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Introduction
Oxidation can be a main issue in foods and a major factor in 

shortening shelf life by generating off-flavors in lipid containing 
foods. Oxidation can also lead to loss of color through oxidative 
degradation of pigments, as well as loss of nutrients and 
vitamins. It can even change the texture and the functionality 
by impacting protein structure Lushchak [1]. Using antioxidants 
constitute a major oxidation defense strategy. Antioxidants 
compounds blench or inhibit the oxidation of molecules by 
inhibiting the initiation or propagation of oxidizing chain 
reactions. The era between the 1920s and 1950s witnessed the 
start of using antioxidants as individual food additives Gulcin 
[2]. Generally, there are two basic categories of antioxidants, 
natural and synthetic. Tendency toward the use of natural 
additives because of the point of view of safety grows interest 
to application natural antioxidants Nogochiand Nikki [3]. 
Herbs have been used for a large range of purposes including 
medicine, nutrition, flavorings, beverages, dyeing, repellents, 
fragrances, cosmetics, charms, smoking, and industrial uses 
and they are one of the most important objects to search for 
natural antioxidants. It is necessary understanding the chemical  
nature of the antioxidative defense on the molecular  
level Naik et al. [4]. Because there is not any simple universal 
method to measure antioxidant activity exactly and quantitatively  

 
Prior et al. [5]. It is prevalent that we evaluate the antioxidant 
activity of plants by using several methods Schlesier et al. [6]. 
There have been several studies in the literature reporting 
antioxidant activity of Humuluslupulus, CynaraScolymus, 
Kelussiaodoratissima, Jamuna et al. [7] Wittemer et al. [8] Huige 
et al. [9] Ahmadi et al. [10] Schutz et al. [11] but often in one 
method. In this experiment, we used four common methods 
(DPPH, b-carotene bleaching, NO and OH scavenger) to analyze 
the antioxidant activity of these extracts that prepared with 
two method of extraction. The main aim of this investigation is 
to assess antioxidant activities of all three herbs extracts that 
prepared by two methods in four oxidation system and finally 
determine that the extraction method to what rate is effective in 
separating best component with best antioxidant activity.

Material and Method
Herbs were collected and authenticated at the Biology 

Department, School of Science and Isfahan University. The 
voucher specimens were deposited in Isfahan University 
Herbarium.Required parts of the plant were dried at room 
temperature. The dried plants were ground by an electric blender. 
In soak method, 100 g of each line of plant powders were soak in 
96% and 70% ethanol for 72 h and 12 h respectively. In soxhlet 
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method powders 100g of each plant powder were extracted 
with a Soxhlet extractor using ethanol 70% for 5 h. After that the 
extracts were filtered and concentrated by a distiller in a vacuum 
at 40°C. The resulting solution was vaporized and desiccated in 
50°C under sterile conditions. Extract obtained kept in a dark 
glass bottle at 4°C until use Zhang et al. [12].

Quantitative Phytochemical Analysis
Determination of Total Phenolic Contents

Total phenolic contents in extracts were determined 
using Folin-Ciocalteau reagent with respect to gallic acid 
calibration curve. Briefly, 0.2 ml of extract solution and 0.2 ml 
of Folin-Ciocalteau reagent were added in a test tube and mixed 
thoroughly. After 4 min, 1 ml of 15% Na2CO3 was added, and 
then the mixture was allowed to stand for 90 min at room 
temperature. The absorbance was read at 750 nm and by using 
an equation obtained from the gallic acid calibration curve, the 
concentration of the total phenolics was determined Setayesh et 
al. [13].

Determination of Flavonoid Contents
Total flavonoid contents were measured with the aluminum 

chloride colorimetric assay 15. At first Quercet  in different 
concentrations (50, 100, 200, 300 and 400 μg/ml) was used 
for obtaining calibration curve. Each extract was added to 10ml 
volumetric flask containing4ml of water and 0.3ml of 5% NaNO2 
was added. 0.3ml of 10% AlCl3 and 2ml of 1 M NaOH were added 
After 5 and 6 min respectively and then with distill water total 
volume was made up to 10ml. After mixing absorbance was 
measured against a freshly prepared reagent blank at 510 nm. 
Total flavonoid content of the extracts was expressed as mg of 
Quercet in equivalent per 100 g dry weight of extract Marinova 
et al. [14]. 

