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INTRODUCTION

Nowadays, herbal medicine is booming with a

growing interest in the use of medicinal plants as

palliative treatments to conventional medicine.

Indeed, synthetic drugs are very expensive with

undeniable adverse effects on human health (Nair

and Chandra, 2006; Rahman and Fakir, 2015;

Mirihagalla and Fernando, 2021). Several studies

have demonstrated that medicinal plants are the

core of many bioactive phyto-chemicals that

possess the antimicrobial potential and have the

ability to protect the human body from stress arises

due to free radicals that might cause heart and

neurodegenerative disorders, joints inflammation,

cancer and several malfunctions.

Artemisia (A) herba alba is widespread in the

semi-arid and arid steppes of North Africa,

including Algeria. It is a medicinal and aromatic

plant, rich in phytochemicals (phenolic compounds,

flavonoids, sterols, tannins and essential oil) which

are known for their antioxidant activities (Yoon et

al., 2011; Dif et al., 2016; Laouini et al., 2018).

Many works have demonstrated that it has several

pharmacological properties: Antidiabetic (Al-

Khazraji et al., 1993), antispasmodic (Goze et al.,

2009), antimicrobial (Zouari et al., 2010),

antimalarial and antioxidant (Bourgou et al., 2016).

The aim of this work is based on the

quantification and phyto-chemical screening (total

phenols, total flavonoids and condensed tannins),

as well as the study of antioxidant activities (DPPH

radical scavenging and power iron-reducing) and

antibacterial (Escherichia coli ATCC 25922,

Enterococcus faecalis WDCM 009, Staphylococcus

aureus ATCC 25923 and Bacillus cereus ATCC

14579) of the extracts (aqueous and ethanolic) and

essential oil of A. herba alba collected in southern

Algeria.
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ABSTRACT

The objective of this study was to evaluate the antibacterial and antioxidant activities of two extracts (aqueous and

ethanolic) and essential oil from dried sheets of Artemisia herba alba collected in southern Algeria.  The extracts

were prepared separately with different polarity solvents (water and ethanol). Total phenolics, flavonoids and

tanins contents were evaluated. The essential oil was isolated using hydrodistillation. Two tests were established to

assess the antioxidant activity (DPPH and FRAP), agar-well diffusion method was used to evaluate the antibacterial

effect: Escherichia coli, Enterococcus faecalis, Staphylococcus aureus and Bacillus cereus. The yield of the aqueous

extract is higher than that of the ethanolic extract. The phytochemical study revealed the presence of phenolic

compounds, flavonoids and tannins. The aqueous extract contains higher amounts of total phenolics (97.17 ± 1.06

mg/g DM), flavonoids (35.61 ± 0.39 mg/g DM) and tannins (46.58 ± 0.91 mg/g DM) compared to the ethanolic

extract, 28.69 ± 0.99, 10.98 ± 0.64 and 15.11 ± 0.49 mg/g DM respectively. Antioxidant activity (IC50) of aqueous,

ethanolic extracts and essential oil were 2.02, 0.753 and 1.088 mg/ml, respectively. Analysis of the antibacterial

activity showed that aqueous extract exhibited much higher activity that the ethanolic extract and essential oil. RP

HPLC analysis of aqueous extract show the presence of certain compounds that belong to flavonoids (cathecine

and apigenin) and others to phenolic acids (caffeic acid and ferulic acid). The results of this study demonstrated

that the essential oil and extracts can be used as antioxidant and antimicrobial agents.

Keywords: Antibacterial activity, antioxidant activity, Artemisia herba alba,  phytochemical screening



48IJMFM&AP, Vol. 8 No. 1, 2022

MATERIALS AND METHODS

Plant materiel

The plant, A. herba alba, was collected in

December 2015 and comes from the Assekrem area

of the southern Algerian town of Tamanrasset (the

Ahaggar Mountains) (Figure 1). This is the main

town of the Tuaregs and is located at an altitude of

1,320 meters.

