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Abstract: Five and half month old crop was harvested, sprayed with fifteen combinations of five fungi isolated from the rhizosphere of 
patchouli and incubated for five days. The essential oil was extracted by hydrodistillation and analysed by Gas Chromatography. The 
components of patchouli oil were identified by Gas chromatography/Mass Spectrometry (GC/MS). Twenty compounds were identified 
with Patchouli alcohol as the major component followed by α bulnesene. The oil content was in the range 1-1.65 %( v/w) on fresh weight 
basis. Treatment T2 (Aspergillus terreus) was found to be statistically superior with high patchouli alcohol (58.72±0.39) and low amount 
of other sesquiterpenes (trans-caryophyllene (2.21±0.05), Guaiene (9.89±0.43), α-Patchoulene (2.56±0.04) and α-Bulnesene (8.43±0.8). 
This indicated an enzymatic bioconversion of precursor molecules to patchouli alcohol by the fungi. 
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1. Introduction 
 
Biotransformation is the chemical modificat ion of a 
compound by microorganisms to produce high value 
products with low cost precursors [1]. The ability of 
microorganis ms to introduce functional groups into 
chemically inactive complex molecules has made microbial 
transformations an indispensable part of the manufacturing 
process of some molecules. Whole cell biocatalysts such as 
fungi, bacteria, and algae have been extensively applied in 
the flavor and fragrance industry over the last half a century 
[2]. They also provide an ecofriendly alternative for 
synthetic synthesis that are known to produce large amounts 
of harmfu l wastes [3], [4]. Biotransformation of d ifferent 
volatile isolates which attempts to reduce the market cost 
has extensively been reviewed [2]. Aspergillus species is 
known to have biotransformed menthol, isopinocampheol, 
flavones and 6-hydroxyflavone to give various hydroxylated 
and reduced products [5], [6], [7]. 
 
Patchouli (Pogostemon patchouli Pellet) is a perennial 
aromat ic herb, belonging to the family Lamiaceae. It is a 
bushy plant about three feet tall, native to Philippines and 
Indonesia [8].Leaves constitute the economic part containing 
patchouli oil that is concentrated on the outer surface of 
leaves and in the internal tissues; some quantity is also found 
in the tender parts of the stem. Unlike other aromatic crops, 
volatile oil is distilled from dried leaves of patchouli by 
steam distillation. The oil yield is in the range of 2-4%w/w, 
which depends on quality and maturity of leaves [9]. 
Patchouli oil comprises of monoterpenes (7%), and largely 
sesquiterpenes (40-80%), of which patchouli alcohol is 
about 30-50%. The other major sesquiterpenes include 
Trans-Caryophyllene, α-Bulnesene, Nor-Patchoulenol and 
Patchouli alcohol. The oil is extensively used in perfumery 
due to its oriental notes [8] and strong fixative properties. 
 

The global demand of Patchouli oil is 1600 tonnes per 
annum with a value of 240 crores. India imports 220 tonnes 
of Patchouli oil valued at 33 cores annually. Most of the 
demand is met from Indonesian imports which produces 
80% of patchouli o il [10].Currently, India is producing a 
meagre quantity of patchouli oil and the main challenge is to 
produce good quality oil that can compete with the 
Indonesian oil .Research work on improving the quantity 
and quality of Patchouli oil with different package of 
practices is exhaustive [11], [12]& [13].  
 
Biotechnological approaches of tissue culture have been 
tried to enhance the patchouli alcohol content [14]. In the 
present study the research work was focused on 
improvement of oil quality and quantity from fungi, isolated 
from rh izosphere of patchouli. Series of experiments with 
soil fungi were conducted on the harvested patchouli 
herbage and the quality was analyzed by Gas 
Chromatography technique and confirmed by GC-MS. 
 
2. Material and Methods 
 
Patchouli (Pogostemon patchouli var. CIM-SHRESTA) for 
the research work was cultivated at Sanjeevani Vatika, 
Department of Hort iculture, University of Agricu ltural 
Sciences, Bangalore. The package of practice was followed 
[13]. Forty five day old rooted saplings of Patchouli were 
planted during July 2013 in 10 guntas of land with spacing 
of 45X45cm under open conditions. After five and a half 
months the herbage was harvested during December, 2013.  
 
