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ABSTRACT 

Radical scavenging activity (RSA), antioxidant activity (AA), reducing power, total polyphenol (TP) and flavonoid con- 
tents (TFC) of oregano (Oreganum vulgare spp.), ajowan (Trachyspermum ammi) and Indian borage (Plectranthus 
amboinicus) extracts were evaluated. Oregano exhibited maximum radical scavenging activity (88.2%, 82.3%) for 
aqueous and ethanolic extracts at 50 ppm concentration respectively, followed by ajowan (86.9%, 68.4%) and Indian 
borage (30.5%, 30.4%). Extracts of oregano and ajowan showed better antioxidant activity and reducing power than 
that of Indian borage. Aqueous extracts of oregano had highest TP (Gallic acid equivalents) and TFC (Catechin 
equivalents) of 27.7% and 50.6% respectively compared to ajowan (6.7%, 24.4%) and Indian borage (4.2%, 5.5%). 
Synergistic studies showed that the addition of oregano extract appreciably enhanced the RSA of ajowan and Indian 
borage extracts even at 50 ppm concentration. 
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1. Introduction 

Bioactive compounds from plant and microbial sources 
are gaining importance in recent years. Some of these 
constituents with antioxidant activity found in plants are 
reported to play a critical role in delay of the onset as 
well as prevention of many chronic degenerative diseases 
such as oxidative stress, inflammation, DNA oxidation, 
cancer and ageing [1]. Spices and herbs, in addition to 
contributing to taste and aroma of foods, also contain a 
variety of bioactive molecules with ability to quench free 
radicals [2]. The antioxidant activity of herbs and spices, 
generally attributed to their phenolic constituents, has 
been demonstrated in many studies over recent years [3, 
4]. Essential oil components are the volatiles responsible 
for the flavour of spices, which show potent anti- 
microbial and antioxidant activities. Hence, these do 
serve as natural food preservatives. Volatile extracts are 
prepared by hydro-distillation to isolate the intrinsic 
flavour compounds from the plant material. Aqueous 
extracts, on the other hand, would disperse more easily in 
food systems and also the process of extraction obviates 
organic solvent residues. 

Nutritional, anti-oxidant, anti-microbial and other medi- 

cinal properties of spices and herbs have important impli- 
cations [5]. In the present scenario, the anti-diabetic, 
anti-hypercholesterolemic, anti-carcinogenic and anti- 
inflammatory effects of spices have paramount impor- 
tance as diabetes, cardio-vascular diseases, arthritis and 
cancer are the present key health issues of mankind. 
Recent studies have shown that the consumers’ demand 
for health-promoting food products containing the 
bioactive principles isolated from plant materials is 
increasing. Importance of replacing synthetic antioxi- 
dants by natural ingredients from herbs and spices and 
other plant materials has increased due to health 
implications and increased functionality like improved 
solubility in both, lipophilic and aqueous systems. It is 
well known that natural antioxidants extracted from herbs 
and spices (rosemary, sage, thyme etc.) have high anti- 
oxidant activity and are used in many food applications [6]. 
Most of the antioxidant potential of herbs and spices is due 
to the redox properties of phenolic moieties, which allow 
them to act as reducing agents, hydrogen donators and 
singlet oxygen quenchers [7].  

