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1. Introduction

  In the food industry, preservatives are used to protect against 

oxidants and foodborne microorganisms and to promote shelf-life 

stability. With regard to cosmetic products, the conditions associated 

with skin-aging and tanning have been treated with antioxidants 

and tyrosinase inhibitors. The natural bioactive compounds are now 

considered as an alternative material in both food and cosmetic 

industries due to the perception on their safety. Essential oils are the 

natural products, which feature with solvent-free distillation process 

and may apply as the bioactive ingredient or flavoring agent in the 

Objective: To determine the chemical composition, as well as the antioxidant, antityrosinase 

and antibacterial activities of essential oils obtained from some Apiaceous and Lamiaceous 
plants collected in Thailand. Methods: The essential oils of the specified spices and aromatic 

herbs were obtained by hydro-distillation, and their chemical constituents were analyzed by 
gas chromatography/mass spectrometry. Antioxidant assays were based on the scavenging 
effects of 2,2-Diphenyl-1-picrylhydrazyl (DPPH) and 2,2’-Azino-bis(3-ethylbenzothiazoline-
6-sulphonic acid) (ABTS) free radicals as well as the lipid oxidation inhibition of β-carotene 
bleaching by linoleic acid. Tyrosinase enzyme inhibition was evaluated by the dopachrome 
method.  Broth microdilution technique was performed for the purposes of studying microbial 
growth inhibition against the isolated bacterial strains. Results: The essential oils of Elsholtzia 
stachyodes, Coleus amboinicus (I) and Trachyspermum ammi presented a high degree of potency 

in DPPH, ABTS and β-carotene bleaching assays. The Trachyspermum ammi oil, which mainly 

contained thymol (49.04%) and p-cymene (22.06%), proved to be the most effective in terms 
of antibacterial activity. The major compositions of Coleus amboinicus (I) were carvacrol 

(51.57%), γ-terpinene (18.04%) and p-cymene (7.81%); while thymol (43.76%) and γ-terpinene 
(24.61%) were identified as the major components of Elsholtzia stachyodes oil, with p-cymene 

(6.73%) being identified as a minor constituent. Moreover, Cuminum cyminum oil containing 

cuminaldehyde (49.07%) and Elsholtzia communis oil composed with geranial (44.74%) and 

neral (35.27%) as the major components displayed a specific ability for the inhibition of the 
mushroom tyrosinase enzyme. Conclusions: The results indicated that these bioactive essential 

oils obtained from indigenous herbs are of significant interest as alternative raw materials in 
food, cosmetic and medicinal products.
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product formulation. According to the literature review, the essential 

oils that are composed of phenolic compounds seem to display 

a potential for the antioxidant, antityrosinase and antibacterial 

activities[1-11], because the percentage of major component in the 

essential oils affected individual odor and biological activities[2]. 

The spices and aromatic plants within the Apiaceae and Lamiaceae 

families frequently produce essential oils with phenylpropanoids that 

are of significant interest for their potential bioactivities[2], because 

the molecular structure of phenylpropanoids is relative to phenolic 

compounds. There have been many reports on phytochemicals and 

the biological activities of essential oils obtained from both these 

families in different countries[2,9-11]. However, only a few studies 

have been conducted on antityrosinase enzyme activity[12,13]. We 

intend to perform and record the steps involved with providing 

scientific information on certain regional spices and herbs for further 

selection of effective raw materials to be used in the food, cosmetics, 

and medical industries. This study aims to determine the chemical 

composition and antityrosinase enzymes, as well as the antioxidant 

and antibacterial activities of the essential oils obtained from some 

Apiaceous and Lamiaceous plants collected in Thailand, particularly 

with regard to the indigenous spices and aromatic plant species that 

are widely used in northern Thailand. 

2. Materials and methods

2.1. Plant materials

  The dried fruits of five Apiaceous plants comprised of Anethum 

graveolens (A. graveolens) L., Cuminum cyminum (C. cyminum) 

L., Foeniculum vulgare (F. vulgare) Miller subsp. var. vulgare, 

Heracleum siamicum (H. siamicum) Craib. and Trachyspermum ammi 

(T. ammi) L. Sprague were purchased from herbal drug stores located 

in Bangkok (for A. graveolens, C. cyminum, and F. vulgare), Nakhon 

Pathom (T. ammi), and Chiang Mai (H. siamicum) Provinces, 

Thailand. The identification process was performed by taxonomists 

and cross-referenced with the relevant Thai herbal standardization 

references[14]. Additionally, aerial parts of seven Lamiaceous plants 

were collected from Mae Hong Son and Chiang Mai Provinces, 

Thailand. Identification of Coleus amboinicus (C. amboinicus) Lour. (

栺), C. amboinicus Lour. (栻) and Hyptis suaveolens (H. suaveolens) 

