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m Abstract : Biotransformation is the chemical modification made by a microorganism on small
molecules as well as on macro-molecules of biological origin. This process results in increased
patchouli alcohol content along with improvement in oil extraction. A series of experiments were
carried out to understand the biotransformation effect of three selected microorganisms on the
quantity and quality of patchouli oil. Dry herbage was the substrate treated with the microbial
inoculants. Higher end analysis of the oil sampleswith GC-M Sindicated the effect biotransformation
efficiency of different microorganisms on the patchouli oil component. Patchouli alcohol, the
active component of the ail is found 31.78, 33.73 and 35.56%, for the oils extracted after the
incubation with Aspergillusfoetidus, Penicilliumcitrinum, Trichosporon asteroides, respectively.
While the oil extracted from the fresh and control samples contain 26.63 and 27.35% patchouli
alcohol. Other components of the oil also affected by the fermentation/biotransformation process.
From the above it can be suggested that fermentation/ bitransformation of patchouli isimportant
for the oil recovery aswell as patchouli alcohol percentage.
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ative to South East Asia, produces oil of
commercial importance, findsitsextensive usein
cosmetics, as afixative and in aromatherapy. The main
composition of patchouli ail is patchouli alcohol, nor-
patchoulene, bulnesene and beta-patchoul ene. Tenacity
of odour isthe virtue of patchouli oil and is one of the
qualities for its versatile use (Reddy, 2012). In
aromatherapy it is used for tiredness, tension, dandruff
and oily skin or scalp. Patchouli essentia oil iswidely
used in perfumes asone of theimportant natural essential
oils used to give a base, lasting character and fixative
ability to a fragrance. The ail is amost a perfume by
itself. It iswidely used in soap, cosmetic, tobacco and
incense production and fancy product. In very low

gchouli (Pogostemon cablin Pellet: Lamiaceae),

concentration, theoil isused to flavour foods, beverages,
candy and bake products. These plant species are aso
sources of spices, plant based medicines, botanical
pesticides, insect repellents, cosmetics, pharmaceuticals
and herbal health drinks. The oil gives one of the finest
attarswhen blended with sandalwood oil. It blendswell
with sandalwood, germanium, vetiver, cedar wood
derivatives, clove ail, lavender, bergamot and many
others. The oil possesses antibacterial activity and it is
used as an ingredient in insect repellant preparations.
The leaves and tops are added in bath for their anti-
rheumatic action. It is also used as a masking agent for
alcoholic breath. Thetherapeutic properties of patchouli
oil are antidepressant, antiseptic, aphrodisiac, astringent,
cicatrisant, cytophylactic, deodorant, diuretic, febrifuge,
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fungicide, insecticide, sedative and tonic. It is used to
sharpenintelligence and improve concentration (Shukor,
2008 and Ramya et al., 2013).

Biotransformation isthe chemica modification made
by a microorganism on a chemical compound. Whole
cell biocatalystsusing fungi, bacteriaand algae have been
extensively applied inthe flavor and fragrance industry
over thelast half century. The ability of microorganisms
to introduce functional groups into chemically inactive
complex molecul es has made microbial transformations
an indispensable part of the manufacturing process of
some molecules. Biocatalysis also provides an
environmental friendly alternativefor chemical synthesis
methods that are known to produce large amounts of
harmful wastes. A new strategy isto check the effect of
microorganisms using the principle of biotransformation
to enhancethe quality of patchouli oil.

A series of experiments were carried out to
understand the effect of biotransformation of five
selected microorganisms on the quality of patchouli oil
intermsof odor and chemica compositionisbeencarried
out. Dry as well as fresh herbage were the substrate
treated with the microbial inoculants.

Theworld tradein patchouli oil istothetune of Rs
200 crores. Consumption of thisoil intheworld isabout
2000 tonnes per year. Indonesia meets 90 percent of the
total world requirement. The country’s demand for
patchouli oil isaround 220 tonnes of oil per annumandis
valued at around rupees 33 crores (Vijayakumar, 2004).