Preparation of the extracts

The leaves were dehydrated in the dark at room

temperature, crushed and stored in glass bottles,

protected from light and moisture. Aqueous and

ethanolic extracts are prepared by maceration of

10 % (w/v) leaf powder in distilled water and

ethanol, respectively. The mixtures were then

filtered and the filtrates were lyophilized (Ingel et

al., 2017).

Essential oil extraction

The essential oil was extracted from leaves

powder (0.05%) by hydrodistillation for 3h using

a Clevenger apparatus type. The oil was stored at

+ 4 °C (Bruneton, 1999).

Phytochemical Screening

Secondary metabolites were revealed following

the methods described by Ayoola et al. (2008) and

Ravalison et al. (2015).

Estimation of total phenolics content

The amount of total phenolics was determined

using the Folin-Ciocalteu (Singleton and Rossi,

1965). A calibration curve of gallic acid was

prepared and the results were expressed as mg

gallic acid equivalents per gram of the sample (mg

EAG/g). In this method, 0.2 mL of sample was

mixed with 1 ml of Folin-Ciocalteu reagent. Then,

800 µL of 7.5% sodium carbonate solution is added.

The mixture is allowed to stand for 30 min and

absorbance was measured at 700 nm using a

spectrophotometer.

Estimation of flavonoids content

The concentration of flavonoids was quantified

according to the colorimetric assay of Kosalec et

al. (2004). One milliliter of sample was made up

to 3 ml of methanol (95 %), mixed with 5.6 ml of

distilled water and then 0.2 ml of potassium acetate

(1 M), 0.2 ml of 10% AlCl
3
 solution was added.

The mixture was allowed to stand for a further 30

min, and absorbance was measured at 420 nm. The

total flavonoids content was calculated from a

calibration curve, and the result was expressed as

mg quercetin equivalent per g dry weight.

Estimation of tannins content

Tannin contents were determined by spectro-

photometry (λ = 700 nm) as described by Makkar

et al. (1993). The results were expressed in terms

of mg tannic acid equivalents (TAE) per gram of

dry matter (mg TAE/g) using the tannic acid cali-

bration curve (0.5-1 mg/ml).

Evaluation antioxidant activities

Antioxidant activity by DPPH assay

This activity measures the free radical scaveng-

ing capacity by reduction of the 2, 2-diphenyl-1-

picrylhydrazyl radical (DPPH) as described by

Brand Williams et al. (1995). Absorbance at 517

nm was used to calculate radical scavenging activ-

ity (% of inhibition) with the formula:

Abs control: Absorbance of DPPH solution

mixtures without extract. Abs sample: Absorbance

of DPPH mixtures containing extract.

Ascorbic acid was used as a reference. The

results obtained allow us to calculate the IC
50

(concentration in which the 50 % of the free radical

DPPH is reduced).

Ferric reducing assay

The antioxidant capacity was also evaluated

using ferric reducing antioxidant power (FRAP)

assay. FRAP assay was performed based on the

methods of Oyaizu, 1986. The reducing power was

expressed by the increase in optical density of the

sample measured at 700 nm, using ascorbic acid

as a standard.

Antibacterial test

Antimicrobial testing and minimum inhibitory

concentration were performed by agar well

diffusion (Nalawade et al., 2016) against E. coli

ATTCC 25922, S. aureus ATTCC 25923, B. cereus

ATCC 14579, and E. faecalis WDCM 009. 1 ml of
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each microbial suspension to be tested was incor-

porated into Mueller Hinton agar. Then, 6-mm-

diameter wells were perforated in the medium,

filled with 20 µl (1.5 mg/ml) of sample and

incubated at 37°C/24 hours. DMSO (10 %) and

standard antibiotics were used as negative and

positive controls, respectively. After incubation,

activity was assessed by measuring the diameter

of the growth inhibition zone.

