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Abstract 

In the present study, chemical constituents of the extracts of 
Nardostachys jatamansi DC obtained by supercritical fluid CO2 
extraction at 100 and 200 bar and the essential oil obtained by 
hydrodistillation of the rhizomes have been studied by GC-MS 
technique. Forty four compounds were obtained by hydro 
distillation, representing 95.65% of the total oil. The major 
component of hydro distillation was α-gurjunene (16.96%) 
followed by β-gurjunene (13.76%), β-maaliene (9.76%), ledene 
oxide-(ii) (7.02%) and allyl ionone1 (6.61%) along with many 
other minor components. In the case of super critical CO2 fluid 
extracts extracted at 100 and 200 bar, one hundred and three and 
one hundred and eight components respectively were identified 
by GC-MS analysis representing 97.96% and 94.04% of the total 
extracts with ledene oxide (8.92% and 7.05%) as the major 
component of the Nardostachys jatamansi DC extract at 100 and 
200 bar respectively. Other major components present in the 
supercritical fluid extracts were valeranone (6.62% and 4.01%), 
α-cadinol (5.29% and 3.57%), trans-(+)-carveol (3.07% and 3.48 
%), and β-gurjunene (4.50% and 3.17%) which were usually 
absent or present in traces in the hydro distilled essential oil. The 
antioxidant activity of essential oil and supercritical fluid 
extracts was evaluated by DPPH radical, superoxide radical, 
hydroxyl radical scavenging assays. In addition to this, the 
reducing power of the oil and the extracts was also studied. 
Supercritical fluid extract at 200 bar gave the best DPPH, 
superoxide radical scavenging and reducing power activity than 
the other extract and the oil sample. 
 
Keywords: Nardostachys jatamansi DC, hydrodistillation, 
Supercritical fluid CO2 extraction, antioxidant activities, GC-MS 
 
1. Introduction 
Nardostachys jatamansi DC or Nardostachys grandiflora 
DC belongs to the family Valerianaceae, commonly 
known as bhutjata and nalada or spikenard. It is found in 
abundance in wild state in the sub-temperate and mixed 
forest land of Himalayas between altitudes of 2200-5000 
m above sea level. Locally one hundred and fifty species 
of ‘samyoo’ are reported worldwide in the Andean Chile, 
Brazil, South Africa, southeast Asia while thirteen species 
are available in India from Jammu and Kasimer to Bhutan, 
Jaintia hills of northeast, Chamba, Kangara, Kullu, Mandi 
and Shimala of Himachal Pradesh and different districts of 
Uttarakhand [1].  

 
Nardostachys jatamansi, a perennial herb commonly 
found at high altitudes in India is reported to be useful in 
the treatment of variety of disorders such as anti-lipid 
peroxidative, sedative, anti-inflammatory, antidepressant, 
antihypertensive, tranquilizing, hypotensive properties, 
anti-convulsant activity, anti-estrogenic and anti- 
asthmatic activity [2]. It is also used for the treatment of 
hair loss, growth and luster[3,4] and several nervous 
disorders such as epilepsy, neurosis, insomnia, excitation, 
alzheimer’s disease, learning and memory disorder [2,5]. 
Its extracts also possess antispasmodic and stimulant 
properties which are useful in the treatment of fits and 
heart palpitations and it can also be used to regulate 
constipation, urination, menstruation and digestion [6]. 
 
There  are  a  very  few  studies  on  chemical  composition  
and  the  biological  activity  of  Nardostachys jatamansi. 
The chemical constituents investigated in the 
Nardostachys jatamansi are sesquiterpenes and coumarins 
[7]; jatamansone or valeranone [8]; nardostachone, 
dihydrojatamansin, jatamansinol, jatamansic acid [9]; 
jatamansinone, jatamansinol, oroseolol, oroselone, seselin, 
valeranal, nardostachyin [10]; nardosinone, spirojatamol 
[4]; jatamol A and B [11]; calarenol [12], seychellene, 
seychelane, coumarin: jatamansin or xanthogalin[13,14]. 
 
Though reports on chemical and biological studies on 
Nardostachys jatamansi oil are available, no such report is 
available for the extracts of this plant and hence we have 
taken up the present study to identify the chemical 
composition of the super critical extracts, extracted at two 
different pressures and compare them with that of the 
essential oil . Incidentally this happens to be the first 
report on the gas chromatography- mass spectrometry 
(GC-MS) study of supercritical fluid extracts of 
Nardostachys jatamansi. The present investigation is also 
made to study the antioxidant potential of Nardostachys 
jatamansi essential oil and the supercritical fluid extracts. 
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2. Experimental 
 
2.1 Plant material 
The dried rhizomes of Nardostachys jatamansi were 
purchased from the commercial market and the plant was 
authenticated by Dr. R. Kumuthakalavalli (Department of 
Biology, Gandhigram Rural Institute, Deemed University, 
Gandhigram, Tamil Nadu, India) and a voucher specimen 
is kept in the department of Chemistry of the University 
for further reference. 
 
