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Abstract 

In the current study, we investigated for the first time, the chemical composition, as well as 
biological (antioxidant, antimicrobial and hemolytic) activities of conventionally hydrodistilled (CHD) 
and microwave, assisted hydrodistilled (MAHD) essential oils of Thymus linearis subsp. hedgei Jalas. 
For this purpose, chemical components of CHD and MAHD essential oils were characterized using GC-MS. 
Antioxidant potential of two fundamental oils was determined using 1,1-diphenyl-2-picrylhydrazyl 
(DPPH) radical scavenging and linoleic acid inhibition assays. Antimicrobial activity was estimated by 
disc diffusion and MIC assays. Haemolytyic assay was used to assess the effect of each essential oil on 
human erythrocyte membrane. The results of GC-MS study showed that CHD and MAHD essential oils 
of were rich in carvacrol with the chemical contribution of 52.88% and 38.03%, respectively. 
Meanwhile, MAHD essential oil consistently exhibited the higher 1,1-diphenyl-2-picrylhydrazyl(DPPH) 
radical scavenging activity, linoleic acid inhibition (65.9 ± 1.01%) and antimicrobial activity than CHD 
essential oil. The outcome of haemolyitc assay revealed that both the oils were safe to erythrocyte 
membrane. The current study demonstrates that T. linearis subsp. hedgei Jalas essential oils particularly 
that extracted by microwave assisted hydrodistillation could be used as novel natural source of 
antioxidant and antimicrobial agents. 
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1.  Introduction 

Thymus linearis subsp. hedgei Jalas (Lamiaceae) is an endemic medicinal plant, 
known as Tormori in Pakistan (TAREEN & al. [1]). It is wildly distributed in alpine and 
subalpine regions of the world (Alamgeer & al. [2]). It is a small aromatic shrublet which may 
reach 15 to 30 cm in height. The shrublet had dark green leaves with clusters of three or four 
flowers. Different parts of this shrublet are used in folk medicines for the treatment of various 
ailments including headaches and toothaches. The decoction of the plant is used in traditional 
herbal practices to cure cough and typhoid fever (TAREEN & al. [1]). Plant species of 
Lamiaceae family are reported for their pharmacological activities on a scientific basis 
(ROTA & al. [3]) but there was complete gap of knowledge regarding the pharmacological 
aspects of Thymus linearis subsp. hedgei Jalas. 

As scientific studies had revealed the potential therapeutic use of natural essential oils 
in human health, therefore current study was aimed to explore novel natural source (T. linearis 
subsp. hedgei Jalas) of essential oil with suspected pharmacological (antioxidant, antimicrobial 
and haemolytic) potential. Moreover, in current study, an effort was made to explore the effect 
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of extraction (conventionally hydrodistillized and microwave hydrodistillized) techniques on 
chemical composition, antioxidant, antimicrobial and haemolytic activities of essential oils 
extracted from T. linearis subsp. hedgei Jalas. 
 
2.  Materials and methods 

Collection of plant material  
The  whole plant material of Thymus linearis subsp. hedgei Jalas was collected from 

Queta, Province Baluchistan, Pakistan. The plant was identified by Dr. Rasool Bakhsh Tareen 
(Botanist), Department of Botany, University of Baluchistan Quetta, Pakistan, where a voucher 
specimen (No. TL-RBT-07) has been deposited. Fresh plant material was washed with 
distilled water to remove dust and other extraneous matter. The plant material was dried 
in the shade for isolation of essential oils.  

Extraction of essential oil  
The isolation of essential oil from whole plant material of T.  linearis subsp. hedgei Jalas 

was carried out by conventional hydrodistillation (CHD) and microwave-assisted hydrodistillation 
(MAHD) methods. In conventional hydrodistillation method, 500 g of dried and crushed whole 
plant material of T. linearis subsp. hedgei Jalas was hydrodistillized for 3 hr using Clevenger-type 
apparatus to extract the essential oil (Yield = 0.8% W/W). In microwave-assisted hydrodistillation 
method, a domestic microwave oven (Haier, 230v-50Hz, maximum: 1000 watts) was modified 
for the distillation. A 50 g of dried and crushed whole plant material was placed in a flask (2 L) 
that was set up within the microwave oven cavity. The microwave oven was operated at 200 W 
for 1 hr. The extracted essential oil (Yield = 1% W/W) was collected with the help of 
hydrodistillation set that was fitted on the top of microwave oven. The extracted essential oils 
were dried over anhydrous Na2SO4, filtered and preserved at -4°C until analyzed. 

