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These results revealed that, the method enables rapid, 
precise, sensitive, and highly accurate quantification 
of ursolic acid. When the method was used for 
quantification of Malus domestica peel, the amount of 
ursolic acid was found to be 1.14±0.07% w/w.

A new HPTLC method has been developed for 
the identification and quantification of ursolic acid 
in apple peel extract. Ursolic acid can be easily 
estimated after derivatization with Liebermann 

TABLE 1: RECOVERY STUDY OF URSOLIC ACID FROM 
MALUS DOMESTICA PEEL
Amount spotted 
(µg)

Peak area 
(AU)

Amount detected 
(µg)

RSD 
(%)

Accuracy 
(%)

0.91 4098.7 0.91 1.12 100.9
1.14 4677.5 1.13 1.48 99.6
1.36 5248.6 1.34 0.6 98.5
RSD=Relative standard deviation

TABLE 2: PRECISION STUDY OF URSOLIC ACID
Amount spotted 
(µg)

Peak area 
(AU)

Amount detected 
(µg)

RSD 
(%)

Interday
1 3969.3 0.87 1.27
3 10194.8 3.18 1.38
5 13854 4.55 0.37

Intraday
1 3865 0.83 1.21
3 10080.2 3.14 1.66
5 13689.1 4.49 1.49

RSD=Relative standard deviation

Burchard reagent. After derivatization it produces pink 
color with ursolic acid. The developed method was 
validated according to ICH guideline. The method 
was found to be simple, sensitive, precise, accurate, 
and specific for estimation of ursolic acid from Malus 
domestica peel.
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Influence of Phenological Stages on Yield and Quality of 
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Chauhan, et al.: Influence of Phenological Stages on Yield and Quality of Oregano

A field experiment was conducted under the agroclimatic conditions of Doon valley, in order to determine the 
effects of phenological stages on herbage yield and quality of oil in oregano (Origanum vulgare L.). Plants were 
harvested in five phenological stages, i.e. early vegetative, late vegetative, flower initiation, full bloom, and fruit 
set stages. Results showed the significant effects of phenological stages on herbage, yield, and quality of oregano. 
Harvesting at full bloom stage showed better results in terms of herbage and oil yield. The quality of essential 
oil was evaluated using GC and GC/MS. Thymol content was rich in all the stages (46.90‑62.26%) followed by 
g‑terpinene (1.11‑11.75%) and p‑cymene (3.11‑5.32%).
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Origanum L. (Lamiaceae), a small genus of 
perennial and shrubby herb which is distributed 
in the Mediterranean region and tropical Asia[1]. 
The genus includes some commercially important 
culinary herbs, including oregano (Origanum vulgare 
L.) and Marjoram (Origanum majorana Moench; 
syn. Majorana hortensis L.), which are extensively 
used for flavoring food products and alcoholic 
beverages[2,3]. In India, the genus is represented by 
a single species, O. vulgare, generally found in 
subtemperate and temperate Himalaya[4], whereas, the 
other important species, O. majorana is exotic and 
cultivated in Indian gardens[5].

The chemical composition of oregano oil is very 
variable in India[6‑10]. The chemo varieties and 
the environmental conditions caused to this fact. 
The major chemo types of oregano oil from 
Indian origins were found to be thymol[6,7,10] and 
carvacrol[6‑9].

In Uttarakhand Himalaya, oregano is wildly grown in 
forest lands, but due to deforestation, overexploitation, 
overgrazing the availability of this important 
traditional medicinal and aromatic herb is limited. 
The commercial cultivation of this herb is also not 
in trends, but it is cultivated in some parts of India. 
The information about harvesting stages, herb, and oil 
yield of oregano is limited.

Therefore, the purpose of this study was to determine 
the effects of phenological stages on herbage yield 
and quality of oil as well as to determine the 
best harvesting time of wild oregano under the 
agroclimatic condition of Doon valley of Uttarakhand, 
India.

The experiment was conducted at the research 
field of Centre for Aromatic Plants (CAP), 
Selaqui, located at Dehradun, India at an altitude 
of 680 m above sea level during year 2009‑10. 
Live germplasm of oregano was collected from 
Bhowali, Nainital (altitude 1700 m) and cultivated 
for experiment under the climatic conditions of Doon 
valley. The specimen of oregano was duly identified 
in Centre for Aromatic Plants (CAP) and deposited 
with voucher specimens no. (CAP‑192). The soil 
was sandy loam (68.8% sand, 25.6% silt, 5.6% 
clay) with pH 7.4, EC 0.159 dSm−1, 0.03% total 
nitrogen, 103 ppm available phosphorus, 26.3 ppm 
available potassium, and 0.47% organic carbon. 
Five phenological stages, i.e. early vegetative, late 
vegetative, flower initiation, full bloom and fruit 