Oregano, a perennial herbaceous plant belonging to 
Labiates family, grows in Mediterranean regions and 
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western Asia. Oregano well known as the “pizza herb” is 
used in fresh as well as dry form to enhance the flavor, 
especially of tomato based products, baked goods and 
meat products. Typically, it has a phenolic, herbaceous, 
slightly floral and bitter taste, with slight lemony and 
pungent notes. Carvacrol is the major component of 
oregano oil which is mainly responsible for its anti-mi- 
crobial activity. Ajowan (Trachyspermum ammi) is one 
of the aromatic seed spice with medicinal value. The 
effect of ajowan ethanolic extract (AEE) was evaluated 
on the mycelia growth and spore germination of few 
fungi such as A. ochraceus, A. flavus, Fusarium sp., Pen- 
cillium sp., A. niger and A. oryzae. Antifungal property 
was observed against all isolates by well assay [8]. Thy-
mol, the major phenolic compound present in ajowan, 
has been reported to be a germicide, antispasmodic and 
anti- fungal agent. Indian Borage (Plectranthus aroma- 
ticus) is a small plant with fleshy stem, thick textured 
lemon scented leaves with bitter and pungent taste. It is 
reported to contain active ingredient carvacrol (50.7%) 
along with volatile constituents like caryophyllene 
(13.1%) and patchoulane (8.7%). It is used in pharma- 
cology for indigestion, diarrhea, chronic cough, renal 
calculi and convulsions. Indian borage oil (IBO) has been 
found to inhibit the radial growth of mycelia and exhibit 
broad fungitoxic properties against various fungi tested 
[9].  

While the volatiles of these materials have been well 
studied both for their constitution and bioactive proper- 
ties, the non-volatile components were explored to a 
lesser extent. In this context, oregano (Origanum vaul- 
gare), ajowan (Trachyspermum ammi) and Indian borage 
(Plectranthus amoboinicus) were chosen for preparation 
of aqueous and alcoholic extracts and analyzed for their 
antioxidant potential employing different in vitro model 
systems. Also, synergistic action of these extracts was 
investigated.  

2. Materials and Methods 

2.1. Chemicals and Reagents 

Tween-40, β-carotene, linoleic acid, 1,1-diphenyl-2- 
picrylhydrazyl (DPPH) were obtained from Sigma-Al- 
drich Chemical Co., (St. Louis, MO). Folin-Ciocalteau 
reagent, catechin and butylated hydroxyanisole (BHA) 
were obtained from Fluka, Switzerland. All other chemi- 
cals and solvents used were of analytical grade obtained 
from Rankem, New Delhi, India. 

2.2. Materials 

Fresh ajowan seeds were procured from an authentic 
source at local market in Mysore, India. Fresh leaves of 
P. amboinicus and Origanum vaulgare were collected 

from local gardens of Mysore, Ooty and India during the 
month of February. The chairman, Department of Studies 
in Botany, University of Mysore, India, performed the 
botanical identification. The fresh leaves were dried to a 
moisture content <7% in a through-flow convective drier 
connected to a dehumidifier (Bry-Air, Haryana, India, 
model: CFM-FFB-170) at 50˚C at relative humidity of 
30%, and stored at room temperature. 

2.3. Methods 

2.3.1. Preparation of Extracts 
All the dried herbs were ground in a mixer (Butterfly, 
India) and extracted with aqueous ethanol (50%) in a 
column extractor for 8 h. The eluent was desolventized in 
a rotary evaporator (Heidolph, Germany) at 40˚C and 40 
mbar pressure. The extract obtained was stored at 8˚C. 

In another experiment all the herbal powders were ex- 
tracted with boiling water for 5 min and the aqueous so- 
lution was dried in the freeze drier at –40˚C to –45˚C and 
4 - 5 mbar for 19 h. The dried extracts were stored at 
8˚C. 

2.3.2. Evaluation of Antioxidant Potential of Extracts 
The extracts were evaluated for antioxidant potential 
through in vitro model systems such as β-carotenelino- 
leate model system (antioxidant activity-AA), 1,1-dip- 
henyl-2-picrylhydrazyl (DPPH, radical scavenging acti- 
vity) and Iron reducing capacity (reducing power). 

