
SHORT CONTRIBUTION

R. Agrawal á R. Joseph

Bioconversion of alpha pinene to verbenone by resting cells
of Aspergillus niger

Received: 9 August 1999 / Received revision: 24 September 1999 /Accepted: 24 September 1999

Abstract Resting cells of a locally isolated strain of
Aspergillus niger caused the bioconversion of alpha
pinene to verbenone. The formation of verbenone was
raised from trace amounts (under screening conditions)
to 3.28 mg/100 ml (equivalent to a molar yield of 16.5%
conversion of the substrate) by amending the cultivation
medium for the fungus. The optimal conditions were:
6 g/100 ml for the glucose concentration, a pH of 7.0, an
alpha pinene concentration of 20 mg/100 ml, and a 6-h
incubation period for the reaction.

Introduction

Flavouring compounds are of considerable importance
to the food, perfumery and pharmaceutical industries
(Abraham and Berger 1994; Chang et al. 1995; Gat®eld
1988; Guenther 1966; Hagedorn and Kaphammer 1994;
Molinari et al. 1995; Tripathi et al. 1997; Van Rensburg
et al. 1997). The major sources of natural ¯avourings in
general are plants, and some of these are also chemically
synthesized. Recent developments in biotechnology have
enabled the production of natural ¯avourings to be
carried out economically and more e�ciently. Although
enzymes are used in the biotransformation, microbial
whole cells have shown great potential for biotransfor-
mation owing to the ease with which the microorganisms
can be cultivated and used in the bioreactors.

The objective of the present work was to select fungal
cultures suitable for biotransformation of the inexpen-
sive and readily available terpenoids (alpha pinene) to
the highly priced ¯avouring compound verbenone.

Verbenone is a major ¯avour constituent of strawberry,
raspberry, dill, rosmarinus and spearmint ¯avour mix-
tures (Ravid et al. 1997); it has the ¯avour notes of
camphor and mint.

Verbenone is in great demand in the food industry.
The cost of verbenone is U.S. $ 3000/kg and is currently
obtained by extraction from pine and eucalyptus
sources. Production of verbenone by biotransformation
of alpha pinene (which costs only U.S. $ 0.0075/kg) is
expected to be economical and advantageous. A pre-
liminary report on the possibility of biotransforming
alpha pinene into verbenone was made earlier by Bat-
tacharyya et al. (1960), who used Aspergillus niger cul-
tures, and this work provided a basic insight into the
mechanism. Alpha pinene has to undergo two distinct
biochemical reactions, i.e. a hydroxylation to produce
verbenol and dehydrogenation, to form verbenone.
Apart from this signi®cant academic input, no serious
attempt to develop a bioconversion process of techno-
logical interest has been reported. The present work was
aimed at a selection of fungal cultures and the study of
factors that in¯uence the rate and e�ciency of biocon-
version of alpha pinene to verbenone.

Materials and methods

Chemicals

Potato-dextrose agar, potato-dextrose broth (PDB) and other
medium components were purchased from Hi Media Laboratories
Pvt Ltd. (India). 1R-Alpha pinene no. 26 807-0 and a verbenone
standard were from Aldrich Chemical Company (St. Louis, Mo.).
All other chemicals used were of analytical grade (from BDH,
England).