Qil extraction can be enhanced using the pactinase
producing microbes which can soften the oil bearing
tissues. Patchouli a cohol istheprincipal activecomponent
of patchouli oil, percentage of patchouli alcohol can be
increased by incubating the foliage with the culture
having dehydrogenase activity.

Thevaueadditionintheoil will definitely enhance
the quality aswell asremuneration fromit. Thiswill also
enhancethewider range of applicationin various places.
Therefore, in the present need to provide the technol ogy
for processing of oil for improvement of percentage of
oil and itsquality.

B METHODOLOGY

The experiment carried out at the department of
Agricultural Processing and Food Engineering, faculty
of Agricultural Engineering, in collaboration with the
department of Plant Physiology, Agricultural
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Biochemistry, Medicinal and Aromatic Plants, Indira
Gandhi Krishi Vishwavidyalaya, Raipur (C.G)).

Selection and procurement of microorganisms :

Preliminary screening was carried out by searching
the database of National Repositories for the microbes
having pactinase and dehydrogenase activity. Further,
the cultureswere selected onthe basi s of enzyme activity
for pactinase and dehydrogenase enzymes reported in
literatures by various researchers. On the basis of above
information following four groupswere selected namely
Aspergillus, Penicillium, Trichosporon and Bacillus.
Finally three fungal strains were selected and procured
from Microbial Type Collection Centre (MTCC),
Chandigarh.

Themicrobial cultures used in the study are given
inTableA.

Table A : Culture procured for fermentation

Sr. No.  Name of the culture Source

1 Aspergillus foetidus MTCC 10559 MTCC, Chandigarh

2. Penicillium citrinum MTCC 6590 MTCC, Chandigarh

3. Trichosporon asteroidsMTCC 7632 MTCC, Chandigarh

g ¥ MTCC-10559
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Fig. A: Culture procured for fermentation

Media preparation :

Media for the revival and maintenance of the
procured fungi strainswere MGY P solid media having
composition: malt extract-0.3g, glucose-1.0g, yeast
extract-0.3 g, peptone-0.3 g and agar-agar-2g per 100ml
and CYP composition: Czapek concentrate—100ml,
(NaNO,-30g, KCI-5 g, MgS0O,.7H,0-5g, FeSO,.7H,0
-0.1 g) stored without sterilization. Czapak concentrate
-1ml, yeast extract-0.5g, K,HPO,-0.1 g, dextrose-3 g,
agar-agar-1.5g per 100 ml. The pH was maintained at
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7.0 using dilute HCI or NaOH and the media was
autoclaved at 121°C and 15 psi for 20 minute for the
sterilization purpose.

Maintenance of cultures :
Serilization :

The nutrient media, solutions and glassware used
during experimentations were plugged with cotton and
steam sterilized in an autoclave at 121°C for 15-20 min.

Inoculations :

All inoculations were done over a flame in the
laminar air flow chamber. The chamber was initially
surface sterilized with rectified spirit and by UV
irradiation.

Revival of cultures :

Cultures were supplied by MTCC in lyophilized
form. These strainswere revived separately on specified
mediain petri platesat 28+1°C in Remi makeincubator.
Further, single colony of the culturefrom the petri plate
wasinoculated inthe 50 ml MGY Pbrothin 200 ml conical
flask separately and incubated for 48 hours at 28+1°C.
The 24hr grown cultures was used as mother culture/
pre-culture. Mother cultures were again inoculated in
thebroth to find out thelog phase of the culture. Cultures
were used asinoculumsin all the experiment only from
the specified time (log phase).

