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activities. The results are in accordance with those 
carried out in other plants[12].

Hagerman et  al.[13] reported that the high molecular 
weight phenolics  (tannins) have potent scavenging 
activity toward the free radicals and that the activity 
depends on the molecular weight, the number of 
aromatic rings, and nature of hydroxyl groups. 
Therefore, antioxidant activities of these extracts 
cannot be predicted on the basis of their TPC alone, 
but will also require proper characterization of 
individual phenolic components.

The present study reports TPC and antioxidant 
activity of A. coynei for the first time. Results showed 
antioxidant potential of aerial parts using different 
extraction methods. The study may support use 
of A.  coynei to prevent in  vivo oxidative damage 
associated with illnesses. Present study also suggests 
further need for detailed phytochemical investigation 
and pharmacological studies to support use of this 
plant by traditional practitioners.
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Ursolic acid, a pentacyclic triterpenoid possess a wide range of pharmacological activities. It shows hypoglycemic, 
antiandrogenic, antibacterial, antiinflammatory, antioxidant, diuretic and cynogenic activity. It is commonly present 
in plants especially coating of leaves and fruits, such as apple fruit, vinca leaves, rosemary leaves, and eucalyptus 
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leaves. A simple high‑performance thin layer chromatographic method has been developed for the quantification of 
ursolic acid from apple peel (Malus domestica). The samples dissolved in methanol and linear ascending development 
was carried out in twin trough glass chamber. The mobile phase was selected as toluene:ethyl acetate:glacial acetic 
acid (70:30:2). The linear regression analysis data for the calibration plots showed good linear relationship with 
r2=0.9982 in the concentration range 0.2‑7 µg/spot with respect to peak area. According to the ICH guidelines the 
method was validated for linearity, accuracy, precision, and robustness. Statistical analysis of the data showed that 
the method is reproducible and selective for the estimation of ursolic acid.
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The proverb “An apple a day keeps the doctor 
away.” addresses the health effects of the fruit. Malus 
domestica  (Rosaceae) is a small and deciduous tree, 
well known by the whole world for its delicious and 
nutritious fruits which are being grown in temperate 
region of the world[1]. The fruit is typically 5‑9 
cm  (2.0‑3.5 inches) in diameter. The center of the 
fruit contains five carpels arranged in a five‑point 
star, each carpel containing one to three seeds. Fruits 
are covered with an outer coating called cuticle. 
The cuticle consists of three layers; a top coating of 
surface wax, a thick middle layer consisting of cutin 
embedded in wax and a lower layer consisting of 
cutin and wax mixed with the cell wall substances 
pectin, cellulose, and other carbohydrates[2]. Waxes are 
composed of a complex mixture of long‑chain acyl 
lipids that are extremely hydrophobic. The wax consists 
of many different components and the most common 
components are straight‑chain alkanes and alcohols 
of 25‑35 carbon atoms, other components found in 
the wax are aldehydes, ketones, esters, free fatty 
acids and triterpenes, such as ursolic acid  (fig.  1) and 
oleanolic acid[3]. Ursolic acid shows pharmacological 
effects, such as antitumor, hepatoprotective, 
antiinflammatory  (oral and topical), antiulcer, 
antimicrobial, antihyperlipidemic, and antiviral[4]. The 
aim of this study is to quantify the ursolic acid from 
apple peel and to validate the developed method.

Reference standard of ursolic acid was purchased from 
Yucca enterprises, Mumbai, India. Analytical grade 
reagents; toluene, ethyl acetate, glacial acetic acid 
and methanol  (S. D. Fine-Chem Limited, Mumbai, 
India) were used. Apple peel was collected from fresh 
apples of red delicious variety from local market. 
The HPTLC system consisted of a Camag Linomet V 
automatic spotting device, densitometric analysis was 
carried out utilizing Camag TLC scanner‑3, and these 
are supported with Camag WinCATS software. Camag 

twin‑trough chamber  (20×10  cm) and  (10×10  cm) 
was used. A  100  µl HPTLC syringe was used for 
application of samples. Sample application was done 
on precoated silica gel 60 F254  (Merck, Germany).

The standard solution was prepared by dissolving 
10 mg ursolic acid in 10 ml methanol solution which 
gives solution of concentration 1000  µg/ml. Apple 
peels were removed from fresh apples by using 
peeler and dried in oven. The dried apple peels were 
powdered and then extracted at three different levels. 
At each level of extraction, 25  g powder of apple 
peel was taken in conical flask and macerated for 
24  h in 100  ml of methanol at room temperature. 
The solution was vacuum filtered; filtrate was further 
concentrated and dried. Three successive extraction 
processes were performed. The extract was collected 
and properly stored. Test solution was prepared by 
dissolving 10  mg extract in 10  ml methanol  (AR). It 
gives solution of concentration 1000 µg/ml.