Determination of Antioxidant activity 
Scavenging activity on DPPH. 

Extracts were mixed with 1 ml of DPPH (0/2 mM in ethanol). 
After shaking to monitor the decrease in absorbance at 517 nm the 
mixture was placed in anshimadzu-UV 3100 spectrophotometer. 
Ascorbic acid (Sigma-Aldrich), a stable antioxidant, was used 
as a synthetic reference. The total stoichiometry of the reaction 
was calculated employing the formula: 

( )  0 – 0  2n A Af c lε=

Where c0 is the initial concentration of phenolic compound 
(M); A0 the absorbance at 515 nm of the radical at t=0; Af the 
absorbance at 515 nm of the radical at steady state; ε the molar 
extinction coefficient for DPPH radical (M-1 cm-1) and l is the 
optical path of cuvette (cm) Wang et al. [15].

2 B-Carotene bleaching test

 The emulsion containing carotene-chloroform, linoleic acid 
and Tween 40 was added to a tube containing extract and the 
tubes were placed in a water bath at 50 _C and the oxidation 

of the emulsion was monitored spectrophotometrically by 
measuring absorbance at 470 nm over a 90 min period. The 
antioxidant activity was expressed as inhibition percentage 
with reference to the control after a 60 min incubation using the 
following equation:  

( )  100*  _  /AA DRC DRS DRC=

AA = antioxidant activity; 

DRC = degradation rate of the control = [ln(a/b)/90]; 

DRS = degradation rate in the presence of the sample = 
[ln(a/b)/60], 

Where a = absorbance at zero time; b = absorbance at 90 
min] Oke et al. [16].

Hydroxylradical (.OH)-Scavanging Assay

The hydroxyl radical scavenging activity was assayed 
according to the method of Lopes, Schulman, and Hermes-Lima. 
Briefly, each extract was mixed with a solution containing 5 
mM 2-deoxyribose, 100 mM H2O2, and 20 mM PBS (pH 7.2). 
Then, reaction was started by the addition of Fe2+ (6 µM final 
concentration) to this mixture. The reaction was carried out 
for 15 min at room temperature and stopped by adding 4% 
phosphoric acid (v/v) and 1% thiobarbituric acid (TBA, w/v, 
in 50 mMNaOH). After boiling for 20 min at 95°C, sample was 
cooled to room temperature and the absorbance was read at 532 
nm wang et al. [15].

Nitric oxide radical (NO.) Scavanging Assay

The method of Green 1982 was used to assay the scavenging 
activity of extracts on nitric oxide. The reaction solution (1 ml) 
containing 10 mM sodium nitroprusside in PBS (pH7.0) was 
mixed with extracts at different concentration and followed by 
incubation at 370C for 1 h. A 0.5 ml aliquot was then mixed with 
0.5 ml Griess reagent (1% sulfanilamide in 2.5% phosphoric 
acid and 0.1% naphthylethylenediaminedihydrochloride). The 
absorbance at 540 nm was measured. Percent inhibition of 
nitric oxide generated was measured by comparing with the 
absorbance value of negative control Lusarczyk et al. [17].
( )10     .100  /    –    ]( %)[ (mM sodium nitroprusside and PBS Acontrol A control Asample× =

Results and Discussion 
Quantitative results of the extracted substances from the 

analysed herbs are summarized in (Table 1). The yields of 
extracts differ from 4.7±0.84 to 15.83±0.56 (gr/100gr dry 
weight) for Humuluslupulus to respectively that both of them 
prepared with soxhelet method. In Kelussiaodoratissima, yield 
has increased in soak method as compared soxhelet method (p= 
0.014). Change between two methods doesn’t affect amount of 
yield in two other herbs. The polyphenol content has increased 
significantly in CynaraScolymus that prepared with soxhelet 
method as compared soak method (p=0.03). In two other herbs, 
kind of extraction doesn’t change amount of polyphenol content.
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Table 1: Yields (gr/ 100gr dry weight), polyphenol(gr Gallic acid equivalent /100 gr dry weight) and flavonoid ( gr Quercetin/100 gr dry weight) 
levels of the isolates obtained from dried aromatic herbs.

