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Abstract
The volatiles chemical composition and biological attributes of coriander (Coriandrum sativum L.) leaves essential oil obtained by
two extraction techniques namely supercritical fluid extraction and hydro-distillation is appraised. The coriander essential oil
yield (.12%) by hydro-distillation was slightly higher than that of supercritical fluid extraction (.09%). The physico-chemical
variables of the essential oil obtained from both the techniques varied in significantly (P < .05). GC-MS analysis identified 23
different components in supercritical fluid extracted oil and 18 components in hydro-distilled essential oil having linalool as
major component (51.32% and 61.78%, respectively) followed by phytol (12.71%). The oil recovered by supercritical fluid
extraction exhibited greater DPPH radical scavenging activity as well as reducing power as compared to the essential oil
obtained by hydro-distillation technique along with a stronger biofilm inhibition and least hemolysis. The results of antimicrobial
activity revealed that super critical fluid extracted essential oil has potent antifungal and antibacterial activity against P. multocida
and A alternata, whereas hydro-distilled essential oil displayed better antimicrobial potential against E coli and A niger. Overall,
these results depict that supercritical fluid extraction is superior than hydro-distillation with regard to isolation of better-quality
coriander essential oil for nutra-pharmaceutical developments.
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Introduction

Coriander (Coriandrum sativum L.), belonging to the family
Apiaceae (Umbelliferae), has been described as one of the oldest
herbs used for culinary and medicinal purposes.1,2 A native to
Italy, this species is now broadly cultivated in different zones of
the world such as North Africa, Russia, Central and Eastern
Europe, Asia (Pakistan, India, Bangladesh, and China), and
Mediterranean regions (Egypt, Morocco, and Malta).3,4 It can be
grown throughout the year, but the best growth is observed
between the months of October and February and flowers are
produced between June and July.5 Because of its uses as a
flavoring agent in foods and cosmetics, this annual herb has a
greater economic value. The fruit and seeds of coriander are
aromatic, having a mild bittersweet and spicy taste.6 The dried
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coriander seeds are employed as a component of curry powder
and these are also used in stews and minced meat dishes. The
fresh leaves of coriander have often been utilized in salads,
making sauces and to garnish the food due to their characteristic
aroma and attractive green color.7,8

The main producers of coriander are Czech Republic,
Poland, Romania, Mexico, Argentina, India, and Guatemala.5

Countries like Ukraine and India have the major control over
the global market and trade of coriander oil.9 The oils obtained
from coriander are also used in body care products, perfumes,
cosmetics, and cosmeceuticals.10 The coriander seed and fresh
leaves were studied to check the occurrence of different bi-
ologically actives ingredients which impart various biological
and health promoting attributes.2,11,12 Conventionally, dif-
ferent parts and products of coriander plant have been used to
treat gastrointestinal disorder like dyspepsia, diarrhea, pain,
anorexia, flatulence, and vomiting.2

Avariety of medicinal herbs have been tested for essential oil
(EO) production and commercialization.13,14 In particular, var-
ious EOs can be produced from different parts, that is, aerial
(flower, buds, stem, leaves, fruits, peels, bark, wood, and seed)
and underground (roots) of aromatic plants.15,16 The majority of
odoriferous plants have been investigated to contain EO which
can be obtained from dried, partially dehydrated or fresh parts of
plants.16 Chemically, plants EOs mainly contain terpenoids
(volatile constituents) which are of great biological importance
due to their multiple pharmaceutical applications.16 The main
applications of EOs include their uses as preservatives and
flavoring agents, as well as potent bioactive agents.17,18 Besides
the traditional use of EOs as health and healing agents in aro-
matherapy, these have also been documented as potential in-
gredient in preparation of flavored foods, perfumery products,
cosme-nutraceuticals, and natural therapeutics.17,19

The processing methods used for the handling and storage of
plant materials as may affect the quality and quantity of EOs
isolated.20 The plant’s genetic, environmental and physiological
factors as well as well as extraction techniques employed can
alter the volatiles composition and ultimately the yield and
quality of EO extracted from different sources.21 Among dif-
ferent techniques, SCFE (supercritical fluid extraction) is em-
ployed for the extraction of EOs from different plant materials
including basil,17 sweet gale,22 and jasmine.23 In this green
extraction method, the aromas from the plants are extracted/
isolated using supercritical fluid such as liquid CO2. Carbon
dioxide is an inert gas having mild values of critical temperature
(31.1°C) and critical pressure (7.38MPa) and is considered to be
non-hazardous and non-toxic. The supercritical fluid extraction
method is more selective and safer as compared to conventional
methods (hydro-distillation) and the extracted product contains
no residual solvent but have value added benefits.24