GC-MS analysis of essential oils 
 The samples were analyzed using a GC 6850 network GC system equipped with  

a 7683B series auto injector and 5973 inert mass selective detector (Agilent Technologies, 
Willmington, DE, USA). Compounds were separated on an HP-5 MS capillary column with 
a 5% phenyl polysiloxane stationary phase (30.0 m × 0.25 mm, film thickness 0.25 μm). 
Oven temperature was programmed in a three step gradient: initial temp set at 45°C (held for 
5 min), ramped till 150°C at 10°C/min, followed by a 5°C/min rise till 280°C and finally at 
15°C/min to 325°C where it was held for 5 min. Helium gas flow rate was 1.1 mL/min 
(pressure 60 KPa and linear velocity 38.2 cm/sec). Ions/fragments were monitored in 
scanning mode through 40-550 m/z. The compounds were indentified and authenticated using 
their MS data by comparison with those of the NIST 05 Mass Spectral Library.  

Free radical (DPPH ) scavenging assay 
 The antioxidant activity of CHD and MAHD essential oils of the whole plant of 

T.  linearis subsp. hedgei Jalas was assessed by measuring their scavenging ability to  
1, 1-diphenyl-2-picrylhydrazyl stable radicals (DPPH). The DPPH assay was performed as 
described previously (ASHRAF& al. [4]). Different concentrations (25 to 125 µg/mL) of each 
essential oil were added at an equal volume in 2 mLof methanolic solution of DPPH (0.1 mM). 
After 30 minutes incubation at room temperature, the absorbance was recorded at 515 nm 
with a spectrophotometer (PG-T60, Hitachi, Japan). Inhibition of free radical by DPPH was 
calculated using the formula: 

 Inhibition of DPPH radicals (%) = 100 x (Ablank / Asample / Ablank) 
Where Ablank is the absorbance of the control reaction mixture excluding the test compounds, 
and Asample is the absorbance of the test compounds.  
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Percent inhibition in linoleic acid system 
The antioxidant activity of CHD and MAHD essential oils was determined in terms of 

% inhibition of peroxidation in the linoleic acid system. Briefly, 10 μL of each essential oil 
sample was added to a solution containing linoleic acid (0.13 mL), 99.8% ethanol (10 mL) 
and 0.2 M (10 mL) sodium phosphate buffer (pH 7). The mixture was diluted to 25 mL with 
distilled water, incubated at 40ºC and the degree of oxidation was measured following 
the thiocyanate method (GULCIN & al. [5], YEN al. [6]) with 10 ml of ethanol (75 %), 0.2 mL 
aqueous ammonium thiocyanate (30%) solution, 0.2 mL of sample solution and 0.2 mL of 
ferrous chloride (FeCl2) solution (20 mM in 3.5% HCl) being added sequentially. After 3 min 
of stirring, the absorption values of the mixtures were measured at 500 nm, and the readings 
were taken as peroxide contents. A control reading was performed with linoleic acid without 
the oil sample. The maximum peroxidation level was observed at 360 h (15 days) in the sample 
which contained no antioxidant component and was used as a test point. Percent inhibition 
of linoleic acid peroxidation was calculated using the following formula: 

Percent inhibition =100 – (Asample /Acontrol) ×100 
 Where Asample  is the absorbance of reaction mixture essential oil, and Acontrol is the absorbance 
of the reaction mixture without essential oil. 