Chromatographic analysis

RP-HPLC was performed using AGILENT

Ultimate 1100 system equipped with degasser,

quaternary pump, auto sampler, column oven and

ultraviolet (UV) detector. Separation was done

using Hypersil BDS C18 column (250 mm×4.6

mm). Column temperature was maintained at + 30

°C, injection volume was 5 ìl, and a gradient mobile

phase was used which comprised of acetonitrile

(A), 0.2 % acetic acid in water (B). Flow rate was

maintained at 1.5 ml/min. The retention times of

the different standards were used to identify the

composition of the aqueous extract.

Statistical Study

The data are presented as the means ± standard

deviations from the three replicates. Calculations

were carried using the SAS v. 9.1.3 program.

RESULTS AND DISCUSSION

Extraction

The yield of the ethanolic extract is higher than

that of the aqueous extract (Table 1). The solvents

used for extraction influence the composition and

quantity of secondary metabolites (phenolic and

flavonoid) and/or their biological activity (Rebey

et al., 2012; Ngo et al., 2017). Dirar et al. (2019)

reported that the aqueous and ethanolic extracts

showed high contents of phenolic compounds. The

essential oil yield obtained is lower than the results

found by Esam et al. (2016) and Ezzoubi et al.

(2018) for the aerial part of the same plant collected

in Jordan and Morocco.

Phytochemical screening

The results of phytochemical screening are

mentioned in Table 2. These results show the

presence of flavonoids, terpenoids, phenols, tannins

and reducing compounds. Moreover, the tests

performed do not detect any presence of alkaloids,

free quinines, glycosides and saponins. The same

results were reported by Dif et al. (2016).

RP HPLC

Table 3 shows the results of the chromatography

analysis. RP HPLC analysis of aqueous extract

show the presence of certain compounds that

belong to flavonoids (cathecine, apigenin, lutelin)

and others to phenolic acids. In addition, the extract

was characterized by the presence of caffeic acid

in higher amounts. In concordance of our results,

apigenin was also detected in the aerial parts of A.

herba alba collected from Egypt and Tunisia

(Bourgou et al., 2016).

Total polyphenols, flavonoids and tannins

contents

Total polyphenols, flavonoïds and condensed

tannins were estimated in two extracts. The results

are given in Table 4. Significantly different contents

of phenolic compounds, flavonoids and tannins

were found in the two extracts. The highest

amounts of these compounds are shown in aqueous

extract. The results obtained in this study are similar

to those reported by Shahid et al. (2012), who

showed that water is more efficient than ethanol in

the extraction of polyphenols. The influence of the

solvent used on the extraction yield of polyphenols

shows a correlation with its polarity (Dixon et al.,

2011).  Compared to our results, Sekiou et al.

(2018) reported lower total phenolics, flavonoids

and condensed tannins amount in Algerian A. herba

alba aqueous extract. The quantitative and

qualitative composition of polyphenols depends on

the origin of the plant, the nature of the extraction

solvent and the method used (Zhao et al., 2006;

Ashraf et al., 2015; Mohammed et al., 2021). In

addition, adverse environmental conditions such

as water deficit cause physiological stress in the

plant, which leads to the synthesis and

accumulation of phenolic compounds (Ashraf et

al., 2017).

Antioxidant activities (DPPH radical scavenging

activity and FRAP)

Table 5 shows the results of the antiradical ac-

tivity (DPPH). The antiradical activity is more

important when the IC
50

 or EC
50

 is lower. The

ethanolic extract had the highest antioxidant

activity, followed by essential oil and aqueous ex-

Almi et al.
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Figure 1: Location of the Wilaya of Tamanrasset in south Algeria.

tract. Ethanol extract has the highest scavenging

activity (DPPH) with the lowest IC
50

 value of 0.735

mg/ml. The comparative study of the antiradical

activity of the tested samples is weaker than that

of ascorbic acid. On the other hand, the antioxidant

power of the essential oil is higher than the extracts.