The Soon valley, situated in the Punjab province of
Pakistan, with Sakesar as the highest peak in the Salt Range,
covers around 300-square-mile area. The valley has impres-
sive scenic beauty due to presence of several waterfalls,
natural lakes and ponds, and lush green mountains. The agro-

ecological and agro-climatic characteristics of the Soon valley,
in terms of mild temperature, distinct topography, and low
rainfall, are unique as compared with the neighboring regions
resulting in unique phytochemical composition of the me-
dicinal flora in this specific area.25

In one of our recent studies, we appraised and compared the
volatiles composition and biological principles of basil
(Ocimum basilicum L.) essential oil obtained by different
techniques.17 As a part of our ongoing research activities, in
the present research work, we planned to appraise the un-
explored biochemical profile of coriander leaves harvested
from unique Soon valley of Punjab, Pakistan. So, this research
project is specifically framed to appraise the biological at-
tributes and composition of essential oil obtained from co-
riander plants grown in this region. As per our best
understanding, this report is the first one which compares the
yield, volatile bioactives profiling and biological attributes of
coriander leaves essential oil produced by two different
techniques, that is, hydro-distillation and SCFE.

Experimental

Sample Collection

The plant parts (stem and leaves) of coriander (Coriandrum
sativum L.) were obtained during spring season from Soon
Valley, District Khushab, Punjab, Pakistan (Coordinates:
32o58/N 72o15/E). A taxonomist from Botany Department,
University of Sargodha, Sargodha, Pakistan, further authen-
ticated the specimen. The collected samples were washed and
dried (moisture content 6.50%) at room temperature prior to
extraction of EO.

Chemical and Reagents

Free radical of 2,2-diphenyl-1-picrylhydrazyl (DPPH),
trichloro-acetic acid, ammonium thio-cyanate, ascorbic acid
(vitamin C), aluminum chloride (AlCl3), ferrous chloride,
potassium ferri-cyanate, sodium nitrite, ferric chloride, buty-
latedhydroxytoluene (BHT) (99.0 %), butylatedhydroxyanisole
(BHA), dimethyl sulfoxide, 3-(4,5-dimethylthiazol-2,5-
diphenyl tetrazolium bromide) (MTT), penicillin/ streptomy-
cin solution, and fluconazole were supplied by Sigma Chemical
Corporation, USA. Sterile resazurin tablets for the purpose of
sterilization were obtained from BDH Laboratories. All other
chemicals such as chloroform, ammonium thiocyanate, ferrous
chloride, methanol, and sodium carbonate (anhydrous) used in
the research were acquired fromMerck, Germany, unless stated
otherwise. Analytical grade reagents and chemical were used
for this research work.

Recovery of EO

The pulverized coriander leaves samples were processed for
the extraction of EO using two different techniques for

2 Dose-Response: An International Journal



comparative study: conventional hydro-distillation (HD)
technique and modern supercritical fluid extraction (SCFE)
technique.

Hydro-Distillation

EO was recovered using Clevenger-type apparatus. For this
purpose, plant sample (3 kg) was hydro-distilled for 3 hours.
The recovered oil was dehydrated over sodium sulfate (an-
hydrous). After filtration, recovered oil was preserved at�4°C
until analyzed for different experiments.16,17

Supercritical Fluid Extraction (SCFE)

A commercial SCFE instrument (Deven’ supercritical private,
Ltd., India) was used for the recovery of EO from coriander
plant material. The plant sample (5 kg) was placed in the
extractor and heated for 60 minutes at 45°C before the starting
the process. Flow rate of supercritical CO2 was adjusted as
10 mL/minute, under 100 bar pressure at 45°C. The extraction
was done for 90 minutes under static condition and then for
30 minutes under dynamic conditions. The EO was collected
at outlet and preserved at �4°C for experimental uses.26

Analysis of Essential Oils

Yield and Physical Analyses. The yield (%) of the isolated EO
was determined by weight of initially used plant. The physical
analyses of the EOs include color, solubility (in 70% alcohol),
density (25°C), and refractive index (25°C). These analyses
were conducted following Abbas et al,17 Density and re-
fractive index of EO were measured by densimeter (Anton
Paar, model DMA 602, Austria), digital refractometer RX-
7000a (Atago Co. Ltd., Japan), respectively.