Antimicrobial activity 
Disc diffusion assay 
The agar disc diffusion method (NCCLS, [7]) was used for determination of diameters 

of inhibition zones made by conventionally hydrodistilled (CHD), and microwave assisted 
hydrodistillized (MAHD) essential oils of T. linearis subsp. hedgei Jalas against tested bacterial 
(Escherichia coli, Bacillus subtilis, Pasteurella multocida and Staphylococcus aureus) and fungal 
(Aspergillus niger and Fusarium solani)strains. Sterile Nutrient agar was inoculated with a 
100 µL suspension of tested bacteria, and sterile potato dextrose agar was inoculated with 100 µL 
of tested fungi. The inoculated nutrient agar and potato dextrose agar were then poured into 
sterilized petri plates individually. Sterile filter discs impregnated with 50 µL of sample 
solution were placed in inoculated petri plates with the help of sterile forceps. Rifampicin and 
Terbinafine were used as a positive control in bacterial and fungal inoculated plates, respectively. 
The plates were incubated at 37°C for 24 hrs and at 27°C for 48 hrs for maximum bacterial 
and fungal growth, respectively. Antibacterial and antifungal activities were evaluated by 
measuring the diameter (Millimeter) of inhibition zones with the help of zone reader. 

Minimum inhibitory concentration (MIC) assay 
The antimicrobial activity of CHD and MAHD essential oils was estimated by 

measuring minimum inhibitory concentration (MIC). Broth micro-dilution method (NCCLS, 
[8]) was followed for determination of MIC values. Briefly, dilution series of each essential 
oil solution (100 µL) was prepared from 0.14 to 17.9 mg/mL in a 96-well microtiter plate, 50 µL 
of nutrient broth (NB) and Sabouraud dextrose broth (SDB) were added for bacterial and 
fungal strains, respectively, onto microtitreplates. Then two-fold serial dilutions were done 
using a micropipette so that each well carried 50 μL of essential oil solution in a serially 
decreasing concentration. Thereafter 10 μL inoculum of tested microbial strain was added to 
each well. Dimethyl sulfoxide in NB and SDB was used as negative control, while NB 
containing Rifampicin and SDB containing Terbinafine were used as positive control for 
bacterial and fungal strains, respectively. The plates were incubated at 37°C for 24 hrs and at 
27°C for 48 hrs for bacteria and fungi, respectively. Each essential oil sample was assayed in 
triplicate against each tested microbial strain.  
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Haemolytic activity 
 The CHD and MAHD essential oils of T.  linearis subsp. hedgei Jalas were analysed 

for the haemolytic activity by previous method (POWELL & al. [9]) with some modifications. 
The essential oils at a concentration of 10 mg/mL in 10% DMSO were prepared. Three mL of 
freshly obtained human blood was added in heparinized tubes to avoid coagulation and gently 
mixed, poured into a sterile 15 mL falcon tube and centrifuged for 5 min at 850 x g. The 
supernatant was poured off, and RBCs were washed three times with 5 mL of chilled (4°C) 
sterile isotonic phosphate buffer saline (PBS) solution, adjusted to pH 7.4. The washed RBCs 
were suspended in the 20 mL chilled PBS. Erythrocytes were counted on a haemocytometer. 
The RBCs count was maintained to 7.068 x 108 cells per mL for each assay. The 20 µL of each 
essential oil was taken in 2 mL eppendorfs and then added 180 µL diluted blood cell suspension. 
The samples were incubated for 35 minutes at 37°C. Agitated it after 10 minutes, after 
incubation, then tubes placed on ice for 5 minutes and centrifuged for 5 minutes at 1310 x g. 
After centrifugation, 100 µL supernatant was taken from the tubes and diluted with 900 µL 
chilled PBS. All eppendorfs were maintained on ice after dilution. After this 200 µL mixture 
from each eppendorfs was added into 96 well plates. For each assay, 0.1% trition X-100 was 
taken as a positive control and phosphate buffer saline (PBS) was taken for each assay as 
a negative control. The absorbance was noted at 576 nm with a BioTek, μ Quant (BioTek, 
Winooski, VT, USA). The % lysis of RBCs calculated by the following formula: 

% RBCs lysis = Asample / ATriton X-100 X 100 
Where Asample is absorbance of essential oil and ATriton X-100 is absorbance of Triton X-100 that 
was used as negative control.   

