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Abstract. Mentha viridis was the model plant for this study to estimate the antibacterial activity and define the essential 
metabolites' essential chemical compositions. This study was designed to estimate ethanol extract's chemical 
composition and essential oil isolated from leaves of commercial M. viridis. The essential primary and secondary 
metabolites were estimated and defined as: total protein (45.29 µg/ml), total alkaloids (0.116 mg/g), total flavonoids 
(0.9931 mg/g), and total phenolic compounds (0.2326 mg/g). The antibacterial activity of M. viridis ethanol extract was 
screened against two-gram negative bacterial strains, Pseudomonas aeruginosa and Escherichia coli (DH5-α). This 
work proved that both the ethanol extract and the essential oil extract of M. viridis leave have potent antibacterial activity 
against tested bacteria. There is a difference in clear zone diameter by comparing the control ethanol treatment to the 
ethanol extract. The total essential oil obtained by hydro-distillation technique and identified by Gas chromatography-
mass spectrometry. The main compounds of the oil were Cyclohexanone, 5-methyl-2-(1-methylethylidene)- (33.46%), D-
Carvone (32.30%), Cyclohexanol, 2-methyl-5-(1-methylethenyl)-, (1.alpha., 2.beta., 5.alpha.) (7.13%), Carveol (5.31%), 
Dihydrocarvyl acetate (5.30%). All these characterizations enable M. viridis to have antibacterial, antioxidant, anti-
inflammatory and anticarcinogenic effects. 
 
Keywords: Antibacterial activity, essential oils, ethanol extract, gas chromatography-mass spectrometry (GC-MS), 
Mentha Viridis.  
 
 
INTRODUCTION 
 
Mentha viridis is famous for its medicinal and aromatic 
properties for thousands of years. This herb belongs to 
the family Lamiaceae. Mint is growing mainly as essential 
field crops among vegetables. Also, mint is applied as 
perfumery, culinary preparation, flavoring foods, 
cosmetics, beauty and body care. Multiple medicinal 
herbal plants are also used for food, oil, and fiber plants. 
It is rich in volatile oil, which gives a pleasurable aroma 
(Peter, 2001; Kalemba and Kunicka, 2003; Balla et al., 
2017).  

The species is eaten in the form of chutney as it is useful 
as a digestive and gastro-stimulant. Leaves are popularly 
used as a tea flavoring agent, while herbalists use the 
whole plant as a carminative. The dried and fresh plants 
and their essential oils are widely applied in chewing 
gum, food, cosmetics, toothpaste, confectionery and 
pharmaceutical industries. The essential oil of M. viridis 
showed vigorous insecticidal and mutagenic activity. 
They also have antimicrobial, antioxidant, anti-
inflammatory, anticarcinogenic and analgesic effects  
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(Yonis and Beshir, 2004; Lawrence, 2006; Rita and 
Animesh, 2011; Shaikh et al., 2014; Balla et al., 2017). 

The essential oils that are isolated from aromatic plants 
are very necessary in many applications. Many plants are 
applied for different industrial goals and pharmacological 
actions, such as drugs, perfumery, and food 
manufacturing. They also do not enhance the “antibiotic 
resistance”, a phenomenon caused by synthetic 
antibiotics' long-term use. However, because of 
increasing herbal product usage, intensive care should 
be given to their toxicity potency and drug-drug 
interactions (Braun and Cohen, 2014; Brown and Wright, 
2016; Hassan et al., 2019).  

The essential oils obtained from the Mentha genus 
have a high commercial value due to monoterpene 
menthol. This menthol is extensively used in food, 
cosmetics, personal care and pharmaceutical products 
(Gaurav, 2016). Besides, some bioactivities include anti-
inflammatory, antioxidant, anticarcinogenic, analgesic, 
and antimicrobial effects. The pharmacological effects of 
Mentha spp. are mainly due to compound groups of 
phenolic and essential oil compounds. The essential 
phenolic compounds included in Mentha species are 
caffeic acid derivatives and flavonoids containing 
glycosides (such as apigenin, luteolin, naringenin and 
eriodictyol). However, reported results on the biological 
activity and chemical composition of Mentha have mostly 
focused on investigating its essential oils. Mentha plants' 
essential oils consisted of sesquiterpenoids and 
monoterpenoids whose content has variable percentage 
composition (Ouakouak et al., 2015; Balla et al., 2017; 
Hassan et al., 2019). 