(L.) Poit. References voucher number 004138 were compared with 

the voucher specimens in the Museum of the Faculty of Pharmacy, 

Chiang Mai University, Thailand. The remaining Lamiaceous plants 

included Elsholtzia communis (E. communis) (voucher number 

WP5172), Elsholtzia griffithii (E. griffithii) (WP3707), Elsholtzia 

kachinensis (E. kachinensis) (WP3723) and Elsholtzia stachyodes (E. 

stachyodes) (WP552). These were identified by taxonomists and the 

voucher specimens were deposited at the Herbarium of the Faculty 

of Sciences, Chiang Mai University, Thailand.

2.2. Essential oil extraction 

  The selected plant parts were extracted by hydro-distillation using 

Clevenger-type apparatus for 3-5 h. The essential oils were dried 

with anhydrous sodium sulfate and kept in well-closed containers 

with light resistance at 4 曟 for further use.

2.3. Essential oils chemical composition

  A total of 0.5% v/v sample of essential oil suspended in 

absolute ethanol 1 µL (split ratio 1:20) was injected into the gas 

chromatography/mass spectrometry (GC/MS) equipped with 

electron impact ionization and mass-selective detector (Shimadzu 

Model QP 2010 Plus, Japan). The Agilent DB-5MS capillary 

column (5% phenylmethyl polysiloxane, 30 m 伊 0.25 mm, 0.25 

µm film thickness) was used with helium as a carrier gas (1.0 mL/

min). The injector temperature was set at 250 曟 and 230 曟 for 

the Apiaceous and Lamiaceous samples, respectively; whereas the 

detector temperature was set at 250 曟. The ionization energy was 

70 eV in EI mode with ion source temperature 200 曟, scan mass 

mode and interface temperature 250 曟. The temperature program 

for Apiaceous analyses was initiated at 70 曟 and held for 1 min. The 

system was then programmed to 120 曟 with a rate of 3 曟/min and 

held for 2 min. After that, the system was programmed to 160 曟 at 

5 曟/min and held for 1 min. Finally, the temperature was ramped up 

to 230 曟 with 10 曟/min rate and kept constant for 5 min. For the 

Lamiaceous samples, the analysis program was performed according 

to the method described by Moreira et al.[15]. 

  The volatile components were identified using the computer 

matching method and by comparisons of mass spectra with WILEY 

7 and NIST 2005 Library. The Kovats retention indices were also 

calculated with a series of n-alkanes (C8-C20) and compared 

with the relevant literature data-NIST Chemical Web Book and 

Adams[16].

2.4. Antioxidation activity assays

2.4.1. 2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical 
scavenging assay
  The method that was employed was modified from Sritularak 

et al.[17]. Briefly, the essential oils were prepared and tested at 

100 mg/mL in absolute ethanol. The samples that showed more 
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than 50% inhibition will be determined for their concentration 

at 50% inhibition (IC50) value. The test was performed in a 96-

well microtiter plate by the sample addition (50 µL) to about 150 

µM DPPH in absolute ethanol (180 µL) (DPPH, Aldrich). The 

measurement of absorbance at 510 nm was completed using a 

microplate reader (BMG LABTECH Model SPECTROstar Nano, 

Germany) after incubation of the reaction mixture was done in the 

dark at room temperature for 30 min. The percentage of DPPH 

scavenging activity was calculated using the following equation:

Scavenging activity (%) = [(Acontrol – Asample / Acontrol) × 100]

where Acontrol represents the absorbance of the control that contained 

all reagents except the test sample, and Asample represents the 

absorbance of a test sample. Butylated hydroxytoluene (BHT, Fluka) 

and 6-Hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid 

(Trolox, Aldrich) were used as the positive control.

2.4.2. 2,2’-Azino-bis(3-ethylbenzothiazoline-6-sulphonic 
acid) (ABTS) radical scavenging assay

  The test was previously performed by Li et al.[18]. Following a 

similar process that was used to determine DPPH assay, 100 mg/mL 

of a sample in absolute ethanol was tested and calculated for ABTS 

scavenging activity percent (ABTS, Sigma) using the same equation 

mentioned in 2.4.1. The samples that showed more than 50% 

inhibition would be determined for the IC50 value. BHT and Trolox 

were also used as the positive control.  

