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Abstract: The present paper reports the GC-HS-SPME analysis of volatile emission and GC-MS
analysis of chemical composition of essential oil of R. coriaria fruits of eight different samples of
R. coriaria L. fruits (“sumac” folk name), collected from Jordanian agricultural field and the local
market. The analyses show an important variability among the Sumac samples probably due to the
origin, cultivation, harvesting period, drying, and conservation of the plant material. The main class
of component present in all samples was monoterpenes (43.1 to 72.9%), except for one sample which
evidenced a high percentage of sesquiterpene hydrocarbons (38.5%). The oxygenated monoterpenes
provided a contribution to total class of monoterpenes ranging from 10.1 to 24.3%. A few samples
were rich in monoterpene hydrocarbons. Regarding the single components present in all the volatile
emissions, β-caryophyllene was the main compound in most of the analyzed samples, varying from
34.6% to 7.9%. Only two samples were characterized by α-pinene as the main constituent (42.2 and
40.8% respectively). Essential oils were collected using hydro-distillation method. Furfural was
the main constituent in almost all the analyzed EOs (4.9 to 48.1%), except in one of them, where
β-caryophyllene was the most abundant one. β-caryophyllene ranged from 1.2 to 10.6%. Oxygenated
monoterpenes like carvone and carvacrol ranged from 3.2–9.1% and 1.0–7.7% respectively. Cembrene
was present in good amount in EO samples EO-2 to EO-8. The antioxidant capacities of the fruit
essential oils from R. coriaria were assessed using spectrophotometry to measure free radical scavenger
2,2-diphenyl-1-picrylhydrazyl (DPPH) radical and inhibition of β-carotene bleaching (BCB). The
essential oils from the fruits of the different samples of R. coriaria exhibited the MIC value ranging
from 32.8 to 131.25 µg/mL against S. aureus ATCC 6538 and 131.25 to 262.5 µg/mL against E. coli
ATCC 8739. The MIC values of ciprofloxacin were 0.59 and 2.34 µg/mL against S. aureus ATCC 6538
and E. coli ATCC 8739, respectively.

Keywords: antimicrobial activity; HS-SPME/GC-MS; sumac; antioxidant; DPPH; β-carotene bleach-
ing (BCB) assay; principal component analysis (PCA); hierarchical cluster analysis (HCA)

1. Introduction

Plants belonging to Rhus genus are commonly known as sumac. The genus Rhus
contains around 250 species of angiosperms that belong to the family Anacardiaceae [1].
The different species of the Rhus genus are used by the local people for medicinal and tra-
ditional purposes, such as R. glabra (smooth sumac) which is used as an antibacterial agent
in several diseases like syphilis, gonorrhea, dysentery, and gangrene in North America [2].
In the same country the juice prepared from the fruits of R. typhina called “Sumac-ade or
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Rhus juice” serves as a drink and also has medicinal purpose due to its pharmaceutical
potentials as an anti-hemorrhoidal, antiseptic, diuretic, stomachic, and tonic [3,4]. R. coriaria
(sumac) is native to Mediterranean area and southeastern Anatolia Turkey and grown wild
in region extending from the Canary Island over the Mediterranean coast line to Iran and
Afghanistan [5–8]. Since 1970s, Sumac was cultivated in Italy, Spain, Turkey, and some
Mediterranean Arabic countries. R. coriaria dried fruits, powdered with salt, are used
as condiments in the Middle East and Mediterranean cuisine; they are used in salads or
sprinkled over the kababs [6] due to their sour taste. In the Middle Eastern countries form
Jordan to Egypt, R. coriaria is used as a spice in grilled meat, stews, rice, vegetable dishes,
and salads. In Jordan, R. coriaria is used in traditional medicine for reduction of cholesterol,
sweating, and to treat diarrhea. Earlier reports on the biological activity of R. coriaria
suggest antimicrobial, antifungal, antiviral [9], antioxidant [10–12], anti-inflammatory [13],
hepatoprotective [14], XO inhibitor [11], hypoglycemic [14,15], and cardiovascular protec-
tive properties [16]. Several earlier reports have shown the presence of various biologically
active compounds including hydrolysable tannins, large variety of organic acids such
as malic acid and citric acid [17,18], fatty acids, vitamins flavonoids, derivatives of ter-
penoids [19], and among the terpenes the essential oils are rich in monoterpenes and
sesquiterpenes [20,21]. Previous studies on the chemical constituents of sumac essential oil
from different geographical locations evidenced qualitatively and quantitatively variations
in these constituents [17,22–26]. Giovanelli and coworkers reported around 169 terpene and
non-terpene compounds in the R. coriaria essential oils grown in Italy (Sicilian variety) using
HS-SPME/GC-MS [27]. They reported also the presence of marker compounds which are
non-terpenes like nonanal and p-anisaldehyde [17,27], sesquiterpene hydrocarbons such
as (E)-caryophyllene [23,24] and the diterpene cembrene [24,27]. Recently, Elagbar et al.
(2020) reviewed extensively the phytochemical diversity and the pharmacological proper-
ties such as antibacterial, antioxidant, hypoglycemic, antimicrobial, antitumor, antiviral,
anti-inflammatory, antihepatitis, antiulverigenic, cardioprotective, anticholinesterase, anti-
cancer, anticonvulsant, hepatoprotective, and neuroprotective activities of R. coriaria and
other Rhus species [28]. Farag et al. (2018) reported 74 volatile emissions in R. coriaria fruits
(sumac) and roasted fruits from three different geographical countries (Egypt, Palestine,
and Jordan) using the solid phase microextraction (HS-SPME) [29].