Statistical analysis 
Statistical comparisons were made with Minitab software version 16 using one-way 

analysis of variance (ANOVA) by Tukey’s test at 5% probability level. All data were 
represented as means ± standard deviation of triplicate determinations. 

 
3.  Results and discussions 

Chemical composition 
The different chemical constituents identified from conventionally hydrodistillized (CHD) 

and microwave assisted hydrodistillized (MAHD) essential oils are shown in Table.1. In CHD 
essential oil of T. linearis subsp. hedgei Jalas 16 compounds were identified which constituted 
98.8% of oil, while in MAHD essential oil of T. linearis subsp. hedgei Jalas 26 compounds were 
detected which were 99.25% of the oil composition. The dominating component of conventionally 
hydrodistillized (CHD) essential oil was carvacrol (52.88%) followed by methyl benzene 
(15.08%), thymol (10.19%) and carvacrol acetate (3.35%). Carvacrol (38.03%) was the main 
constituent of microwave assisted hydrodistilled (MAHD) essential oil followed by p-cymene 
(20.53%), thymol (12.48%), γ-terpinene (6.29%), cyclopropaneoctanoic acid, 2-hexyl, methyl 
ester (4.03%) and carvacrol acetate (3.87%). Other components identified in T. linearis subsp. 
hedgei Jalas essential oils (CHD and MAHD) were in an amount less than 3%. Many studies 
have been reported on the chemical composition of essential oil from Thymus (JIA & al. [10], 
ROTA & al. [3]). Our results in are in good agreement with a previous study (Verma & al. 
[11]), in which thymol was reported as the main constituent of Indian T. linearis essential oil, 
but the quantity reported was significantly higher than our findings. Several recent studies had 
shown that bioactive constituents of essential oils are responsible for their antioxidant, 
antimicrobial, anti-inflammatory and anticancer activities (HUSSAIN & al. [12], VICTORIA & 
al. [13]). Therefore, chemical constituents of CHD and MAHD essential oils of T. linearis 
subsp. hedgei Jalas might be the major contributor of their biological activities. 
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Table 1. Chemical constituents of MAHD and CHD essential oils of T. linearis subsp. hedgei Jalas 
 

 
Components 

 
 

Retention time 

Microwave assisted 
hydrodistillized 

(MAHD) 
essential oil 

Conventionally 
hydrodistillized 

(CHD) 
essential oil 

  Composition (%) 

α-Thujene 9.60 0.48 ± 0.01 ---- 
α – Pinene 9.93 0.74 ± 0.12ab 0.53 ± 0.001d 
Camphene 10.71 0.73 ± 0.09cd 0.63 ± 0.04e 
β- Pinene 12.08      1.01± 0.25 ---- 

3-Octanone 12.62 1.07 ± 0.10a 1.21 ± 0.07d 
β –Myrcene 12.80 1.00± 0.05c 0.80 ± 0.07ac 
α- Terpinene 14.15 0.25 ± 0.26 ---- 

p-cymene 14.16 20.53 ± 0.01b 2.92 ± 0.06de 
Methyl benzene 14.57 ---- 15.08 ± 0.15 
β- Terpinene 14.83 0.24 ± 0.20 ---- 
γ-Terpinene 16.37   6.29 ± 0.09ac 2.65 ± 0.43ce 

4-Thujonol,Stereoisomers 17.00 0.70 ± 0.06 ---- 
δ- Terpinene 17.75 0.48 ± 0.03 ---- 

Linalool 18.61 0.19 ± 0.11ab 1.30± 0.17f 
Isoborneol 22.28 2.14 ± 0.03b 2.48 ± 0.04bd 

Terpinene-4-ol 22.71 1.02 ± 0.51a 1.49 ± 0.01c 
Dodecane 23.83 0.38 ± 0.09 ---- 

Thymol methyl oxide 25.21 0.78 ± 0.02ad 0.16± 0.16bc 
Thymol 28.20    12.48± 0.41e 10.19 ± 0.51ef 

