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Fig 1 FTIR diagram of Lavandula stricta essential
oil.
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Lavandula stricta essential oil.
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Table 1 Mean inhibition zone diameter (mm) of Lavandula stricta essential oil on pathogenic bacteria by

disk diffusion method
Bacteria Escherichia  Pseudomonas  Salmonella  Staphylococcus Listeria Bacillus
Antimicrobi coli aeruginosa typhi aureus innocua cereus
Lavandula stricta 8.30+0.35 8.10+0.55 7.90+0.66 8.80+0.57 8.20+0.35 8.60+0.21
Gentamicin 23.10+£0.45 22.00+0.57 24.30+0.43 25.20+0.40 20.15+0.30 24.20+0.29

Values are expressed as mean =+ standard deviations
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Table 2 Mean inhibition zone diameter (mm) of Lavandula stricta essential oil on some pathogenic
bacteria by agar well method

Bacteria Escherichia Pseudomonas Salmonella Staphylococcus  Listeria Bacillus
Antimicrobial coli aeruginosa typhi aureus innocua cereus
Lavandula stricta 8.80+0.69 8.40+0.70 9.10+0.52 11.10+0.44 10.60+£0.62 10.50+0.41
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Fig 4 Antimicrobial effect of Lavandula stricta
essential oil on Pseudomonas aeruginosa by agar
well method
A) Control sample
B) Samples containing essential oil
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Table 3 minimum inhibitory concentration (MIC) and the minimum bactericidal concentration (MBC) of
the Lavandula stricta essential oil on some pathogenic bacteria

Bacterial strains MIC (mg/ml) MBC (mg/ml)
Salmonella typhi 3.125 400
Pseudomonas aeruginosa 3.125 200
Listeria innocua 3.125 100
Staphylococcus aureus 3.125 >400
Escherichia coli 3.125 >400
Bacillus cereus 6.25 >400

ol W st 5T sty s 0L ABTS s DPPH 6}'§ A —§

=l Ll e ST sty Slge 53 0T LUl 5 el
s Sweds gl (S oy Seds S ) 5l ol
Ao e sl adlas sy glasSL el ade ol

5 S oS 5 e s FTIR i il 5 rass opl o
Y sng gl bl Sl sdel s 4 (506
oty DS 5 L rsast sl bl oS s I st
sl 51 el C"L" eamen A3l e glabade B Jled
ST Ity (SaSles dos ool SlaensS] o1 cles

Cot) OS5 allen S s @ OS5 e ) s Sents
4 sl QLas LT Saler 5 050> Sz Sy 4 23 Seeks

Al



A F M 5 I OS5 ele glaey 8w

Ol 5 3dMe s

[4] Alizadeh A, Aghaee Z. Essential oil
constituents, phenolic content and antioxidant
activity of Lavandula stricta Delile growing
wild in southern Iran. Natural Product
Research. 2016; 30(19):2253-2257.

[5] Nouri Dashlibroon H, Khorasaninejad S,
Mousavizadeh SJ, Mirgalili MH. Effects of
colchicine treatment and polyploidy induction
on yield components and some morphological
and biochemical characteristics of Lavandula
stricta Delile. Iranian Journal of Medicinal and
Aromatic Plants Research. 2020; 36(4):572-
589. [Full text in Persian].

[6] Blazekovic B, Vladimir-Knezevi¢ S,
Brantner A, Stefan MB. Evaluation of
antioxidant potential of Lavandula x
intermedia Emeric ex Loisel.'Budrovka': a
comparative study with L. angustifolia Mill.
Molecules. 2010; 15(9):5971-5987.

[7] Prusinowska R, Smigielski KB.
Composition,  biological properties and
therapeutic effects of lavender (Lavandula
angustifolia L). A review. Herba Polonica.
2014; 60(2):56-66.

[8] Hui L, Hi L, Huan L, Xiaolan L, Aiguo Z.
Chemical composition of lavender essential oil
and its antioxidant activity and inhibition
against rhinitisrelated bacteria. African Journal
of Microbiology Research. 2010; 4(4): 309-
313.

[9] Tardugno R, Serio A, Pellati F, Damato S,
Chaves Lopez C, Bellardi MG, Benvenuti S.
Lavandula x intermedia and Lavandula
angustifolia essential oils: phytochemical
composition and antimicrobial activity against
foodborne  pathogens. Natural  Product
Research. 2019; 33(22): 3330-3335.