set stages were considered as treatments. Before 
planting, farmyard manure (200 q/ha) was thoroughly 
mixed and a basal dose of nitrogen (80 kg/ha), 
phosphorus (60 kg/ha), and potassium (40 kg/ha) 
was applied. The rooted plants were transplanted in 
November, 2009 at 45×45 cm population density. 
The design of experiment was in randomized block 
design (RBD) with three replications. In each 
replication, five plants were randomly selected for 
the recording of different parameters. Harvesting 
was done at each phenological stage between the 
months of February to May, 2010. Growth and yield 
parameters namely, plant height (cm), number of 
branch/plant, fresh and dry herb yield (q/ha), fresh 
and dry oil yield (kg/ha), and oil content (%) were 
recorded in all the treatments.

Fresh and shade dried leaves with small twigs (aerial 
parts) of each sample (300 g) of different harvesting 
stage (phenological stage) were separately hydro 
distilled for 3 h using a Clevenger‑type apparatus. 
The collected oil samples were dried over anhydrous 
sodium sulfate and stored in sealed vials at 4° until 
analyzed.

GC analyses were carried out by an Agilent 
Technology 6890 N gas chromatograph data handling 
system equipped with a split/splitless injector and 
fitted with FID using N2 as the carrier gas. The 
column was HP‑5 capillary column (30 m×0.32 mm, 
0.25 µm film thickness) and temperature program 
was used as follows: initial temperature of 60° 
(hold: 2 min) programmed at a rate of 3°/min to a 
final temperature of 220° (hold: 5 min). Temperatures 
of the injector and FID were maintained at 210 and 
250°, respectively.

The GC‑MS analyses were carried out on a Perkin 
Elmer Clarus 500 gas chromatograph equipped 
with a split‑splitless injector (split ratio 50:1) 
data handling system. The column was an Rtx®‑5 
capillary columns (60 m×0.32 mm, 0.25 µm film 
thickness). Helium (He) was the carrier gas at 
a flow rate 1.0 ml/min. The GC was interfaced 
with (Perkin Elmer Clarus 500) mass detector 
operating in the EI + mode. The mass spectra were 
generally recorded over 40‑500 amu that revealed 
the total ion current (TIC) chromatograms. The 
temperature program was used as described above. 
The temperatures of the injector, transfer line, and 
ion source were maintained at 210°, 210°, and 200°, 
respectively.
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Identification of the individual components was 
made by matching their recorded mass spectra 
with the library (NIST/Pfleger/Wiley) provided 
by the instrument software, and by comparing 
their calculated retention indices with the literature 
value[11].

Origanum vulgare crop was assessed for growth, 
yield, and quality at five stages of development 
(phenological stages), i.e. early vegetative, late 
vegetative, flower initiation, full bloom, and fruit 
set stages (Table 1). The plant height significantly 
increased at all the stages with the advancement 
of crop age. Number of branches increased up to 
flowering initiation stage and reduced at the time of 
maturity, i.e. full bloom and fruit set stages. The fresh 
and dry herbage yield was significantly increased 
from early vegetative to full bloom stage of the crop, 
ranged from 21.74‑70.78 q/ha and 4.41‑16.93 q/ha 
in fresh and dry herbage, respectively, whereas in 
fruit set stage, the herbage yields reduced. Similarly, 
the fresh and dry oil yield also increased from early 
vegetative to full bloom stage, ranged from 5.61‑35.07 
and 8.57‑40.33 kg/h in fresh and dry oil, respectively, 
whereas in fruit set stage, the oil yield reduced. In 
different developmental stages, the oil content (%) 
showed some differences. Oil content, obtained by 
fresh yield, ranged from 0.28‑0.55% and recorded 
maximum at full bloom stage (0.55%), whereas 
content in dry yields ranged from 2.19 to 2.67%, 
which was also highest at full bloom stage (2.67%). 
Verma et al. also reported that the oil content in 
O. vulgare was increased with the advancement of 
crop age and became highest at full bloom stage, 
and afterwards it started to decrease. The oil content 
also found highest at the time of full flowering in 
O. majorana[12,13].

A total number of 26 components accounting 
for 86.71‑89.27% of the total composition were 

identified by GC and GC‑MS (Table 2). Among 
the constituents of oil, thymol (46.90‑62.26%) 
was found as the major component followed 
by g‑ terpinene (1.11‑11.75%) and p‑cymene 
(3.11‑5.32%). Thymol which was found in 
abundance in the essential oils of all the five 
growth stages, recorded maximum amount at 
late vegetative (62.26%) which was sl ightly 
but steadily reduced with growth of plant 
and the lowest percentage in early vegetative 
stage (46.90%). The maximum (62.26%) and 
minimum (46.90%) thymol content has moderate 
difference among the growth stages.  The 
composition of g‑terpinene increased with the 
development of the crop. It was recorded in lesser 
amount in early and late vegetative stages (1.11 
and 4.39%), respectively,  whereas at  f lower 
initiation, dull bloom and fruit set stage it ranged 
from 10.43‑11.75%. The percentage of p‑cymene 
was slightly higher in full bloom and fruit set 
stage of the crop as compared with vegetative and 
flowering initiation stage (fig. 1).