These results correlate with those reported by Dirar

et al. (2019) and El-Massry et al. (2002), who

showed that the nature of the solvents used

significantly influences the composition of

extracted polyphenols as well as their antioxidant

effect. However, the antioxidant power of the

aqueous extract is higher than that reported by

Khilifi et al. (2013).

The results in Table 5 revealed that the essential

oil of the studied plant was characterized by slightly

lower EC
50

 values than those of the positive control

(EC
50

 = 0.029 mg/ml). In our study both extracts

(aqueous and ethanolic) have a low reducing power

compared to the standard. However, the antioxidant

activity of the essential oil of the studied plant could

be associated with its high concentration of

oxygenated monoterpenes (Griep et al., 2007; Lou

et al., 2011).

The release of electrons or hydrogen atoms from

polyphenols was considered to be the most

important element of the structure-antioxidant

activity relationship. The redox characteristics of

these compounds can explain the different

antioxidant mechanisms (viz., adsorption,

neutralization of free radicals, chelation of metal

ions, termination of autoxidative chain reactions,

decomposition of peroxides, and quenching of

singlet or triplet oxygen) (Dorma and Deans, 2000).

So, the antioxidant activity of phenolic compounds

is related to their ability to release electrons. The

antioxidant power of flavonoids depends mainly

on their ability to eliminate free radicals. Phenolic

compounds were reported to be very strong

antioxidants. The chemical structure and polarity

of the antioxidant are crucial to its ability to trap

free radicals. Synergistic but also antagonistic

effects are observed in model solutions that contain

several functional compounds with antiradical

activity (Zaouali et al., 2010).

Antimicrobial Activity

The in vitro activity of extracts and essential

oil from leaves of A. herba alba is determined. The

antibacterial activity of the essential oil was very

low against all bacteria tested. The results obtained

indicated that Gram-positive Staphylococcus

aureus was the most resistant strain tested to the

essential oil and extracts, with a low zone of

inhibition. An inhibition zone of 6.5 ± 0.7mm for

Enterococcus feacalis and 7 ± 0.41mm for

Escherichia coli and Staphylococcus aureus then

9 ± 0.7mm for Bacillus cereus. The aqueous extract

has an interesting antibacterial activity against all

strains tested. The aerial parts aqueous extract

exhibited the highest activity (20.5 ± 3.53 mm)

against Enterococcus faecalis followed by

Antibacterial and Antioxidant Activities of Various Extracts and  Essential Oil
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Table 1: Percentage yield of extracts and essential oil from A. herba alba

Extraction Yield extract (%)

Water extraction (Aqueous extract) 15.68 ± 0.4

Solvent extraction (Ethanolic extract) 30.03 ± 2.07

Essential oil 0.18

Table 5: DPPH test (IC
50

 mg/mL) and reducing power (EC
50

 mg/mL)

Ascorbic acid Essential oil Aqueous extract Ethanolic extract

IC
50

 (mg/ml) 0.123 1.088 2.02 0.735

EC
50

 (mg/ml) 0.029 0.030 0.508 0.416

Table 4: Total polyphenols, flavonoids and condensed tannins contents (mgE/gDW) from A. herba

alba

Aqueous extract Ethanolic extract

Polyphenols 97.17 ± 1.06 28.69 ± 0.99

Flavonoids 35.61 ± 0.39 10.98 ± 0.64

Condensed tannins 46.58 ± 0.91 15.11 ± 0.49

E: Equivalent; DW: Dry Weight

Table 3: Compounds identified in the Artemisia herba alba extract by RP HPLC

Compounds T
R
 (min) Area of the peak (%)