[10] Adaszynska-Skwirzynska M, Szczerbinska
D. The effect of lavender (Lavandula
angustifolia) essential oil as a drinking water
supplement on the production performance,
blood biochemical parameters, and ileal
microflora in broiler chickens. Poultry
Science. 2019; 98(1):358-365.

[11] Tang S, Shi J, Liu C, Jiang R, Zhao W, Liu
X, Xiang N, Chen Y, Shen Q, Miao M, Liu Z.
Three new phenylpropanoids from Lavandula
angustifolia and their bioactivities. Natural
Product Research. 2017; 31(12):1351-1357.

[12] Ahmady Asbchin S, Nasrolahi omran A,
Jafari N, Mostafapour MJ, Kia M.

\Al

ol S Skl asn a5 glag SL Ok s
S esosshal GOl 4 el 6 SL S el
05 Sl Sl miy Conlr §l S dol mls sy
Sl SL 4 el Sk g sl ulal 4 ke
e i clid 5y Llge O o &S w0y i 05
Losl e o8 o St Jho o)l GBI 1>
w by olS onl Ul cphasny ool 53 ol ALl s @ e
s G dd ey SLSS Ol ol mie S Olge
Wl sy e e Sl g 5 gl dayls
Sl heaSS S0 ga5T L (6t Dladlle 35 5 e slgniny

bj:'."\'l \_"J)j..a LSS d'l\ BE salaa!

,gm.t'“ 39 ﬁ.ﬁ.’i -0

i e L3l b2 )8 wal 0L 51 7 st ol Wl
s Sisles 51aS Wils e 0 3Y 3 Wl cpl OB N
S Oliaw3 35 as wlin 5 (53,55LES ¢ e olKSls (5555 5

-\..\._a_Lu L;'u\.))_\:é 9

e =

[1] Sayout A, Ouarhach A, Rabie R, Dilagui I,
Soraa N, Romane A. Evaluation of
Antibacterial Activity  of  Lavandula
pedunculata subsp. atlantica (Braun[Blanq.)
Romo Essential Oil and Selected Terpenoids
against Resistant Bacteria Strains Structure
Activity  Relationships.  Chemistry &
Biodiversity. 2020; 17(1):¢1900496.

[2] Blazekovi¢ B, Yang W, Wang Y, Li C, Kindl
M, Pepeljnjak S, Vladimir-Knezevi¢ S.
Chemical composition, antimicrobial and
antioxidant activities of essential oils of
Lavandulax intermedia ‘Budrovka’and L.
angustifolia cultivated in Croatia. Industrial
Crops and Products. 2018; 123:173-82.

[3] Shafaghat A, Salimi F, Amani Hooshyar V.
Phytochemical and antimicrobial activities of
Lavandula officinalis leaves and stems against
some pathogenic microorganisms. Journal of
Medicinal Plants Research. 2012; 6(3):455-
460.



\i"db‘\/\ 092 ARE O)LA-«.:

[20] Zhishen J, Mengcheng T, Jianming W. The
determination of flavonoid contents in
mulberry and their scavenging effects on
superoxide radicals. Food Chemistry. 1999;
64(4):555-559.

[21] Brighente IM, Dias M, Verdi LG, Pizzolatti
MG. Antioxidant activity and total phenolic
content of some Brazilian species.
Pharmaceutical Biology. 2007; 45(2):156-61.

[22] Afoulous S, Ferhout H, Raoclison EG,
Valentin A, Moukarzel B, Couderc F, Bouajila
J. Helichrysum gymnocephalum essential oil:

chemical  composition and  cytotoxic,
antimalarial and  antioxidant  activities,
attribution of the activity origin by

correlations. Molecules. 2011; 16(10):8273-
8291.

[23] Behbahani BA, Yazdi FT, Vasice A,
Mortazavi SA. Oliveria decumbens essential
oil: Chemical compositions and antimicrobial
activity against the growth of some clinical
and standard strains causing infection.
Microbial pathogenesis. 2018; 114:449-452.

[24] Noshad M, Hojjati M, Alizadeh Behbahani
B. Black Zira essential oil: Chemical
compositions and antimicrobial activity against
the growth of some pathogenic strain causing
infection. Microbial Pathogenesis. 2018; 116:
153-157.

[25] Behbahani BA, Shahidi F, Yazdi FT,
Mortazavi SA, Mohebbi M. Use of Plantago
major seed mucilage as a novel edible coating
incorporated with  Anethum  graveolens
essential oil on shelf life extension of beef in
refrigerated storage. International Journal of
Biological Macromolecules. 2017; 94:515-
526.