R. coriaria L. is also used as a herbal remedy in traditional medicine due to its analgesic,
antidiarrheic, antiseptic, anorexic, and anti-hyperglycemic properties [9]. However, the
extract of R. coriaria, which protects humans against oxidative DNA-damage [30], is most
notable for its antimicrobial and antioxidant activities [7,10,11,31–34]. The commercial
samples of sumac are processed using water for culinary purpose.

No previous studies on the commercial samples of sumac are available in the literature
till now in depth and the aim of the present study is to evidence the difference among the
different samples cultivated or collected in the different area of Jordan. This paper describes
the HS-SPME-GC-MS analysis of volatile emission and GC-MS analysis of chemical compo-
sition of essential oil of R. coriaria fruits collected from agricultural fields and commercial
samples from different regions of Jordan, in order to identify the phytochemicals present
for pharmaceutical purposes, industrial uses, and mainly as food supplements.

2. Results

The main class of components present in the volatiles spontaneously emitted was
represented by total monoterpenes (from 43.1% in sample 6 to 72.9% in sample 2) except for
the sample 1 where a high percentage of sesquiterpene hydrocarbons was evidenced (38.5%)
(Supporting Data Table S1). The monoterpene hydrocarbons showed a higher amount
among the total monoterpenes especially in samples 2 and 8, with a total absence in sample
1. Oxygenated monoterpenes provided a less contribution to the total class of monoterpenes
ranging from 10.1 to 24.3%, except in the sample 8 where they showed a minimal percentage
of 3.3%. Sesquiterpene hydrocarbons predominated in all the analyzed samples (from 11.8
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to 38.5%) while oxygenated sesquiterpenes were present with percentages lower than 1%.
These latter compounds were totally absent in samples 1 and 2.

Non-terpenes were the main components only in sample 1 (40.7%) even though they
were present in all the sumac samples with lower percentages (from 5.6% in 5 and 16.6%
in sample 6). The high percentage of phenylpropanoids (10.1%) in sample 5 must be
emphasized. These results were partially in agreement with that reported by Giovanelli
et al. [3,4] who reported the volatiles from Italian wild sumac; in fact monoterpenes
dominated in the half of that samples and non-terpenes in the others. However, in the
aroma profile of the Jordanian sample, purchased from local market in 2014, and reported
in that work, a similar composition was evidenced with the samples analyzed herein.
α-Pinene and β-caryophyllene predominated in both works.

Regarding the single components present in all the volatile emissions, β-caryophyllene
was the main compound in most of the analyzed samples, varying from 34.6% in 1 to 7.9%
in 2. Samples 2 and 8 were characterized by α-pinene as the main constituents (42.2% and
40.8 respectively). Sample 1 showed a different behavior from the rest of the samples, since
it evidenced high amounts of non-terpenic components such as: n-nonanal > dodecanol >
decanal > dodecanal > pentadecane > tetradecanal > undecanal > tridecane. Among these
non-terpenes, the n-nonanal showed the highest percentage (10.6%) even though it was
present in all the other samples with considerably lower percentages, followed by decanal
(5.71% in 1) if compared with the lower percentages (less than 1%) in all other samples.
Pentadecane, dodecanol, dodecanal, and undecanal were exclusive components in sample
1. On the contrary, the sample 6 was characterized by the exclusive presence of these
compounds: 2-pentylfuran > methyl chavicol > (E)-2-hexenyl acetate > thymoquinone >
β-gurjunene > α-phellandrene > eugenol > 4-vinyl guaiacol > α-guaiene (4.1 > 2.8 > 1.2 >
0.8 > 0.7 > 0.7 > 0.6 > 0.4 > 0.2%, respectively). The β-caryophyllene content was higher in
the Jordanian samples than in the results reported by Farag et al. [3,4].

The dendrogram obtained by the HCA carried out on the complete composition of
the headspaces (Figure 1) evidenced a different grouping behavior of the studied samples
compared to the HCA performed on the EOs chemical composition.

Figure 1. Dendrogram of the Rhus coriaria samples resulting from the HS-SPME analysis.

Moreover, in this case, the samples were divided into two macro-clusters: the first
one, highlighted in pink, contained six units, while the second one, evidenced in green
contained only two sample, SPME-2 and SPME-8. The pink cluster, in turn, presented two
internal groups, the first represented only by SPME-1 and the latter characterized by two
sub-groups, one comprising SPME-3 and SPME-5, and the other SPME-4, SPME-7, and
SPME-6. The SPME-2 sample was collected from Ajloun, Jordan which is located at higher
altitude of ~1100 m than the other areas. Marketed samples 1, 3, 4, 5, and 8 were collected
from the different commercial shops.

The score and the loading plots of the PCA performed on the headspaces chemical
composition are reported in Figure 2.
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Figure 2. The score and the loading plot of the principal component analysis of Sumac volatile samples.

The positioning of the samples in the score plot overlapped the clusterization of the
HCA. The samples of the green cluster were plotted in the rightmost area of the right
quadrants (PC1 > 0): SPME-8 in the upper quadrant (PC2 > 0), and SPME-2 in the bottom
one (PC2 < 0). The samples of the pink cluster, as in the HCA, formed three internal
groups: SPME-1 was plotted alone in the upper left quadrant (PC1 < 0; PC2 > 0), SPME-3
and SPME-5 were located on the partition line between the upper left and upper right
quadrants (PC2 > 0), and finally SPME-4, SPME-7, and SPME-6 were thrown in the bottom
left quadrant (PC1 < 0; PC2 < 0). Commercial sample SPME-4 clustered with the SPME-6
and SPME-7 which are collected from the Al-Salt and Al-Fuheis agricultural field have the
same altitude and weather conditions.