2.3.3. β-Carotene and Linoleic Acid Assay 
Antioxidant activity based on coupled oxidation of 
β-carotene and linoleic acid was evaluated with some 
modification of the method described by Taga, Miller & 
Pratt [10]. β-Carotene (4 mg) was dissolved in chloro- 
form (10 ml). An aliquot (5 ml) of the solution was 
mixed with linoleic acid (60 mg) and Tween-40 (600 mg). 
Chloroform was removed under reduced pressure (40 
mbar) using a rotavapour. Oxygenated distilled water 
(120 ml) and triple distilled water (30 ml) were added 
into the β-carotene emulsion and contents were mixed 
well. Aliquots (4 ml) of the oxygenated β-carotene emul- 
sion and 1 ml of extracts at different concentrations were 
placed in test tubes and incubated at 50˚C in a water bath. 
Oxidation of β-carotene emulsion was monitored by 
measuring absorbance at 470 nm (Ultraviolet-Visible 
Spectrometer, Cintra 10, GBC, Australia). Absorbance 
was measured at intervals of 30 min till the solution 
turned colorless (180 min).  

A control was prepared by using 1 ml of ethanol 
instead of the extracts. The antioxidant activity (AA) of 
the extracts was calculated in terms of photo-oxidation of 
β-carotene using the following expression 

   0 0
0 0AA 100 1 A A A AT t

             (1) 
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wherein, A0 is the initial absorbance of sample, At the 
absorbance of sample after time t,  is the initial ab- 
sorbance of control and  is the absorbance of control 
after time t. 

0
0A

0At

2.3.4. Reducing Power Assay 
The reducing power of the extracts was measured ac- 
cording to the method of Oyaizu [11]. Extracts (0.5 ml) 
at various concentrations (0.5, 1.0, 1.5 and 2 mg/ml) was 
mixed with 2.5 ml of phosphate buffer (0.2 M, pH 6.6) 
and 2.5 ml of potassium ferricyanide (1%). The mixture 
was incubated at 50˚C for 20 min. Tricholoroacetic acid 
(2.5 ml) was added and the mixture was centrifuged at 
650 g for 10 min The supernatant (2.5 ml) was mixed 
with 2.5 ml of distilled water and 0.5 ml of ferric chlo- 
ride (10%) and the absorbance was measured at 700 nm. 
The reducing power of the extracts was compared with 
that of L-ascorbic acid (0.2 mg/ml). 

2.3.5. DPPH Scavenging Activity 
All the herbal extracts along with BHA were evaluated 
for radical scavenging activity in the DPPH system [12, 
13]. The extracts at a concentration of 50, 100 and 200 
ppm (1 ml) were taken in test tubes and 4 ml of 0.1 mM 
methanolic solution of DPPH were added to these tubes 
and shaken vigorously. The tubes were allowed to incu- 
bate in dark at 27˚C for 20 min. The control was pre- 
pared, as above without the extract and methanol was 
used for zero adjustment. Optical densities (OD) of the 
samples were measured at 517 nm. Radical scavenging 
activity was expressed as the inhibition percentage and 
was calculated using the following formula: 

Radical scavenging activity (%) = (control OD – sam-
ple OD)/control OD × 100. 

2.3.6. Total Flavonoids  
The amount of flavonoids was determined according to 
the colorimetric assay [14]. Aliquots of the aqueous solu- 
tion of the extracts were mixed with 5% sodium nitrite 
solution (0.3 ml) followed by 10% aluminium chloride 
solution (0.3 ml). The solutions were incubated at ambi- 
ent temperature for 5 min, and then 2 ml of 1 M sodium 
hydroxide was added to the mixture. Volume of the mix- 
ture was made to 10 ml with distilled water and the ab- 
sorbance was determined at 510 nm. A calibration curve 
was prepared with catechin and the results were ex- 
pressed as mg catechin equivalents (CEQ)/100 g sample.  

2.3.7. Total Phenolics  
Total polyphenol content of herbal extracts was deter- 
mined using Folin-Ciocalteu’s reagent. The experimental 
samples in methanol were mixed with saturated sodium 
carbonate solution and Folin-Ciocalteu’s reagent. The 
solutions were incubated in dark for 2 h and OD was 
measured at 765 nm. Total polyphenol content of the 

herbal extracts was expressed as gallic acid equivalents 
per 100 g of sample [15].  