[26] Behbahani BA, Noshad M, Falah F. Cumin
essential  oil:  Phytochemical  analysis,
antimicrobial activity and investigation of its
mechanism of action through scanning
electron microscopy. Microbial Pathogenesis.
2019; 136:103716.

[27] Yesli Celiktas O, Haes Kocabas EE, Bedir
E, Vardar Sukan F, Ozek T, Baser KHC.
Antimicrobial activities of methanol extracts
and essential oils of Rosmarinus officinalis,
depending on location and seasonal variations.
Food Chemistry. 2007; 100:553-559.

[28] Sosani Gharibvand Z, Alizadeh Behbahani
B, Noshad M, Jooyandeh H. Investigation of

\ax

Antibacterial effects of Lavandula Stoechas
Essential Oil, on Gram Positive and Negative
Bacteria In Vitro. Medical Laboratory Journal.
2012; 6 (2):35-41. [Full text in Persian].

[13] Heydari S, Jooyandeh H, Alizadeh
Behbahani B, Noshad M. The impact of
Qodume Shirazi seed mucilage-based edible
coating containing lavender essential oil on the

quality  enhancement and  shelf life
improvement of fresh ostrich meat: An
experimental and modeling study. Food

Science & Nutrition. 2020; 8(12):6497-6512.

[14] Heydari S, Jooyandeh H,
Alizadehbehbahani B, Noshad M. Invitro
Determination of Chemical Compounds and
Antibacterial Activity of Lavandula Essential
oil against some Pathogenic Microorganisms.
Scientific Journal of Ilam University of
Medical Sciences. 2019; 27(4):77-89. [Full
text in Persian].

[15] Rabani M, Rezaeian Doloei R, Jabari
Noghabi M. Antibacterial effect of lavender
essential oils on Xanthomonas campestris and
Escherichia coli. Modern Science of
Sustainable  Agriculture  Journal. 2015;
2(2):33-43. [Full text in Persian].

[16] Tabatabaei Yazdi F, Alizadeh Behbahani
B, Mortazavi A. Investigating the Minimum
Inhibitory Concentration (MIC) and Minimum
Bactericidal Concentration (MBC) of the
Lavandula stoechas L. and Rosmarinus
officinalis L. extracts on pathogen bacterias “in
vitro”. Journal of Paramedical Sciences. 2014;
5(2):2008-4978.

[17] Mashak Z, Fayazfar S, Cheraghi, N.
Antimicrobial effect of Chitosan film
incorporated with Lavandula stoechas on some
food borne bacteria. Journal of Food
Microbiology. 2016; 1(3):55-62. [Full text in
Persian].

[18] Behbahani BA, Noshad M, Falah F. Study
of chemical structure, antimicrobial, cytotoxic
and mechanism of action of Syzygium
aromaticum essential o0il on foodborne
pathogens. Potravinarstvo Slovak Journal of
Food Sciences. 2019; 13(1):875-883.

[19] Javanmardi J, Stushnoff C, Locke E,
Vivanco JM. Antioxidant activity and total
phenolic content of Iranian Ocimum
accessions. Food Chemistry. 2003; 83(4):547-
550.



A F M 5 I OS5 ele glaey 8w

Ol 5 3dMe s

L.: composition, chemical variability, and in
vitro biological properties. Chemistry &
Biodiversity. 2011; 8(5):937-53.

[37] Insawang S, Pripdeevech P,
Tanapichatsakul C, Khruengsai S, Monggoot
S, Nakham T, Artrod A, D'Souza PE, Panuwet
P. Essential oil compositions and antibacterial
and antioxidant activities of five Lavandula

stoechas cultivars grown in Thailand.
Chemistry & Biodiversity. 2019;
16(10):e1900371.

[38] Al-Badani RN, da Silva JK, Mansi I,
Muharam BA, Setzer WN, Awadh Ali NA.
Chemical composition and biological activity
of Lavandula pubescens essential oil from
Yemen. Journal of Essential Oil Bearing
Plants. 2017; 20(2):509-15.

[39] Chia-Wen L, Chia-Wen Y, Sung-Chuan W,
Kuang-Hway Y. DPPH free-radical
scavenging activity, total phenolic contents
and chemical composition analysis of fourty-
two kinds of essential oils. Journal Food Drug
Analysis. 2009; 17(5):386-95.

[40] Zeng Z, Zhang S, Wang H, Piao X.
Essential oil and aromatic plants as feed
additives in non-ruminant nutrition: a review.
Journal of Animal Science and Biotechnology.
2015; 6(1):1-10.