2.2 Chemicals 
 1-Diphenyl-2-picrylhydrazyl (DPPH.) radical, ascorbic 
acid, potassium ferricyanide,, trichloroaceticacid (TCA), 
hydrogen peroxide and phosphate buffer (pH 7.4), 
methanol, CO2, α-tocopherol, Tris-HCL buffer, nitroblue 
tetrazolium chloride (NBT), butylated hydroxyl anisole 
(BHA), ethylene tetra ammine acetic acid (EDTA), 
thiobarbituric acid (TBA), nicotinamide adenine 
dinucleotide (NADH), deoxyribose, ferric chloride and all 
other chemicals used including solvents were of analytical 
grade. 
 
2.3 Isolation of oil and extract 
2.3.1Hydrodistillation method 
The classical method of hydro distillation using the 
Clevenger type apparatus for 4 h was used for the isolation 
of the essential oil from Nardostachys jatamansi. The 
essential oil was collected and stored at 4˚C until the 
completion of its analysis by gas chromatography/mass 
spectrometry (GC-MS) and antioxidant study. 
 
2.3.2 Supercritical fluid CO2 extraction method 
Supercritical CO2 extraction was performed on a 
supercritical fluid extractor (ATI technology, Bangalore, 
India) with the extractor volume 5kg. The flow rate of 
CO2, the extraction temperature and pressure were 
adjusted by the control panel, and the extraction time was 
measured by a stopwatch. CO2 gas was supplied from 
storage tank to super cooler, where it was converted into 
liquid CO2 and then sent to the extractor. Before liquid 
CO2 passed into the extraction vessel filled with the 
samples by the means of a pump, it was pressurized to the 
desired pressure and heated to the specified temperature in 
order to reach the supercritical state. In this study, 
extractions were performed at 55◦C, two different pressure 
levels (100 and 200 bar) and dynamic extraction time of 
1.5 hours each. The supercritical CO2 flow rate was 
maintained at 2.5ml/min and the duration of static 
extraction time was fixed to 55◦C min. The introduction of 
some rigid materials such as glass beads with the ground 
sample, contributed to maintaining a proper flow rate of 
CO2 in the extractor vessel as well as in maintaining the 

desired permissibility of the particle during extraction 
process [15, 16].The powdered plant material (2 kg) was 
placed into the extractor vessel. The extractions were 
performed and during the dynamic extraction time, CO2 
carrying the crude extract flowed out of the extraction 
vessel unit and into a collection vessel. The extracts were 
stored separately in a refrigerator (4 °C) in amber coloured 
tubes until further analysis and the yields were 0.35kg at 
100 bar 0.4kg at 200bar. The identification of extracted 
constituents was carried out by GC-MS. 
 
2.4 GC-MS Analysis 
 The CO2 extracts and the oil were analyzed by GC-MS 
using on an Agilent GC 6890N model gas chromatograph-
5973N model mass spectrometer equipped with a 7683B 
series auto-injector (Agilent, USA). The GC was equipped 
with a HP-5MS Capillary Column (30 m x 0.25 mm x 
0.25 µm film thickness). The GC oven temperature was 
kept at 40 ºC for 3 min and programmed to 100 ºC at a rate 
of 25 ºC for 5 min, 180 ºC at a rate of 25 ºC for 5 min, 
220ºC at a rate of 25 ºC for 5 min and 280 ºC at a rate of 
25 ºC for 12 min . Both the oil and the extract were 
analyzed by dissolving in CCl4. Injection volume was 1.0 
μL , inlet pressure was 7.06 psi and the injector 
temperature was 250 ºC. Helium was used as carrier gas 
and linear velocity (u) was 36 cm/sec. Injection mode was 
split (30:1) and MS interface temperature was 250°C. 
Mass spectra were recorded in the scan mode at energy 
was 70 eV and MS spectra were scanned from 50 to 550 
m/z at 2.2 scan s−1. Compound identification was based on 
the comparison of estimation retention indices using a MS 
library. The NIST 05a and Wiley7a spectrometer data 
bank was used to determine the percentage composition of 
the compounds [17]. 
 