Carvacrol 28.57 38.03 ± 0.03be 52.88 ± 0.26ad 
Tridecane 28.76 1.00 ± 0.01 ---- 

Thymol acetate 30.57 1.98± 0.05a 2.05 ± 0.08cf 
Carvacryl acetate 31.65 3.87± 0.34d 3.35 ± 0.23bc 

Dodecane,2,6,10 trimethyl 32.25 0.22 ± 0.13 ---- 
Tetradecane 33.36 1.01 ± 0.11 ---- 
Bisabolene 37.98 0.27 ± 0.06d 1.15± 0.01a 

Cyclopropaneoctanoic acid, 
2-hexyl, methyl eater 

68.96 4.07 ± 0.13 ---- 

Total  99.25 98.8 
( ---- ) = not detected. Compounds are identified on the basis of comparison of retention time and mass spectra in 
NIST data. Data are Mean ± SD of triplicate determinations. Mean with different superscript letters in the same row 
indicate significant difference (P < 0.05) among techniques used for extraction for essential oil. 

 
Antioxidant activity 
In current study, two classical antioxidant assays namely 1,1-diphenyl-2-picrylhydrazyl 

(DPPH) radical and linoleic acid bleaching assays were used to assess antioxidant potential 
of conventionally hydrodistillized (CHD), and microwave assisted hydrodistillized (MAHD) 
essential oils of T. linearis subsp. hedgei Jalas are, and results are shown in Figure. 1. In DPPH 
assay, the free radical scavenging activity of CHD and MAHD essential oils increased with 
increase in dose (µg/mL) of tested essential oil. These results are in accord with the study 
of VICTORIA & al.[13], who showed maximum inhibition (%) of free radicals (DPPH) at 
the highest dose of Eugenia uniflora essential oil. It is depicted from the results that MAHD 
essential oil exhibited the higher free radical scavenging activity (74.9 ± 0.87%) than CHD 
essential oil (46.31 ± 1.25%). However, the free radical scavenging activity of MAHD essential 
oil was lower than the positive control, ascorbic acid (91.28 ± 0.05%). Our results are in agreement 
with a current scientific study in which ALIBOUDHAR and TIGRINE-KORDJANI, [14], 
examined greater DPPH scavenging activity of microwave assisted hydrodistillized essential 
oil of Anacyclus clavatus as compared to hydrodistillized one.  
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The antioxidant efficacy of CHD and MAHD essential oils was also estimated by 
assessment of their ability to prevent from oxidation. For this purpose linoleic acid 
peroxidation assay was used and the results are shown in Figure 2. It is evident from the 
results that inhibition of peroxidation followed a dose dependant mode over a concentration 
range of 25 to 125 µg/mL. Maximum inhibition (%) of peroxidation for CHD and MAHD 
essential oils was examined at 25 µg/mL, while the minimum rate of inhibition (%) was at 
125 µg/mL. MAHD essential oil exhibited considerable inhibition of peroxidation ranged 
from 16.19% to 65.9%. Our findings in the current study are in accord with previous 
investigations where the maximum inhibition of peroxidation was noted at the highest tested 
dose (AMIRI, [15]). 
 

 
Figure. 1. DPPH free radical scavenging activity (%) of conventionally hydrodistillized (CHD)  

and microwave assisted hydrodistillized (MAHD) essential oils of whole plant  
of Thymus linearis subsp. hedgei Jalas. 

 
 

 
 

Figure. 2. Linoleic acid inhibition activity (%) of conventionally hydrodistillized (CHD) and microwave 
assisted hydrodistillized (MAHD) essential oils of the whole plant of Thymus linearis subsp. hedgei Jalas. 

 
Antimicrobial activity 
The antimicrobial efficacy of CHD and MAHD essential oilsagainst a panel of six 

microorganisms was examined by disc diffusion assay. The results are shown in Table 2. 
Analysis of variance showed that CHD and MAHD essential oils exhibited significantly 
(P< 0.05) varying antimicrobial potential against the tested microbial strains.  
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Table. 2. Antimicrobial activity ofconventionally hydrodistillized (CHD) and microwave assisted 
hydrodistillized (MAHD) essential oils of whole plant of Thymus linearis subsp. hedgei Jalas 

(----) indicates no antimicrobial activity. NT = Not tested. DI = Diameter of inhibition zone; MIC = Minimum inhibitory 
concentration; Data are represented as Mean ± SD of triplicate determination of each essential oil, analyzed individually in 
triplicates against each microbial strain. Mean with similar superscript letter in the same column present significant difference 
(P < 0.05) with regard to essential oils isolated by different techniques.   