2.4.3. β-carotene-linoleic acid bleaching assay

  Some modifications were made to the method described by Wang 

et al. and the procedure was performed[19]. Briefly, 0.5 mg/mL of 

β-carotene (Sigma) in chloroform was mixed with 25 µL linoleic 

acid (Sigma) and 200 mg Tween 40. After that, chloroform was 

removed using nitrogen gas. And the remaining part was mixed with 

50 mL of oxygenated distilled water. The mixture emulsion (180 µL) 

and test sample (20 µL) were placed in a 96-well microtiter plate 

and incubated at 50 曟 for 2 h. A level of absorbance at 460 nm was 

measured at the times of 0 h and 2 h. The percentage of antioxidant 

activity (AA) was calculated in terms of the bleaching of β-carotene 

using the following equation[18]: 

AA (%) = 100 × [1 - (A0 - At)/(Ao0 - Aot )]

  where Ao0 and Aot represent the levels of absorbance of the control 

at 0 h and 2 h, and A0 and At represent the levels of absorbance of the 

test sample at 0 h and 2 h, respectively. Screening of the samples was 

done at 10 mg/mL in ethanol. The samples that showed more than 

50% AA would be determined for the AA50 value. BHT and Trolox 

were also used as the positive control.  

2.5. Antityrosinase enzyme activity assay

  The dopachrome method that was modified from Solimine et al. 

was used[20]. The screening test of a sample was performed at a 

concentration of about 3 mg/mL of the samples in 10% of Tween 

20 in 10 mM phosphate buffer pH 6.8 (PBS). The test sample 

(60 µL), PBS (70µL) and tyrosine solution (0.4 mg/mL in PBS) 

(70 µL) (mushroom tyrosinase, Sigma) were added to a 96-well 

microtiter plate. The reaction was then initiated with tyrosinase 

enzyme solution (250 units/mL in PBS) (10 µL) and the sample was 

incubated at 35 曟 for 20 min. Absorbance was measured at 480 nm 

using a microplate reader. Percentage inhibition was calculated using 

the following equation:

Inhibition (%) = [(A-B) / A] × 100

  where A represents the absorbance of the control that contained 

all reagents except the test sample, and B represents the absorbance 

of the test sample. The samples indicated that about 50% inhibition 

could be used to determine the IC50 value. Arbutin (Alfa Aesar) and 

Kojic acid (Sigma) were used as the positive control.  

2.6. Antibacterial activity assay

2.6.1. Bacterial culture
  The isolated bacterial species used in this study are listed as 

follows: gram-positive bacteria [SAU25923: Staphylococcus aureus (S. 

aureus) ATCC 25923, R34: methicillin-resistant S. aureus (MRSA) 

and S156: methicillin-sensitive S. aureus (MSSA)], gram-negative 

bacteria [ECO25922: Escherichia coli (E. coli) ATCC 25922, CRE-

N27: carbapenemase-producing E. coli, KPN-P-16: carbapenem-

sensitive Klebsiella pneumoniae (K. pneumoniae) P-16 and CRE-105: 

carbapenemase-producing K. pneumoniae].

2.6.2. Determination of minimum inhibitory concentration  
  Broth microdilution technique was performed for minimum 

inhibitory concentration according to the procedure described 

by the Clinical and Laboratory Standard Institute, the National 

Committee for Clinical Laboratory Standards and Eloff[21-23]. The 

stock solutions of essential oil (1 g/mL) were dissolved in dimethyl 

sulfoxide and five-fold serial dilution (0.8-500 mg/mL) of each 

sample was prepared. The suspension of microbial strains was 

standardized with 0.5 McFarland (1.0伊108 CFU/mL) and diluted 

to 2.0伊105 CFU/mL with Mueller Hinton broth (MHB, Labscan 

Asia). Into a 96-well microtiter plate, 45 µL of MHB, 5 µL of a 

test sample and 50 µL of microbial suspension (final concentration 

1.0伊105 CFU/mL) were added. The turbidity of microbial growth 

was determined after being incubated at 37 曟 for 16-20 h and the 

minimum inhibitory concentration was recorded. In order to confirm 

that there was no bacterial growth in the wells with the clear solution, 
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a confirmation test was conducted. Briefly, MHB with glucose and 

phenol red were added into each well and they were incubated at 37 

曟 for 4 h. If bacterial growth was present that could not be detected 

by the naked eye, the acid metabolic products of glucose metabolism 

produced from the bacteria will change the color of the phenol red 

from orange to yellow[24]. The experiments for each test sample 

were done in duplicate. Sterility control, growth control and effect 

of DMSO against bacterial strains were tested in this experiment as 

well. 