2.3.8. HPLC Analysis of Extracts 
Each extract (100 mg) was dissolved in distilled water 
(10 ml) and passed through a 0.45 µ filter. 1 ml of the 
filtrate was diluted to 10 ml (1 mg/ml) and 20 µl of this 
sample was injected. HPLC analysis was carried out us- 
ing waters HPLC system consisting of waters binary 
HPLC 515 pump, manual injector 7725 and PDA detec- 
tor. The column used was Wakosil C18 (250 × 4.6 mm i. 
d. particle size 3 µm). The extracts were eluted with iso-
cratic elution of mobile phase (59.5% methanol, 39.5% 
water and 1% orthophosphoric acid) at 0.5 ml/min flow 
rate. The compounds were detected by waters PDA de-
tector at a wavelength of 265 nm.  

2.3.9. Determination of Synergistic Action 
Determination of synergistic effect on radical scavenging 
action of aqueous and alcoholic extracts of oregano, 
ajowan and country borage was carried out by DPPH 
method wherein the overall concentration of the extracts 
was maintained at 50, 100 and 200 ppm.  

2.3.10. Statistical Analysis 
All the analyses were carried out in triplicate and the 
results were shown as mean value with standard de- 
viation. The obtained data were subjected to statistical 
analysis and means were compared by the Duncan’s New 
multiple ranges test and presented.  

3. Results and Discussion 

3.1. DPPH Scavenging Activity 

Determination of radical scavenging activity by DPPH is 
a rapid and reliable method to evaluate the antioxidant 
activity of the extracts. With this method, it is possible to 
determine the radical scavenging potential of the anti- 
oxidants by measuring the absorbance at 517 nm. Anti- 
oxidants react with DPPH radical and convert it to 1, 
1-diphenyl-2-picrylhydrazine due to its hydrogen donat- 
ing ability at a rapid rate. The degree of discoloration 
indicates the scavenging potential of the antioxidants. 
Among the herbs examined, oregano exhibited maximum 
scavenging activity (88.2%, 82.3%) for both aqueous and 
alcoholic extracts (Table 1). This result was in good 
agreement with the literature reports on the antioxidant 
activity of the non-volatile constituents of oregano [16, 
17]. Ajowan showed better radical scavenging activity 
(86.9%, 68.4%) than Indian borage (30.5%, 30.4%) at 
the concentration of 50 ppm (Table 1). This result was in 
accordance with phenolic and the flavanoid content of 
the respective extracts (Table 2) as oregano extract pos- 
sesses more phenolic components compared to ajowan 
and borage. Further, radical scavenging activity was sig-  
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Table 1. Radical scavenging activity (RSA) of extracts of 
oregano, ajowan and Indian borage. 

Concentration of extracts and RSA (%) 
Herb Solvent 

50 ppm 100 ppm 200 ppm 

Oregano Water 88.17a ± 0.21 88.27a ± 0.15 88.57a ± 0.31

 Alcohol 82.27c ± 0.25 86.83c ± 0.21 88.10aa ± 0.20

Ajowan Water 86.90b ± 0.17 87.37b ± 0.15 88.47a ± 0.25
 Alcohol 68.43d ± 0.40 80.43d ± 0.15 85.23b ± 0.25

Borage Water 30.50e ± 0.40 51.43e ± 0.32 71.27c ± 0.31
 Alcohol 30.43e ± 0.35 23.50f ± 0.40 54.40d ± 0.44

Means of the same column followed by different letters in all tables differ 
significantly (p ≤ 0.05) according to Duncan’s New Multiple Range test. 

 
Table 2. Total phenolics and flavonoid content of extracts of 
oregano, ajowan and Indian borage. 