2.5 DPPH Radical Scavenging Activity 
Various  concentrations  of  hydro  distilled  oil  and  
supercritical  fluid  CO2   extracts  ofNardostachys 
jatamansi DC roots (0.3 ml of hydro distilled oil, CO2 
extract at 100 bar and 200 bar) were mixed separately with 
2.7 ml of methanol solution containing DPPH radicals 
(6×10-5 mol/lit). The mixture was shaken vigorously and 
allowed to stand for 60 minutes in the dark. The reduction 
of the DPPH radical was determined by reading the 
absorbance at 517 nm. Ascorbic acid and α-tocopherol 
were used as standards [18]. The radical scavenging 
activity was calculated as a percentage of DPPH 
discolouration, using the formula; 
 
% RSA = [ (AbsDPPH – Abss ) / (AbsDPPH)]x 100 
 
where Abss is the absorbance of the ample and AbsDPPH is 
the absorbance of the DPPH solution. 
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2.6 Superoxide radical scavenging activity 
The superoxide radical scavenging activity of hydro 
distillated oil and supercritical fluid CO2 extracts of 
Nardostachys jatamansi DC was studied using the method 
of Liu [19]. Superoxide radicals were generated by mixing 
1 mL of Tris-HCl buffer (16 mM, pH=8) and 1 mL of 
NBT (50 µM) with 1 mL NADH (78 µM). The reaction 
mixture was incubated at 250C for 5 min and the 
absorbance at 560 nm was measured (Jenway 6100, 
Dunmow, Essex, U.K), A control tube containing Tris-
HCl buffer was also processed in the same way without 
the test sample. Different concentrations of ascorbic acid 
and BHA were used as standards. The radical scavenging 
activity (RSA) was calculated as a percentage of super 
oxide discoloration, using the equation: 
 
% RSA= [(Acontrol-ASample)/Acontrol] x100. 
 
2.7 Hydroxyl radical scavenging activity 
The hydroxyl radical scavenging activity of the oil and the 
extracts of Nardostachys jatamansi DC was estimated by 
following the method of Halliwell [20]. The hydroxyl 
radical was generated by a fenton-type reaction. The 
reaction mixture containing 0.2 ml of sample in varied 
concentrations was added 0.1 ml EDTA (1 mM )-FeCl3 
(10 mM ) mixture, 0.1 ml H2O2 (10 mM), 0.36 ml 
deoxyribose (10 mM), 0.33 ml phosphate buffer (50 mM, 
pH 7.4) and 0.1 ml of ascorbic acid (1 mM) in sequence. 
The mixture was incubated at 37°C for 1 h. This was 
added 1.0 ml each of TCA (10 %) and TBA (0.67 %) and 
it was kept in a boiling water bath for 20 minutes. The 
colour developed was read at 532 nm. A control was also 
performed with phosphate buffer with out the test sample. 
 
2.8 Reducing power  
The reducing power of the extracts and the oil was 
determined by using the method of Oyaizu [21]. Various 
concentrations of hydro distilled oil and supercritical fluid 
CO2 extracts of Nardostachys jatamansi DC (1 mL), 
phosphate buffer (1 mL, 0.2M, pH=6.6) and potassium 
ferricyanide (1 mL, 10 mg/mL) were mixed together and 
incubated at 50oC for 20 min. TCA (1 mL, 100 mg/mL) 
was added to the mixture and it was centrifuged at 8,000 
rpm for 5 min. The supernatant (1 mL) was mixed with 
distilled water (1 mL) and ferric chloride (0.1 mL, 1 
mg/mL) and then the absorbance was measured at 700 nm. 
 
2.9  Statistical Analysis 
All the results are expressed as mean values ±standard 
deviation (SD), n = 3. Data were analyzed using one way 
analysis of variance (ANOVA) followed by Tukey’s 
multiple comparison post hoc test using SPSS software 
16.0 versions. Values of p < 0.05 were considered 

statistically significant [22]. 
 
 
3. Results and discussion 
 
3.1 Chemical composition of the extract and oil  
In Nardostachys jatamansi DC extracts extracted by 
supercritical fluid CO2 extraction method, one hundred 
and three and one hundred and eight compounds were 
identified by GC-MS analysis of the extract at 100 bar and 
at 200 bar respectively representing, 97.96% and 94.04% 
of the total extracts (Table-1).The main components 
identified in the extracts were ledene oxide-(ii) (8.92%, 
7.05%), valeranone (6.62%, 4.01%), α- cadinol (5.29%, 
3.57%), β- gurjunene (4.50%, 3.17%), trans-(+)-carveol 
(3.07%, 3.48%), dehydroaromadendrene (1.70%, 4.11%), 
8a-methyldecalin-1,8-diol, diacetate (3.92%, 3.5%), 
valerenal (2.96%, 1.56%) , α-gurjunene (2.88%, 2.28%) , 
alloaromadendrene (2.42%, 1.19%) valerinic acid (1.09% , 
3.18%) at 100 and 200 bar  respectively. 
 