This work's target was to define the chemical 
composition of the essential metabolites from the ethanol 
extract of M. viridis. Besides analyzing the essential oils 
by a GC-MS system to determine the essential oils and 
the chemical compositions for their antibacterial activity 
 
 
MATERIALS AND METHODS 
 
Plant and bacterial strains 
 
Mentha viridis (L.) is the commercial mint in Egypt 
(known as Spearmint). It was commercially supplied and 
taxonomically identified in the ecology and taxonomy lab, 
Faculty of Science, Helwan University.  

Pseudomonas aeruginosa and Escherichia coli (DH5-α) 
tested bacteria are morphologically and biochemically 
identified according to Bergey's manual in Microbiology 
lab, Faculty of Science, Helwan University. They were 
stored in glycerol stocks. 
 
 

Mint ethanol extract characterization 
 
Some essential metabolites were detected in the ethanol 
extract of mint-like flavonoids and phenolic compounds. 
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Total phenolic compounds 
 
Total phenolic contents were determined from the ethanol 
extract of mint according to the method described by 
Kujala et al. (2000), using Folin–Ciocalteu reagent 
(Sigma-Aldrich) and gallic acid as a standard. Briefly, 
0.5 ml of filtered extract was added to the test tube 
containing 2.5 ml Folin–Ciocalteu reagent (diluted with 
ethanol 1:1), 2 ml Na2CO3 (7.5%) and mixed well. After 
15 min incubation at room temperature, the absorbance 
of mixtures was measured spectrophotometrically at 
765 nm by a Jenway 6405 UV-Vis spectrophotometer. 
 
 
Total flavonoids  
 
Total flavonoids content of M. viridis extract was 
determined using aluminum chloride colorimetric assay 
(Zhishen et al., 1999). 0.5 ml of the extract was added to 
150 µl of 5% NaNO3 and allowed to stand for 6 minutes. 
Then 150 µl of 10% AlCl3 solution was added and 
allowed to stand for 6 minutes, after which 200 µl solution 
of 1 M NaOH was added then the mixture was completed 
to 5 ml with methanol and mixed well. All chemicals used 
were highly purified and obtained from (Sigma-Aldrich). 
After incubation for 15 min, the absorbance was 
measured spectrophotometrically against a blank at 
510 nm.  

Both total phenolic compounds and total flavonoids 
content were calculated according to the following 
equation: 
 
Concentration (mg/g) = ((R-B) * dilution factor*factor) / 
1000                                                                          (1) 
 
*R: samples reading at spectrophotometer, B: blank 
reading at spectrophotometer 
 
 

Total Alkaloids 
 
Alkaloids were determined using Harborne (1973) 
method as follows: 5 grams of the sample were weighed 
into a 250 ml beaker, and add 200 ml of 10% acetic acid 
in ethanol then covered for 4 h. After that, concentrate 
the filter on a water bath to one-quarter of the original 
volume. The concentrated ammonium hydroxide (10%) 
(Sigma-Aldrich) was added dropwise to the extract until 
the precipitation was complete. The total solution was 
allowed to settle and the precipitated was collected and 
washed with dilute ammonium hydroxide and then 
filtered. The residue is the alkaloid, which was dried and 
weighed as mg/g. 
 
 
Total protein  
 
The total protein was extracted from mint leaves according  
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Table 1. Means of some essential metabolites in M. viridis. 
 

Total metabolite  Phenolics (mg/g) Flavonoids (mg/g) Alkaloids (mg/g) Proteins (µg/ml) 

Concentration  0.2326 ± 0.00011 0.9931 ± 0.00012 0.116 ± 0.0011 45.29 ± 0.012 

 
 
to Bradford (1976) as follows: Weight 0.5 g of M. viridis 
leaves were weighted and grind well with 0.5 ml of [2x] 
buffer. Then vortex 10 min and centrifuge for 15 min at 
21952 g at 4°C. The supernatant contained the total 
protein content of plant species. Finally, the protein 
concentration was estimated according to Bradford (1976) 
as follows: 0.1ml of supernatant was pipette into a test tube, 
and 5 ml of protein reagent was added, mixed, and 
measured by Spectrophotometer at wavelength 595 nm. The 
concentration of protein was determined from the protein 
standard curve. The concentration was calculated according 
to the following equation:  
 

X (conc.) = (Y (abs.) – 0.030) / 0.007                             (2) 
 
 

Oil extract  
 

The oil of the examined M. viridis leaves was obtained by 
a hydro-distillation technique using Clevenger's 
apparatus. One-hundred grams of plant materials were 
placed in a two-liter round bottom flask, and dH2O was 
added and mixed vigorously. The contents were boiled 
gently for four hours until the volatile oil has been 
distilled. The volatile crude oil of the plant was transferred 
via a pipette to a separate brown glass bottle. The excess 
water was removed via a capillary tube, and the pure oil 
was decanted into a brown glass bottle and kept in the 
refrigerator until needed for analysis. 
 