2.1 Isolation and Identification of microorganisms  
 
Fungal species for this study were isolated from rh izosphere 
of Patchouli plants, grown in Sanjeevani  Vatika. Isolation 
of fungi was done by pour plate technique. Single colonies 
were selected and pure cultured in Potato Dextrose Agar 
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(PDA) and bacterial growth was inhibited by adding 
streptomycin. Using poison food technique, the fungi were 
tested for resistance to patchouli oil (1%). Five fungi were 
found to be tolerant to patchouli oil and these were the 
biocatalysts for further studies. The five fungal cultures were 
sent to Microbial Type Collection Centre (MTCC), 
Chandigarh for identification. They were identified as 
Penicillium citrinum (MTCC 10849), Botryosphaeria sp. 
(MTCC10850), Aspergillus terreus (MTCC11026), Phoma 
sp. (MTCC 11027), and Fusarium solani complex 
(MTCC11028). 

 

 
Figure 1: Fungal isolates obtained from rh izosphere 

patchouli growing area.a=Botryosphaeria sp. 
(MTCC10850), b=Aspergillus terreus(MTCC11026), 
c=Phoma sp. (MTCC 11027), d=Penicillium citrinum 

(MTCC 10849), e=Fusarium solani complex (MTCC11028). 
 
2.2 Treatments and Scale Up 
 
An experiment with fifteen treatments (T1-T15) and two 
replicat ions were taken  up to carry out biotransformation 
studies. Five microorganisms (Botryosphaeria sp,, 
Aspergillus terreus, Phoma sp, Fusarium solani complex, 
Penicillium citrinum) were grown in 15 d ifferent 
combinations (Table 1). The five organisms were in itially 
grown in replications in 25ml of sterilized Potato Dextrose 
Broth (PDB) (Autoclaved at 1210C for 15min) separately for 
48 hours at room temperature. Further, 1ml of the culture 
(48hours) was inoculated into 200ml of sterilized Potato 
Dextrose Broth (Autoclaved at 1210C for 15min) and 
incubated at room temperature for 5days. The mycelia was 
separated from the broth by filtration with Whattman No 1 
filter paper. The separated mycelia was blended with sterile 
distilled water to break the clumps. This was the inoculum 
(biocatalyst) for the experiment.  
 
2.3 Biotransformation Studies on Fresh herbage 
 
The harvested fresh herbage was sprayed with fifteen 
treatments and shade dried for five days. The moisture loss 
(%) of the herb was recorded prior to distillat ion and the 
leaf: stem rat io was also recorded. Extraction of volatile o il 
was done by Clevenger’s apparatus (Hydrodistillation). 
About 100g of dry leaves from each treatment was loaded in 
the Clevenger apparatus, the process was carried on for six 
hours for maximum extraction of essential oil. The oil 
content (%) was recorded and analyzed to understand the 
changes in oil. 
 

 

Table 1: Fungal combinations for biotransformation studies 
Treatment Combination 

T1 Botryosphaeria sp 
T2 Aspergillus terreus  
T3 Phoma sp 
T4 Fusarium solani complex  
T5 Penicillium citrinum  
T6 Botryosphaeria sp +Aspergillus terreus 
T7 Botryosphaeria sp +Phoma sp 
T8 Botryosphaeria sp +Fusarium solani complex  
T9 Botryosphaeria sp +Penicillium citrinum  
T10 Aspergillus terreus +Phoma sp  
T11 Aspergillus terreus +Fusarium solani complex  
T12 Aspergillus terreus +Penicillium citrinum  
T13 Phoma sp + Fusarium solani complex  
T14 Phoma sp +Penicillium citrinum  
T15 Fusarium solani complex +Penicillium citr inum  
T16 Control (Untreated Herbage) 

 
2.4 Gas chromatography analysis: 
 
Patchouli oil subjected to biotransformtion was analysed by 
Gas Chromatographic. Analysis was done in Varian 450 GC, 
with CP-SIL capillary column (30Mx0.25mmx0.25µm film 
thickness) which is coated with poly dimethyl siloxane, 
Nitrogen, (flow rate 1ml/min) was used as the carrier gas, 
hydrogen and zero air as detector gases. An FID (Flame 
Ionizat ion Detector) was used as the detector; Injector 
temperature was maintained at 250oC and Detector 
temperature at 280o C, oven temperature program: 0-100oC 
for 1min; @3o C/min - 200oC for 10min.  
 