Table 1: Chemical composition and retention indices of the 
Nardostachys jatamansi DC  hydrodistilled oil, CO2 
extracted at 100 bar and 200 bar . 
 
 
Compounds 

CO2 
100 
bar 

CO2 
200 
bar 

 
Oil 

 
RI 

iso Valeric acid 0.42 0.53 - 851 
Valerinic  acid 1.09 3.18 - 875 
1-Ethynylcyclopentanol 0.03 0.08 - 908 
α- pinene 0.05 0.02 0.08 931 
β – pinene 0.13 0.05 0.08 970 
2,4,6-Octatriene, 2,6-dimethyl- 2.34 1.92 - 993 
1,8 Cineole 0.01 0.01 0.10 1023 
Cyclopentanol,1-(1-methylene-2-propenyl)- 0.81 1.49 - 1066 
Terpinolene 0.16 0.11 0.02 1078 
Amyl isovalerate 0.06 0.05 - 1093 
Benzene, 1,2,3,5-tetramethyl- 0.22 - - 1105 
3,5,7-Trimethyl-2e,4e,6e,8e-decatetraene - - 3.70 1130 
Ethylidenecyclooctane 1.88 3.35 - 1143 
4-Terpineol 0.01 0.01 - 1161 
Myrtenol 0.04 0.05 - 1191 
2-Allylphenol - 0.62 - 1203 
trans-(+)-Carveol 3.07 3.48 - 1206 
Thymyl methyl ether 0.02 0.02 0.02 1215 
α -Copaene - - 0.10 1221 
Cyclopropane,1-chloro-1,2-dimethyl-3-phenyl- - 0.24 - 1248 
Borneol acetate - - 0.02 1277 
Iso Aromadendrene epoxide 0.99 0.90 - 1281 
Ledene oxide-(ii) 8.92 7.05 7.02 1293 
Myrtenyl acetate 0.08 0.08 - 1299 
Cyclopentaneacetaldehyde,2-formyl-3-methyl-α-
methylene- 

0.56 0.59 - 1326 

α- Cubebene - - 0.02 1344 
Benzenamine, 2-(1-methylcyclopropyl)- 0.13 0.24 - 1380 
β- Elemene 0.09 0.11 - 1387 
4,4-Dimethyl-3-(3-methylbut-3-enylidene)-2-
methylenebicyclo[4.1.0]heptane 

1.67 2.56 - 1392 

β-patchoulane - - 4.07 1393 
Dehydroaromadendrene 1.7 4.11 - 1396 
Neoisolongifolene, 8,9-dehydro- 0.38 0.27 - 1398 
Iso Longifolene, 9,10-dehydro- 1.87 0.96 - 1398 
Aristolene 0.58 0.43 4.86 1403 
α- Longipinene 0.29 0.46 - 1403 
1H-indene-3-carboxaldehyde, 2,6,7,7a- tetrahydro-1,5-
dimethyl- 

2.73 2.02 - 1403 

β-Gurjunene 4.50 3.17 13.7
6 

1403 

α-Cederene 0.36 0.33 - 1405 
Bicyclo[3.1.1]hept-2-ene, 2,6-dimethyl-6-(4-methyl-3-
pentenyl)- 

0.42 0.28 - 1407 

Iso Eugenol  0.52 3.31 - 1410 
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Naphthalene, 1,2,3,4-tetrahydro-1,1,6-trimethyl- - - 3.45 1414 
Phenol, 4-(methoxymethyl)-2,6-dimethyl- 0.01 0.04 - 1416 
 (+)-Ledene 0.70 0.57 1.64 1419 
β-Maaliene 1.47 0.94 9.76 1432 
γ- Murrolene - - 0.43 1435 
γ-Cadinene 0.99 1.35 - 1435 
α-Gurjunene 2.88 2.28 16.9

6 
1436 

α-Muurolene - - 0.20 1440 
Naphthalene, 1,2,3,4,4a,7-hexahydro-1,6-dimethyl-4-
(1-methylethyl)- 

- - 0.12 1440 

β-Sesquiphellandrene 0.22 0.15 - 1446 
5-iso Propenyloxymethylene-3,3-dimethyl-
cyclohexanone 