2.7. Statistical analysis

  The screening results were expressed as the average ± standard 

deviation (SD) of three or five replicates. One-way-ANOVA was 

performed for analysis of variance and Duncan’s test was used to 

determine the essential oil effects at the significant level of P<0.05. 

The SPSS program was used for the statistical analysis. The IC50 

value of each sample was determined by the linearity plotted (R2 

曒0.990) between the average of percentage inhibition from five 

replicates versus the sample concentrations (at least five points), the 

process was done on the Microsoft Excel program.

3. Results

  The percentage of essential oil yields from Apiaceous dried fruits 

ranged from 1.03 to 2.07 and 0.03 to 0.63 for the aerial parts of 

Lamiaceous plants. GC-MS analysis of the essential oils determined 

that the major components of both families were monoterpenes. 

Sesquiterpenes were found at high quantities in the Lamiaceae family 

as well. Whereas phenylpropanoids (e.g. estragole, trans-anethole, 

dillapiole, myristicin and elemicin) were higher in Apiaceous oils 

than in the Lamiaceous samples. The acylfuran derivatives were only 

found in two Elsholtzia species (E. griffithii and E. kachinensis). The 

percentage of major compounds and Kovats retention indices related 

to n-alkanes (C8-C20) on DB-5MS column in this experiment are 

presented in Table 1 and Table 2.

  Figure 1 and Table 3 present antioxidant activities of the essential 

oils measured by DPPH, ABTS and β-carotene bleaching assays. 

The screening results revealed that the antioxidant abilities of T. 

ammi, C. amboinicus (栺), C. amboinicus (栻) and E. stachyodes 

essential oils were found in both radical scavenging assay and 

β-carotene bleaching method. The inhibition of β-carotene bleaching 

resulted from the free radical scavenging effect on peroxide radicals, 

which was self-generated by linoleic acid at high temperatures[18]. 

Among these essential oils, E. stachyodes represents the lowest IC50 

values in DPPH assay, while C. amboinicus (栺) and T. ammi are the 

most potent in the ABTS method and β-carotene bleaching assay, 

respectively. Although the screening results of antityrosinase enzyme 

activity in this experiment were rather low (less than 10% inhibition), 

the essential oils of C. cyminum (58.91% ± 2.90% inhibition) and E. 

communis (47.44% ± 3.56% inhibition) at the tested concentrations 

were significantly in the enzyme inhibition with an IC50 value of 

2.239 mg/mL and 3.236 mg/mL while the IC50 values of Arbutin and 

Kojic acid were 0.852 mg/mL and 0.013 mg/mL, respectively.  

  Antibacterial activity with minimum inhibitory concentration 

values of the essential oils from Apiaceous and Lamiaceous plants 

were revealed in Table 4. The results indicated that essential oils 

from F. vulgare, T. ammi, C. amboinicus (栺), C. amboinicus (II), 

E. stachyodes, and E. communis were more effective than the 

Table 1
The percentage area of the major compounds with the experimental Kovats retention indices (KIE) in the essential oils from Apiaceous plants.

KIE Major compounds 
Apiaceae (%)

Chemical group
AG CC FV HSC TA

982 β-Pinene 0.02 10.34 0.09 16.31 2.99 Monoterpenes
1028 p-Cymene 0.18 10.60 0.24 6.67 22.06 Monoterpenes
1033 Limonene 20.67 0.30 9.07 3.35 0.24 Monoterpenes
1061 γ-Terpinene - 6.94 0.15 10.75 21.23 Monoterpenes
1092 Fenchone - - 13.60 - - Monoterpenes
1198 cis-Dihydrocarvone 20.55 - - - - Monoterpenes
1198 Estragole - - 16.40 - - Phenylpropanoids
1205 Trans-Dihydrocarvone 10.42 - - - - Monoterpenes
1212 Octyl acetate - - - 46.55 - Ester
1246 Cuminaldehyde - 49.07 0.03 - - Monoterpenes
1247 Carvone 32.70 - 0.08 - - Monoterpenes
1288 Trans-Anethole - - 54.78 - 0.08 Phenylpropanoids
1290 Styreneglycol - 7.70 - - - Alcohol
1291 Thymol - - - - 49.04 Monoterpenes
1617 Dill apiole 12.57 - - - - Phenylpropanoids