[41] Swamy MK, Akhtar MS, Sinniah UR.
Antimicrobial properties of plant essential oils
against human pathogens and their mode of
action: an updated review. Evidence-Based
Complementary and Alternative Medicine.
2016; 1-21.

[42] Khavarpour M, Vahdat SM, Kazemi S,
Moghadamnia AA, Hasanzadeh O, Salimi Z,
Rahmanpour N. Chemical Composition,
Antibacterial and Analgesic Activity of
Lavandula stoechas Flowers from North of
Iran. International Journal of Engineering.
2019; 32(8):1065-1073.

[43] Behbahani BA, Tabatabaei-Yazdi F,
Shahidi F, Mortazavi A. Antimicrobial effects
of Lavandula stoechas L. and Rosmarinus
officinalis L. extracts on Escherichia coli and
Staphylococcus aureus. Scientific Journal of
Microbiology. 2013; 2(1):15.

[44] Bouzouita N, Kachouri F, Hamdi M,
Chaabouni MM, Aissa RB, Zgoulli S, Thonart
P, Carlier A, Marlier M, Lognay GC. "Volatile
constituents and antimicrobial activity of

Vi

the Functional Groups of Bioactive
Compounds, Radical Scavenging Potential,
Antimicrobial Activity and Cytotoxic Effect of
Callistemon Citrinus Aqueous Extract on Cell
Line HT29: A Laboratory Study. Journal of
Rafsanjan University of Medical Sciences.
2020; 19(5):463-84. [Full text in Persian].

[29] Mohammadpanah M, Mojodi E,
Haghiralsadat F, Ehsani R. The Synthesis and
Characterization of Liposomal Nano-Carriers
Loading Lavandula angustifolia Essential Oil
to Affect Breast Cancerous Cell-Lines. Journal
of Lorestan University of Medical Sciences.
2020; 22(1):84-95. [Full text in Persian].

[30] Zhao J, Xu F, Huang H, Ji T, Li C, Tan W,
Chen Y, Ma L. Evaluation on bioactivities of
total flavonoids from Lavandula angustifolia.
Pakistan Journal of Pharmaceutical Sciences.
2015; 28(4).

[31] Adaszynska-Skwirzynska M, Swarcewicz
M, Dobrowolska A. The Potential of Use
Lavender from Vegetable Waste as Effective
Antibacterial and Sedative Agents. Medicinal
Chemistry. 2014; 4(11): 734-737.

[32] Messaoud C, Chograni H, Boussaid M.
Chemical composition and antioxidant
activities of essential oils and methanol
extracts of three wild Lavandula L. species.
Natural Product Research. 2012; 26(21):1976-
84.

[33] Kozics K, Srancikova A, Sedlackova E,
Horvathova E, Melusova M, Melus V,
Krajcovicova Z, Sramkova M. Antioxidant
potential of essential oil from Lavandula
angustifolia in in vitro and ex vivo cultured
liver cells. Neoplasma. 2017; 64(4):485-93.

[34] Sayout A, Ouarhach A, Romane A.
Antioxidant ~ Properties and  Chemical
Composition of Lavandula tenuisecta, An
Endemic Species of Morocco. Chemistry of
Natural Compounds. 2020; 56(6):1148-50.

[35] Truong TM, Fumie N, Nguyen VC.
Antioxidant activities and hypolipidemic
effects of an aqueous extract from flower buds
of Cleistocalyx operculatus (Roxb.) Merr. and
Perry. Journal of Food Biochemistry. 2009;
33(6):790-807.

[36] Benabdelkader T, Zitouni A, Guitton Y,
Jullien F, Maitre D, Casabianca H, Legendre
L, Kameli A. Essential oils from wild
populations of Algerian Lavandula stoechas



\i"db‘\/\ 092 ARE O)LA-«.:

composition of essential oil from Lavandula
tenuisecta Coss. ex Ball. an endemic species
from Morocco. European Journal of
Integrative Medicine. 2020; 33:101017.

[48] Trombetta D, Castelli F, Sarpietro MG,
Venuti V, Cristani M, Daniele C, Saija A,
Mazzanti G, Bisignano G. Mechanisms of
antibacterial action of three monoterpenes.
Antimicrobial Agents and Chemotherapy.
2005; 49(6):2474-2478.