GC-MS analysis of the essential oils from R. coriaria fruits (Sumac EO samples 1–8)
are reported in Supporting Data Table S2. It is important to mention that the percentage of
essential oils was very less ranging from 0.18 to 0.31%. The analyses showed an important
variability among the Sumac samples probably due to the origin, cultivation, harvesting
period, drying, and conservation of the plant material. The fresh sumac sample 2, sample-6,
and sample-7 were collected from the Ajloun Forest Reserve, Al-Salt and Al-Fuheis agricul-
tural field respectively, which are located between 800 and 1100 m of altitude. Commercial
samples were collected from Jordanian local market. The essential oils were hydrodistilled
using a Clavenger apparatus and collected with n-hexane. The total identified compounds
ranged from 89.3 to 98.8%.

The majority of the identified compounds were non-terpenes with the higher relative
amount in EO-1 (73.2%) and EO-3 (68.8%). Furfural was the main constituent whose
percentage was minimal in EO-5 (4.9%) and maximum in EO-3 (48.1%). The marketed
sumac fruits contained volatiles along with some fixed oil. Palmitic acid was high in
samples EO-5 and EO-2 (9.4% and 9.0%) followed by EO-4 and EO-6 with 8.8% and 6.6%,
respectively. It was not detected in sample EO-1. Among the other non-terpene compounds
the percentage of methyl elaidate was consistent in samples EO-3, EO-4, and EO-5 (4.4, 4.2,
and 4.7%, respectively), absent in EO-1; the same for methyl palmitate from 1.3% in EO-8
to 3.4% in EO-5, except in EO-1. Furthermore, oleic acid was evidenced in good amount in
four of the eight samples, especially in EO-2 (5.8%) and EO-5 (4.4%). Noteworthy is the
presence of (E)–cinnamaldehyde in EO-1 (8.5%), followed by EO-6 with 2.6% and EO-3
which contained 0.8%. The rest of the samples had zero contribution. (E)–2-Heptenal was
present in all the samples, very high in EO-1 (5.1%) while the amount in the other sample
ranged from 0.1 to 1.3%.
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The total monoterpenes ranged from 9.3% in EO-7 to 19.0% EO-5, which mainly
consisted of oxygenated monoterpenes, while the monoterpene hydrocarbons showed very
low percentages (from 0.1% in EO-4 to 2.5% in EO-3, respectively). The main compounds
in the oxygenated monoterpenes were represented by carvone (9.1% in EO-5 followed by
EO-4 and EO-2 with 7.8% and 7.2%, respectively), carvacrol (from 1.0% in EO-7 to 7.7 and
6.9 % in EO-1 and 2, respectively), α-Terpineol (ranged from 1.4% to 3.0%), and 4-terpineol
(only absent in EO-8). The Sicilian variety of sumac contained transient amount of carvacrol
and carvone [27].

The sesquiterpenes varied from 2.0% in EO-1 to 25.3% in EO-7, mainly due to sesquiter-
pene hydrocarbons, like β-caryophyllene present in all the samples even though with
different percentages; in fact, it was high in samples EO-7 and EO-5 (10.6% and 10.1%) fol-
lowed by sample EO-4 and EO-8 (8.7% and 8.1%, respectively) and EO-2 with 7.5%. Only in
sample EO-1 the percentage of β-caryophyllene decreased till 1.2%. Moreover, α-humulene,
β–cadinene, and δ–cadinene were present in all samples in low percentages, except in
sample EO-1 and sample EO-8 (only for δ–cadinene). The amount of β-caryophyllene in
EOs was comparable to Italian (Sicilian variety) samples [27] and Turkish samples [22].
Samples analyzed in this research work shows low level of β-caryophyllene as compared to
data reported earlier [27]. Bahar and Altug reported the good amount of β-caryophyllene
(28.5%) and malic acid (13.9%) in Turkish sample of Sumach [22].

Caryophyllene alcohol was the only representative compound of the oxygenated
sesquiterpenes, ranging from 0.4% in EO-3 to 1.0% in both EO-5 and EO-7. Another
substance evidenced in all the EO samples was the diterpene cembrene with the highest
relative percentage in sample EO-7 (10.7%) followed by sample EO-5 and EO-3 (8.4% and
8.0%, respectively) up to 0.2% in sample EO-1. The level of cembrene in EO of Sumac was
similar to the Italian samples (Sicilian sample) [27].

Interesting to note the relative amount of phenyl-propanoid as (E)-Anethole in sam-
ple EO-1 (4.1%) together with the percentages almost consistent in sample EO-4, EO-5,
and EO-6 (3.4%, 3.9%, and 3.1%, respectively). However, the same compound was unde-
tected in samples EO-2, EO-3, and EO-8. Eugenol in sample 1 was the highest evidenced
(2.9%) together with the 1.5% of sample EO-6, while it was totally absent in samples EO-6
and EO-7.

The chemical composition of the hydro-distilled essential oil of sumac has been inves-
tigated in different countries including Iran, Turkey, and Italy. The chemical composition of
the hydro-distilled essential oils extracted from R. coriaria fruits collected from 14 different
locations in Iran was studied [35]. The results obtained from this investigation, based
on principle component analysis (PCA) and cluster analysis (CA) revealed at least five
different chemotypes. These included the (E)-caryophyllene, (E)-caryophyllene/α-pinene,
(E)-caryophyllene/cembrene, nonanoic acid/cembrene, n-nonanal/(2E,4E)-decadienal.
None of these chemotypes matched the samples analyzed herein. Only EO-5 showed good
percentages of β-caryophyllene (10.1%) and cembrene (8.4%) followed by palmitic acid
(9.4%) and carvone (9.1%). It is also well reported that the β-caroyophyllene, cembrene,
n-nonanal, and p-anisaldehyde were the major compounds too [28], but not in our samples.