0.46 - - 1451 

Zingiberene 0.51 0.51 - 1451 
Naphthalene, 1,2,3,4-tetrahydro-1,5,7-trimethyl- - - 0.95 1454 
α-Farnesene 0.45 0.37 - 1458 
γ-Gurjunene 1.09 - - 1461 
Seychellene 1.45 1.00 - 1464 
Bicyclo[4.4.0]dec-1-ene, 2-isopropyl-5-methyl-9-
methylene- 

1.25 1.03 - 1464 

γ- Elemene - 0.85 - 1465 
δ - Cadinene - - 2.85 1469 
7-(1,3-Dimethylbuta-1,3-dienyl)-1,6,6-trimethyl-3,8-
dioxatricyclo[5.1.0.0(2,4)]octane 

1.74 0.83 0.85 1473 

Valencene - 0.36 1.78 1474 
4-Methylbenzoylacetone 2.51 - - 1477 
β-Selinene 0.38 0.29 - 1478 
Germacrene D 0.14 - - 1480 
δ - Selinene - - 1.17 1481 
β- Ionone 0.22 0.19 1.18 1486 
Alloaromadendrene 2.42 1.19 - 1490 
α- Guaiene 0.55 0.12 - 1490 
Aromadendrene 1.48 0.17 1.06 1494 
Guaia-3,9-diene 2.32 1.59 - 1497 
β- Bisabolene 0.16 - - 1500 
β- Humulene 0.20 0.15 - 1505 
Calarene 0.10 0.11 - 1505 
Caryophyllene oxide 0.60 1.01 - 1507 
Valencene 1.16 0.79 - 1515 
β-Guaiene 2.03 1.24 0.17 1523 
Sesquisabinene hydrate - 0.13 - 1530 
Eudesma-3,7(11)-diene 1.21 0.77 - 1535 
Spathulenol - - 0.96 1536 
2(1h)-Naphthalenone, octahydro-4a-methyl-7-(1-
methylethyl)-, (4a.alpha.,7.beta.,8a.beta.)- 

0.02 - - 1542 

Isolongifolene, 4,5,9,10-dehydro 0.33 0.83 4.59 1544 
α-Calacorene - - 0.35 1547 
cis-α-Copaene-8-ol 0.04 - - 1553 
Aristolone - - 1.14 1574 
α- Cadinol 5.29 3.57 - 1580 
Cedr-8(15)-en-9-ol 0.98 0.8 - 1586 
β-Eudesmol - - 1.33 1593 
Valeranone, (+)- 6.62 4.01 - 1615 
Methyl 2,4-tridecadiynoate  0.78 0.99 - 1615 
Cedren-13-ol, 8- 2.22 2.12  - 1646 
Caryophylla-3,8(13)-dien-5.beta.-ol 0.57 0.92 0.07 1649 
5β,7βh,10α-Eudesm-11-en-1α-ol 0.26 0.15 - 1651 
Tricyclo[5.1.0.0(2,4)]oct-5-ene-5-propanoic acid, 
3,3,8,8-tetramethyl- 

0.66 0.75 - 1660 

13-Tetradece-11-yn-1-ol - 0.18 - 1663 
Bergamotol, z-α-trans- 0.43 0.39 - 1673 
Methyl hinokiate 2.25 1.39 - 1682 
Oxirane, tetradecyl- - 0.14 - 1702 
Allyl ionone 1 - - 6.61 1717 
Valerenal 2.96 1.56 - 1717 
Valerinol 0.11 0.12 - 1729 
Murolan-3,9(11)-diene-10-peroxy 0.26 0.29 - 1729 
4-(3,3-Dimethyl-but-1-ynyl)-4-hydroxy-2,6,6-
trimethylcyclohex-2-enone 

0.79 1.01 0.40 1738 

2-(4a,8-Dimethyl-1,2,3,4,4a,5,6,7-octahydro-
naphthalen-2-yl)-prop-2-en-1-ol 

0.49 0.43 - 1745 

Germacrone - - 0.20 1774 
8a-Methyldecalin-1,8-diol, diacetate 3.92 3.5 - 1830 
Cyclopentanone, 2,5-dicyclopentylidene- - - 2.60 1852 
1-Naphthalenamine, 4-bromo- 0.24 0.20 0.46 1863 
Methyl palmitate - 1.30 - 1878 
6-(1-Hydroxymethylvinyl)-4,8a-dimethyl-3,5,6,7,8,8a-
hexahydro-1h-naphthalen-2-one 