2.5 Gas chromatography-Mass Spectrometry analysis 
(GC-MS): 
 
GC-MS analysis was carried out in Agilent 7890A GC 
combined with 5975 inert MASS SELECTIVE DETECTOR 
using Split-Sp lit less inlet and data acquisition through MSD-
Chemstation. Compounds were separated on a HP-5MS 
(30Mx0.25mmX0.25µm film thickness) which is coated 
with 5% phenyl methyl siloxane. Injector temperature was 
maintained at 250o C. Oven temperature program was set at 
800 C for 1min, then @ 20C/min, the temperature was 
increased to 1400C and held  for 5min. then, at the rate of 
10C/min, finally at 50C/min to 2400C and held  for 6min. 
0.1µl neat sample with a split ratio of 50:1 was injected. 
Helium was used as a carrier gas. The spectrophotometer 
was operated in EI mode and the scan range was 35-
650amu. The in let ionization source temperature was 2500C 
and 2800C respectively. 
 
2.6 Statistical Analysis 
 
Analysis of variation in volatile oil content and composition 
as affected by different fungal treatments were analyzed 
using the SAS program. The experiment had fifteen 
treatments replicated twice and expressed as ±SEM. 
Duncan’s mult iple range test (DMRT) was applied to 
determine the significant difference at p≤0.05 for absolute 
quantities of each chemical compound. 
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3. Results and Discussion 
 
Successful approach on improving patchouli oil quality has 
always posted a great challenge, as chemical synthesis of 
patchouli alcohol, the key ingredient in patchouli oil has not 
been successful on an industrial scale [15]. It is critical to 
find a new technique which is farmer friendly to help the 
patchouli oil p roduction. 
 
In this study an attempt was made for the first time to test 
the effect of soil fungi on patchouli oil content and quality. 
The soil fungi in fifteen different combinations were sprayed 
on patchouli herbage. After five days of drying the essential 
oil was extracted. The results are classified under the 
following sections: 
 
a) Identificat ion and Quantification of compounds 
b) Essential oil content (%) and chemical composition of 

patchouli oil. 
 
3.1 Chemical Characterization and Quantification of 
Compounds  
 
The chemical components present in the volatile oil were 
identified by Gas Chromatography coupled with Mass 
Spectroscopy and Retention Index (Table-2). 95.8% of 
compounds were identified by GC-MS. Patchouli alcohol 
was found to be the major component [9] followed by α- 
guaiene and α-bulnesene. 
 
3.2 Essential Oil Content (% ) and Chemical  Composition 
of Patchouli Oil  
 
In the present study the data on essential oil content (%) 
obtained after different treatments are presented in table 3. 
All the treatments were found to be significant for the 
volatile oil content. The oil content was in the range of 
0.9±0 to 1.65±0.05%. Similar results have been observed in 
different accessions of patchouli in the range of 1.56-1.84% 
[16] and 1.23-1.75% [17]. 
 
Of all the treatments, T13 (Phoma sp + Fusarium solani 
complex) recorded highest oil content of 1.65±0.05. This 
was statistically similar to treatments T15 (Fusarium solani 
complex +Penicillium citrinum), T12 (Aspergillus terreus 
+Penicillium citrinum), T5 (Penicillium citrinum).The 
increase in oil content maybe due to the production of 
pectinase enzyme which breaks down the cell wall and aid 
the release of oil [19]. 
 
Lowest oil content was recorded in t reatment T4 0.9±0 
(Fusarium solani complex) and T9 (Botryosphaeria sp 
+Penicillium citrinum). Low o il content was reported due to 
variation in leaf moisture [19]. Variables like time of 
harvest, drying conditions, distillation parameter and 
fermentation conditions of the fungal sprays may have also 
affected the oil content [9]. 
 