 

GC-MS analysis for mint essential oils 
 

Mass spectra were recorded using Shimadzu GCMS-
QP2010 (Tokyo, Japan) equipped with Rtx-5MS fused 
bonded column (30 m × 0.25 mm i.d. × 0.25 µm film 
thickness) (Restek, USA) equipped with a split–splitless 
injector. The initial column temperature was kept at 45°C 
for 2 min (isothermal) and programmed to 300°C at a rate 
of 5°C/min and kept constant at 300°C for 5 min 
(isothermal). The injector temperature was 250°C. Helium 
carrier gas flow rate was 1.41 ml/min. All the mass 
spectra were recorded applying the following condition: 
(equipment current) filament emission current, 60 mA; 
ionization voltage, 70 eV; ion source, 200°C. Diluted 
samples (1% v/v) were injected with split mode (split ratio 
1: 15) (Adams, 2001). 
 
 

Mint ethanol extract  
 

Alcoholic extracts were prepared using ethanol solvent. 
The leaves of mint (50 g) were soaked in 250 ml of 99.9%  

ethanol at room temperature for 24 h. The extracts were 
separated from the other solid plant residues using filter 
paper, and then, it was centrifuged at 11200 g, and the 
supernatants were filtered using Whatman filter paper 
No.1 (Okigbo and Mmeka, 2008; Fonkeng et al., 2015). 
The ethanolic extract was dried using a rotary evaporator 
to dryness, and the dried extract was dissolved in DMSO 
(dimethyl sulfoxide) and applied in plates using disc 
diffusion assay. The extract was then used for the 
detection of some essential metabolites such as 
flavonoids and phenolic compounds. 
 
 

Antibacterial bioassay of mint ethanol extract 
 

The ethanol extract of M. viridis leaves was tested 
against two bacterial species: two Gram-negative 
bacterial strains, Escherichia coli (DH5-α) and 
Pseudomonas aeruginosa bacteria. This assay was 
applied using the agar disk diffusion method according to 
CISI (2012). LB Agar plates are inoculated with a 
standardized inoculum of the two-test microorganism. 
Then, filter paper discs (about 6 mm in diameter) 
containing M. viridis ethanol extract are placed on the 
agar surface, and then incubated at 37°C overnight. The 
control bioassay was applied by inoculating only ethanol 
in wells. 
 
 

Statistical analysis 
 
Data collected were subjected to analysis of variance test 
in Minitab 19. Mean average, standard deviations were 
estimated. 
 
 

RESULTS AND DISCUSSION  
 

Characterization of some essential physiological 
metabolites in M. viridis 
 

M. viridis contains high concentrations of some essential 
physiological compounds (phenolic compounds, 
flavonoids, alkaloids and proteins). The results of some 
physiological studies made in the present work are 
shown in Table 1. These essential metabolites were 
estimated as they are responsible for the antibacterial 
activity. 
 
 

Characterization of mint essential oils  
 
GC/MS analysis of essential oils extracted from M. viridis  
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Figure 1. GC-MS Chromatogram of essential oil of Mentha viridis. 

 
 

Table 2. Chemical composition of essential oil of M. viridis. 
 