Gas Chromatography (GC). The bioactives chemical profiling
of the extracted coriander EO was studied using gas chro-
matography (PerkinElmer, Model 8700, USA) coupled with
FID detector. Capillary column (HP-5MS, 30 m length,
.25 mm diameter) was used in which thickness of stationary
phase was .25 μm. The temperature of the column was initially
adjusted at 80°C (for 3 min), followed by a gradual increase in
temperature by 4°C per minute till 220°C, and finally
maintained at 220°C for 10 minutes. The mobile phase used
was an inert noble gas (He) which was allowed to flow at the
rate of 1.5 mL per minute. The sample of EO (1.0 μL) was
introduced in the injector (220°C) in a split mode, while
detector temperature was maintained at 290°C.

GC-MS Analysis. The volatile bioactive components were further
authenticated by using another advanced technique gas chro-
matography coupled with mass spectrometer (GCMS) (Agilent,
model 6890N, MS-5975). For this analysis, the type of column
and its temperate programming was the same as previously used
in GC-FID method along with the same carrier gas with same

flow rate, but here the detection of the components was per-
formed using mass spectrometer with electron ionization mode
(70 eV). Identification of separated components was carried out
by comparing their mass spectra with those of standard spectra
published in NIST mass spectral library and finding out the
retention indices (RI) relative to the normal alkane (C9–C24) and
compared with the RI values of authentic compounds.17,27

Antioxidant Potential

The antioxidant potential of the extracted coriander EO was
estimated by performing different assays including reducing
potential and free radical scavenging capacity.

DPPH. Scavenging Assay. A stable free radical, DPPH, was
employed to evaluate antioxidant ability of recovered EOs.17

Various concentration of sample (.5–100 μg/mL) were mixed
with 1.0 mL dilute solution of DPPH free radical (90 μmolar)
and rectified methanol (95%) to make the total volume of
mixture up to 4 mL. Positive control (butylated hydroxy
toluene) was processed for comparing with the activity of the
sample essential oil. The final solution was incubated and OD
was recorded at 515 nm followed by construction of a plot
between inhibition (%) and concentration to calculate IC50

value (concentration that scavenged 50% of the free radical).

Estimation of Reducing Power. The tested EOs were assessed for
their reducing ability using following the method used by
Abbas et al.17 Different amounts of EOs ranging from 2.5 mg to
10 mg were reacted with Na phosphate buffer (.2M, pH = 6.6,
5.0 mL) and potassium ferricyanide (1.0%, 5 mL). After in-
cubating at 50°C, this mixture was mixed with trichloroacetic
acid (10%, 5.0 mL) followed by centrifuging for 10 minutes to
separate upper layer which was diluted with water (5.0 mL).
The resultant solution was added to iron (III) chloride (.1%,
1.0 mL) to record its optical density (OD) at 700 nm.

Antimicrobial Potential of EOs

Antimicrobial activity of tested EOs was evaluated against
different pathogenic strains of bacteria (S. aureus, P. multo-
cida, E coli, and B subtilis) and fungus (A. flavus, A niger, A
alternate, and G lucidum,) were used. Nutrient agar (NA) at
temperature of 37°C was used as culture medium to grow
bacteria while potato dextrose agar (PDA) at 30°C was used
for fungal growth. The growth medium was purchased from
Oxoid (Hampshire, UK). Streptomycin was used as standard
drug for bacterial strains while fluconazol was selected as
standard drug for fungus.

Inhibition zone of the tested EO was measured by the disc
diffusion method28 by considering 6 mm of sample-soaked
filter paper discs and placed on the already incubated culture
of bacteria and fungus. The corresponding standard drugs
were named as positive control; however, filter paper disc
without sample was named as negative control. The inhibition
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zone was calculated after 24 hours of incubation for bacterial
strains and 3 days of incubation for fungal strains.