It is well-known that the Rhus coriaria fruits showed variations in the chemical com-
position of the EOs from different locations which might be due to the geographical
distribution, environmental factor, harvesting time, extraction, and analytical methods
used. Although R. coriaria is not recognized as an aromatic plant, its fruit is enriched in
essential oil composed of monoterpenes and/or sesquiterpenes [22,27].

The dendrogram obtained by the hierarchical cluster analysis (HCA) performed on the
complete composition of the EOs obtained from the analyzed samples (Figure 3) evidenced
a partition of the samples in two macro-clusters. The pink cluster was formed by only two
samples, EO-1 and EO-3, whereas the green cluster presented six samples, divided in turn
into two internal groups, one comprising EO-2, EO-4, and EO-5, and the other EO-6, EO-7,
and EO-8.
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Figure 3. Dendrogram of the Rhus coriaria samples resulting from the EO analysis.

The score and the loading plot of the principal component analysis are reported in
Figure 4. The distribution of the samples in the score plot was comparable to that of
the HCA. EO-1 and EO-3, belonging to the pink cluster, were plotted in the rightmost
area of the right quadrants (PC1 > 0), the first in the upper quadrant (PC2 > 0), and the
latter in the bottom one (PC2 < 0). The samples of the green cluster occupied almost
the whole remaining part of the plot, while maintaining the internal partition evidenced
by the HCA. The samples EO-2, EO-4, and EO-5, indeed, were plotted in the upper
left quadrant (PC1 < 0; PC2 > 0), EO-7 and EO-8 were positioned in the bottom left one
(PC1 < 0; PC2 < 0), and EO-6 was plotted in the upper right quadrant (PC1 > 0; PC2 > 0), in
an intermediate position among the other green samples, although the HCA EO-6 cluster
was close to EO-7 and EO-8 which were collected from the Al-Salt and Al-Fuheis city
that lie in the same altitude. The commercial samples 1, 3, 4, 5, and 8 that were collected
from market does not show cohesiveness in their chemical behavior as they might have
originated from different altitudes or locations.

Figure 4. The score and the loading plot of the principal component analysis of all the EOs obtained.

2.1. The Antioxidant Activity

The results of the antioxidant activity of R. coriaria essential oils for DPPH free radical
scavenging and β-carotene bleaching (BCB) assay are represented in the Table 1. The
samples of essential oil exhibited significant free radical scavenging activity against DPPH
free radical, and the IC50 value of different samples of the essential oil (sample 1–8) ranging
from 128.5 to 259.1 µg/mL respectively, these results were compared with ascorbic acid (a
standard antioxidant) having IC50 concentration of 4.05 µg/mL. The different essential oil
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samples (1–8) against the β-carotene bleaching (BCB) assay showed promising results. The
mean IC50 values of samples (1–8) were 175.2, 310.5, 169.5, 221.5, 165.5, 195.0, 225.0, and
165.5 µg/mL respectively, which were compared with the standard antioxidant rutin (IC50
2.93 µg/mL).

Table 1. DPPH radical scavenging activity and β-carotene bleaching (BCB) inhibition activity of R. coriaria L. essential oil
(Sumac EOs 1–8) from the Jordanian market and agricultural field.

Antioxidant Activity a
Sample #

Ascorbic Acid Rutin EO-1 EO-2 EO-3 EO-4 EO-5 EO-6 EO-7 EO-8

DPPH radical scavenging
activity 4.05 - 128.5 259.1 140.1 160.9 135.8 175.4 205.3 145.5

β-carotene bleaching (BCB)
assay - 2.93 175.2 310.5 169.5 221.5 165.5 195.0 225.0 165.1

a Activities of EO samples are expressed as IC50 (µg/mL); # samples of Sumac were collected from the different location and local market
from Jordan. Sample 1 (Amman, Downtown), Sample 3 (Amman City), Sample 4 (city Mall), Sample 5 (Al-Fuheis), and Sample 8 (Al-salt
City). Sample 2 (Ajloun Forest Reserve), Sample 6 (Al-Salt field), and Sample 7 (Al-Fuheis field).

The potential antioxidant activity exhibited by the essential oil may be due to the presence
of a variety of chemical compounds like β-caryophyllene [36,37], (E)-cinnamaldehyde [38],
carvacrol [39], carvone [40], cembrene [41], eugenol [42], methyl palmitate, palmitic acid,
oleic acid [28,43], α-copaene [44], α-himachalene [45], α-humulene [46], α-terpineol [47],
and δ-cadinene [48] which are present in the these samples. All these compounds are
collectively responsible for antioxidant activity.

