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 Many plants and fruits, including lemon verbena, are rich in antioxidants such as 

phenolic compounds that can be used in healthy diets. These compounds are very 

powerful antioxidants and can protect biological systems against the danger of free 

radicals. In this research, methanol extract of lemon verbena leaves was first extracted 

and the polyphenolic compounds and the extent of the inhibitory activity of the extract 
(at 0, 100, 150, 200, 250, 300, 350, and 400 ppm) against free radicals were determined 

and compared with synthetic BHT at 200 ppm, using the Folin-Cyocalteu and the 
DPPH method, respectively. The completely randomized design with a single factor 

(one-way ANOVA) and the MSTAT-C were used to analyze the results. The results 

showed that raising the concentration of lemon verbena leaf extract significantly 
increased the quantities of phenolic compounds compared to the control but only 

concentrations of 350 and 400 ppm of the extract contained more phenolic compounds 

than 200 ppm BHT(p<0.05). Similar results were obtained regarding the inhibition of 
free radicals by the extract so that concentrations of 300, 350, and 400 ppm of the 

extract exhibited greater antiradical activity than 200 ppm BHT ( p<0.05) which, 

naturally, was due to the higher quantities of tocopherols and phenolic compounds in 
the extracts. Results showed that the methanol extract of lemon verbena leaves can be 

used, after conducting complementary studies, as a cheap and available antioxidant 

source in food and pharmaceutical industries. 
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INTRODUCTION 

 

Unsaturated fatty acid oxidation and production of free radicals and peroxides lead to rancidity and 

destruction of food lipids that negatively affect nutritional quality (fatty acids and fat-soluble vitamins) and 

organoleptic characteristics (color, smell, taste, and texture) of food materials. Moreover, many products of 

oxidation of lipids are considered dangerous for human health (Prior and Cao, 2000). In recent years, use of 

synthetic antioxidants such as BHA, BHT, and TBHQ (as in the case of chemical additives), has been reduced 

because of their possible toxicity and carcinogenicity. Nowadays, most research in this field is centered on using 

new and safe antioxidants of plant, animal, and food origins (Halliwell et al., 1995). Phenolic compounds 

prevent lipid oxidation via several mechanisms. The most important function of these compounds is related to 

oxidation and inactivation of free radicals and formation of complexes with metal ions (Pokorny, 2007). Lemon 

verbena is an aromatic medicinal plant of the Verbenaceae family and has the pleasant fragrance of lemons. The 

scientific name of this plant is Lippa citriodora (Zargari, 1990). It is a native of Argentina and Chile, grows well 

in orchards in northern Iran, and is sensitive to temperatures a few degrees below 0 c


The shrub reaches a 

height of 1.5-2 meters and has long and branched stems, and the leaves are simple, with lanceolate tips, 7-10 

centimeters long, and of light green color. The leaves are the part used for medicinal purposes. In traditional 

medicine, lemon verbena is used to treat indigestion, flatulence, neuralgia, palpitation, dizziness, and cold; and it 

is employed to enhance memory too. The leaves are harvested 2-3 times a year, usually in the last month of 

spring, the second month of summer, and the first month of autumn. After the fruit is harvested, branches 

bearing leaves are cut and the leaves are dried naturally. Propagation is by stem cuttings or layering in moist soil 

(Zargari, 1990).    
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Kamkar et al. (2010) studied antioxidant activity of the essential oil and the ethanol extract of dill by using 

the two methods of investigating the inhibition of free radicals (DPPH) and the inhibition of linoleic acid 

oxidation in the β -carotene-linoleic acid system. Results they obtained showed that the antioxidant power of the 

extract was significantly more than that of the essential oil, the reason for which could be the difference in their 

contents of phenolic compounds (Kamkar et al., 2010). No studies had been reported on the antioxidant activity 

of lemon verbena leaves in Iran; therefore, and in the drive to use plant antioxidants, we decided to conduct this 

research on leaf extract of lemon verbena (that is a native plant in Iran) to see if it is a suitable replacement for 

synthetic antioxidants.        