  * Standard antibiotic for bacteria; * * Standard antibiotic for fungi 
 
Haemolytic activity 
In fact, the haemolytic activity of T. linearis subsp.hedgei Jalas essential oils against 

red blood cells (RBCs) had not been previously shown in literature, but the potent chemical 
composition and biological (antioxidant and antimicrobial) activities of this species prompted 
us to investigate its haemolytic activity. The haemolytic activity of CHD and MAHD essential 
oils of T. linearis subsp. hedgei Jalas on red blood cells (RBCs) was assessed at different 
doses (10 to 50 µg/mL) as shown in Figure 3.  

 

 
Figure. 3. Haemolytic activity ofconventionally hydrodistillized (CHD) and microwave assisted 

hydrodistillized (MAHD) essential oils of whole plant of Thymus linearis subsp. hedgei Jalas 
 
It was examined that lysis of RBCs increased with increase in dose of CHD and 

MAHD essential oils and maximum increase in death of RBCs was observed at 50 µg/mL. 
It was observed that phosphate buffer saline (negative control), did not cause cell lysis. Triton 
X-100 that was used as positive control exhibited 99.71 ± 0.11% death of RBCs. It is evident 
from the results that haemolytic activity of CHD was higher than MAHD essential. Overall, 
the haemolytic potential of CHD and MAHD essential oils was very weak and not related 
to membrane disruption and safe to use as source of herbal drugs for human beings. The variation 
in haemolytic effects of CHD and MAHD essential oils might be attributed to variation in 
chemical components as shown in Table 1. Our results are in accord with previous finding, 
that revealed poor lysis of RBCs by natural products (RIAZ & al. [18]).  

Microbial strains 
Bacterial strains Fungal strains 

Thymus linearis 
subsp. hedgei Jalas 

essential oils E. coli B. subtilis P. multocida S. aureus F. solani A. niger 
DI ----- 8.31±1.14b  9.0±0.71e   7.0±1.25c 14.1±0.07a 11.2±0.05b Conventionally 

hydrodistillized 
essential oil MIC ----- 17.9±0.88d 8.96±0.01e 17.9±0.18b 2.24±0.09b 4.48±0.01f 

DI ----- 9.13±0.01b 10.1±0.54c 7.52±0.21c 20.6±1.61e 15.9±0.01c Microwave 
assisted 

hydrodistillized 
essential oil 

MIC ----- 8.96±0.09b 4.48±0.08b 17.9±0.64b 1.12±0.09b 2.24±0.05e 

DI 22.6±1.20e 25.6±0.16a 24.2±1.02d Nt Nt Nt 
*Rifampicin 

MIC 1.12±0.01a 0.28±0.05c 0.56±0.07a Nt Nt Nt 
DI Nt Nt Nt 24.1±1.22a 25.0±1.69f 30.4±1.95a **Terbinafine MIC Nt Nt Nt 0.56±0.04d 0.28±0.03c 0.14±0.01d 
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4.  Conclusion 
Our study explored the new findings in the field of drug discovery from thenatural 

flora. We reported for the first time the chemical composition as well as the antioxidant, 
antimicrobial and haemolytic activities of essential oils obtained from T. linearis subsp. 
hedgei Jalas. The MAHD essential oil showed higher antioxidant and antimicrobial activities. 
The variations of biological attributes within MAHD and CHD essential oils could be 
attributed to nature of extraction technique as well as the chemical constituents being extracted. 
The considerable antioxidant and antimicrobial activities and weak haemolytic efficacy of 
T. linearis subsp. hedgei Jalas essential oils may assist in preparation of herbal drugs for 
treatment of microbial infections and oxidative stress related disorders. 
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