Screening cultures for biotransformation

Twenty isolates of locally isolated A. niger and two standard
A. niger strains (ATCC 326 and NCL 612) were screened for bio-
transformation of alpha pinene to verbenone. The culture was
grown in PDB, using an active inoculum in the exponential phase
(with an initial optical density of 1.3 at 660 nm), for a period of
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16 h (on a rotary shaker at 100 rpm at 30 °C and an initial pH
of 5.75). The biomass was harvested by centrifugation at
10 000 rpm for 10 min; an amount equivalent to 100 mg dry wt
was suspended in 100 ml sodium phosphate bu�er (pH 7.0,
0.05 M) containing 25 mg 1R-alpha pinene and incubated for a
period of 6 h. 1R-alpha pinene only, cells only, and boiled culture
were each used as controls. This was extracted with dichloro-
methane three times with 20 ml each time. The pooled extract was
dried over anhydrous sodium sulphate, concentrated to 1 ml and
the verbenone estimated by using gas chromatography (GC) and
GC/mass spectrometry (GC-MS) analysis. GC analysis was done
on a Shimadzu gas chromatograph equipped with a stainless steel
SE-30 column and a ¯ame ionisation detector. The operating
conditions were as follows: oven temperature, programmed 40±
250 °C, carrier gas nitrogen, 30 ml/min. Identi®cation was carried
out using an internal standard and by GC-MS fragmentation
patterns. For GC-MS data, a Hewlett-Packard 5995 GC-mass
spectrometer (Hewlett-Packard, USA) was used with an HP-20M
(Carbowax 20M) column (25 m ´ 0.32 mm); the temperature was
programmed (60±250 °C, 4°/min) and the He gas ¯ow rate was
1 ml/min. The verbenone content was calculated with respect to the
area of standard compound and characterised by means of the
GC-MS fragmentation pattern.

Growth and dry weight determination

The organism was grown on a rotary shaker at 30 °C for the period
required. For the determination of the dry weight, the cell sus-
pension was centrifuged and the pellet dried at 110 °C for 20 h and
weighed.

Results

A limited screening of fungal cultures led to the selection
of an A. niger strain (isolate no. 203 deposited in the
culture collection of the Central Food Technological
Research Institute, Mysore, India) that showed potential
use in the development of a biotransformation process
producing verbenone from alpha pinene. We had iso-
lated the fungal cultures from soil underneath citrus
trees, with the expectation that such cultures would be
highly likely to show relevant biotransformation po-
tential.

The screening procedure involved the following two
steps: (i) culture development in a growth medium and
(ii) use of the biomass (as resting cells) in a reaction
mixture for the biotransformation. Employing the same
two-step procedure, conditions were varied in the culti-
vation medium and reaction mixture which revealed
remarkable in¯uence on the bioconversion of alpha
pinene to verbenone, increasing the e�ciency by more
than two orders of magnitude. Supplementation of the
culture medium with urea, peptone or yeast extract, to

enhance the supply of nitrogen and the growth factor
did not have any signi®cant e�ect. Variation in glucose
content alone had tremendous e�ects on bioconversion
(Table 1).

Although all the variables in the culture medium in-
¯uenced growth rate and biomass production at the end
of the 16-h cultivation period, the biomass produced in
PDB with 6% glucose caused the maximum bioconver-
sion (formation of 728 lg verbenone/100 ml. With 4%
glucose the conversion e�ciency was 30% less and with
3% or 2% (original concentration in PDB) glucose the
e�ciency was down by more than 95%. With slightly
higher amounts of glucose (7%) the bioconversion was
reduced by nearly 60% and with 10% glucose it was
further reduced (data not shown in Table 1). Since the
bioconversion reaction mixture contained the same
amount of biomass (100 mg), the only di�erence to be
considered was the physiological state of the fungal
biomass cultivated in di�erent levels of glucose. Studies
with yeast culture have shown that glucose concentra-
tion in the cultivation medium in¯uences not only the
growth rate but also the aerobic and anaerobic routes of
metabolism, through regulation of oxygen availability.

The variables adopted in the reaction mixture could
have had a more direct e�ect on the bioconversion per se
than the physiological state of the biomass. For all the
variables in this case (e.g. pH and alpha pinene con-
centration), the biomass grown in 6% glucose medium
for 16 h was employed. The pH e�ect in the reaction
mixture was striking in that at the optimum of pH 7.0,
2840 lg verbenone/100 ml was produced. At pH values
above or below this optimum, formation of verbenone
was quite low (e.g. 728 lg verbenone/100 ml at pH 5.5
and only 120 lg/100 ml at pH 8.0). The concentration of
alpha pinene was also found to in¯uence its bioconver-
sion to verbenone, the optimum being 20 mg/100 ml. It
is noteworthy that above this alpha pinene concentra-
tion the bioconversion e�ciency was drastically a�ected:
for instance, at 30 mg/100 ml it was only 24 lg verbe-
none/100 ml and at 40 mg alpha pinene/100 ml there
was no bioconversion detectable. A 6-h duration of in-
cubation was found to be the optimum for the biocon-
version. Beyond this period the product concentration
was reduced.