Herb Extraction method Yield polyphenol Flav

Kelussiaodoratissima

soxhelet 11.22±0.47 70.84±6.80 38.50±9.50

Soak 15.83±0.56 60.87±4.56 46.48±4.49

P 0.014* 0.24 0.433

CynaraScolymus

soxhelet 8.24±0.96 104.02±3.2 83.52±2.10

Soak 7.07±0.25 86.05±2.46 71.31±8.29

P P 0.03* 0.27

Humuluslupulus

soxhelet 4.7±0.84 166.86±23.39 77.16±9.36

Soak 6.15±0.24 132.54±0.09 81.21±11.03

P 0.232 0.286 0.731
Data are mean ± SD (n = 10).

* : Shows significantly differences between two extraction methods (P < 0.05).

About content of flavonoid in all three herbs, we can say 
that the kind of extraction doesn’t significantly change amount 
of flavonoid contents (p≥0.05). In general it can be said that 
extraction method effect yield and polyphenol contents, and this 
effect depend on kind of herb. For one herb, soxhelet method 
and for another herb, soak method is more effective. For some 
herbs as Humuluslupulus, there isn’t any difference between 
soak and soxhelet method. The results show that for achieving 
more amounts of yield, polyphenols and flavonoids contents, 
choice between extractions methods depend on kind of herb. In 
CynaraScolymus, polyphenol content has increased in soxhelet 
method and these results reveal that soxhelet method is more 
effective in separating polyphenol components. 

In this study, antioxidant tests carried out by four test 
systems, namely, 2,2-diphenyl-1-picrylhydrazyl (DPPH) 
free-radical scavenging, β-carotene/linoleic acid, No and 
OH scavenging systems. Hydrogen donating capacity of an 
antioxidant component was determined in DPPH system that it is 
best and widely used method for testing free-radical scavenging 

activity. Donation of hydrogen by an antioxidant cause to form a 
stable DPPH from radical form of DPPH and this leads to a color 
change from purple to yellow and a decrease in absorbance 
Wang et al. [18].

As illustrated in (Table 2), in system DPPH, scavenging 
activity of extract prepared with soxhelet method (SOX) in 
CynaraScolymus and Humuluslupulus is more effective than 
extract prepared with soak method (SOA). In two herbs the 
more Polyphenol content is seen in soxhelet method compared 
to soak method, but there is not such difference about flavonid 
content. Therefore, eventually polyphenol component except 
flavonoid role-playing in this characteristic. In the other hand, 
in Kelussiaodoratissima SOA is more effective than SOX. Due to 
the significant yield of extract in two methods and no significant 
difference in the amount of flavonoids and polyphenols, we can 
say, type of isolated flavonoid has been in two different methods 
or component Apart from polyphenols are effective in creating 
antioxidant activity.

Table 2: Scavenging activity of extracts in B-carotene, DPPH systems.