0.12 0.59 - 1916 

1-Methyl-10,18-bisnorabieta-8,11,13-triene - - 0.25 1931 
3,4,5,6-Tetramethyl-1-phenyl-2(1h)-pyridinone   0.08 0.1 - 1936 
n-Hexadecanoic acid - 0.44 - 1968 
Mayurone 0.22 - - 1992 
Eicosane 0.04 - - 2009 
Acetic acid, 3-hydroxy-6-isopropenyl-4,8a-dimethyl-
1,2,3,5,6,7,8,8a-Octahydronaphthalen-2-yl ester 

- - 0.08 2018 

Sericealactone, deoxy 0.13 0.14 - 2025 
Valerenyl iso valerate 0.35 0.74 - 2052 
Methyl oleate 0.22 0.54 - 2085 

14-β-pregna 0.11 0.13 - 2091 
Methyl linoleate 0.17 0.55 - 2093 
Methyl 10,13-octadecadiynoate   
 

0.17 0.19 - 2112 

Linoleic acid - 0.26 - 2183 
1,21-Docosadiene 0.11 - - 2188 
Androstan-17-one, 3-ethyl-3-hydroxy-, (5α)- 
 

0.12 0.06 0.17 2251 

Methyl eicosanoate 0.03 0.13 - 2276 
Chola-5,22-dien-3-ol, (3β,22z)- - 0.26 - 2370 
Methyl heneicosanate - 0.04 - 2375 
Propyl 5,8,11,14,17-eicosapentaenoate 0.20 0.21 - 2451 
2h-Pyran, 2-(7-heptadecynyloxy)tetrahydro- 0.22 0.29 - 2453 
Di(ethylhexyl) phthalate 0.09 0.14 - 2499 
Methyl behenate 0.36 0.98 - 2531 
Methyl tricosanoate 0.02 0.08 - 2574 
Hexacosane - 0.35 - 2606 
10,12-tricosadiynoic acid, methyl ester - - 0.03 2609 
Chiapin b 0.18 0.19 - 2612 
Diisooctyl pthalate - - 0.01 2704 
Sitostenone - 0.49 - 2714 
γ-Sitosterol - 0.14 - 2731 
Dehydrodieugenol 0.06 0.13 - 2791 
Methyl hexacosanoate - 0.10 - 2872 
Nonacosane 0.07 - - 2904 
Squalene 0.59 1.11 - 2914 
Astaxanthin 0.26 0.90 - 4696 
 
 
The results of GC-MS analysis of the essential oil of 
Nardostachys jatamansi extracted by hydro distillation 
method are presented in Table-1. Forty four components 
representing 95.65% of the total oil were identified. The 
major components of the oil identified were α-gurjunene 
(16.96%), β-gurjunene (13.76) , β-maaliene (9.76%), 
ledene oxide ii (7.02%) and allyl ionone 1 (6.61%). Other 
compounds identified to be present in a considerable 
amount were aristolene (4.86%), isolongifolene, 4,5,9,10-
dehydro (4.59%), β-patchoulane (4.07%), δ- cadinene 
(2.85%), valencene (1.78%), and β-ionone (1.18%).Some 
of the compounds found in both the extracts and the oil 
sample, but present in many fold concentration in the oil 
than in  both the extracts at 100 and 200 bar are  β-
gurjunene,β-maaliene,  α-gurjunene  and  4,5,9,10-
decahydro  isolongifolene.  While  some  of  the  major 
components found only in  CO2 extracts and not in 
the oil  were 2,6-dimethyl-2,4,6-octatriene,α-cadinol, 8a-
Methyldecalin-1,8-diol, diacetate, (+) velaranone , some of 
the compounds found only in CO2 extract at 200 bar were 
methylpalmitate (1.30%), and γ- elemene (0.85%). More 
than ten compounds were identified to be present only in 
the oil and not in either of the extracts and some of them 
include allyl ionone1(6.61%), β-patchoulane,(4.07%), 
3,5,,7-trimethyl-2e-4e,6e,8e-decatetraene. The phenolic 
components isoeugenol (0.52%, 3.32%) and 
dehydrodieugenol (0.05%, 0.13%) were present only in 
the supercritical fluid extracts extracted at 100 and 200 bar 
respectively. However, phenolic component 2-allyl phenol 
was present additionally in the extract at 200 bar. The fatty 
matter components present in 100 and 200 bar extracts 
were methyl palmitate, n- hexadecanoic acid, methyl 
oleate, methyl linoleate and linoleic acid etc. 
 
It has already been reported that jatamansi roots contain 

Valeranone, valeranal, nardone, calarenol, nardostechone, 
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n- hexacosanyl arachidate, 8 n-hexaconsanol, calarene, n-
hexacosane, n- hexacosanyl isovalerate, β-sitosterol. 
norseychelanone, seychellen, patchouli alcohol and β-
patchoulenese [8, 23]. The oil of the roots are reported to 
contains terpenic coumarins, oroselol, jatamansin, 
hydrocarbons, β-eudesmol, elemol, β-sitosterol, angelicin, 
jatamansinol [24]. 
 