Furthermore, to calculate the minimum inhibitory con-
centration of EO that inhibited the growth of the microor-
ganism, micro dilution broth method previously used by
Abbas et al17 was selected. The MIC (minimum inhibitory
concentration) value (mg/mL) gives a good knowledge re-
garding the antimicrobial activity of the tested EO, smaller the
MIC value greater is the antimicrobial activity.

Biofilm Inhibition

The biofilm inhibition of EOs was checked against E coli and
S aureus following a modified method reported by Regev-
Shoshani et al.29 The cell suspension of microorganism
(100 μL) was added into 96-well micro titre plate along with
the EO sample. After incubation for 3 days at 37°C, the liquid
was removed and 100 μL of crystal violet solution (1%) was
added. After staining for 30 minutes, dye was removed, and
wells were washed. It was incubated again for 15 minutes after
adding rectified ethanol (95%) and then the absorbance was
noted at 570 nm. Positive control (rifamacin) was also pro-
cessed under similar experimental conditions.

Hemolytic Activity

The assay of hemolytic activity was performed in vitro on human
erythrocytes of O blood group reported by Malagoli.30 Blood
sample was obtained from volunteers, centrifuged for 5 minutes
at 5000 rpm, and 2.0% suspension of erythrocyte was made in
phosphate buffer saline. In this process, .85% of NaCl solution
was added into various concentration of the EO solutions (50–
500 μg/mL), followed by the addition of already prepared
erythrocyte suspension, which was kept at room temperature for
30 minute, upper layer of the mixture was collected to record the
OD at 540 nm. Positive control (triton X-100) and negative
control (phosphate buffer saline) were processed under similar
experimental conditions. Hemolytic activity (%) was estimated
by comparing with the absorbance value of positive control.31

Statistical Analysis

Three different samples of coriander plant leaves/EOs were
used in each extraction technique to perform replicate ex-
periments. To evaluate significant difference (P < .05),
ANOVA (analysis of variance) was conducted by STATIS-
TICA v5.5 (Computer software). The data were computed as
mean ± standard deviation.32

Results and Discussion

Yield and Physico-chemical Analysis

The results for percentage yield and physical parameters of the
tested coriander EO are given in Table 1. The EO yield (w/w)

(.12%) by hydro-distillation is slightly higher than that of
essential oil yield by SCFE technique (.09%), though this
difference is not significant. This low yield of coriander es-
sential oil in our research work is quite comparable to that of a
previous study37 in which the yield was noted to be .15%.
Furthermore, the color of EO obtained by SCFE was light
yellow while by hydro-distillation was just colorless. The test
of solubility revealed that the oil obtained by hydro-distillation
has slightly higher solubility (2.5 volume in 70% alcohol) than
its counterpart (2.1 volume in 70% alcohol). Similarly, the oil
extracted by SCFE has slightly higher density (.87 g/mL at
25°C) and refractive index (1.3800) than the oil obtained by
hydro-distillation, which offered showed a density of .84 g/mL
at 25°C and refractive index of 1.3300. It is clear from the
results of physical analysis that the oils obtained by both the
techniques are not significantly different from each other,
except the oil obtained by SCFE is slightly concentrated. The
minute difference in the physico-chemical parameters of the
EOs in relation to the techniques employed can be connected
with variation in the EO’s composition.33 In the previous
studies, it is also appraised that the EO obtained through
multiple methods have a little difference in the physico-
chemical properties.34,35