Herb Solvent 
Total phenolic  
content* (g·%) 

Total flavonoid  
content (g·%) 

Oregano Water 27.7a ± 0.04 50.6a ± 0.03 

 Alcohol 27.6a ± 0.05 50.4a ± 0.03 

Ajowan Water 6.7b ± 0.01 24.4b ± 0.02 
 Alcohol 5.4c ± 0.01 11.8c ± 0.04 

Borage Water 4.2d ± 0.03 5.5d ± 0.03 
 Alcohol 1.8e ± 0.02 1.1e ± 0.04 

*expressed as gallic acid equivalents per 100 g of sample. 
 
nificantly higher when water was used as the extracting 
solvent compared to alcohol in all the herbs. This may 
due to higher polarity of water for extracting the 
bio-active constituents from the herbs. 

3.2. Effect of Concentration of Extracts on  
Antioxidant Activity 

The antioxidant activity was determined by using a 
β-carotene/linoleic acid system. In this model system, 
β-carotene undergoes a rapid discoloration in the absence 
of an antioxidant. The free linoleic acid radical formed 
upon the abstraction of a hydrogen atom from one of its 
methylene groups attacks the β-carotene molecule, which 
loses the double bonds and its characteristic orange 
colour. 

Ethanolic and aqueous extracts from oregano, ajowan 
and Indian borage exhibited effective antioxidant activity 
at all concentrations studied. The results (Figures 1 and 
2) indicated that antioxidant activity of extracts increased 
with increasing concentration. Yen and Lee [18] found 
that antioxidant activity of the extract from Aspergillus 
candidus broth filtrate increased with increasing concen- 
tration and reached maximum after 200 ppm. The ex- 
tracts of oregano and ajowan exhibited stronger anti- 
oxidant activity than that of Indian borage apparently due 
to difference in constituent antioxidant compounds in the 
extracts. 

 

Figure 1. Antioxidant activity of aqueous extracts of herbs. 
 

 

Figure 2. Antioxidant activity of alcoholic extracts of herbs. 

3.3. Reducing Power 

During the reducing power assay, the presence of reduc- 
ing agents in the test samples would result in reducing 
Fe3+ ferricyanide complex to the ferrous form (Fe2+). By 
measuring the Prussian blue absorption at 700 nm, for- 
mation of Fe2+ can be monitored [19]. The reducing 
power of ethanolic and aqueous extracts increased with 
increase in concentration. The reducing power of ethano- 
lic extracts at 0.5, 1, 1.5 and 2 mg/ml was 0.8, 1.0, 1.6 
and 1.8 for oregano, 0.26, 0.28, 0.40 and 0.45 for ajowan, 
0.11, 0.12, 0.14 and 0.15 for Indian borage respectively. 
The reducing power of aqueous extracts at 0.5, 1, 1.5 and 
2 mg/ml was 0.8, 1.1, 1.3 and 1.8 mg/ml for oregano, 
0.29, 0.3, 0.35 and 0.45 mg/ml for ajowan, 0.11, 0.14, 
0.18 and 0.19 mg/ml for Indian borage. At the same 
concentration levels, oregano extracts showed higher 
reducing power than ajowan and Indian borage extracts. 
In comparison, the reducing power of L-ascorbic acid at 
a concentration level of 0.2 mg/ml was of 0.82. 

3.4. Total Phenolics and Flavonoids 

The total phenolic content of ethanolic and aqueous ex- 
tracts from oregano, ajowan and Indian borage extracts 
was estimated, since phenolics could contribute to its 
overall antioxidant activity. Phenolics were detected in 
all samples (Table 2). The ethanolic and aqueous ex- 
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and the finding could have very important applications in 
design of functional foods. 

tracts of oregano had the highest total phenolic content 
(TPC) of 27.6 g·% and 27.7 g·% respectively followed by 
ajowan and Indian borage. The lowest TPC value of 1.8 
g·% was detected in the ethanolic extract of Indian bo-
rage. In addition, the aqueous extracts of ajowan and 
borage had higher TPC value than the ethanolic extracts. 
These results suggested the potential influence of ex-
tracting solvent on total phenolic content. 