Total 97.11 84.95 94.44 83.63 95.64

AG: A. graveolens; CC: C. cyminum; FV: F. vulgare; HSC: H. siamicum; TA: T. ammi.
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other oil samples. T. ammi oil was found to be the most effective 

antibacterial. C. amboinicus (栺) and E. stachyodes oils were able 

to inhibit the same bacterial strains at equal minimum inhibitory 

concentration values. The bacterial strains used in this experiment 

can be grouped into carbapenem and methicillin-sensitive strains 

(ECO25922, KPN-P-16, SAU25923 and S156), carbapenemase-

producing strains (CRE-N27 and CRE-105) and methicillin-

resistant strains (R34). Based on the antibacterial activity 

against different bacterial groups, essential oils from T. ammi, C. 

amboinicus (栺), C. amboinicus (II), and E. stachyodes reported low 

minimum inhibitory concentration values and displayed activity 

against not only carbapenem and methicillin-sensitive strains, but 

also carbapenemase-producing K. pneumoniae (CRE-105) and 

methicillin-resistant S. aureus (R34) as well.   

4. Discussion

  C. amboinicus (栺) and C. amboinicus (栻) are aromatic plants 

and are usually used as side dishes in northern Thailand. C. 

amboinicus (栺) leaves are green while C. amboinicus (栻) leaves 

are both green and white. This study shows the differences between 

the C. amboinicus (栺) and C. amboinicus (栻) essential oils in 

both biological activities and compositions. The antioxidant and 

antibacterial activities were found to be different due to their 

chemical profiles. C. amboinicus (栺) oil contained carvacrol 

(51.57%), γ-terpinene (18.04%) and p-cymene (7.81%), whereas C. 

amboinicus (栻) oil components were 3-carene (19.75%), carvacrol 

(17.78%), camphor (15.29%), γ-terpinene (8.54%) and p-cymene 

(4.59%). A higher amount of phenolic compound (carvacrol) 

Table 2
The percentage area of the major compounds with the experimental Kovats retention indices (KIE) in the essential oils from Lamiaceous plants.

KIE Major compounds
Lamiaceae

Chemical group
CA (I) CA (II) EC EG EK ES HSP

971 Sabinene - 0.13 - - - 0.26 19.30 Monoterpenes

976 β-Pinene - - - - - 0.10 5.07 Monoterpenes

1008 3-Carene - 19.75 - - - - 0.33 Monoterpenes

1019 α毩-Terpinene 2.91 5.20 - - - 6.15 0.62 Monoterpenes

1028 p-Cymene 7.81 4.59 - - 0.03 6.73 0.16 Monoterpenes

1033 Limonene 0.26 1.55 - - - 0.49 5.69 Monoterpenes
1037 1,8-Cineole - - - - - - 16.28 Monoterpenes
1043 (Z)-Ocimene - 0.11 - - - 3.84 - Monoterpenes
1063 γ-Terpinene 18.04 8.54 - - 0.06 24.61 0.99 Monoterpenes
1086 Terpinolene 0.09 0.48 - - -  0.18 8.81 Monoterpenes
1147 Camphor - 15.29 - - - - - Monoterpenes
1198 Elsholtzia ketone - - - 10.66 1.78 - - Acylfuran

1212 α毩-Dehydro elsholtzia ketone - - - 3.41 2.06 - - Acylfuran

1240 Neral - - 35.27 - - - - Monoterpenes
1270 Geranial - - 44.74 - - - - Monoterpenes

1292 Thymol 0.28 0.06 - - - 43.76 - Monoterpenes

1297 Carvacrol 51.57 17.78 - - -  0.21 - Monoterpenes
1299 β-Dehydro elsholtzia ketone - - - 79.96 85.24 - - Acylfuran
1413 β-Caryophyllene 6.82 3.52 0.74 2.96   1.43 1.99 11.81 Sesquiterpenes

1430 α毩-Bergamotene 4.73 3.91 - - - -   2.18 Sesquiterpenes

1452 β-Farnesene - - - -   2.75 - - Sesquiterpenes

1482 β-Selinene - 3.23 - - - -  0.55 Sesquiterpenes

2000 Rimuene - - - - - -  6.52 Diterpenes

Total 92.51 84.14 80.75 96.99 93.35 88.32 78.31

CA-I: C. amboinicus (栺); CA-II: C. amboinicus (栻); EC: E. communis; EG: E. griffithii; EK: E. kachinensis; ES: E. stachyodes; HSP: H. suaveolens.