2.2. Antibacterial Activity

The antimicrobial activity and the minimum inhibitory concentration (MIC) were
determined on S. aureus ATCC 6538, and E. coli ATCC 8739 using the reported procedure.
The essential oils from the fruit of different samples of R. coriaria L. exhibited the MIC
value ranging from 32.8 to 262.5. µg/mL compared to ciprofloxacin, 0.59 to 2.34 µg/mL
(Table 2) against S. aureus ATCC 6538, and E. coli ATCC 8739. The essential oil samples
EO-5 and EO-8 were more active (MIC 32.80 µg/mL) against S. aureus ATCC 6538 than
the essential oil samples sample number EO-1, EO-3, EO-6, and EO-7 (MIC 32.80 µg/mL).
The sample EO-2 and EO-4 have MIC value of 131.25 µg/mL. The essential oil samples
EO-1, EO-3, EO-5, and EO-8 showed their activities with a MIC of 131.25 µg/mL against
Gram-negative microorganism, while essential oil EO-2 and EO-4 showed the similar effect
at 262.50 µg/mL. The essential oils were more effective against the Gram-positive strain
than the Gram negative; it might be due to the presence of more lipophilic constituents in
the essential oils.

Table 2. Antibacterial activity of R. coriaria L essential oils (Sumac EO, 1–8) from the Jordanian market and agricultural field.

Microorganism
Sample #

3.0%
DMSO Ciprofloxacin EO-1 EO-2 EO-3 EO-4 EO-5 EO-6 EO-7 EO-8

Zone of Inhibition (mm) a

Staphylococcus aureus
ATCC 6538 - 24 12 10 13 13 14 13 11 15

E. coli ATCC 8739 - 18 9 8 10 9 11 9 8 11

Minimum Inhibitory Concentration b (µg/mL)

Staphylococcus aureus
ATCC 6538 - 0.59 65.80 131.25 65.80 131.25 32.80 65.80 65.80 32.80

E. coli ATCC 8739 - 2.34 131.25 262.50 131.25 262.50 131.25 131.25 131.25 131.25

Diffusion method. a Diameter of well = 6 mm, n = 2, b Minimum inhibitory concentration, n = 2; - = no inhibition in microbial growth.
# Samples of Sumac were collected from the different location and local market from Jordan. Sample 1 (Amman, Downtown), Sample 3
(Amman City), Sample 4 (city Mall), Sample 5 (Al-Fuheis), and Sample 8 (Al-salt City). Sample 2 (Ajloun Forest Reserve), Sample 6 (Al-Salt
field), and Sample 7 (Al-Fuheis field).
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The strong antimicrobial activity of these essential oils might be due to synergistic
effects of chemical constituent (both lipophilic and hydrophilic) present in the EOs, like
β-caryophyllene [36,37], carvacrol [49], carvone [50], cembrene [51], eugenol [52,53], γ-
terpinene, 1,8-cineole, α-terpinene [54], α-terpineol [55], α-Himachalene, α-Humulene [37],
and (E)-Anethol [53].

3. Materials and Methods

Commercial samples of R. coriaria L. fruits in the full ripe stage were purchased from
local suppliers and from the commercial shops (at Amman, Al-Fuheis, Al-Salt and Ajloun,
Jordan, Tables 1 and 2) during July-August (2017–2018). Voucher specimen samples were
kept at the Faculty of Pharmacy and Medical Sciences, Al-Ahliyya Amman University,
Amman, Jordan. The fruits were stored at −20 ◦C till further analysis. Samples were also
collected from the wild agricultural field at Al-Fuheis (Altitude ~850 m), Al-Salt (Altitude
~800 m) and Ajloun Forest reserve (Altitude ~900 to 1100 m), Ajloun Jordan (Tables S1
and S2) and dried. All the fruit samples were analyzed using HS-SPME/GC-MS at the
University of Pisa, Italy and the essential oil samples were analyzed using GC-MS at
Al-Ahliyya Amman University, Amman.

3.1. Chemicals and Materials

Supelco SPME device (Supelco Analytical, Bellefonte, PA, USA), SPME fiber of Stableflex-
coated PDMS (polydimethylsiloxane) (57302) were purchased by Supelco (Oakville, ON,
Canada) through a local supplier. All the other chemicals and standards were purchased
from Sigma Aldrich (St. Louis, MO, USA).

3.2. Essential Oil Extraction

Essential oils from the different fruit samples of powdered Sumac were obtained
using a Clevenger type apparatus as reported earlier [56], using 100 g of each sample.
The essential oil amount was very low (0.18 to 0.31%). Hence, the essential oil samples
were collected and recovered using n-hexane. EO was collected and dried over anhydrous
sodium sulfate. The EOs were stored at −20 ◦C under nitrogen till further analysis.

3.3. HS-SPME of Volatile Compounds

Fruits of each sample were analyzed for their spontaneous volatile emission by HS-
SPME. Total of 1 g (about 20 fruit) of each sample was introduced into a 25-mL glass
conical flask closed with aluminum foil and allowed to equilibrate for 30 min. After
the equilibration time, a Supelco SPME device (Supelco Analytical, Bellefonte, PA, USA),
coated with polydimethylsiloxane (PDMS, 100 µm), was inserted through the septum.
Then the fiber was exposed to the headspace of the vial for 30 min at room temperature.
Once sampling was finished, the fiber was withdrawn into the needle and transferred to
the injection port of the GC–MS system. All the SPME sampling and desorption conditions
were identical for all the samples.