 

MATERIALS AND METHOD 

 

Lemon verbena leaf extraction: 

Lemon verbena leaves were collected from shrubs of the same variety in Gorgan, the unwanted parts were 

removed, and the leaves were dried immediately after being washed. The washed and dried leaves were ground 

with a grinder (Kenwood model CG100), sieved, mixed with the solvent methanol at a 1 to 10 ratio, placed on a 

hot plate, and shaken at 250 rpm for 24 hours at room temperature. The mixture was then filtered under vacuum 

conditions in a Buchner funnel with Whatman # 10 filter paper. Finally, the filtered solution was concentrated 

by a rotary evaporator (model LABORATA 4000) at 40 c


., and the extracts were dried under vacuum 

conditions by a dryer at 45 c


 and kept in closed containers impermeable to air at 4 c


 until they were used. All 

materials used in this research were of high purity and made by Merck and Sigma Companies.  

 

Chemical tests: 

Measuring Polyphenolic compounds: 

Methanol (the extraction solvent) was added to one gram of the extract to raise the volume to 10 milliliters. 

Five- microliter aliquots of the diluted extract were poured into separate test tubes, one milliliter of the Folin-

Cyocalteu reagent (1:10 dilution in distilled water) and 0.8 milliliter of a 7.5% sodium carbonate solution were 

poured in each tube, the total volume was raised to 10 milliliters by adding distilled water, and the mixture was 

mixed well. Absorption of each sample was read with a spectrophotometer at 765 nanometers. Relation 1 (the 

calibration curve for gallic acid as a standard with the coefficient of determination of 0.99) was used to 

determine the percentages of phenolic compounds based on gallic acid: 

Y = 1/0.776
2

X + 0.2644X + 0.0099                                                       (1) 

 

Measuring inhibition of free radicals (DPPH): 

Antioxidant activity was evaluated by examining the inhibition of the free radical DPPH. The chemical 

substance 2,2-diphenyl-1-picrylhydrazyl,or DPPH, is a violet stable free radical  that turns yellow when reduced 

by electron or hydrogen atom donors (antioxidant compounds). The ability of various compounds and extracts 

to donate hydrogen atoms or electrons was assessed in this test by the extent of decolorizing or reduction in light 

absorption of violet DPPH solution in methanol (Burtis & Bucar, 2000). In this method, the stable free radical 

DPPH is used as the reagent. Five milliliters of a 0.004% solution of DPPH was added separately to each 50- 

microliter solution of various concentrations of the methanol and ethanol extracts and, after incubation at room 

temperature for 30 minutes, light absorption of each sample was read at the wavelength of 517 nanometers 

against the control. Relation 2 was used to calculate the percentage inhibition of the free radical DPPH: 

 DPPH) I % = 100

blankA

sampleAblankA




                                                    (2) 

In the relation above, blankA  is light absorption of the negative control that lacks the extract and 

sampleA  light absorption by various concentrations of the extract. The synthetic antioxidant BHT was used for 

comparison (Burtis & Bucar, 2000). 

 

Statistical analysis: 

The completely randomized design with a single factor (one-way ANOVA) was employed to examine the 

results, the information was analyzed using MATST-C, and comparison of the means (with each other and with 

the control sample) was performed using the LSD test at the alpha probability level of 0.05 by the same 

software. Microsoft Excel was employed to draw the diagrams. 
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RESULTS AND DISCUSSION 

 

Polyphenol compounds in lemon verbena leaf extract: 

Since phenols and phenolic compounds are extensively found in food and plant materials, and considering 

the fact that the presence of phenolic compounds in medicinal plants is the main reason for their antioxidant 

activity, the polyphenolic content of lemon verbena was measured ( Lee et al., 2005). Effects of various 

concentrations of lemon verbena extract on its polyphenol content were measured using the Folin’s test and the 

standard curve for gallic acid (Figure 1). Results indicated that the content of polyphenolic compounds in the 

extract increased when its concentration was raised from 100 to 400 ppm, leading to a rise in the antioxidant 

activity. When extract concentration was raised from 100 to 400 ppm, the content of polyphenolic compounds 

increased from 5.9 ppm to 17.2 ppm. This difference was significant at all extract concentrations, compared to 

the sample containing the synthetic antioxidant BHT at 200 ppm with the concentration of phenolic compounds 

of 12.6 ppm, at the 95 percent probability level  (p<0.05). As can be seen in Figure 1, the sample containing 200 

ppm BHT had less polyphenolic and antioxidant compounds than samples with 350 and 400-ppm lemon leaf 

extract, and this difference was statistically significant. Therefore, based on this parameter, the 400-ppm extract 

contained the maximum polyphenolic compounds. 