Table 3
IC50 values (mg/mL) of the essential oils from Apiaceous and Lamiaceous plants in antioxidation assays (mg/mL).

Samples DPPH assay ABTS assay β-Carotene assay 

Essential oils TA   8.954 1.084 1.092

CA-栺   9.518 0.892 1.345

CA-栻 18.760 4.206 3.850

ES  6.942 1.228 1.129
Positive control BHT  0.468 0.680 0.021

Trolox  0.077 0.748 0.007

TA: T. ammi; CA-栺: C. amboinicus (栺); CA-栻: C. amboinicus (); ES: E. stachyodes.
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Table 4 
Antibacterial activity with minimum inhibitory concentration (MIC) of the essential oils from Apiaceous and Lamiaceous plants (mg/mL). 

Essential oil ECO25922 SAU25923 KPN-P-16 CRE-N27 CRE-105 R34 S156

Apiaceae AG -     5.00 5.00 5.00      >25.00       >25.00 0.52 5.00

+     5.00 5.00 5.00      >25.00       >25.00 0.52 5.00

CC -         >25.00       >25.00       >25.00      >25.00       >25.00       >25.00     >25.00

+         >25.00        >25.00        >25.00      >25.00       >25.00        >25.00      >25.00

FV -    1.00 5.00 0.12 0.20 5.00 1.00 5.00

+    1.00 5.00 0.52 5.00 ≥    曒25.00 5.00 5.00

HSC - 25.00 5.00 25.00 25.00 25.00 5.00 25.00

+ 25.00 25.00 25.00 25.00 25.00 25.00 25.00

TA - 0.20 0.12 0.12 1.00 0.12 0.12 0.12

+ 1.00 0.12 0.12 1.00 0.12 0.12 0.12

Lamiaceae CA-栺 - 1.00 0.12 0.12 1.00 1.00 0.12

+ 1.00 0.12 0.12 1.00 1.00 0.12 0.12

CA-栻 - 1.00 1.00 1.00 5.00 1.00 0.12

+ 1.00 1.00 1.00 5.00 1.00 0.12 0.12

EC - 5.00 0.12 1.00 25.00 25.00 0.12 0.12

+ 5.00 0.12 1.00 25.00 25.00 0.12 0.12

EG -       >25.00       >25.00       >25.00        >25.00        >25.00       >25.00     >25.00

+       >25.00        >25.00       >25.00        >25.00       >25.00       >25.00     >25.00

ES - 1.00 0.12 0.12 1.00 1.00 0.12 0.12

+ 1.00 0.12 0.12 1.00 1.00 0.12 0.12

HSP - ≥25.00 1.00 25.00       >25.00 ≥25.00 1.00 5.00

+ ≥25.00 1.00 25.00       >25.00 ≥25.00 1.00 5.00

ECO25922: E. coli ATCC 25922; SAU25923: S. aureus ATCC 25923; KPN-P-16: K. pneumoniae P-16; CRE-N27: carbapenemase-producing E. coli; CRE-

105: carbapenemase-producing K. pneumoniae; R34: methicillin-resistant S. aureus (MRSA); S156: methicillin-sensitive S. aureus (MSSA); AG: A. graveolens; 
CC: C. cyminum; FV: F. vulgare; HSC: H. siamicum; TA: T. ammi; CA-I: C. amboinicus (I); CA-II: C. amboinicus (II); EC: E. communis; EG: E. griffithii; ES: 

E. stachyodes; HSP: H. suaveolens. The experiments were performed with (+) and without (-) indicators. The values represent the mean of two replicates. E. 

kachinensis sample was not available for the antibacterial activity determination.
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Figure 1. Screening results on the antioxidation activities of the essential oils from Apiaceous and Lamiaceous plants. 