3.4. GC-FID and GC-MS Analysis

These analyses were performed according to the method previously described [27,57].
The GC-FID analysis was accomplished with an HP-5890 Series II instrument equipped
with a HP-Wax and DB-5 capillary columns (both 30 m × 0.25 mm, 0.25 µm film thickness),
working with the following temperature program: 60 ◦C for 10 min, rising at 5 ◦C/min
to 220 ◦C. The injector and detector temperatures were maintained at 250 ◦C; carrier gas,
nitrogen (2 mL/min); split less injection. GC-MS analyses were carried out with a Varian
CP3800 gas chromatograph equipped with a DB-5 capillary column (30 m × 0.25 mm;
coating thickness, 0.25 µm) and a Varian Saturn 2000 ion trap mass detector. Analytical
conditions: injector and transfer line temperature, 220 and 240 ◦C at 3 ◦C, respectively;
oven temperature, programmed from 60 to 240 ◦C at 3 ◦C; carrier gas, helium (1 mL/min).
Samples were desorbed from the SPME fiber as a split-less injection mode for one minute.
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3.5. GC-MS Analysis of EOs

Analysis of EOs was carried out using Shimadzu QP2020 GC-MS equipped with a
split-split-less injector, DB5 MS fused silica column (5% phenyl, 95% polydimethylsiloxane
30 m × 0.25 mm, film thickness 0.25 µm). A linear temperature program was used to
separate the EOs components. Temperature programming was applied at 7 ◦C/min
heating rate starting from 50 ◦C (initial temperature) to 280 ◦C (final temperature) and held
at 280 ◦C for 40 min with a total run time of 74 min. Injector temperature was 260 ◦C with
a split ratio of 20:1; injection volume (1 µL, 4% solution in DCM); carrier gas: helium; MS
source temperature/detector temperature 240 ◦C; interface temperature 250 ◦C; ionization
energy (EI) 70 eV; and AMU gain −492; AMU offs −67; ionization current 60 µm; scan range
35–500 amu; scan speed 1666. Solvent cut was 3 min; while the data were acquired from
4.5 min. Mass spectrum of every chemical constituent was compared with corresponding
reported spectrum (in NIST 2017, and ADAMS-2007 libraries) for GC-MS and published
references. Identification of compounds was also confirmed by comparing their relative
retention indices (RRI) relative to n-alkanes (C8−C35) with reported values in the literature
including Adam’s library.

3.6. Identification of Compounds

The identification of the constituents was based on the comparison of their retention
time (Rt) with those of pure authentic samples, comparing their linear indices (LRI) relative
to a series of n-hydrocarbons, and on computer matching against commercial [58,59], and
also made possible by the use of a homemade library of mass spectra built up from pure
substances and components of known oils, and MS literature data.

3.7. Multivariate Statistical Analysis

The multivariate statistical analysis was carried out with the JMP Pro 13.0.0 software
package (SAS Institute, Cary, NC, USA).

Data used for the statistical analysis of the EOs and the headspace compositions were
165 × 8 (165 individual compounds × 8 samples = 1320 data) and 95 × 8 (95 individual
compounds × 8 samples = 760 data), respectively. The principal component analysis (PCA)
was performed selecting the two highest principal components (PCs) obtained by the linear
regressions operated on mean-centered, unscaled data: this analysis aimed at reducing
the dimensionality of the multivariate data of the matrix, preserving most of the variance.
For the EOs chemical composition, the chosen PC1 and PC2 covered 83.2% and 10.1% of
the variance, respectively, for a total explained variance of 93.3%, while for the complete
headspace compositions, the selected PC1 and PC2 studied 70.9% and 15.7% of the variance,
for a total of 86.6%. The hierarchical cluster analysis (HCA) were performed using Ward’s
method, with squared Euclidean distances as a measure of similarity. Both the HCA and
the PCA methods can be applied to observe the groups of samples even when there are no
reference samples that can be used as a training set to establish the model.

3.8. Antioxidant Activity
DPPH (2-Diphenyl-1-picryl-hydrazyl) Free Radical Scavenging Activity

The radical scavenging activity of the essential oil was evaluated using reported
method with slight modification. A stock solution of DPPH (0.002% w/v) was prepared
in methanol. Different methanolic concentrations of the EO samples (1.56–100 µg/mL)
were prepared as serial dilution method. About 200 µL of DPPH solution is mixed with
100 µL sample from different concentrations in a 96-well ELISA plate. These plates were
incubated in (Synergy HTX Multi-Mode Reader, Biotek, Winooski, VT, USA) dark for
30 min. Synergy HTX Multi-Mode Reader was used for measuring the absorbance of
color at 517 nm. Results were compared with different concentrations (0.2–25 µg/mL) of
ascorbic acid (standard). DPPH radical scavenging activity was determined and the IC50
was calculated using Sigma-Plot ver. 9

% Free radical Scavenging activity =
(Absorbance of control − Absorbance of sample)

Absorbance of control.
× 100. (1)
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3.9. β-Carotene Bleaching (BCB) Assay

A solution of β-carotene/linolenic acid was prepared by dissolving β-carotene (5 mg)
in 50 mL of chloroform. In a separate Erlenmeyer flask, 40 mg linoleic acid and 400 mg
Tween-40 were taken and an aliquot of β-carotene (3 mL) solution was added. It was
mixed and set aside for 2 min. The chloroform was evaporated off using nitrogen (N2) gas.
About 100 mL distilled water was added to the mixture. Immediately after preparation,
the absorbance of this solution was recorded at 470 and 700 nm. Total of 3 mL aliquots of
β-carotene/linoleic acid emulsion was mixed with different concentrations of the essential
oil (1 µg/mL to 512 µg/mL). The test and control (containing water in place of sample)
tubes were capped and incubated at 50 ◦C. The absorbance of the emulsion at λ470 and
λ700 nm was determined after 1 h. All determinations were carried out in triplicate. The
degradation rate and antioxidant activities were calculated using the formula:

Degradation rate (DR) of beta carotene = Lin
A intial/A sample

60
(2)

Antioxidant activity (%) =
(degradation rate of control − degradation rate of sample)

degradation rate of control
× 100 (3)

3.10. Antibacterial Activity

The antibacterial activity of the oil was evaluated by agar diffusion method [60]
against two bacterial species Gram negative strains Escherichia coli ATCC 8739 and Gram
positive strain, Staphylococcus aureus ATCC 6538. Wells of 6-mm diameter were dug on
the inoculated nutrient agar medium with sterile Biopsy punch and 50 µL of sample in
3.0% DMSO (dimethyl sulfoxide) were added in each well. The plates were incubated at
37.0 ± 0.5 ◦C for 24 to 48 h. Plates were removed from the incubator and the diameter of
zone of inhibition was measured in mm.