Catherine 5.865 1.302

caffeic acid 7.155 13.268

p-OH benzoic acid 6.423 3.846

Rutin 8.284 6.209

ferulic acid 9.360 3.754

3-Hydroxy-4-methoxycinamic acid 9.738 7.295

Luteolin 13.087 2.662

Apigenin 14.714 1.183

Isoramenitin 15.064 3.011

Table 2: Phytochemical screening of extracts from of A. herba alba

Compounds Aqueous Extract Ethanolic extract

Flavonoids + +

Saponins - -

Reducing compounds + +

Phenols + +

Terpenoids + +

Glycosides - -

Catechic tannins + +

Tannins + +

Alkaloids - -

Free quinones - -

(+): Present; (-): Absent

Almi et al.
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Bacillus cereus (17 ± 2.82 mm), Escherichia coli

(12 ± 1.41 mm) and Staphylococcus aureus (10

mm). The ethanol extract exhibited 15±0.7 mm

zone for Bacillus cereus, which is the maximum

followed by 11.5 ± 0.7 mm zone for Escherichia

coli and Enterococcus faecalis then10 ± 1.41mm

for Staphylococcus aureus. Overall, the ethanolic

extract of A. herba alba leaves was strongly

bactericidal with larger inhibition zones and low

MIC values (0.05-0.038 mg/ml) (Table 6). The

richness of the essential oil of A. herba alba in

oxygenated monoterpene compounds could explain

the antimicrobial effect of this oil (Bertella et al.,

2018; Amor et al., 2019).

Phenolic acids and flavonoids are known to be

responsible for strong antimicrobial activity against

a wide spectrum of microorganisms, through

different processes such as substrate reduction,

binding with polypeptides exposed on the microbial

cell surface, formation of complexes with the

microbial wall, disruption of the microbial cell

membrane (Cox et al., 2000). Antibacterial

activities of flavonoids were described previously.

According to Cowan (1999), the antimicrobial

activity of flavonoids without free hydroxyl groups

is greater because the chemical affinity for

membrane lipids is increased.

Various terpenoïds or phenolic components may

be primarily responsible for this activity

(Nedorostova and Kloucek, 2009; Pavela, 2014).

Thus, to better understand the biological function

of phenolics and terpenoids, it is therefore

necessary to test these compounds separately and

subsequently evaluate the structure-activity

relationship. The antimicrobial power of the

aqueous extract of the leaves of this plant could be

attributed to its high content of phenolic compounds

and flavonoids. In addition, the synergistic effect

of various compounds could be an important factor

of its antimicrobial activity.

The monoterpenes of essential oils can diffuse

into cell membranes and damage them. These

compounds are also capable of destroying cell

integrity, inhibiting respiration and thus altering

their permeability (Bertella et al., 2018). In fact,

the variability in chemical components of essential

oils can explain the biological effects (viz.,

antibacterial, antioxidant, anti-inflammatory,

anticarcinogenic, antifungal) of these oils.

CONCLUSION

Phytochemical screening of leaves of A. herba

alba Asso reveals the richness of the aqueous

extract in polyphenols well known for their

antioxidant property. The aqueous extract and

essential oil of Artemisia herba alba exhibited

interesting biological activities. The results of this

study suggest that Artemisia herba-alba may be a

potential source of biomolecules that can be used

for applications such as food, cosmetics,

pharmaceuticals and other related fields.

REFERENCES :

Al-Khazraji, S.M., Al-Shamaony, L.A. and Twaij,

H.A.A. 1993. Hypoglycaemic effect of Ar-

temisia herba alba. J. of Ethnopharmacology,

40: 163-166.

Amor, G., Caputo, L., La Storia, A., De Feo, V.,

Mauriello, G. and Fechtali, T. 2019.

Chemical composition and antimicrobial

activity of Artemisia herba-alba and

Origanum majorana essential oils from

Morocco. Molecules, 24: 40-21.

Ashraf, A., Sarfraz, A., Rashid, A. and Shahid, M.

2015. Antioxidant, antimicrobial, antitumor,

and cytotoxic activities of an important

medicinal plant (Euphorbia royleana) from

Pakistan. J.F.D.A., 23: 109-115.