The values were measured at a sample concentration of 100 mg/mL for DPPH and ABTS assays and 10 mg/mL for β-carotene bleaching assay. The error bars 

indicate the standard deviation of five replicates, except in the DPPH assay of the Lamiaceous samples (triplicates). The different letters (a-i) within an assay 

represent significant differences among the oil treatments (P<0.05).    
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increased the potential of antioxidation capacity. In addition, the 

synergistic effect of carvacrol and p-cymene also increased the level 

of inhibition of microbial growth. The hydrophobicity of p-cymene 

clearly incorporated the lipid bilayer and the transportation of 

carvacrol into the cell[25]. Disturbances of the cell membrane’s 

physical structure lead to destabilization of the membrane’s 

permeability[9]. 

  Acetophenone, caryophyllene oxide, and β-caryophyllene were 

reported as being widely distributed in the essential oil of Elsholtzia 

species[26]. According to the previous study, carvacrol was identified 

as the main compound of E. stachyodes oil obtained from Mae 

Hong Son and Chiang Mai Provinces, at 55.81% and 43.75% 

respectively[27]. In contrast to the findings of this study, thymol 

(43.76%) and γ-terpinene (24.61%) have been identified as the 

major components of E. stachyodes oil, while p-cymene (6.73%), α

毩-terpinene (6.15%) and Z-ocimene (3.84%) were considered the 

minor constituents. Similarly to that which was reported by Phetsang 

et al., the oxygenated monoterpenes that consisted of geranial 

(44.74%) and neral (35.27%) were the most abundant in the E. 

communis oil[27]. In the present report, E. griffithii and E. kachinensis 

oils mostly composed of acylfuran derivatives, β-dehydroelsholtzia 

ketone (79.96% and 85.24%) and elsholtzia ketone (10.66% 

and 1.78%). Phetsang et al. reported that elsholtzia ketone was 

represented as dominant at 83.87%, however β-dehydroelsholtzia 

ketone and β-caryophyllene were also found in their E. griffithii 

oil samples in significant amounts[27]. This study has identified the 

major compounds of H. suaveolens oil, which are sabinene (19.30%), 

1,8-cineole (16.28%) and β-caryophyllene (11.81%). This was found 

to be similar to Nigerial H. suaveolens oil which contained sabinene 

(16.5%) and β-caryophyllene (19.8%) as major compounds[28], 

while spathulenol (7.7%) and bicyclogermacrene (6.5%) that were 

present in Tanzanial H. suaveolens oil, were absent in this study[29]. 

The effects related to plant source, environmental factors, harvesting 

time, extraction methods and analysis techniques are remarkably 

important factors and play an important role in the differentiation of 

the chemical profile of plants[26].

  Among the Elsholtzia species, E. communis and E. stachyodes 

oils were also tested for bacterial growth inhibition. Phenolic 

compounds such as thymol are able to present both antioxidative and 

antibacterial activities, a combination with p-cymene also presented 

the synergism of the antibacterial properties of E. stachyodes oil. 

Generally, gram-positive strains are more susceptible to antibacterial 

agents than gram-negative bacteria, due to the production of 

lipopolysaccharides covering the cell wall of the gram-negative 

bacteria. This facilitates the restriction of hydrophobic compound 

diffusion. Citral isomers, such as neral and geranial and other related 

compounds have been reported for their effectiveness against post-

harvest pathogenesis fungal strains[30]. These aldehyde constituents 

are able to form a covalent bond to nucleophile substances and can 

cause a malfunction in the microorganism’s cells, in a similar way as 

geranial and neral of the E. communis oil affecting the gram-positive 

tested strains. 

  Moreover, the mixture of geranial and neral (citral) obtained 

from citrus essential oil has been identified as a noncompetitive 

tyrosinase inhibitor[31]. This result also confirmed the activity of 

antityrosinase enzymes of E. communis oil. In 1998, cuminaldehyde, 

a benzaldehyde derivative, was investigated as a potent mushroom 

tyrosinase inhibitor obtained from cumin extract. The mechanism 

of competitive inhibition was described in greater detail 3 years 

later as being the most potent agent of inhibition among the other 

4-substituted banzaldehydes[32,33]. Competitively, the aldehyde 

group of cuminaldehyde reacts directly to the primary amino group 

of the enzyme while a non-competitive inhibitor can react only 

to the enzyme-substrate complex[7]. C. cyminum oil containing 

cuminaldehyde (49.07%) as the major compound, which is similar 

to Tunisian cumin oil[34], is also of interest as a tyrosinase inhibitor. 

There have been various studies on the inhibitory effects of C. 

cyminum oil against different bacterial strains[10], which is in contrast 

to the low efficacy results in this study. 