Herb Concentration b-carotene/linoleic acid DPPH scavenging activities

Kelussiaodoratissima

soxhelet soak P soxhelet soak P

125 33.54±2.52 31.28±5.66 0.677 616.28±31.05 863.35±24.09 0.015*

250 74.29±5.72 83.08±4.90 0.241 898.24±31.01 975.01±8.05 0.159

500 94.27±1.5 95.92±0.85 0.342 1227.08±47.84 1326.20±44.65 0.166

CynaraScolymus

125 59.18±13.31 41.15±2.06 0.199 711.84±30.44 111.54±18.36 0.004*

250 84.66±4.61 90.18±5.26 0.383 1092.18±84.52 648.41±63.89 0.032*

500 96.14±1.25 99.28±1.01 0.116 1306.40±23.72 1088.29±87.58 0.077*

Humuluslupulus

125 78.38±6.33 59.28±10.67 0.190 775.74±35.48 92.38±3.88 0.022*

250 88.84±1.84 89.63±2.92 0.784 1276.66±161.83 173.69±16.09 0.063

500 96.49±1.66 98.04±0.97 0.397 2611.51±164.26 838.61±56.64 0.025*
Data are mean ± SD (n = 10).
* : Shows significantly differences between two extraction methods (P < 0.05).
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In β-carotene system, in the absence of an antioxidant, β- 
carotene undergoes rapid discoloration because of attacking 
linoleic acid radical to unsaturated β-carotene. Oxidation and 
disruption of β- carotene cause losing orange color which 
monitored spectrophotometrically. Therefore in samples without 
antioxidant component, the absorbance decreased rapidly and 
in the presence of an antioxidant the color was retained for a 
long time Amiri [19]. In b-carotene/linoleic acid system there 
isn’t any significant difference between soxhelet and SOA and 
these results are shown in (Table 2). 

Hydroxyl radical is the most representative free radicals 
and the damaging action of this radical is strongest among 
free radicals. Hydroxyl radical is usually more susceptible to 
react with various compounds and actively participate in the 
initiation of lipid peroxidation Liu and Ng [20]. In scavenging 
OH systems, in three herbs SOX is more effective than SOA 
.However, these differences only in Kelussiaodoratissima are 

significant (p<0.05). Nitric oxide (NO) is a free radical that can 
be synthesized from arginine by nitric oxide synthase (NOS). 
Also, NO and reactive nitrogen species (RNS), derived from 
the interaction of NO with oxygen or reactive oxygen species, 
have both been reported to participate in the development of 
oxidative tissue/cellular damage, which has been established 
as a mechanism of tissue damage. NO has therefore attracted 
considerable interests in the field of human health Tsai et al. 
[21]. In scavenging NO systems, depending on the plant, shift 
between two different methods affect scavenging activity. For 
example in Kelussiaodoratissima SOX is more effective than SOA 
and in Humuluslupulus only in high concentration, SOX is more 
effective than SOA. In Kelussiaodoratissima and CynaraScolymus 
at low concentration SOA and at high concentration SOX are 
better and in Humuluslupulus at low concentration there is not 
any differences between SOX and SOA, but at high concentrations 
SOX is more efficiently (Table 3).

Table 3: Scavenging activity of extracts on hydroxyl radical (OH), nitric oxide (NO) systems.

Herb Concentration NO radical-scavenging capacity (%) OH radical-scavenging Capacity (%)

Kelussiaodoratissima

soxhelet soak p soxhelet soak p

125 8.66±2.16 15.09±4.53 0.260 15.86±0.26 6.73±0.86 0.029*

250 35.55±4.2 33.83±3.69 0.708 19.85±0.62 9.58±0.74 0.005*

500 46.47±6.62 39.52±2.96 0.355 19.82±2.72 11.08±0.60 0.125

CynaraScolymus

125 10.95±2.22 16.06±3.40 0.235 16.60±0.77 14.90±2.62 0.473

250 40.07±2.14 49.85±0.60 0.025* 21.13±0.60 16.84±2.17 0.115

500 70.79±2.95 32.06±2.81 0.006* 25.33±1.86 23.18±0.47 0.256

Humuluslupulus

125 15.13±2.4 14.87±1.31 0.906 20.46±1.30 18.99±0.62 0.294

250 19.68±1.10 19.93±0.52 0.806 26.31±3.68 22.42±1.38 0.356

500 69.43±3.78 27.35±2.37 0.011* 29.65±0.95 29.1±2.33 0.785
Data are mean ± SD (n = 10).

*: Shows significantly differences between two extraction methods (P < 0.05).

In scavenging OH systems, depending on the plant, shift 
between two different methods affect scavenging activity. For 
example in Kelussiaodoratissima SOX is more effective than SOA 
and in Humuluslupulus only in high concentration, SOX is more 
effective than SOA. As a general conclusion it can be said that 
in beta-carotene system there isn’t any difference between two 
methods. In three other systems antioxidant activity in SOX is 
better than SOA and according to the content of polyphenol 
and flavonoid we can say polyphenolic compounds other than 
flavonoids play a role in this antioxidant activity [22]. 
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