No. Compound RT-min Area % 

1 alpha.-Pinene  8.474 0.09 

2 beta.-Pinene 8.555 0.08 

3 6-Methylheptan-3-ol 9.193 0.08 

4 Eucalyptol 10.239 2.00 

5 Cyclohexene, 1-methyl-4-(1-methylethylidene)- 11.374 0.07 

6 Pentanoic acid, 2-methylbutyl ester 12.640 0.04 

7 3-Octanol, acetate 13.135 0.06 

8 Cyclohexane, 1-methyl-4-(1-methylethenyl)-, trans- 13.916 0.43 

9 Cyclohexanone, 5-methyl-2-(1-methylethyl)- 14.068 0.07 

10 Bornyl chloride 14.493 0.23 

11 Cyclohexanone, 5-methyl-2-(1-methylethenyl)-, trans- 14.769 0.71 

12 Cyclohexanol, 2-methyl-5-(1-methylethenyl)-, (1.alpha.,2.beta.,5.alpha.)- 15.463 7.13 

13 Cyclohexanone, 2-methyl-5-(1-methylethenyl)-, trans- 15.665 0.10 

14 2-Cyclohexen-1-one, 2-(2-methyl-2-propenyl)- 15.844 0.08 

15 Cyclohexanone, 5-methyl-2-(1-methylethylidene)- 16.816 33.46 

16 D-Carvone 17.010 32.30 

17 2-Cyclohexen-1-one, 3-methyl-6-(1-methylethyl)- 17.215 0.28 

18 Isopulegol acetate 17.716 0.28 

19 Acetic acid, 1,7,7-trimethyl-bicyclo[2.2.1]hept-2-yl ester 18.035 0.29 

20 2,5,5,8a-Tetramethyl-3,4,4a,5,6,8a-hexahydro-2H-chromene 18.116 0.58 

21 Bicyclo[4.1.0]heptane, 3,7,7-trimethyl-, [1S-(1.alpha.,3.beta.,6.alpha.)]- 18.657 0.13 

22 Dihydrocarvyl acetate 19.236 5.30 

23 Carveol 20.208 5.31 

24 .alfa.-Copaene 20.575 0.06 

25 (-)-.beta.-Bourbonene 20.828 0.55 

26 Cyclohexane, 1-ethenyl-1-methyl-2,4-bis(1-methylethenyl)-, [1S-(1.alpha.,2.beta.,4.beta 21.000 0.34 

27 Ylangene 21.356 0.17 

28 Caryophyllene 21.778 1.00 

29 (S,1Z,6Z)-8-Isopropyl-1-methyl-5-methylenecyclodeca-1,6-diene 22.435 0.09 

30 p-Mentha-1,8-dien-7-yl acetate 22.595 0.11 

31 Humulene 22.685 0.10 

32 (1R,2S,6S,7S,8S)-8-Isopropyl-1-methyl-3-methylenetricyclo[4.4.0.02,7]decane-rel- 22.929 0.76 

33 (S,1Z,6Z)-8-Isopropyl-1-methyl-5-methylenecyclodeca-1,6-diene 23.035 0.08 

34 .beta.-copaene 23.406 0.15 

35 trans-.beta.-Ionone 23.524 0.30 
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Table 2. Contd. 
 

36 Guaia-1(10),11-diene 23.816 0.14 

37 Naphthalene, 1,2,3,4,4a,5,6,8a-octahydro-7-methyl-4-methylene-1-(1-methylethyl)-, (1 24.249 0.13 

38 cis-Calamenene 24.471 0.67 

39 Naphthalene, 1,2,4a,5,6,8a-hexahydro-4,7-dimethyl-1-(1-methylethyl)-, [1S-(1.alpha.,4a 24.837 0.16 

40 4a,5-Dimethyl-3-(prop-1-en-2-yl)-1,2,3,4,4a,5,6,7-octahydronaphthalen-1-ol 25.890 0.47 

41 Androstan-17-one, 3-ethyl-3-hydroxy-, (5.alpha.)- 26.029 0.96 

42 Humulene epoxide I 26.675 0.07 

43 Copaene 26.781 0.86 

44 isoledene 27.724 0.62 

45 (3R,4aS,8aS)-8a-Methyl-5-methylene-3-(prop-1-en-2-yl)-1,2,3,4,4a,5,6,8a-octahydrona 28.139 0.14 

46 Muurol-5-en-4-one <cis-14-nor-> 28.569 0.09 

47 (E)-2-((8R,8aS)-8,8a-Dimethyl-3,4,6,7,8,8a-hexahydronaphthalen-2(1H)-ylidene)prop 29.005 0.09 

48 2-Pentadecanone, 6,10,14-trimethyl- 31.796 0.30 

49 3,7,11,15-Tetramethyl-2-hexadecen-1-ol 37.195 0.24 

50 Tetratetracontane 49.814 0.15 
 

RT: Retention time 
 
 

 
 

Figure 2. Clear zone of antibacterial activity of oil M. viridis against bacteria. 