In a separate experiment (using broth microdilution method), the minimum inhibitory
concentration (MIC50) was determined according to the National Committee for Clinical
Laboratory Standards (NCCLS) with some modification. MIC tests were performed in
96 flat bottom micro-titer plates (TPP, Switzerland) as reported earlier [60]. Different
concentration of samples (350.0 to 2.73 µg/mL) were prepared using the serial dilution
method and evaluated for the activity. The standard solutions of ciprofloxacin (50 to
0.39 µg/mL) were prepared using serial dilution method.

In all assays, controls (negative as well as positive) were prepared. Negative control
for 3.0% DMSO was carried out to check its activity. MICs were expressed as the average of
two successive concentrations of the antimicrobial agent showing no growth and growth,
respectively. The growth of microorganism was detected as turbidity, using a Synergy HTX
Multi-Mode Reader, Biotek, USA (at 630 nm) comparing to the turbidity of an un-inoculated
well.

4. Conclusions

The present study indicates that the samples of sumac marketed in Jordan have signif-
icant antioxidant and anti-microbial activities. The antioxidant and antibacterial activities
are due to the various terpenoids and polyphenols present in the oil. Currently there is
considerable interest in new natural antioxidants and antibacterial agents to replace the
synthetic ones that are used in foods and pharmaceutical industries. The phenols together
with other chemical constituents, which are present in the fruits, might be responsible
for the synergistic activity. This work can contribute to the knowledge of the substances
present in the aroma profile of this spice (Sumac) used in Jordan as an essential condiment
and cultivated and processed under the supervision of the small industry guideline.



Molecules 2021, 26, 5691 11 of 13

Supplementary Materials: The following are available online, Table S1: Volatile composition of R.
coriaria fruits (Sumac samples 1–8) purchased from the Jordanian market and agriculture field. Table
S2: GC-MS analysis of Essential oil of R. coriaria fruits (Sumac samples 1–8) purchased from the
Jordanian market and agriculture field.

Author Contributions: Conceptualization R.R.N. and A.K.S.; data curation, L.P., R.R.N., A.K.S. and
B.F.; formal analysis, L.P., R.R.N. and A.K.S.; investigation, A.K.S., R.R.N. and B.F.; methodology,
A.K.S., L.P., R.R.N., B.F. and N.A.M.N.; project administration, R.R.N. and A.K.S.; resources, A.K.S.
and L.P.; software, B.F. and A.K.S.; supervision, A.K.S. and L.P.; validation, L.P. and A.K.S.; visual-
ization, L.P. and A.K.S.; writing—original draft, L.P., R.R.N., B.F. and A.K.S.; writing—review and
editing, L.P., R.R.N., A.K.S. and G.A.O.; project administration A.K.S. and L.P. All authors have read
and agreed to the published version of the manuscript.

Funding: The research is supported by Deanship of Research, Al-Ahliyya Amman University,
Amman Jordan through University Research Project Grant No. 1681/112/sa/r.j, dated 18 July 2019.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data sharing not applicable.

Acknowledgments: The authors wish to thank the Deanship, Faculty of Pharmacy, Medical Sciences
and the Dean of Research and Higher Education, Al-Ahliyya Amman University, Amman, Jordan,
for providing necessary facilities.

Conflicts of Interest: The authors declare no conflict of interest.

Sample Availability: Samples are available from the communicating author.

References
1. USDA. Germplasm Resources Information Network; Agricultural Research Service: Beltsville, MD, USA, 2007.
2. Erichsen-Brown, C. Medicinal and Other Uses of North American Plants: A Historical Survey with Special Reference to the Eastern Indian

Tribes; Dover Publications: New York, NY, USA, 1989.
3. Foster, S.; Duke, J.A. A Field Guide to Medicinal Plants: Eastern and Central N. America; Houghton Mifflin Co: Boston, MA, USA,

1990.
4. Moerman, D. Native American Ethnobotany; Timber Press: Portland, OR, USA, 1998.
5. Baytop, T. Therapy with Medicinal Plants in Turkey (Past and Present), 1st ed.; Publications of the Istanbul University: Istanbul,

Turkey, 1984; No. 3255. (In Turkish)
6. Dogan, M.; Akgul, A. Characteristics and fatty acid compositions of Rhus coriaria cultivars from Southeast Turkey. Chem. Nat.

Compd. 2005, 41, 724–725. [CrossRef]
7. Gulmez, M.; Oral, N.; Vatansever, L. The effect of water extract of sumac (Rhus coriaria L.) and lactic acid on decontamination and

shelf life of raw broiler wings. Poult. Sci. 2006, 85, 1466–1471. [CrossRef]
8. Uhl, S.R. Handbook of Spices, Seasonings and Flavorings; Technomic Publishing Company, Inc.: Lancaster, PN, USA, 2000.
9. Rayne, S.; Mazza, G. Biological activities of extracts from sumac (Rhus spp.): A review. Plant Foods Hum. Nutr. 2007, 62, 165–175.