The occurrence of  D-nardostachone, β-patchoulene, 
aromadendrone, δ-cadinene, valaranone (jatamansone), 
calerene (β-gurjunene), cyperene, β-maaline, aristolen, 
saychellene, α-gurjunene,maali alcohol, patchoulol, 9-
aristolen-1-2-ol, valeranone, valerenal, alpha-selinene, 7-
epi-α-selinene, β -selinene with several aliphatic 
compounds like isovaleric acid, n-hexacosanyl arachidate, 
n-hexacosane, n-hexacosanyl isovalerate, n-hexacosanol 
and steroid: beta-sitosterol etc in Nardostachys jatamansi 
has been reported [25]. 
 
To our knowledge, this is the first report on the 
composition of supercritical fluid CO2 extract of 
Nardostachys jatamansi DC. The new components 
identified from the extract of Nardostachys jatamansi DC 
were chiapin b, mayurone, germacerone and calacorene in 
very small amounts. 
 
3.2 DPPH radical scavenging activity 
Percent  DPPH  radical  scavenging  capacity    of  hydro  
distilled  essential  oil along  with supercritical fluid CO2 
extracts of Nardostachys jatamansi against  concentration 
is illustrated in Fig. 1. The scavenging effect of the 
essential oil (39.26% - 57.95%) supercritical fluid extract 
at 100 bar (42.70% – 63.30%) and supercritical fluid 
extract at 200 bar (46.18% – 65.53%) on DPPH radical 
increased linearly with increasing concentration from 0.2 
to 1.0 mg/ml. The essential oil and supercritical fluid 
extracts showed moderate to good percent scavenging 
activity in comparison with BHA (47.38% –89.39%) and 
Ascorbic acid (39.57% – 63.05%). At the lower 
concentration (0.2 mg/ml ) Nardostachys jatamansi 
supercritical fluid extracts are able to give equally good 
radical scavenging activity in comparison with positive 
controls. Based on IC50 value, the percent radical 
scavenging activity can be ranked in the following order, 
SFE of N. jatamansi 200 bar (0.34 mg/ml) > SFE of N. 
jatamansi 100 bar (0.49 mg/ml) > Hydrodistilled N. 
jatamansi essential oil (0.55 mg/ml). Our result was 
supported by the repot of previous authors [2, 26]. 
Rahman et al have found that N. jatamansi extract 
provides protection against lipid peroxidation in an iron-
induced lipid peroxidation model in rat liver and Tripathi 
et al have observed that the aqueous root extract of N. 
jatamansi showed antioxidant and anticataleptic effects in 
the haloperidol induced catalepsy rat model. It has been 

reported that presence of phenolic compounds plays an 
important role in antioxidant activity of natural products 
[27]. Supercritical 
 
 
 

 
Figure.1 Effect of Nardostachys jatamansi by DPPH 
radical scavenging activity in different concentration. Each 
value represents a mean ± SD (p< 0.05) 
 

 
Figure.2 Effect of Nardostachys jatamansi by superoxide 
radical scavenging activity in different concentration. Each 
value represents a mean ± SD (p< 0.05) 
 

 
Figure.3Effect of Nardostachys jatamansi by hydroxy 
radical scavenging activity in different concentration. Each 
value represents a mean ± SD (p< 0.05) 
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Figure.4 Effect of Nardostachys jatamansi by reducing 
power method  in different concentration. Each value  
represents a mean ± SD (p< 0.05) 

 
fluid extracts of N. jatamansi contained considerable 
amount of isoeugenol, known to possess antioxidant 
property [28] and this might be one of the reasons that 
supercritical extracts offered higher DPPH radical activity 
than N. jatamansi essential oil. It has been reported that 
most of the natural antioxidants often work synergistically 
with each other to produce a broad spectrum of 
antioxidative activity that creates an effective defence 
system against free radical attack [27]. 
 