 
 
represented with total ion chromatogram in Figure 1 and 
results compiled in Table 2 revealed the identification of 
50 compounds, representing (50%) of the total peak area 
of chromatogram. The major compounds were 
Cyclohexanone, 5-methyl-2-(1-methylethylidene)- 
(33.46%), D-Carvone (32.30%), Cyclohexanol, 2-methyl-
5-(1-methylethenyl)-, (1.alpha.,2.beta.,5.alpha.)- (7.13%), 
Carveol (5.31%), Dihydrocarvyl acetate (5.30%).  

The essential oil of M. viridis is useful and applied for 
medicinal and commercial purposes as it possesses a 
range of aroma chemicals used in perfumery, flavor and 
other allied industries. M. viridis is also applied 
pharmaceutically as an anti-inflammatory and as Hand 
sanitizer. Moreover, the essential oils' major constituents 
may be utilized as an essential tool in oil authentication. 
Balla et al. (2017) concluded that the antibacterial activity 

might likely be associated with a high methyl acetate 
concentration. Hassan et al. (2019) also found that the 
chemical composition of essential oil isolated from leaves 
of M. viridis has antimicrobial, antioxidant activity, and 
cytotoxicity. 
 
 
Antibacterial bioassay of mint ethanol extract 
 
The ethanol extract of M. viridis leaves was screened for 
antibacterial activity against two-gram negative bacterial 
strains (Pseudomonas aeruginosa and Escherichia coli 
(DH5-α)). The ethanol extract of M. viridis leaves showed 
high antibacterial activity against these two bacterial 
strains. Therefore, this result (Figure 2 and Table 3) 
showed that the extracts tested inhibited all microorganisms'  
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Table 3. Antibacterial activity of oil M. viridis against selected bacteria. 
 

Tested bacteria used Mean diameter of growth inhibition zone (mm) 

Pseudomonas aeruginosa 2.2 ± 0.10 

Escherichia coli (DH5-α) 1.7 ± 0.11 

 
 
growth through microorganisms' sensitivities varied.  

These results are compatible with Lixandru et al. 
(2010), who examined the oil extract of spearmint oil, 
which has considerable inhibition capacity against E. coli. 
This result also complied with Nakatani (1994) and Balla 
et al. (2017), who stated that, spearmint oil has obvious 
antibacterial activity against E. coli. Also, Zuzarte et al. 
(2011) examined the chemical composition of essential 
oils of Lavandula viridis as an antifungal against Candida 
albicans. M. viridis has no antibacterial activity and has 
antivenom activity as proved by Silva et al. (2019).  
 
 
CONCLUSION  
 
The ethanol extract of M. viridis showed fractionation of 
some essential metabolites like flavonoids and phenolic 
compounds. They showed antibacterial activity against 
two-gram negative bacterial strains, Pseudomonas 
aeruginosa and Escherichia coli. Also, total proteins and 
total alkaloids were estimated in mint leaves. The 
essential oil of M. viridis obtained by hydro-distillation 
was characterized using GC-MS. The essential medicinal 
constituents are the essential oils, such as 
Cyclohexanone, 5-methyl-2-(1-methylethylidene)-, D-
Carvone, Cyclohexanol, 2-methyl-5-(1-methylethenyl)-, 
(1.alpha.,2.beta.,5.alpha.)-, Carveol (5.31%), 
Dihydrocarvyl acetate. It can be concluded that the active 
chemical compounds present in M. viridis could be 
applied in the treatment of various bacterial infections. 
 
 
ACKNOWLEDGEMENT  
 
The authors would like to thank Dr. Eman Zakaria 
(Botany and Microbiology Department) and Dr. Salim 
Mohammed (Chemistry Department), Faculty of Science, 
Helwan University, for their help during practical work and 
data explanation. 
 
 
REFERENCES  
 
Adams RP (2001). Identification of essential oil components by Gas 

Chromatography/Mass Spectrometry. Allured Publishing Corp. 
Illinois. 

Balla OY, Ali MM, Garbi MI, Kabbashi AS (2017). Chemical 
Composition and Antimicrobial Activity of Essential Oil of Mentha 
viridis. Biochem. Mol. Biol. 2(5):60-66. doi: 
10.11648/j.bmb.20170205.12. 

Bradford MM (1976). A Rapid and Sensitive Method for the 
Quantitation of Microgram Quantities of Protein Utilizing the Principle 
of Protein-Dye Binding. Anal. Biochem. 72:248-254. 