In summary, this study indicated that oregano, ajowan 
and Indian borage are potential dietary sources of natural 
antioxidants. Aqueous extract of oregano showed higher 
reducing power, total phenolic content and total flavon- 
oids than that of ajowan and Indian borage. Aqueous and 
ethanolic extracts of oregano exhibited higher radical  
 Total flavonoid content (TFC) of ethanolic and aque- 

ous extracts from oregano, ajowan and Indian borage was 
measured using aluminium chloride colorimetric method 
(Table 2). The results showed that the TFC of extracts of 
oregano had the highest TFC content of 50.6 g·% (cate-
chin equivalents) followed by ajowan and Indian borage 
extracts as shown in Table 2. Even though it is apparent 
that the flavonoids are the important phenolic compounds 
contributing to the AA of extracts, it is possible that other 
phenolic compounds could also contribute to the anti- 
oxidant properties of these extracts.  

 
(a) 

 

3.5. HPLC Analysis of Extracts 

The HPLC profiles of ethanolic and aqueous extracts 
(Figure 3) of oregano, ajowan and Indian borage did 
exhibit distinct differences in their constituents. Also, the 
components in these extracts were different from the 
major phenolic constituents, thymol and carvacrol, of 
these herbs. Further isolation and characterization of 
these anti-oxidant components would be necessary to 
understand their contribution to the bio-active properties 
of these extracts. 

(b) 

 

3.6. Synergistic Action of Extracts 

Results of study of synergistic effect of the combined 
extracts are furnished in Table 3. Addition of oregano 
extract appreciably enhanced the RSA of ajowan and 
borage extracts even at 50 ppm concentration. These re- 
sults shows that oregano extracts when used in combina- 
tion with ajowan and Indian borage improved the radical 
scavenging effect of the latter two herbs. This was the 
first report of comparison and synergistic effect of these herbs 

(c) 

Figure 3. HPLC profiles of alcoholic extracts of (a): Oreg-
ano, (b): Ajowan and (c): Borage. 

 
Table 3. Synergistic radical scavenging action of extracts of oregano, ajowan and Indian borage. 

 

Concentration of extracts and RSA (%) 
Herb Solvent 

50 ppm 100 ppm 200 ppm 

Water 91.5a ± 0.1 90.5b ± 0.2 90.7e ± 0.1 
Oregano + Ajowan 

Alcohol 92.3a ± 0.1 91.3a ± 0.2 92.0c ± 0.2 

Water 31.8d ± 0.3 57.8d ±0.1 90.4e ± 0.1 
Ajowan + Borage 

Alcohol 41.4c ± 0.2 87.9c ± 0.2 93.1b ± 0.2 

Water 90.9b ± 0.2 91.5a ± 0.2 91.8d ± 0.2 
Borage + Oregano 

Alcohol 92.7a ± 0.2 91.9a ± 0.2 92.5c ± 0.1 

Water 90.4b ± 0.1 91.2a ± 0.2 95.5a ± 0.2 
Oregano + Ajowan + Borage 

Alcohol 92.5a ± 0.2 92.0a ± 0.2 92.5c ± 0.1 
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scavenging activity (RSA) than those of ajowan and In- 
dian borage extracts. Antioxidant activity of oregano, 
ajowan and Indian borage extracts increased with in- 
creasing concentrations, ranging from 0.1 to 1 mg/ml and 
then reached a plateau at concentrations ranging from 1 
to 2 mg/ml. Higher antioxidant properties of oregano and 
ajowan Indian borage extracts can be attributed to dif- 
ferences in constitution of the antioxidant components. 
Synergistic studies showed that the addition of oregano 
extract appreciably enhanced the RSA of ajowan and 
borage extracts even at 50 ppm concentration. These 
ethanolic and aqueous extracts have the potential to be 
used as natural food antioxidants in place of synthetic 
additives.  
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