work is to make use of
microbial assisted reduction as well as
electrochemical reduction of Citral, citronellal and
camphor as these two techniques are ecofriendly,*Author for correspondence
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economical and provide value added products in
efficient manner.

MATERIAL   AND  METHODS
All the chemicals were used of AR grade and
triply distilled water was used for the making of
solution and Baker’s Yeast is purchased from a
local grocery shop.
Experimental
1. Reduction using Free Baker’s yeast
Biotransformation was carried out using Fresh
Baker’s Yeast (5 g) in the following solutions :
(a) Water (200ml) and isopropanol (25ml)
(b) Water (200ml) and sucrose (10g)
(c) Water (100ml) and glycerol (100ml)
Fresh Baker’s Yeast (5 g), the substrate and the
solution were placed in a 500ml flat bottom flask
and the suspension was stirred for 30min and
thereafter reactant (2mM) was dissolved in
minimum amount of absolute alcohol and the
alcoholic solution was poured into suspension. The
mixture was magnetically stirred for a given period
(Table 1). After completion of the reaction the
product was filtered using celite (HIMEDIA), the
filtrate was saturated with NaCl and extracted
with diethyl ether, combined ether extracts were
dried over sodium sulphate and after removal of
ether, the purity of the product obtained was
checked on the basis of single spot TLC and
thereafter it was characterized by spectral
techniques such as IR, NMR and Mass
spectroscopy.

2. Reduction using immobilized Baker’s
Yeast

The immobilization was carried out using 2g BY
in polyacrylamide gel which was prepared by
mixing the following solutions in the given
proportion :
Solution A : 10g Acrylamide and 2.5g N, N’-
methylene bisacrylamide in 100ml DDW.
Solution B : 5.98g Trihydroxy Methyl Amino
Methane (TRIS), 0.46ml N,  N, N’,  N”-
tetramethyl Ethylenediamine (TEMED) and 48ml
1N HCl solution to 100ml.
Solution C : 560mg Ammonium per sulphate in
100ml DDW.
Solution D : Isopropanol
All these solutions were mixed in following
proportion and then deaerated for 30 minutes :
10.0 ml of solution A + 5.0 ml of solution B + BY
2g + 5.0 ml of solution C + 10.0 ml of solution  D.
The optimum pH and temperature were
determined and found to be 5.0-7.0 and 27 ºC
respectively. The time required for maximum
product formation was determined by analyzing
the product after every 30 minutes interval. An
agitation speed of 120 rpm and biotransformation
time (Table 1) were employed. Optimum solvent/
emulsifier type and concentration to be employed
was standardized by addition of these to baker
yeast cells . During our investigations on
biotransformation, it was observed that BY was
an effective reducing agent in all the media and
yield varied from 95-70%. Immobilized baker

            Yield(%)
S/N    Name  Reaction With With  BP (°C) IR values (cm-1)      Mass  Spectrum NMR values

time(hrs) FBY ImBy       (m/z) (δ)

  1. Geraniol 48 88 92 230 3300, 2900, 1450, 154, 139, 123, 5.1-5.4, 4.2,

1400, 1000 111, 93, 79 2.2, 1.5-1.7

  2 Borneol 48 78 83 207 3350, 2950, 136, 121, 110, 4.08, 3.87,

1475, 1060  97, 81, 67, 55 3.72, 3.58,

  3 Citronellol 72 84 88 222 3300, 2900, 1450, 154, 139, 123, 2.1-2.3,1.5-1.7

1400, 1000  111, 93, 79 5.1-5.3, 4.2,

Table 1 : Reduction using free and immobilized baker’s yeast
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yeast cells could be re-employed twice after the
first use. Gel pieces were activated in nutrient
rich media (sucrose solution) at pH 7.0 and 27ºC
for 12 hrs, before the first use. The product
concentrations during the first and second reuse
were 65% and 50%.
3. Reduction using Electro-Analytical

Technique
Cyclic voltammogram was recorded at different
pH and scan rate using computer based ECDA-
001, supplied by Con-Serv Enterprises, Mumbai
(INDIA). In this study platinum electrode was
used as working electrode, Ag-AgCl as reference
and platinum wire as counter electrode. The cyclic
voltammetry of citral, camphor and citronellal was
carr ied out using 1M KCl as supporting
electrolyte, .01M reactant and BR buffer at
different pH (5.0, 7.0 and 9.0) at platinum
electrode. The optimum conditions for bulk
electrolysis were decided on the basis of cyclic

voltammetry results and the same were applied
for reduction using galvanostat at stainless steel
electrode (SS-316).
The conventional H-type cell with two limbs
separated by G-4 disc was used for electrolysis.
The supporting electrolyte (1M) sodium acetate
was filled in both the limbs. The reactant (0.001M)
was dissolved in minimum amount of alcohol and
placed in cathodic chamber and the pH of cathodic
solution was maintained at 5.0. The stainless steel
electrode was used as cathode as well as anode.
Although in this reaction the electrode gets
corroded but since it is economically viable,
therefore, it was used as sacrificial cathode. The
constant potential electrolysis was done for
3-6 hours (Table 2) with the help of a galvanostat
designed and developed by CDPE (Centre for
Development of Physical Education, University
of Rajasthan, Jaipur (INDIA). There after the
reaction mixture was worked up by extracting it