TABLE 1: INFLUENCE OF DIFFERENT PHENOLOGICAL STAGES ON GROWTH, YIELD AND OIL CONTENT OF 
O. VULGARE
Treatments 
(Phenological stages)

Plant 
height (cm)

No. of 
branch/plant

Herb yield (q/ha) Oil yield (kg/ha) Oil content (%)
Fresh Dry Fresh Dry Fresh Dry

Early vegetative 12.44 37.22 21.74 4.41 5.61 8.57 0.28 2.19
Late vegetative 21.78 75.16 32.01 7.30 9.29 16.07 0.32 2.48
Flower initiation 41.58 76.61 59.97 13.89 24.87 30.88 0.47 2.52
Full bloom 49.61 55.19 70.78 16.93 35.07 40.33 0.55 2.67
Fruit set 56.61 46.33 59.27 14.93 23.49 33.15 0.45 2.50
CD at 5% (P=0.05) 12.03 16.76 20.41 5.71 12.87 13.09 0.19 0.17
Values are given in average

Fig. 1: Comparison of three major components at various 
phenological stages.
The percentage occurrence of three major components (‑■‑ thymol; 
‑♦‑ γ‑terpinene; and‑▲‑ p‑cymene) present in the essential oils of 
O. vulgare analyzed at 5 different phenological stages of plant cycle.
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On the basis of the above findings, the harvesting 
of herbage at full bloom stage had almost all the 
parameters slightly greater than those harvested 
at early and late vegetative, flower initiation, and 
fruit set stages. Therefore, the study revealed that 
harvesting of the crop at full bloom is optimum 
time to get better herbage and oil yield. The oil 
yield obtained through dry herbage also recorded 
better results as compared with fresh herbage. In 
all the developmental stages the quality of the oil 
found similar having some quantitative variations, 
as the occurrence of g‑terpinene, which constituted 
1.11‑4.39% in vegetative stages and increased up 
to 10.43‑11.75% with the advancement of the crop 
age. The harvesting of the crop in three phenological 
stages, i.e. flower initiation, full bloom stage, and 
fruit set stage showed similarity in quality and 

quantity of the oil composition as compared with 
vegetative stages.
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A Validated High‑performance Liquid Chromatograhy 
Method for Estimation of Ferulic Acid in Asafoetida and 
Polyherbal Preparation
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Kareparamban, et al.: Estimation of Ferulic Acid in Asafoetida by HPLC

A high‑performance liquid chromatography method was developed for the estimation of ferulic acid from 
asafoetida and a polyherbal preparation. The separation was carried out on HiQSil ODS C‑18 column with 
a mobile phase of acetonitrile: 10% acetic acid (20:80 v/v). The developed method was validated as per 
International Conference of Harmonization guidelines for various parameters such as accuracy, precision, 
linearity, limit of detection, limit of quantification and specificity; and found to be reliable. Linear regression 
analysis showed a good corelation between peak area and concentration with a corelation coefficient r2=0.996 
in the range 200‑7000 ng/ml. The developed method can be utilized for standardization of herbal formulation 
comprising asafoetida.

Key words: High‑performance liquid chromatograhy, asafoetida, ferulic acid, polyherbal formulations

Ferula asafoetida belonging to family Umbelliferae 
is a tall perennial plant which grows upto 2 m 
and requires dry moist soil. The dried latex, an 
oleo‑gum‑resin, known as asafoetida is obtained by 
making deep incision in the roots and rhizomes; and 
is widely preferred for culinary purpose as well as 
for medicinal use[1]. Asafoetida chiefly comprises 
resin (40‑65%), gum (20‑25%), and volatile oil 
(4‑20%). The asafoetida comprises a number of 

sesquiterpenes of which assaresinotannol is the 
chief sesquiterpene present in either free form or in 
combined form with ferulic acid or galbanic acid, 
also free ferulic acid is reported to be present in 
asafoetida[2]. Studies have revealed that asafoetida 
exhibits numerous pharmacological activities such 
as the antispasmodic[3,4], antifungal[5], antioxidant[6,7], 
antidiabetic[8], antimicrobial[9], antiulcer[10], 
antihemolytic[7], chemopreventive[11,12] and antiviral[13].

Ferulic acid is a phenolic acid present in asafoetida 
which exhibits numerous activities such as an 
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