Table 6: The Minimal inhibitory concentration (MIC) values (mg/ml) of the extracts and essential

oil

Bacteria species Aqueous extract Ethanolic extract Essential oil

S. aureus 0.29 ± 0.13 0.75 ± 0 0.46 ± 0

E. coli 0.38 ± 0 0.46 ± 0 0.75 ± 0

E. faecalis 0.12 ± 0 0.12 ± 0 0.46 ± 0

B. cereus 0.05 ± 0 0.29 ± 0.13 0.05 ± 0.02

Antibacterial and Antioxidant Activities of Various Extracts and  Essential Oil



53IJMFM&AP, Vol. 8 No. 1, 2022

Ashraf, A., Sarfraz, A.R. and Mahmood, A. 2017.

Phenolic compounds characterization

Artemisia rutifolia spreng from Pakistani

flora and their relationships with antioxidant

and antimicrobial attributes. Inter. J. F. Prop.,

20(11), 2538-2549.

Ayoola, G.A.,    Coker, H.A.B., Adesegun, S.A.,

Adepoju-Bello, A.A., Obaweya, K., Ezennia,

E.C. and Atangbayila, T.O., 2008.  Phyto-

chemical screening    and    antioxidant

activities    of      some selected medicinal

plants used for malaria therapy in Southwest-

ern. N.T. J. P. R. 7, 1019-1024.

Bertella, A., Benlahcen, K., Abouamama, S., Pinto,

D.C.GA., Maamar, K.,  Kihal, M.  and Silva,

A.M.S. 2018. Artemisia herba-alba Asso.

essential oil antibacterial activity and acute

toxicity. Ind. Crops Prod.,116: 137-143.

Bourgou, S., Tammar, S., Salem, N., Mkadmini,

K. and Msaada, K. 2016. Phenolic

composition, essential oil, and antioxidant

activity in the aerial part of Artemisia Herba

Alba from several provenances: A

comparative study. Int. J. F. Prope., 19: 549-

563.

Brand-Williams, W., Cuvelier, ME. and Berset, C.

1995. Use of free radical method to evaluate

antioxidant activity. Lebensmittel-

Wissenchaft und Technologie, 28, 25-30.

Bruneton, J. 1999. Pharmacognosie. Phytochimie.

Plantes médicinales. 3ème édition. Editions

TEC & DOC Lavoisier, pp 1120.

Cowan, M.M. 1999. Plant products as

antimicrobial agents. Clinical Microbiology

Reviews, 12: 564-582.

Cox, S.D., Mann, C.M., Markham, J.L., Bell, H.C.,

Gustafson, J.E. and Warmington, J.R. 2000.

The mode of antimicrobial action of the

essential oil of Melaleuca alternifolia (tea

tree oil). J. Appl. Microbiol., 88: 170-175.

Dif, M.M., Benali, T.F., Boukaaza, H., Mokaddem,

F., Benyahia, M. and Bouazza, S. 2016.

Phenolic content and antioxidant activity of

Artemisa herba-alba, A medicinal plant from

Algerian arid zone. Phytothérapie, 1-5. DOI

10.1007/s10298-016-1077-9

Dirar, A.I.,  Alsaadi, D.H.M., Wada, M., Mohamed,

M.A., Watanabe, T. and Devkota, H.P. 2019.

Effects of extraction solvents on total

phenolic and flavonoid contents and

biological activities of extracts from

Sudanese medicinal plants. S. Afr. J. Bot.,

120: 261-267.

Dixon, R.A. and Paiva, N.L. 1995. Stress-induced

phenylpropanoid metabolism. The Plant

Cell, 7: 1085-1097.

Dorma, H. and Deans, S. 2000. Antimicrobial

agents from plants: Antibacterial activity of

plant volatile oils. J. Appl. Microbiol., 88:

3083-16.

El-Massry, K.F., El-Ghorab, H.A. and Farouk, A.

2002. Antioxidant activity and volatil

components of Egyptian Artemisia judaica

L. Food Chem., 79: 331-336.

Esam, Y.Q., Ahmad, Z.A. and Yousra, G.B. 2016.