S/N Name Reaction Yield B.P. IR values (cm-1) Mass spectrum NMR values
time (%) (°C)       (m/z)         (δ)

  1. Geraniol 3 90 230 3300, 2900, 1450, 154, 139, 123, 5.1-5.4, 4.2,
1400, 1000 111, 93, 79 2.2, 1.5-1.7

  2. Borneol + 6 72 212 3350, 2950, 1475, 123, 122, 121, 4.58, 4.28, 3
isoborneol 1060 120, 95, 92, 3.72,  3.58,

  3. Citronellol 6 94 222 3300, 2900, 1450, 154, 139, 123, 5.1-5.3, 4.2,
1400, 1000 111, 93, 79  2.1-2.3, 1.5-1.7

Table 2 : Reduction using electrochemical technique

with diethyl ether (3×25ml). The ether layer was
then separated and washed with aqueous saturated
NaCl solution. The organic extracts were then
dried over anhydrous Na 2SO4 and finally
characterized spectroscopically.

RESULTS   AND   DISCUSSION

1. Reduction using BY and ImBY
The actual reducing agent present in the Baker’s
Yeast is NADPH (Nicotinamide Adenine
Dinucleotide Phosphate Hydride) and it is
available only in limited amount. After reducing
the substrate it itself oxidised to NADP+

(Nicotinamide Adenine Dinucleotide Phosphate
ion). Therefore, to continue reduction process it
is necessary to reduce NADP+ into NADPH

again. Reduction of NADP+ into NADPH can
be done chemically by adding isopropanol which
is oxidized to acetone and regenerates NADPH
from NADP+. Sucrose and glycerol also act like
isopropanol but they do so by activating the
pentose-phosphate pathway. Immobilization
enhances the stability of FBY and isolation of the
product is easier. Immobilized cells can be reused,
and yield is also good.

2. Proposed mechanism for the
Electrochemical Reduction

The electrochemical reduction of βα, -unsaturated
ketones has been extensively reported in
literature13,14. In aqueous solution the radical-
anion, Rÿ- formed after the first electron transfer,
is relatively unstable and undergoes either
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dimerisation or protonation followed by electro-
reduction of the protonated radical, RHÿ. The
later usually yields the saturated monomer. For
conjugated ketones, it is well established that in
aqueous media, the 2e- reduction leads to the
corresponding saturated ketones. Some
exceptions to this general behavior have been
reported in case of conjugated aldehydes.

The 2e- reduction product obtained strongly

depends on the functional group, R, existing on
the carbon atom next to the C=C bond; if R=H or
a phenyl group the saturated aldehyde is obtained.
Whereas if R-CH3, the reduction leads to the
unsaturated alcohol. Therefore, the investigation
of Citral, possessing an alkyl functional group
(R >CH3) at the C atom next to the C=C bond,
can contribute to the elucidation of the influence
of structural features of the substituent on the
nature of 2e- reduction products.(Fig.1)

Fig. 2 : CV showing effect of scan rate on the reduction of Citral

Fig. 1 :  Equation of mechanism showing electrochemical reduction of terpenes
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Effect of pH
The reduction of carbonyl compound in aqueous
solution depends on pH of system. In case of
geranial and citronellal clear peak is visible at pH
5 and in case of camphor CV at pH 7 shows
clear reduction peak

Effect of scan rate
As shown in Fig. 2, Fig. 3, and Fig. 4, the peak
potential (Ep) shifts towards more negative side
as the scan rate (í) increases. The cathodic peak
current (ip) increases with increasing scan rate.
The current function (ip\ ν) has been found to

Fig. 3  : CV showing effect of scan rate on the reduction of Camphor

Fig. 4 : CV showing effect of scan rate on the reduction of Citronellal
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constant with respect to scan rate that means the
process is diffusion controlled.
Importance of the products
Geraniol is natural antioxidant and has been
suggested to help prevent cancer. It is an effective
plant based mosquito repellant. On the other hand
citronellol has a long history of use in cosmetics,
flavorings and fragrances. Citronellol is also used
as an Antigerminative15, pesticide active ingredient
on food crops and ornamentals to attract mites.
Borneol has a strong stimulating action on the
sense organs. This drug functions in resuscitating
and restoring consciousness, serving to treat coma
of heat-blockage type. When used externally, it is
rather effective in promoting tissue regeneration
and relieving pain. It is common drug for diseases
of eye, ear, nose, throat and surgery. Commercially
useful chemical building-blocks and
pharmaceutical stereo isomers can also be
produced by bioconversion of terpenes.

CONCLUSION
The electrochemical reduction of carbonyl
compounds at constant current provides an
alternative synthetic route for the synthesis of
hydroxyl compounds. Biotransformation provides
pollution free and less toxic method for reduction
of carbonyl compounds. Use of isopropanol,
glycerol and sucrose makes the reduction process
continuous.
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