 
 
 
 

Table 2: Chemical composition of patchouli oil using GC-
MS 

RT Name %Area Identification 
15.23 β-Patchoulene 2.21 GC-RI 
16.069 β-elemene 0.468 GC-MS 
17.344 Thujapsene 0.647 GC-MS 
18.32 Trans caryophyllene 3.895 GC-MS 
20.416 α-guaiene 21.9 GC-MS 
21.2 α-humulene 0.103 GC-RI 
21.71 α-Patchoulene 5.47 GC-MS 
22.05 γ-patchoulene 2.84 GC-RI 
24.32 Germacrene D 0.22 GC-MS 
26.14 Aciphylene 3.6 GC-RI 
26.92 α-bulnesene 19.56 GC-MS 
27.53 7-epi- alpha selenene 0.35 GC-RI 
27.92 α-alaskene 0.06 GC-RI 
30.27 Nor patcholenol 0.69 GC-RI 
27.92 Delta elemene 0.066 GC-MS 
32.78 Caryophyllene oxide  0.14 GC-MS 
33.433 -Saputhenol 0.11 GC-MS 
40.085 Patchouli alcoho l 32.48 GC-MS 
46.718 Pogostone 0.848 GC-MS 
47.52 Farnesol 0.16 GC-MS 

  95.80%  
 
The data on volatile components viz trans-caryophyllene, 
Guaiene, α-Patchoulene, α-Bulnesene, nor patchoulenol and 
Patchouli alcohol are presented in Table 3 and Fig 2. All the 
treatments in the fresh herbage studies were highly 
significant at 5% level of significance for the volatile 
components except nor patchoulenol. 
 
 The data (Table 3) revealed that in fresh herbage treatment, 
the content of major sesquiterpene patchouli alcohol varied 
from 44.83±1.12 to 58.72±0.39 and the content of other 
sesquiterepenes like t rans-caryophyllene varied from 
3.8±0.07 to 2.21±0.05, Guaiene (16.27±0.02 to 9.89±0.43), 
α-Patchoulene (3.78±0.41 to 2.56±0.04), and α-Bulnesene 
(14.07±0.05 to 8.43±0.8). Among the treatments, T2 
(Aspergillus terreus) was found to be statistically superior as 
the amount of patchouli alcohol was 58.72±0.39 as 
compared to untreated control 45.67±1.13. Along with this it 
was observed that the amount of other sesquiterpenes was 
least (trans-caryophyllene 2.21±0.05, Guaiene 9.89±0.43, α-
Patchoulene 2.56±0.04 and, α-Bulnesene 8.43±0.8), in 
treatment T2 (Aspergillus terreus) as compared to control 
(trans-caryophyllene 3.8±0.07, Guaiene 16.27±0.02, α-
Patchoulene 3.78±0.41, α-Bulnesene14.07±0.05) [Fig 
3a&b]. 
 
Treatments T5 (Penicillium citrinum) and T8 
(Botryosphaeria sp +Fusarium solani complex) were in par 
with each other with patchouli alcohol of 55.76±0.11 and 
56.05±1.97 respectively. Decrease in minor sesquiterpene 
was also observed in these treatments as compared to 
control. The amount of Trans-caryophyllene in treatments 
T5 and T8 was 2.78±0.09 and 2.28±0.7, similarly guaiene 
was 10.57±0.14 and 10.46±0.36, α-Patchoulene 
3.05±0.05and 3.34±0.33, α-Bulnesene 8.76±0.08 and 9.52 
respectively, as compared to control (trans-caryophyllene 
3.8±0.07, Guaiene 16.27±0.02, α-Patchoulene 3.78±0.41, α-
Bulnesene14.07±0.05). 
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In treatment T11 (Aspergillus terreus +Fusarium solani 
complex) and T9 (Botryosphaeria sp +Penicillium citrinum) 
was found to have least amount of patchouli alcohol 
(44.83±1.12 and 45.14±0.52 respectively) which was on par 
with control (45.67±1.13). The minor sesquiterpene were 
found to be statistically similar to control. 
 
Patchouli alcohol indicates the quality of essential oil [16]. 
Increases in patchouli alcohol due to mycorrizal fungal 
treatments have also been reported [17]. The increase in 
patchouli alcohol may be due to fungal enzymes like alcohol 
dehydrogenases [19] that are known to enhance the 
production of alcohol. The pathway hypothesized by [20] 
suggests that the precursor molecule Germacradienyl cation 
which majorly produces patchouli alcohol, maybe 
influenced by fungal enzymes. 
 