Composition of Coriander Essential Oil

The chemical compositional data of coriander EO produced by
SCFE and HD and scrutinized by GC-MS is presented in Table
2. In the EO extracted by SCFE, a total 23 different com-
ponents were identified including the major component lin-
alool (51.34%) and others such as phytol (12.71%), α-pinene
(9.91%), methyl linolenate (6.19%), geranyl acetate (4.23%),
and camphor (3.45%) (Figure 1). However, in the hydro-
distilled essential oil, only 18 components were identified
including the principal component such as linalool (61.78%)
followed by α-pinene (8.89%), camphor (7.16%), geranyl
acetate (5.87%), and nerol (3.15%). The contents of the major
components of the tested C. sativum EOs in the present work
were quite comparable with those reported earlier.36 Anwar
et al.37 found that coriander EO contained linalool (69.60%) as
a major component with considerable amount of geranyl
acetate (4.99%), γ-terpinene (4.17%), and α-pinene (1.63%).
In another study, Singh et al.3 identified total of 52 compo-
nents from coriander seed EO grown in India. The results
revealed that the composition of major components in this
study was quite comparable to our present compositional data.
In a report by Zoubiri and Baaliouame,38 a total of 17 con-
stituents were recognized in the coriander seed EO from
Algeria and linalool was found to be the principal component
with the percentage of 73.1%. According to the reports of
Bhuiyan et al,39 53 components were identified from the EO of
coriander seeds, harvested in Bangladesh. Again, linalool was
found as the chief component followed by geranyl acetate and
gamma-terpinene as the second and third larger compounds.
Such variation in the chemicals profiling of C. sativum EO
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may be mainly caused due to different agro-climatic condi-
tions of the harvesting regions which determine and shape the
morphological features of the crop.

Antioxidant Potential

Antioxidant potential of the tested coriander EOs obtained by
both the techniques was appraised by reducing capacity and
free radical scavenging ability (Table 3). The results showed
significant difference in the DPPH radical scavenging activity
of the EO for both the techniques. The DPPH radical scav-
enging activity was presented in terms of IC50 value in μg/mL,
which showed that the SCF extracted EO has good DPPH
radical scavenging activity with least IC50 value (9.11 μg/mL)
as compared to hydro-distilled essential oil, which gave IC50

of 10.34 μg/mL. Interestingly, SCF extracted EO gave even
better result as compared to the standard compound (BHT)
used in the experiment.

In reducing power assay, the yellow color of ferric ions is
changed into bluish green color of ferrous ions after reduction.
The reducing potential of EO depends upon the color intensity
of the final reaction mixture, which shows that there is a direct
relationship between the color intensity and the antioxidant
powder.17 A gradual increment in the absorbance was
recorded with increasing concentration of sample. At the
concentration of 10.0 mg/mL, SCF-extracted EO showed
better reducing potential (1.32) as compared to hydro-distilled
EO (1.20) but less than standard synthetic antioxidant com-
pound, which showed the absorbance of 1.91 at concentration
of 10.0 mg/mL.

Foudah et al40 reported in his research work that coriander
essential oil is a promising reservoir of natural antioxidants. In
another study,41 the antioxidant potential was determined in
oil and extracts from seeds and leaves of coriander. Overall,
from the results of antioxidant activity it can be concluded that
EO obtained from SCFE has better antioxidant and nutra-

Table 1. Yield (%) and physico-chemical parameters of coriander EOs.

Technique Yield (w/w) (%) Color Solubility Density g/mL (25oC) Refractive index (25oC)

SCFE* .09 ± .01a Very light yellow 2.1 part in alcohol (70%) .87 ± .03a 1.38 ± .04a

Hydro-distillation .12 ± .02a Just colorless 2.5 part in alcohol (70%) .84 ± .02a 1.33 ± .05a

Note: Data is reported as mean ± SD, superscript (a) within the same column show significant (P < .05) differences of means between the two essential oil
extraction methods.
*SCFE = Supercritical fluid extraction.

Table 2. Percentage composition comparison of some major component in coriander EOs produced by SCFE and HD techniques.

Sr. # Compound name IUPAC name RI* SCFE**
Hydro-

distillation
Method of
identification

1 α-Pinene 2,6,6-trimethylbicyclo[3.1.1]hept-2-ene 941 9.91 ± .62a 8.89 ± .45b a, b, c