  T. ammi oil has been found to be the most effective in terms of 

its antioxidation and antibacterial activities when compared with 

other Apiaceous species. Its major components are the phenolic 

compound [thymol (49.04%)] and terpene hydrocarbon [p-cymene 

(22.06%) and γ-terpinene (21.23%)]. In previous reports, these three 

compounds were recognized as the main constituents of the seed 

samples[35,36]. The biological activities that were displayed against 

bacterial and fungal strains were also observed in the different 

fractions of T. ammi oil. An increase in the amount of thymol could 

promote a higher level of efficacy, likewise the synergism of thymol 

and carvacrol was also found to be present with a small amount of 

carvacrol[36]. The synergism of thymol and p-cymene is emphatically 

mentioned in these experimental results.

  The oxygenated monoterpenes: carvone (32.70%), cis-

dihydrocarvone (20.55%) and trans-dihydrocarvone (10.42%); 

phenylpropanoids: dillapiole (12.57%) and monoterpene: limonene 

(20.67%), have been identified as the major compounds of A. 

graveolens oil. This is in agreement with previously published 

research reports. Additionally, carvone (55.2%), limonene (16.6%) 

and dillapiole (14.4%) were the major compounds of the oil, while 

linalool, trans-dihydrocarvone and cis-dihydrocarvone were the 

minor components[37]. Carvone was reported to be ineffective to the 

outer membrane of E. coli, whereas only a few studies have described 
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the disturbance of the metabolic energy state of the bacterial cells[9]. 

Thus, the antibacterial effect of this oil was considered to be quite 

low, except against the R34 strain.

  In this study, F. vulgare oil presented a moderate effect in terms of 

its antibacterial properties. It is composed of the following major 

constituents; trans-anethole (54.78%), estragole (16.40%) and 

α-fenchone (13.60%). A previous study on F. vulgare oil fraction 

demonstrated that the oil fraction is with higher percentages of 

anethole and estragole, but lower percentages of fenchone, was 

found to display the most effective antifungal activity. Anethole 

was identified as the major compound with the most significant 

antifungal effect. Even though fenchone showed a moderate level of 

antifungal activity, it did not respond to the total oil potential effect. 

Moreover, the synergism of the total oil may be present in the active 

compound even at small concentrations[38]. 

  H. siamicum is also known as Malabe and is considered a local 

spice in northern Thailand. The major compounds of H. siamicum oil 

are octyl acetate (46.55%), β-pinene (16.31%), γ-terpinene (10.75%) 

and p-cymene (6.67%). These compounds can be found in some 

Iranian Heracleum species as minor constituents[39]. Similarly to H. 

siamicum that was collected from a market in Chiang Mai Province, 

Thailand in January 2008, octyl acetate (65.30%) was reported as the 

major compound of this oil[40].

  In conclusion, the essential oils with a higher distribution of the 

phenolic compounds thymol, carvacrol and terpene hydrocarbon 

p-cymene in the samples displayed greater potential in terms of 

both their antioxidative and antibacterial activities. The beneficial 

findings in terms of the antioxidative effects of these substances are 

related to their active anti-aging properties as well as their antibacterial 

affects. These antibacterial effects can preserve the stability of their 

formulation against bacterial strains and reduce the number of synthetic 

preservatives that need to be added to the products. The essential oils 

of T. ammi, C. amboinicus (栺), C. amboinicus (栻) and E. stachyodes 

demonstrated their antioxidant ability through the free radical 

scavenging effect. T. ammi oil was also identified as possessing 

the most active antibacterial agent against both gram-negative/

gram-positive and sensitive/resistance pathogens, subordinated by 

C. amboinicus (栺) and E. stachyodes oils. Although the species of 

the C. amboinicus plant was the same, the appearance of the plant, 

chemical profile, odor and also the biological activities of the C. 

amboinicus (栺) and C. amboinicus (栻) oils demonstrated different 

results. The plant that will be used as a source of an essential oil 

should be carefully selected, identified and documented. Besides, 

C. cyminum oil containing cuminaldehyde and E. communis oil 

with citral (geranial and neral) is of significant interest as they are 

considered the major components and have been as a source of the 

moderated mushroom tyrosinase inhibitor. Finally, the results of this 

study can significantly support the existing scientific data as well 

as add to the value of these bioactive essential oils that have been 

obtained from indigenous plants. The essential oils can be seen as 

promising alternative raw materials for use in foods, cosmetics and 

medicinal products.
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