The factors studied pointed to sharp optima in each
case, which calls for careful manipulation of process
conditions in scale-up. The precise cause of low yields
with levels of alpha pinene higher than 20 mg/100 ml
could have been product inhibition typical of enzyme-

Table 1 Factors in culture
medium and reaction mixture
in¯uencing the bioconversion of
alpha pinene to verbenone by
Aspergillus niger strain no. 203

Variable Range tested Optimum Maximum verbenone
formation (lg/100 ml)

Culture medium
Glucose (g/100 ml) 2±10 6 728

Reaction mixture
pH 5±8 7 2840
Alpha pinene (mg/100 ml) 10±40 20 3280
Incubation period (h) 2±10 6 3280
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catalysed reactions. Since we have employed resting cells
it is reasonable to assume that the biotransformation is a
two-step reaction involving two enzymes, i.e. a hydrox-
ylase that converts alpha pinene to verbenol and a
dehydrogenase that, in turn converts verbenol to
verbenone. It cannot be con®rmed, at this stage, if these
enzymes are speci®c for the respective substrates men-
tioned. Several hydroxylases and dehydrogenases with
somewhat loose speci®cities are known to exist in nature
and thus enzymes such as these could have caused the
reactions mentioned above. Prolonged incubation
brought about reduced product yields that may have
been due to further conversion of verbenone to other
degradative products.

Acknowledgements This research was supported by the Depart-
ment of Biotechnology New Delhi, Government of India. The
authors are grateful to Dr. V. Prakash, (Director of the Central
Food Technological Research Institute) for his encouragement
during the work.

References

Abraham BG, Berger RG (1994) Higher fungi for generating
aroma components through novel biotechnologies. J Agric
Food Chem 42: 2344±2348

Bhattacharyya PK, Prema BR, Kulkarni BD, Pradhan SK (1960)
Microbiological transformation of terpenes: hydroxylation of
a-pinene. Nature 187: 689±690

Chang HC, Gage DA, Oriel PJ (1995) Cloning and expression of a
limonene degradation pathway from Bacillus stearothermo-
philus in Escherichia coli. J Food Sci 60: 551±553

Gat®eld IL (1988) Production of ¯avour and aroma compounds by
biotechnology. Food Tech Oct 42: 110±123

Guenther E (1966) The essential oils, vol. 2. Fritzche brothers, Inc.
D. Van Nostrand Company, Inc., New York, NY, pp 444±
446

Hagedorn S, Kaphammer B (1994) Microbial biocatalysis in the
generation of ¯avour and fragrance chemicals. Annu Rev Mi-
crobiol 48: 773±800

Molinari F, Marianelli G, Aragozzini F (1995) Production of ¯a-
vour esters by Rhizopus oryzae. Appl Microbiol Biotechnol 43:
967±973

Ravid U, Putievsky E, Katzir I, Lewinsohn E, Dudai N (1997)
Identi®cation of (1R)-(+)-verbenone in essential oils of Ros-
marinus o�cinalis L. Flav Frag J 12: 1109±1112

Tripathi CM, Agrawal SC, Basu SK (1997) Production of
L-phenyl acetyl carbinol by fermentation. J Ferment Bioeng
84: 487±492

Van Rensburg E, Moleleki N, Van der walt JP, Botes PJ, Van
Dyk MS (1997) Biotransformation of (+) limonene and ())
piperitone by yeasts and yeast like fungi. Biotech Lett 19: 779±
782

337