2 Camphene 2,2-dimethyl-3-methylidenebicyclo[2.2.1]
heptane

950 — 1.42 ± .07 a, b, c

3 o-Cymene 1-methyl-2-(propan-2-yl)benzene 1025 — 2.12 ± .09 a, b, c

4 Limonene 1-methyl-4-(1-methylethenyl)-cyclohexene 1035 1.43 ± .12b 2.49 ± .12a a, b, c

5 γ-Terpinen 1-methyl-4-propan-2-ylcyclohexa-1,4-diene 1058 — 3.95 ± .21 a, b, c

6 Linalool 3,7-dimethylocta-1,6-dien-3-ol 1096 51.34 ± 1.91b 61.78 ± 3.21a a, b, c

7 Camphor 1,7,7-trimethylbicyclo[2.2.1]heptan-2-one 1147 3.45 ± .22b 7.16 ± .34a a, b, c

8 Nerol (2Z)-3,7-dimethylocta-2,6-dien-1-ol 1325 — 3.15 ± .19 a, b, c

9 Geranyl acetate [(2E)-3,7-dimethylocta-2,6-dienyl] acetate 1382 4.23 ± .31b 5.87 ± .31a a, b, c

10 Methyl
Linolenate

methyl (9Z,12Z,15Z)-octadeca-9,12,15-
trienoate

2040 6.19 ± .62 — a, b, c

11 Linoliec acid (9Z,12Z)-octadeca-9,12-dienoic acid 2104 1.42 ± .21 — a, b, c

12 Phytol (E,7R,11 R)-3,7,11,15-tetramethylhexadec-2-en-
1-ol

2128 12.71 ± .85 — a, b, c

Total Components Identified 23 18

Note: Data is reported as mean ± SD, superscript within the same row displays a significant (P< .05) differences of means between SCFE and HD.
*RI = Retention index; **SCFE = Supercritical fluid extraction.
a = Identification by retention index.
b = identification by comparing with authentic compounds.
c = identification by comparing of mass spectra.
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Figure 1. Structure of some major components of coriander essential oil

Table 3. Antioxidant potential of coriander EOs.

ExtractionTechnique

DPPH* Radical Scavenging Assay

Reducing Power (Absorbance values)

Concentration (mg/mL)

Inhibition (%) IC50, μg/mL 2.5 5.0 7.5 10.0

SCFE** 42 ± 2b 9.11 ± .21b .57 ± .04b .83 ± .07a 1.01 ± .09a 1.32 ± .12b

Hydro-distillation 49 ± 2a 10.34 ± .32a .68 ± .08a .79 ± .04a .98 ± .08a 1.20 ± .14b

BHT*** — 10.21 ± .29a — — — 1.91 ± .21a

Note: Data is reported as mean ± SD, superscript (a, b) within the same column show significant (P < .05) difference in values for SCFE and HD.
*DPPH = 2,2-diphenyl-1-picrylhydrazyl. **SCFE = Supercritical fluid extraction. ***BHT = Butylated hydroxy toluene.

Table 4. Antimicrobial potential of coriander EOs.

Microorganism

Inhibition zone (mm) MIC (μg/mL)

SCFE* Hydro distillation Standard Drug** SCFE Hydro distillation Standard Drug**

Bacteria
S. aureus 9.00 ± .25 c 16.00 ± .42b 28.00 ± 1.12a 132 ± 5a 129 ± 5a 62 ± 2b

B. subtilis 9.00 ± .21c 17.00 ± .37b 31.00 ± 1.18a 126 ± 4a 103 ± 3b 73 ± 3c

P. multocida 12.00 ± .27c 18.00 ± .51b 30.00 ± 1.12a 115 ± 3a 86 ± 2b 54 ± 2c

E. coli 11.00 ± .22c 21.00 ± .53b 29.00 ± 1.21a 127 ± 4a 72 ± 2b 63 ± 3c

Fungus
G. lucidum 15.00 ± .52 c 17.00 ± .61b 26.00 ± 1.08a 93 ± 2a 82 ± 2b 73 ± 2c

A. flavus 18.00 ± .68b 15.00 ± .58c 28.00 ± 1.15a 86 ± 3b 102 ± 4a 78 ± 2c

A. niger 14.00 ± .47c 19.00 ± .57b 30.00 ± 1.23a 82 ± 2a 74 ± 2b 53 ± 2c

A. alternata 20.00 ± .72b 17.00 ± .67c 24.00 ± 1.02a 82 ± 2b 92 ± 3a 83 ± 3b

Note: Data is reported as mean ± SD, superscript (a, b, c) within the same row show significant (P < .05) differences of means between the two essential oil
extraction methods. ** Standard drug Streptomycin for bacteria while Fluconazole for fungus.
*SCFE = Supercritical fluid extraction.
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pharmaceutical potential as compared to EO obtained by
hydro-distillation, which reveals the superiority of SCFE
techniques over traditionally used hydro-distillation
technique.