Chemical composition, anti-nociceptive and

anti-inflammatory effects of Artemisia herba

alba essential oil. J. Food Agric. Environ.,

14: 20-7.

Ezzoubi, Y., Lairini, S., Farah, A., Taghzouti, K. and

Lalami,  A. 2018. Antioxidant and

antibacterial activities of Artemisia herba-

alba Asso essential oil from middle Atlas,

Morocco. Phytothérapie, 16(1): 48-54.

Goze, I., Alim, A., Cetinus, S.A., Durmus, N.N.

and Goze, H.M. 2009. Chemical

composition and antioxidant, antimicrobial,

antispasmodic activities of the essential oil

of Thymus Fallax Fisch. J. Med. Plants Res.,

3: 174-178.

Griep, M.A., Blood, S., Larson, M.A., Koepsell,

S.A. and Hinrichs, S.H. 2007. Myricetin

inhibits Escherichia Coli DnaB Helicase but

not Promise. Bioorg. Med. Chem., 15: 7203-

7208.

Ingle, K.P., Deshmukh, A.G., Padole, D.A.,

Dudhare, M.S., Moharil, M.P. and Khelurkar,

V.C. 2017. Phytochemicals: Extraction

methods, identification, and detection of

bioactive compounds from plant extracts. J.

Pharmacogn. Phytochem., 6:32-6.

Almi et al.



54IJMFM&AP, Vol. 8 No. 1, 2022

Antibacterial and Antioxidant Activities of Various Extracts and  Essential Oil

Khlifi, D., Sghaier, R.M., Amouri, S., Laouinin,

D., Hamdi, M. and Bouajila, J. 2013. Com-

position and antioxidant, anti-cancer, and

anti-inflammatory activities of Artemisia

Herba-Alba, Ruta Chalpensis L. and

Peganum Harmala L. Food Chem. Toxicol.,

55: 202-208.

Kosalec, I., Bakmaz, M., Pepeljnjak, S. and

Knezevic, S.V. 2004. Quantitative analysis

of the flavonoids in raw proplis from northern

Croatia. Acta Pharma., 65-72.

Laouini, S.E., Kelef, A. and Ouahrani, M.R. 2018.

Free radicals scavenging and composition of

Artemisia herba-alba extract growth in

Algeria. J. Fundam. Appl. Sci., 10(1): 268-

280.

Lou, Z., Wang, H., Zhu, S., Ma, C. and Wang, Z.

2011. Antibacterial activity and mechanism

of action of chlorogenic acid. J. Food Sci.,

76, 398-403.

Makkar, H.P.S., Blummel, M., Borowy, N.K. and

Becker, K. 1993. Gravimetric determination

of tannins and their correlations with

chemical and protein precipitation methods.

J. Sc. Food Agric., 61: 161-165.

Mirihagalla, M.K.P.N., Fernando and K.M.C.

2021. Medicinal plants use for home

remedies in Sri Lanka: A Review.

International Journal of Minor Fruits,

Medicinal and Aromatic Plants, 7(2): 29- 39.

Mohammed, M.J., Anand, U., Altemimi A.B.,

Tripathi, V., Guo, Y. and Pratap-Singh, A.

2021. Phenolic composition, antioxidant

capacity and antibacterial activity of white

wormwood (Artemisia herba-alba). Plants,

10: 164.

Nair, R. and Chanda, S. 2006. Activity of some

medicinal plants against certain pathogenic

bacterial strains.  Indian J.Pharmacol., 38(2):

142-144.

Nalawade, T.M., Bhat, K.G. and Sogi, S. 2016. An-

timicrobial Activity of Endodontic Medica-

ments and Vehicles using Agar Well Diffu-

sion Method on Facultative and Obligate

Anaerobes. I.J.C.P.D., 9(4):335-341.