3.2 Superoxide radical scavenging activity 
 Percent superoxide radical scavenging capability of the 
essential oil and the supercritical fluid CO2 extracts 
against concentration is illustrated in Fig. 2. The 
scavenging effect of the essential oil (12.44% - 67.78%), 
supercritical fluid extract at 100 bar (25.22% – 76.01%) 
and supercritical fluid extract at 200 bar (34.07% – 
76.77%) on superoxide radical increased linearly with 
increasing concentration from 0.05 to 1.0 mg/ml. 
Supercritical fluid extracts showed better percent 
scavenging activity in comparison with Ascorbic acid 
(46.53% –80.51%). At the lower as well as higher 
concentration (0.05 and 1.0 mg/ml) N. jatamansi 
supercritical fluid extracts showed equally good radical 
scavenging activity in comparison with ascorbic acid. 
Based on IC50 value, the superoxide radical scavenging 
activity can be ranked in the following order, SFE of N. 
jatamansi 200 bar (0.13 mg/ml) > SFE of N. jatamansi 
100 bar (0.16 mg/ml) > Hydrodistilled essential oil of N. 
jatamansi (0.19 mg/ml). 
 
3.3 Hydroxyl radical scavenging activity 
Percent hydroxide radical scavenging capability of 
hydrodistilled essential oil along with supercritical fluid 
CO2 extracts of N. jatamansi against concentration is 
illustrated in Fig. 3.The scavenging effect of the essential 
oil (66.83% - 77.50%) supercritical fluid extract at 100 bar 
(65.61% – 74.21%) and supercritical fluid extract at 200 

bar (69.10% – 83.72%) on hydroxide radical increased 
linearly with increasing concentration from 0.2 to 1.0 mg. 
The essential oil and supercritical fluid extracts showed 
good to excellent percent scavenging activity in 
comparison with BHA (68.65 –88.39%) and Ascorbic acid 
(57.40% – 78.95%). At the lower concentration (0.2 
mg/ml) supercritical fluid extracts and essential oil are 
able to give better hydroxide radical scavenging activity in 
comparison with ascorbic acid. The supercritical fluid 
extract of 200 bar samples gave higher hydroxide radical 
scavenging activity at 1.0 mg level which is relatively 
higher than ascorbic acid at the same concentration level. 
Based on IC50 value, the percent hydroxyl radical 
scavenging activity can be ranked in the following order, 
SFE of N. jatamansi 200 bar (0.141 mg/ml) > 
Hydrodistilled N. jatamansi essential oil (0.146 mg/ml) > 
SFE of N. jatamansi 100 bar (0.148 mg/ml). In the 
hydroxyl radical scavenging system, the concentration of 
hydrogen peroxide in water depends upon the phenolic 
compounds. Phenolic compounds present in the N. 
jatamansi essential oil and supercritical fluid extracts may 
be good electron donors and they may accelerate the 
conversion of H2O2 to H2O [29]. 
 
3.4 Reducing power 
The results of reducing power of essential oil and 
supercritical fluid CO2 extracts of N. jatamansi against 
concentration are illustrated in Fig. 4. The increase of 
absorbance value at 700 nm denotes the increase of 
reducing power of particular sample. The reducing power 
of the essential oil (0.26% -1.17%), supercritical fluid 
extract at 100 bar (0.35 % – 1.75%) and supercritical fluid 
extract at 200 bar (0.53% – 1.98%) increased linearl% y 
with increasing concentration from 0.2 to 1.0 mg/ml. 
Supercritical fluid extracts showed good to excellent 
percent scavenging activity in comparison with Ascorbic 
acid (1.20% –2.6%). At the higher concentration (2 mg/ml 
) , the supercritical fluid extracts are able to give equally 
good to moderate reducing activity in comparison with 
ascorbic acid. Based on IC50 value, the percent hydroxyl 
radical scavenging activity can be ranked in the following 
order, SFE of N. jatamansi 200 bar (0.19 mg/ml) > SFE of 
N. jatamansi 100 bar (0.33 mg/ml) > Hydrodistilled N. 
jatamansi essential oil (0.4 mg/ml). The reducing power of 
essential oil might be due to their hydrogen-donating 
ability [30] and is generally associated with presence of 
reductones [31]. The components present in essential oil 
and supercritical fluid extracts of N. jatamansi could act as 
good reductants, which could react with free radicals to 
stabilize and terminate radical chain reactions. 
 
4. Conclusion 
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The results of the present work indicate that the N. 
jatamansi DC oil and supercritical fluid extracts possess 
high antioxidant activity and free radical scavenging 
activity. These assays are useful for establishing the ability 
of phenolics to reduce Fe3+ and have important 
applications for the pharmaceutical and food industries. 
The essential oil and supercritical fluid extracts have also 
shown broad spectrum antioxidant activity in superoxide 
,hydroxyl scavenging and DPPH assays. However, further 
investigation of individual phenolic and other components, 
in vivo and antioxidant activity mechanism is warranted. 
These studies can be useful as a starting point of view for 
further applications of Nardostachys jatamansi DC 
essential oil and supercritical fluid extracts or their 
constituents in food and pharmaceutical preparations. 
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