Antimicrobial Activity

Antimicrobial activity of coriander EO was determined and
the related results are presented in Table 4. The coriander EO
extracted by SCFE showed maximum antibacterial activity
(12 mm inhibition zone) against P. multocida with MIC
(115 μg/mL) while the hydro-distilled EO had potent activity
(21 mm inhibition zone) against E coli with MIC = 72 μg/mL.
On the other hand, SCF extracted EO also showed stronger
antifungal activity (20 mm inhibition zone) against A alternata
with MIC = 82 μg/mL while the hydro-distilled EO was more
resistant against A niger with inhibition zone and MIC values
of 19 mm and 74 μg/mL, respectively. However, in com-
parison with standard drugs, antimicrobial potency of EOs
extracted either by SCFE or hydro-distillation possessed less
antimicrobial activity than the standard compounds such as
streptomycin and fluconazole that were used as antibacterial
and antifungal drugs in the present experiments, respectively.
Interestingly, in contrast to the observations of Cantore et al,42

the tested EOs were more resistant to gram negative bacteria
such as E coli then Gram positive bacteria. Such types of
trends in antimicrobial potential might be ascribed to chemical
composition, agro-ecological, agro-climatic conditions, and
analytical control of the experimental assays.

Several essential oils, which are mainly composed of
terpenoids, were also studied for the occurrence of phenolic
antimicrobial components.15,17,43-45 The phenolic compounds
present in the plant essential oils show higher antimicrobial
effect as compared to aldehyde, alcohol, and ketones.46,47

Other Bioactivities (Biofilm Inhibition and
Hemolytic Activity)

To further elucidate biological attributes of tested coriander
EOs, some other biological activities like biofilm inhibition
and hemolytic activity was also measured. Biofilm can pre-
serve the bacteria by hindering the effects of antibiotics and
antioxidants and host immune responses.48 Due to the

presence of bacterial biofilm and its relative permeability some
antibiotics and antioxidants would become ineffective,49-54 so
a good antioxidant agent must also possess biofilm inhibition
activity. Data regarding the biofilm inhibition is given in Table
5, which shows that the maximum biofilm inhibition was
given by SCF extracted EO against S aureus (78.61%) but less
than Rifamacin (87.43%), standard drug used in the experi-
ment. The result of our research work is in line with those of
Duarte et al,55 who described that coriander EO displayed
significant anti-biofilm potential.

It is observed that some antioxidant compounds may have
good antioxidant activity but also possess hemolytic effect,
due to this reason they may not be able to use in pharma-
ceutical preparation. Hence for a good and safer antioxidant, it
must have least hemolytic attributes. Therefore, in this project,
hemolytic activity of tested EO was assessed (Table 5). The
results clearly showed that the EO obtained by SCFE method
has far less hemolytic activity (4.86%) as compared to the EO
extracted by hydro-distillation (31.58%). These findings also
support that the SCFE technique is better than conventional
hydro-distillation technique toward isolation of nutra-
pharmaceutical grade EOs. There are no previous literature
reports available with which we can compare our results of the
hemolytic activity. Hence, the present investigation revealed
that the coriander EO is safer since no toxicity was observed,
which have potential application for the development of nutra-
pharmaceutical agents. The plants produced bioactive agents
and these bioactive agents can be used for different fields for
practical applications.56-58

Conclusion

Although the yield and physico-chemical attributes of the
coriander EOs tested were significantly varied for SCFE and
HD techniques. However, the results revealed that the cori-
ander EO obtained from both the techniques have significant
variations with regard to the biological activities. The EO
obtained by SCFE technique possesses better biological po-
tential due to presence of higher quantity of different potent
bioactive components in comparison to EO recovered by
hydro-distillation. Thus, in terms of their nutra-
pharmaceutical applications, SCFE can be considered to be
superior extraction techniques for the recovery of biologically

Table 5. Bioactivities of coriander EOs.