Nedorostova, L. and Kloucek, P. 2009. Antimicro-

bial properties of selected essential oils in

vapor phase against food borne bacteria.

Food Control., 20, 157-160.

Ngo, T.V., Scarlett, C.J., Bowyer, M.C., Ngo, P.D.

and Vuong, Q.V. 2017. Impact of different

extraction solvents on bioactive compounds

and antioxidant capacity from the root of

Salacia chinensis L. J. Food Qualit., 1-8.

Oyaizu, M. 1986. Studies on Products of Browning

Reaction: Antioxidative activity of products

of browning reaction. Japanese J. Nutri., 44,

307-315.

Pavela, R. 2014. Acute, synergistic and antagonistic

effects of some aromatic compounds on the

Spodoptera littoralis Boisd. (Lep.,

Noctuidae) larvae. Ind. Crops Prod., 60: 247-

258.

Rahman, M.M., Fakir and M.S.A. 2015.

Biodiversity of Medicinal Plants in

Bangladesh: Prospects and Problems of

Conservation and Utilization. International

Journal of Minor Fruits, Medicinal and

Aromatic Plants, 1(1)1-10.

Ravalison, A.E., Rakotosaona, R.,

Andrianaivoravelona, O.J., Andrianarison,

R.J., Handrinirina, J.E. and Andrianary, P.A.

2015. Screening phyto-chimique et isolement

par voie bio-guidée de substances à activité

antibactérienne d’extraits de Cassia

occidentalis Sond récoltée à Maevatanàna.

MADA-HARY., 4.

Rebey, I.B., Bourgou, S., Debez, I.B.S., Karoui,

I.J., Sellami, I.H. and Msaada, K. 2012.

Effects of extraction solvents and

provenances on phenolic contents and

antioxidant activities of cumin (Cuminum

cyminum L.) seeds. Food Bioprocess Techno.,

5: 2827-2836.

Sekiou, O., Boumendjel, M., Taibi, F., Boumendjel,

A. and Messarah, M. 2018. Mitigating effects

of antioxidant properties of Artemisia herba

alba aqueous extract on hyperlipidemia and

oxidative damage in alloxan-induced diabetic

rats. Arch. Physiol. Biochem., 125(2):163-

173.



55IJMFM&AP, Vol. 8 No. 1, 2022

Almi et al.

Shahid, I., Umer, Y., KimWei, C., Zia-Ul-Haq, M.

and Maznah, I. 2012. Chemical Composition

of Artemisia annua L. leaves and antioxidant

potential of extracts as a function of

extraction solvents. Molecules, 17: 6020-

6032.

Singleton, V.L. and Rossi, J.A., 1965. Colorimetry

of total phenolcs with phosphomolybdic-

phosphotungstic acid reagents. Am. J. Enol.

Vitic., 16:144-158.

Yoon, D.K., Chin, W-C., Yang, M.Y. and Kim, J.

2011. Separation of anti-ulcer flavonoids

from Artemisia extracts by high-speed

countercurrent chromatography. Food

Chem., 129(2): 679-683.

Zaouali, Y., Bouzaine, T. and Boussaid, M. 2010.

Essential oils composition in two Rosmarinus

officinalis L. varieties and incidence for

antimicrobial and antioxidant activities. Food

Chem. Toxicol., 48: 3144-3152.

Zhao, H., Dong, J., Lu, J., Chen, J., Li, Y. and Shan,

L. 2006. Effects of extraction solvent

mixtures on antioxidant activity evaluation

and their extraction capacity and selectivity

for free phenolic compounds in Barley

(Hordeum vulgare L.). J. Agri. Food Chem.,

54: 7277-7286.

Zouari, S., Zouari, N., Fakhfakh, N., Bougatef, A.,

Ayadi, M.A. and Neffati, M. (2010).

Chemical composition and biological

activities of a new essential oil chemotype

of Tunisian Artemisia herba alba Asso. J.

Med. Plants Res., 4(10): 871-880.