In a similar study, Unver et al. (2009) investigated the antioxidant activity and the total phenol content of 

methanol extracts of a number of plants and concluded that there was a direct relationship between total phenol 

content and antioxidant activity in these plants. The total phenol content of Mentha piperita was high (493 mg/g 

gallic acid equivalent), so was its antioxidant activity (EC 50 = 0.23 mg/ml), while the total phenol content of 

Capparis ovate was low (185 mg/g gallic acid equivalent), and so was its antioxidant activity (EC 50 = 4.08 

mg/ml).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Changes in polyphenol content at various concentrations of lemon verbena extract 

 

Study of antioxidant activity of lemon verbena leaf extract using the 2, 2-diphenyl-1-picryl hydrazyl (DPPH) 

test: 

The use of this radical in investigating the antioxidant characteristic of plant essential oils (and of natural 

antioxidants in general) has become one of the most widely employed methods of assessing antioxidant ability 

because of its simplicity and high sensitivity.  This test is based on the theory that hydrogen donors are in fact 

antioxidants (Joon-Kwan, 2009). DPPH exhibits its maximum light absorption at 515-517 nanometers. This free 

radical changes into a stable (non-radical) DPPH when it absorbs hydrogen, and its color turns from violet to 

light yellow and, hence, its light absorption at 517 nanometers declines. Therefore, by using a 

spectrophotometer and by calculating the extent of decline in the absorption of the 517- nanometer wavelength, 

we can easily estimate antioxidant ability. Moreover, it is possible to report the antioxidant ability observed in 

this method by using the 50EC  index. This index expresses the concentration of the antioxidant required for 

reducing DPPH concentration by 50 percent.   

Investigation of antiradical activity of various concentrations of lemon verbena leaf extract showed that 

inhibition of free radicals increased considerably by raising extract concentration in the control sample (distilled 

water), rising from 66.1% at 100ppm to 92.4% at 400 ppm ( figure 2). The antiradical activity of the sample 

containing synthetic antioxidant BHT at 200 ppm was 86.2% , which was lower compared to those of the extract 

at 300, 350, and 400 ppm (with the difference statistically significant at p<0.05), but statistically the same as 

those of the extract at 200 and 250 ppm. Adding the synthetic antioxidant BHT at 200 ppm to the control sample 

and comparing its inhibition activity against free radicals with those of various concentrations of the extract 

showed that the inhibitory activity of this synthetic antioxidant (at the concentration used) was statistically 
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higher only when the extract was used at 100 and 150 ppm. This indicates the high antioxidant ability of this 

extract compared to synthetic antioxidants such as BHT. 

Majhenic et al. (2007) studied the antioxidant activity of Guarana seeds and found its methanol extract had 

the highest (85.9%) and its aqueous extract the lowest (70.9%) inhibitory effect. Extracts of a mixture of organic 

and aqueous solvents had high antiradical activity but almost the same antioxidant effect. The maximum 

antioxidant effect belonged to the pure methanol extract. Golluce et al. (2007) evaluated the antioxidant 

characteristics of the methanol extract of Mentha longifolia using the DPPH method and observed its 50IC  

value was 74.4
ml

μg
. Sultana et al. (2007) studied various extracts of corncob and reported its methanol extract 

had the highest inhibitory effect against free radicals. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Changes in the inhibitory effect of lemon verbena extract against free radicals 

 

Conclusion: 

Since synthetic antioxidants have adverse effects on the human body, they are gradually being omitted from 

the list of antioxidants used. Therefore, it seems necessary that research should be conducted on natural 

antioxidant sources to substitute them for synthetic antioxidants. That is why the antioxidant characteristics of 

lemon verbena extract, its content of phenolic compounds, and its power in inhibiting the activity of free 

radicals (and its comparison with the synthetic antioxidant BHT) were studied in this research. It was found that 

lemon verbena extract had considerable antioxidant effects that were higher than those found in similar studies 

conducted by some researchers, but lower that those found by some other researchers. In all, the contradictions 

in the results of various research can be related to the diversity of chemicals found in different plants, the 

mechanisms of the reactions of these chemicals, and the different inhibitory reaction kinetics of the selected 

methods. The measured antioxidant capacity of a sample is related to the method used and to the source of the 

free radicals or the oxidative agents. Therefore, lemon verbena extract can act as a natural antioxidant, and it can 

be used in food and pharmaceutical industries, after conducting complementary experiments are conducted.  
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