Bioactivity Microbe

Coriander EO

Rifamacin Triton-x-100SCFE* Hydro-distillation

Biofilm Inhibition % S. aureus 78.61 ± 2.62b 52.92 ± 1.82c 87.43 ± 3.89a —

E. coli 37.96 ± 1.26c 64.75 ± 1.92b 88.92 ± 3.45a —

Hemolytic Assay % 4.86 ± .19b 31.58 ± 1.92a — 100

Note: Data is reported as mean ± SD, superscript (a, b, c) within the same row show significant (P < .05) differences of means between the two essential oil
extraction methods.
*SCFE = Supercritical fluid extraction.
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active volatile components. These research findings might
motivate more researchers to explore the essential oil and
phytochemicals profiling and biological potential of other
medicinal plants from Soon Valley, especially meeting the
demand of local modern food and pharmaceutical industry.
Such data might also encourage the local growers and com-
munity to cultivate and harvest such medicinal herbs on large
scale and install on farm SCFE plants for isolation of valuable
essential oils with multiple food and nutra-pharmaceutical
applications.

Acknowledgments

The authors express their gratitude to Princess Nourah bint Abdul-
rahman University Researchers Supporting Project (Grant No.
PNURSP2022R158), Princess Nourah bint Abdulrahman University,
Riyadh, Saudi Arabia.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: Princess
Nourah bint Abdulrahman University Researchers Supporting
Project number (PNURSP2022R158) Princess Nourah bint Abdul-
rahman University, Riyadh, Saudi Arabia.

ORCID iDs

Naveed Ahmad  https://orcid.org/0000-0002-5847-903X
Munawar Iqbal  https://orcid.org/0000-0001-7393-8065

References

1. Weisany W, Tahir NAR, Schenk PM. Coriander/soybean in-
tercropping and mycorrhizae application lead to overyielding
and changes in essential oil profiles. Eur J Agron. 2021;126:
126283. DOI: 10.1016/j.eja.2021.126283.

2. Sahib NG, Anwar F, HGilani A, Hamid AA, Saari N, Alkharfy
KM. Coriander (Coriandrum sativum L.): A potential source of
high-value components for functional foods and nutraceuticals.
A review. Phytother. Res. 2013;27(10):1439-1456. DOI: 10.
1002/ptr.4897.

3. Singh G, Maurya S, De Lampasona MP, Catalan CA. Studies on
essential oils, Part 41. Chemical composition, antifungal, an-
tioxidant and sprout suppressant activities of coriander (Cor-
iandrum sativum) essential oil and its oleoresin. Flavour
Fragrance J. 2006;21(3):472-479. DOI: 10.1002/ffj.1608.

4. Sriti J, Wannes WA, Talou T, Mhamdi B, Cerny M, Marzouk B.
Lipid profiles of Tunisian coriander (Coriandrum sativum) seed.
JAOCS (J Am Oil Chem Soc). 2010;87(4):395-400. DOI: 10.
1007/s11746-009-1505-1.

5. Peter KV, Babu KN. Introduction to herbs and spices: medicinal
uses and sustainable production. In: Handbook of herbs and

spices. Woodhead Publishing; 2012:1-16. DOI: 10.1533/
9780857095688.1.

6. Ceska O, Chaudhary SK, Warrington P, Ashwood-Smith MJ,
Bushnell GW, Poultont GA. Coriandrin, a novel highly pho-
toactive compound isolated from Coriandrum sativum. Phyto-
chemistry (Oxf). 1988;27(7):2083-2087. DOI: 10.1016/0031-
9422(88)80101-8.

7. Pellegrini M, Rossi C, Palmieri S, et al. Salmonella enterica
control in stick carrots through incorporation of coriander seeds
essential oil in sustainable washing treatments. Front Sustain
Food Syst. 2020;4:14. DOI: 10.3389/fsufs.2020.00014.

8. Kamat A, Pingulkar K, Bhushan B, Gholap A, Thomas P.
Potential application of low dose gamma irradiation to improve
the microbiological safety of fresh coriander leaves. Food
Control. 2003;14(8):529-537. DOI: 10.1016/S0956-7135(02)
00116-0.

9. Burdock GA, Carabin IG. Safety assessment of coriander
(Coriandrum sativum L.) essential oil as a food ingredient. Food
Chem Toxicol. 2009;47(1):22-34. DOI: 10.1016/j.fct.2008.11.
006.

10. Prachayasittikul V, Prachayasittikul S, Ruchirawat S,
Prachayasittikul V. Coriander (Coriandrum sativum): A
promising functional food toward the well-being. Food Res Int.
2018;105:305-323. DOI: 10.1016/j.foodres.2017.11.019.
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