Treatment and scale up :

An experiment with all three procured cultures
(Aspergillus foetidus, Penicillium citrinum,
Trichosporon asteroides) was carried out for three
different incubation period. All the experimentsweredone
intriplicate. All three (Aspergillusfoetidus, Penicillium
citrinum, Trichosporon asteroides) strains were grown
in 100 ml conical flasks at specified conditionsin 50 ml
of sterilized MGYP and CYP media. After optimum
growththemyceliawere separated from broth by filtration
withWhattman No. 1 filter paper. The separated mycelia
were blended with sterile distilled water to break the

Fig. C: Laminar

Fig. B : Autoclave

Incubator

Fig. D :
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|Fig. E: Growth mycelia |

clumps; this was the inoculum (biocatalyst) for the
experiment.

Biotrasformation of patchouli herbage :

The harvested dried herbage sample 200 g each
was sprayed with the different cultures and kept for
incubation at room temperature. Control (herbage sprayed
with only distilled water) was al so kept for comparison.
Extraction of volatile oil was done at 0 day, 2™ day, 4™
day, 6™ and 8" day of incubation.

Fig. F:

Fermentation process on patchouli
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B RESULTSAND DISCUSSION

Theresults obtained from the present investigation
as well as relevant discussion have been summarized
under following heads:

Gas chromatography mass spectrometer (GC-MYS)
analysis::

The analysis of extracted oil was carried out with
the Shimadzu GC-M S QP-2010 plus, with the condition
described in material method.

Chemical characterization and quantification of
compounds :

The chemical components present in the patchouli
oil were analyzed by Gas Chromatography-Mass
Spectroscopy and identified by mass spectra. The data
are presented in table. Volatile oil was extracted from
the samplesafter incubation with three different microbial
culture Aspergillus foetidus 10559, Penicillium
citrinum 6590 and Trichosporon asteroides 7632 after
different intervals of timeviz, 2, 4, 6 and 8 days along
with the fresh and control samples.

Themajor compoundsidentified are (a-pinene, -
pinene, Copaene, caryophyllene, Naphthalene, Azulene,
Thujopsene, Benzene, Patchoulene, Caryophylleneoxide,
a—Guaniene, Epiglobulol, longifolenaldehyde, o -
humuleneand Patchouli acohal). Thedifferent treatments
of compounds are detected in GC-MS analysis at
different retention time.
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Fig. 1: Chromatograph of patchouli oil extracted from fresh sample
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Fig. 2: Chromatograph of patchouli oil extracted from control sample
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Chemical composition of patchouli oils extracted
after incubation with Aspergillus foetidus :
Thedatagivenin Table 1 and Fig. 3-5 presentsthe
analysis of oil extracted from the fermented herbage
(herbage incubated with culture Aspergillus foetidus)
after different intervals of times. The major content of
sesquiterpene, patchouli alcohol varied from 29.85, 30.64
and 31.78% in culture treated samples at 2, 4, and 6
days. Fresh and control samples showed 26.63 and

27.35% patchouli alcohol. The other component like o
pinene varied from 1.87 to 1.82%, B—pinene 5.42 to
5.35%, Copaene 3.06 to 2.90%, Caryophyllene 5.64 to
5.34%, Naphthal ene 4 to 3.93%, Azulene 1.98to 1.57%,
Thujopsene 13.01 to 12.62%, Benzene 11.73 to 12.39,
Patchoulene 2.98 to 2.86, Caryophyllene oxide 2.01 to
1.92%, a—Guaniene 6.1 to 5.84%, Epiglobulol 5.69 to
5.53%, longifolenal dehyde 3.8 t0 3.4%, a—humulene 2.84
to 2.75%. Among the treatments, oil extracted after 6

Fig. 3:

Sr. No. RT(min) Compound Fresh Control Day2 Day4 Day6
1. 7.95 o —pinene 2.28 22 1.87 1.56 1.82
2. 9.19 8 —pinene 6.39 6.19 5.42 4.68 535
3. 21.47 Copaene 223 3.82 3.06 258 290
4. 21.89 Caryophylliene 6.64 6.31 5.64 5.64 534
5. 225 Naphthalene 4.14 4.03 4.00 3.99 3.93
6. 22.84 Azulene 2.16 2.04 1.98 1.89 1.57
7. 23.33 Thujopsene 17.14 16.11 13.01 14.48 12.62
8. 234 Benzene 9.90 9.3 11.73 12.2 12.39
9. 24.03 Patchoulene 3.16 3.28 2.98 313 2.86
10. 25.91 Caryophyllene oxide 142 2.02 201 3.18 1.92
11 27.28 o —Guaniene 6.08 5.78 6.1 5.83 584
12. 27.53 Epiglobulol 5.72 5.55 5.69 529 553
13. 27.74 Patchouli acohol 26.63 27.35 29.85 30.64 31.78
14. 28.13 Longifolenaldehyde 3.73 36 38 3.46 34
15. 29.91 o —humulene 2.36 2.35 2.84 2.83 2.75
TIC
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Chromatograph of patchouli oil extracted after 2 days of incubation with Aspergillus foetidus
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daysof incubation gives statistically superior oil quality
inrespect to patchouli a cohol, asthe amount of patchouli
alcohol was 31.78% as compared to untreated control
27.35% and fresh 26.63%.

Chemical composition of patchouli oils extracted

after incubation with penicillium citrinum :
Thedatagivenin Table 2 and Fig. 6-8 presentsthe

analysis of oil extracted from the fermented herbage

Yashwant Kumar and Yogesh Kumar

(herbage incubated with culture penicillium citrinum)
after different intervals of times. The major content of
sesquiterpene, patchouli alcohol varied from 30.01, 31.21
and 33.73% in culturetreated samplesat 2, 4 and 6 days.
Fresh and control samples showed 26.63 and 27.35%
patchouli acohol. The other component like a-pinene
varied from 1.58 to 1.78%, 3 —pinene 4.79 to 5.27%,
Copaene 2.5 to 2.85%, Caryophyllene 6.32 to 4.99%,
Naphthalene 4.09 to 3.58%, Azulene 2.05 to 1.69%,

Fig. 6 :

Sr. No. RT(min) Compound Fresh Control Day2 Day4 Day6
1. 7.95 a —pinene 2.28 22 158 213 178
2. 9.19 B —pinene 6.39 6.19 479 478 5.27
3. 21.47 Copaene 2.23 3.82 25 3.37 2.85
4. 21.89 Caryophylliene 6.64 6.31 6.22 5.29 4.99
5. 225 Naphthalene 4.14 4.03 4.09 3.9 3.58
6. 22.84 Azulene 2.16 2.04 2.05 1.92 1.69
7. 23.33 Thujopsene 17.14 16.11 14.27 12.34 11.39
8. 234 Benzene 9.9 9.3 8.97 9.71 11.58
9. 24.03 Patchoulene 3.16 3.28 33 271 2.73
10. 25.91 Caryophyllene oxide 142 2.02 1.08 2.63 215
11. 27.28 a —Guaniene 6.08 5.78 6.71 6.29 6.03
12. 2753 Epiglobulol 5.72 5.55 6.35 5.95 5.68
13. 27.74 Patchouli alcohol 26.63 27.35 30.01 3121 33.73
14. 28.13 Longifolenaldehyde 3.73 36 4.48 4.05 3.79
15. 29.91 o —humulene 2.36 2.35 3 2.99 2.76
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Chromatograph of patchouli oil extracted after 2 days of incubation with Penicillium citrinum
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Thujopsene 14.27 to 11.39%, Benzene 8.97 to 11.58,
Patchoulene 3.3 to 2.73%, Caryophyllene oxide 1.08to
2.15%, a—Guaniene 6.71 to 6.03%, Epiglobulol 6.35 to
5.68%, longifolenaldehyde 4.48 to 3.79%, a—humulene
310 2.76%. Among the treatments, oil extracted after 6
daysof incubation gives statistically superior oil quality
inrespect to patchouli alcohol, asthe amount of patchouli

alcohol was 33.73% as compared to untreated control
27.35% and fresh 26.63%.