[49] Lashgari Charmi M, Mohsenzadeh M,
Azizzadeh M, Maleki M. Antimicrobial effect
of Lavandula angustifolia essential oil and
NaCl on growth control of Escherichia coli
0157:H7 inoculated into minced beef during
storage. Food Science and Technology. 2020;
17(101): 145-153. [Full text in Persian].

Vo

Lavandula stoechas L. oil from Tunisia".
Journal of Essential Oil Research. 2005;
17(5):584-586.

[45] El Idrissi M, EI Amrani K, Choukrad M,
Lhoussain L. "Chemical composition and
antimicrobial activity of essential oils of
Lavandula Stoechas L. from Morocco". World
Journal of Pharmacy and Pharmaceutical
Sciences, 2016; 5(9):316-324.

[46] Silva KV, Lima MI, Cardoso GN, Santos
AS, Silva GS, Pereira FO. Inibitory effects of
linalool on fungal pathogenicity of clinical
isolates of  Microsporum  canis  and
Microsporum  gypseum. Mycoses. 2017;
60(6):387-393.

[47] Sayout A, Ouarhach A, Dilagui I, Soraa N,
Romane A. Antibacterial activity and chemical



JEST No. 119, Vol. 18, January 2022 ABSTRACT

Iranian Journal of Food Science and Technology .

Homepage:www.fsct.modares.ir

Scientific Research

Investigation of functional groups, phenolic and flavonoid
compounds, antioxidant and antimicrobial activity of Lavandula
stricta essential oil: An “in vitro” study

Aladi, M. '

, Mehrnia, M. A. %', Barzegar, H. 3, Alizadeh Behbahani, B. 2

1. M.Sc Student, Department of Food Industry Science and Engineering, Faculty of Animal Sciences and Food
Industry, Agricultural Sciences and Natural Resources University of Khuzestan, Mollasani, Iran.
2. Assistant Professor, Department of Food Industry Science and Technology, Faculty of Animal Sciences and Food
Industry, Agricultural Sciences and Natural Resources University of Khuzestan, Mollasani, Iran.
3. Associate Professor, Department of Food Industry Science and Engineering, Faculty of Animal Sciences and
Food Industry, Agricultural Sciences and Natural Resources University of Khuzestan, Mollasani, Iran.

ARTICIE INFO

ABSTRACT

Article History:

Received 2021/05/09
Accepted 2021/07/17

Keywords:

Essential oil,
Lavandula stricta,
Antimicrobial activity,
Functional groups.

10.52547 /fsct.18.119.61

*Corresponding Author E-Mail:
Mehrnia@asnrukh.ac.ir

Lavender with the scientific name Lavandula stricta Del from the mint family is one
of the herbs used in traditional Iranian medicine. The aim of this study was to
determine the functional groups and qualitative identification, the amount of phenolic
and flavonoid compounds, antioxidant and antimicrobial activity of Lavandula stricta
essential oil. Essential factor groups were determined by Fourier transform infrared
(FTIR) spectroscopy in the wavelength range of 500-4000 cm™. Total phenols and
flavonoids were measured by Folin-Ciocalteu and aluminum trichloride colorimetry,
respectively. Antioxidant activity was also determined by two methods of free radical
scavenging DPPH and ABTS. The peaks observed in Lavandula stricta essential oil
confirmed the presence of O-H, C-H, C=0, C=C, C-C and C-O functional groups of
bioactive compounds. The amount of phenol and flavonoids in total essential oil was
68.60+0.68 mg GAE/g and 19.10+0.52 mg QE/g, respectively. Antioxidant activity
was also obtained based on the percentage of free radical scavenging DPPH and
ABTS equal to 59.50+0.63 and 67.68+0.53, respectively. The antimicrobial activity
of essential oil was evaluated by four methods: disk diffusion, agar well, minimum
inhibitory concentration and minimum bactericidal concentration. The results of
measuring the antimicrobial activity of essential oil by disk diffusion and agar well
showed that Gram-positive bacterium Staphylococcus aureus is the most sensitive
strain to Lavandula stricta essential oil. The minimum inhibitory concentration of
essential oil for Salmonella typhi, Pseudomonas aeruginosa, Listeria innocua,
Staphylococcus aureus and Escherichia coli was equal to 3.125 mg/ml and for
Bacillus cereus it was equal to 6.25 mg/ml. The minimum bactericidal concentrations
for Listeria innocua, Pseudomonas aeruginosa and Salmonella typhi was equal to
100, 200 and 400 mg/ml, respectively, and for other bacteria (Staphylococcus aureus,
Bacillus cereus and Escherichia coli) it was more than 400 mg/ml.
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