4.  Conclusion  
 
Patchouli plants are the only commercial source of patchouli 
alcohol and synthetic routes are yet to be developed 
commercially. The economic value of patchouli oil is 
associated with the patchouli alcohol concentrationin the 
current study biotransformation by soil fungi (biocatalyst) 
on fresh patchouli herbage was attempted. Aspergillus 
terreus treated herbage showed an increase in patchouli 
alcohol content and decrease in minor sesquiterpenes. It may 
be concluded that fungi like Aspergillus terreus may be used 
as effective biocatalyst to enhance the quality of Patchouli 
oil. 
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Table 3: Variation of essential oil content (%) and chemical composition of patchouli oil 
Treatment Caryophyllene Guainene Patchoulene Bulnesene Nor Patchouleneol Patchouli alcohol Oil content 

T1 3.31ab ± 0.1 14.37c ± 0.42 3.16cde ± 0.22 13.2abc ± 0.31 1.76a ± 0.03 49.92cd ± 0.54 1.11bcd±0.4 
T2 2.21 d± 0.05 9.89 f± 0.43 2.56f ± 0.04 8.43g ± 0.8 1.51abc ± 0.32 58.72a ± 0.39 1bcd±0 
T3 2.71bcd ± 0.06 11.73e ± 0.08 3.31abcde ± 0.15 11.16de ± 0.11 1.32c ± 0.05 47.46de ± 0.45 1.2cd±0.2  
T4 3.07 abc± 0.15 12.2 de± 0.41 2.82ef ± 0.02 11.53de ± 0.4 1.69ab ± 0.07 51.77c ± 1.24 0.9d±0 
T5 2.78bcd ± 0.09 10.57 f± 0.14 3.05de ± 0.05 8.76g ± 0.08 1.36bc ± 0.13 55.76b ± 0.11 1.4abc±0.1 
T6 2.87 bcd± 0.16 15.21bc ± 0.41 2.99def ± 0.14 10.5ef ± 0.61 1.51abc ± 0.03 49.1cd ± 1.55 1.2abcd±0.1 
T7 2.78 bcd± 0.06 12.76d ± 0.24 3.17cde± 0.09 9.65gf ± 1.8 1.5abc ± 0.04 50.44c ± 0.12 1.3abcd±0.2 
T8 2.28 d± 0.7 10.46f ± 0.36 3.34abcd ± 0.33 9.52gf ± 0.01 1.44abc ± 0.06 56.05b ± 1.97 1.25abcd±0.15 
T9 3.22 abc± 0.19 14.84bc ± 0.15 3.73ab ± 0.07 11.52de ± 0.16 1.63abc ± 0.16 45.14e ± 0.52 0.9d±O 
T10 3.19 abc± 0.06 14.48c ± 0.4 3.51abcd ± 0.09 11.88cde ± 0.07 1.56abc ± 0.04 51.32c ± 0.09 1.3abcd±0.2 
T11 3.41ab ± 0.29 16.33a ± 0.19 3.78a ± 0.41 13.88a ± 0.25 1.56abc ± 0.04 44.83e ± 1.12 1.0cd±0 
T12 3.28ab ± 0.02 14.54c ± 0.46 3.34abcd ± 0.01 12.12bcd ± 0.45 1.55abc ± 0 47.48 de ± 0.98 1.4 abc±0 
T13 3.24abc ± 0.02 14.5c ± 0.49 3.46abcd ± 0.09 13.43ab ± 0.06 1.41abc ± 0.04 47.46de ± 0.09 1.65a±0.05 
T14 3.35ab ± 0.03 15.48ab ± 0.21 3.58abc ± 0.1 13.6ab ± 0.13 1.53abc ± 0.03 47.42de ± 0.12 1.30abcd±0 
T15 2.5cd ± 0.3 12.9d ± 0.09 3.24bcde± 0.08 11.47de ± 0.26 1.56abc ± 0.05 51.73c ± 0.41 1.50ab±0.1 
T16 3.8a ± 0.07 16.27a ± 0.02 3.81a ± 0.01 14.07a ± 0.05 1.55abc ± 0.05 45.67e ± 1.13 1.05bcd±0.15 
Trt 0.37** 8.62** 0.24** 6.56** 0.025-NS 33.29** 0.26* 
Rep 0.15 0.75 0.149 3.03 0.04 3.68 0.13 

[Values are Mean±SEM of two independent experiments. Data points were significant (except Norpatchoulenol) p≤0.05 
according to DMRT] 
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Figure 2: Variat ion of oil and sesquiterpene content 
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