Chemical composition of patchouli oils extracted
after incubation with Trichosporon asteroides :

The data given in Table 3 and Fig. 9-11 presents
theanalysisof oil extracted from the fermented herbage

‘Table 3: GC-M S data showing the biotransfor mation effect of Trichosporon asteroides on patchouli oil

Fig. 9 :
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Sr. No. RT(min) Compound Fresh Control Day 2 Day 4 Day 6
1. 7.95 o —pinene 228 22 123 2.02 144
2. 9.19 8 —pinene 6.39 6.19 4.44 5.75 4.95
3. 21.47 Copaene 223 3.82 2.39 3.06 2.96
4. 21.89 Caryophylliene 6.64 6.31 5.96 5.54 45
5. 225 Naphthalene 4.14 4.03 424 394 3.44
6. 22.84 Azulene 2.16 2.04 2.07 1.92 147
7. 23.33 Thujopsene 17.14 16.11 10.69 13.52 8.46
8. 234 Benzene 9.9 9.3 13.15 10.94 10.8
9. 24.03 Patchoulene 3.16 3.28 311 2.85 233
10. 25.91 Caryophyllene oxide 142 2.02 1.91 2.07 2.23
11. 27.28 o —Guaniene 6.08 5.78 6.77 5.68 7.15
12. 27.53 Epiglobulol 572 555 6.32 5.13 6.66
13. 27.74 Patchouli alcohol 26.63 27.35 31.08 31.55 35.56
14. 28.13 Longifolenaldehyde 3.73 3.6 39 3.45 441
15. 29.91 o —humulene 2.36 2.35 2.74 2.58 3.64
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(herbage incubated with culture Trichosporon
asteroides) after different intervals of times. The major
content of sesquiterpene, patchouli alcohol varied from
31.08, 31.55 and 35.56% in culturetreated samplesat 2,
4, 6 days. Fresh and control samples showed 26.63 and
27.35% patchouli alcohol. The other component like a--
pinene varied from 1.23 to 1.44%, oa—pinene 4.44 to
4.95%, Copaene 2.39 to 2.96%, Caryophyllene5.96 to
4.5%, Naphthalene4.24 to 3.44%, Azulene 2.07 to 1.47%,
Thujopsene 10.69 to 8.46%, Benzene 13.15 to 10.8,
Patchoulene 3.11 to 2.33%, Caryophyllene oxide 1.91 to
2.23%, a—Guaniene 6.77 to 7.15%, Epiglobulol 6.32 to
6.66%, longifolenaldehyde 3.9 to 4.41%, a—humulene
2.74 to 3.64% and patchouli acohol 31.08 to 35.56%.
Among the treatments, oil extracted after 6 days of
incubation gives tatistically superior oil quality inrespect
to patchouli al cohol, asthe amount of patchouli alcohol
was 35.56% as compared to untreated control 27.35%
and fresh 26.63%.

Conclusion :

Biotransformation isthe chemica modification made
by amicroorganism on chemical/biochemical molecules.
The ability of microorganisms to introduce functional
groups into chemically inactive complex moleculeshas
made microbial transformations anindispensabl e part of
the manufacturing process of some molecules. A new
strategy isto check the effect of microorganisms using
theprinciple of biotransformation to enhancetherecovery
as well as quality of patchouli oil. On the basis of the
experiment and observation, thefindingsare asfollows:

Patchouli acohol, animportant and ma or component
of the ail increases with the incubation period with all

11

three cultures.

The best results were obtained with Trichosporon
asteroidesin improving therecovery of patchouli oil and
patchouli alcohol content upto 1.98% and 35.56%,
respectively.

The studiesrevealed adefinite pattern of decrease
in monoterpenes and sesquiterpenes and increase in
patchouli acohol content in most treatments.

Biotransformation method can be utilized toimprove
oil recovery along withthe oil quality.
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