Braun L, Cohen M (2014). “Herbs and Natural Supplements”. Volume 
2: An Evidence-Based Guide: Elsevier Health Sciences. 

Brown ED, Wright GD (2016). “Antibacterial drug discovery in the 
resistance era”. Nature 529(7586):336-343. 

Fonkeng LS, Mouokeu RS, Tume C, Njateng GS, Kamcthueng MO, 
Ndonkou NJ, Kuiate JR (2015). Anti-Staphylococcus aureus activity 
of methanol extracts of 12 plants used in Cameroonian folk 
medicine. BMC Research Notes, 8(1):1-6. 

Harborne JB (1973). Methods of plant analysis. In: Phytochemical 
Methods. Chapman and Hall, London. 

Gaurav N (2016). “An Experimental Text Book on Phytochemical 
Analysis and Antimicrobial Activity of Mentha Piperita”. Onlinegatha. 

Hassan HA, Kabbashi AS, Abedallah A, Wagh VD, Hamdi OAA 
(2019). Chemical Composition, Antioxidant Activity and Cytotoxicity 
of Essential Oil of Mentha viridis. ACTA Scientific Medical Sciences 
(ASMS). 3(8):200-205. 

Kalemba D, Kunicka A (2003). Antibacterial and antifungal properties 
of essentials oils. Curr. Med. Chem. 10(10):813-839. 

Kujala TS, Loponen JM, Klika KD, Pihlaja K (2000). Phenolics and 
betacyanins in red beetroot (Beta vulgaris) root: distribution and 
effect of cold storage on the content of total phenolics and three 
individual compounds. J. Agric. Food Chem. 48(11):5338-5342. 

Lawrence BM (2006). Mint: The Genus Mentha. CRC Press, Boca 
Raton, FL. 

Lixandru B, Dracea N, Dragomirescu E, Coldea I, Dobre E, 
Rovinaru C (2010). Antimicrobial activity of plant essential oil against 
bacterial and fungal species involving in food poisoning. Cantacuzino 
“National Institute of Research-Development of Microbiology and 
Immunology, Bucharest, Romania. 

Nakatani N (1994). Antioxidative and Antimicrobial Constituents of 
herbs and spices. Spices, Herbs and Edible Fungi. Elsevier Science 
B. V. 251-271. 

Okigbo RN, Mmeka EC (2008). Antimicrobial effects of three tropical 
plant extracts on Staphylococcus aureus, Escherichia coli and 
Candida albicans. Afr. J. Tradit. Complement Altern. Med. 5:226-229. 

Ouakouak H, Chohra M, Denane M (2015). “Chemical composition, 
antioxidant activities of the essential oil of Mentha pulegium L., South 
East of Algeria”. Int. Lett. Nat. Sci. 39:49-55. 

Peter K V (2001). Hand book of Herb and Spices. Wood head 
publishing limited, Abington. 

Rita P, Animesh DK (2011). An update overview on peppermint 
(Mentha piperita L.). Int. J. Pharm. Pharm. Sci. 8(2):1-10. 

Shaikh S, Yaacob HB, Rahim ZHA (2014). Prospective role in 
treatment of major illnesses and potential benefits as a safe 
insecticide and natural food presertive of mint (Mentha spp.): a 
review. Asian J. Biomed. Pharm. Sci. 4(35):1-12. 

Silva LF, Braga MA, Espósito MA, Cesar PHS, Marcussi S (2019). 
Inhibition by essential oils of Mentha viridis and Mentha pulegium 
(Lamiaceae) in proteolysis, fibrinogenolysis and coagulation caused 
by venomous snakes. Rev. Biol. Trop. 7(4): 999-1009.  

Yonis YM, Beshir SM (2004). Carvone rich essential oil from Mentha 
longifolia (L) Huds. Ssp. Schimperi Briq. and Mentha spicata L. grown 
in Sudan. J. Essent. Oil Res. 16:39-541. 

Zhishen J, Mengcheng T, Jianming W (1999). The determination of 
flavonoid contents in mulberry and their scavenging effects on 
superoxide radicals. Food Chem. 64:555-559. 

Zuzarte M, Goncalves MJ, Cavaleiro C, Canhoto J, Vale-Silva L, 
Silva MJ, Pinto E, Salgueiro L (2011). Chemical composition and 
antifungal activity of the essential oils of Lavandula viridis L’He´r. J. 
Med. Microbiol. 60:612-618. 

 
 

http://www.sciencewebpublishing.net/jacr 