Analysis was performed on 10×10  cm HPTLC 
silica gel 60 F254 plates. Sample and standard 
zones were applied to the layer as bands of length 
6  mm, distance from the plate side edge 15  mm, 
and distance from the bottom of the plate 10  mm. 
Chromatographic development was performed using 
a mixture of toluene:ethyl acetate:glacial acetic 

Fig. 1: The chemical structure of ursolic acid.
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ethyl acetate, and glacial acetic acid  (70:30:2) was 
found to give a good separation and resolution of 
ursolic acid without interference from the other 
materials. The peak area on the chromatogram was 
used for quantitative determination. During the 
development of the HPTLC method it was observed 
that a presaturation of the TLC chamber with mobile 
phase for at least 10  min was required to obtain a 
good separation with reproducible Rf values. The Rf 
value of ursolic acid was found to be 0.45±0.05.

The polynomial regression data for the calibration 
plots showed a good linear relationship over 
concentrations range of 0.2‑7 µg/spot  (R2=0.998) and 
regression equation is, y=2686.1x+1628.3.

Derivatization of chromatogram with Liebermann-
Burchard reagent provided pink‑colored spot at Rf 
value 0.45 corresponding to pure ursolic acid, which 
differentiates closely related structures, indicating 
the method is specific (fig.  2). The quantification of 
ursolic acid from apple peel extract was carried out 
in triplicate. The amount of ursolic acid in apple peel 
was found to be 1.13% w/w. The LOD and LOQ were 
found to be 8.3 and 25.3 ng, respectively. The recovery 
of ursolic acid was found between 98.44‑100.9% with 
RSD <1.48%  (Table  1). It was observed that, the 
percentage coefficient of variation of intraday precision 
and interday precision was comparable and within the 
limits  (Table  2). The developed method was found 
to be robust as there was no change in Rf value by 
varying saturation time and mobile phase proportion.

acid  (70:30:2) as mobile phase for development 
under the following conditions, chamber saturation 
time, 10 min; temperature, 25±2°; migration distance, 
80  mm. After development, the TLC plates were 
dried. To visualize the zones, plates were sprayed 
with a Liebermann‑Burchard reagent and heated 
for 10  min at 110°. Quantification of ursolic 
acid was achieved by scanning with Camag TLC 
scanner 3 (slit dimension, 5×0.45  mm; wavelength 
of determination, 530  nm at absorbance mode using 
tungsten lamp). The chromatogram was plotted as 
absorbance against Rf values.

The developed method was validated as per ICH 
guidelines[5] in terms of specificity, selectivity, linearity, 
precision, accuracy, limits of detection  (LOD), limits 
of quantification  (LOQ), and robustness. Specificity 
and selectivity were carried out by applying standard 
solution and test solution to differentiate ursolic acid 
from other closely related compounds, indicating the 
method was specific and selective. Linearity of method 
was carried out by using standard solution of ursolic 
acid in concentration range of 0.2‑7  µg/spot. The 
data of area under the peak versus drug concentration 
was treated by linear least square regression analysis. 
To determine limit of detection  (LOD) and limit 
of quantification  (LOQ) standard solutions were 
further diluted in methanol. LOD and LOQ were 
defined as the amount for which signal to noise 
ratios  (S/N) were 3 and 10, respectively. Repeatability 
or intraday precision of sample application and 
measurement of peak area was carried out using the 
three replicates of same spot i.e.,  3 μg/spot. Interday 
variations for determination of ursolic acid were 
carried out at three different concentration levels 1, 3, 
5 μg/spot on three different days. Intraday precision 
for determination of ursolic acid were carried out 
at three different concentration levels 1, 3, 5  µg/
spot on same day. Accuracy study was performed 
by spiking 80, 100, and 120% amount of standard 
drug externally to the preanalyzed samples. The 
experiment was conducted in triplicate. This was 
conducted to check the recovery of drug at different 
levels. The robustness of the method was performed 
by allowing variation in chamber saturation time 
by 8, 10, 12  min and variation in mobile phase 
proportion  (68:32:2),  (70:30:2), and  (72:28:2).

In this study the quantitative HPTLC method was 
developed for the estimation of ursolic acid in herbal 
extract. The solvent system comprising of toluene, 

Fig. 2: Peak view of apple peel extract.
HPTLC chromatogram of apple peel extract showing ursolic acid (1) 
as major constituent.
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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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