[CrossRef]
10. Bozan, B.; Kosar, M.; Tunalier, Z.; Ozturk, N.; Baser, K. Antioxidant and free radical scavenging activities of Rhus coriaria and

Cinnamomum cassia extracts. Acta Aliment. 2003, 32, 53–61. [CrossRef]
11. Candan, F. Effect of Rhus coriaria L. (Anacardiaceae) on superoxide radical scavenging and xanthine oxidase activity. J. Enzyme

Inhib. Med. Chem. 2003, 18, 59–62. [CrossRef]
12. Candan, F.; Sokmen, A. Effects of Rhus coriaria L. (Anacardiaceae) on lipid peroxidation and free radical scavenging activity.

Phytother. Res. 2004, 18, 84–86. [CrossRef] [PubMed]
13. Panico, A.; Cardile, V.; Santagati, N.A.; Messina, R. Antioxidant and protective effects of sumac leaves on chondrocytes. J. Med.

Plants Res. 2009, 3, 855–861.
14. Pourahmad, J.; Eskandari, M.R.; Shakibaei, R.; Kamalinejad, M. A search for hepatoprotective activity of aqueous extract of Rhus

coriaria L. against oxidative stress cytotoxicity. Food Chem. Toxicol. 2010, 48, 854–858. [CrossRef] [PubMed]
15. Peter, K.V. Handbook of Herbs and Spices; Elsevier: Amsterdam, The Netherlands, 2012.
16. Beretta, G.; Rossoni, G.; Santagati, N.A.; Facino, R.M. Anti-ischemic activity and endothelium-dependent vasorelaxant effect of

hydrolysable tannins from the leaves of Rhus coriaria (Sumac) in isolated rabbit heart and thoracic aorta. Planta Med. 2009, 75,
1482–1488. [CrossRef] [PubMed]

17. Kossah, R.; Nsabimana, C.; Zhang, H.; Chen, W. Optimization of extraction of polyphenols from Syrian sumac (Rhus coriaria L.)
and Chinese sumac (Rhus typhina L.) fruits. Res. J. Phytochem. 2010, 4, 146–153. [CrossRef]

http://doi.org/10.1007/s10600-006-0021-x
http://doi.org/10.1093/ps/85.8.1466
http://doi.org/10.1007/s11130-007-0058-4
http://doi.org/10.1556/AAlim.32.2003.1.7
http://doi.org/10.1080/1475636031000069273
http://doi.org/10.1002/ptr.1228
http://www.ncbi.nlm.nih.gov/pubmed/14750207
http://doi.org/10.1016/j.fct.2009.12.021
http://www.ncbi.nlm.nih.gov/pubmed/20036300
http://doi.org/10.1055/s-0029-1185797
http://www.ncbi.nlm.nih.gov/pubmed/19548191
http://doi.org/10.3923/rjphyto.2010.146.153


Molecules 2021, 26, 5691 12 of 13

18. Shabbir, A. Rhus coriaria linn, a plant of medicinal, nutritional and industrial importance: A review. J. Anim. Plant Sci. 2012, 22,
505–512.

19. Abu-Reidah, I.M.; Jamous, R.M.; Ali-Shtayeh, M.S. Phytochemistry, pharmacological properties and industrial applications of
Rhus coriaria L. (Sumac). Jordan J. Biol. Sci. 2014, 7, 233–244. [CrossRef]

20. Morshedloo, M.R.; Craker, L.E.; Salami, A.; Nazeri, V.; Sang, H.; Maggi, F. Effect of prolonged water stress on essential oil
content: Compositions and gene expression patterns of mono-and sesquiterpene synthesis in two oregano (Origanum vulgare L.)
subspecies. Plant Physiol. Biochem. 2017, 111, 119–128. [CrossRef]

21. Morshedloo, M.R.; Ebadi, A.; Maggi, F.; Fattahi, R.; Yazdani, D.; Jafari, M. Chemical characterization of the essential oil
compositions from Iranian populations of Hypericum perforatum L. Ind. Crops Prod. 2015, 76, 565–573. [CrossRef]

22. Bahar, B.; Altug, T. Flavour characterization of sumach (Rhus coriaria L.) by means of GC/MS and sensory flavour profile analysis
techniques. Int. J. Food Prop. 2009, 12, 379–387. [CrossRef]

23. Brunke, E.J.; Hammerschmidt, F.J.; Schmaus, G.; Akgül, A. The essential oil of Rhus coriaria L. fruits. Flavour Fragr. J. 1993, 8,
209–214. [CrossRef]

24. Gharaei, A.; Khajeh, M.; Ghaffari, M.; Choopani, A. Iranian Rhus coriaria (sumac) essential oils extraction. J. Essent. Oil Bear.
Plants 2013, 16, 270–273. [CrossRef]

25. Ghorbani, P.; Namvar, F.; Homayouni-Tabrizi, M.; Soltani, M.; Karimi, E.; Yaghmaei, P. Apoptotic efficacy and antiproliferative
potential of silver nanoparticles synthesised from aqueous extract of sumac (Rhus coriaria L.). IET Nanobiotechnol. 2018, 12,
600–603. [CrossRef] [PubMed]

26. Kurucu, S.; Koyuncu, M.; Güvenç, A.; Baser, K.; Özek, T. The essential oils of Rhus coriaria L. (Sumac). J. Essent. Oil. Res. 1993, 5,
481–486. [CrossRef]

27. Giovanelli, S.; Giusti, G.; Cioni, P.L.; Minissale, P.; Ciccarelli, D.; Pistelli, L. Aroma profile and essential oil composition of Rhus
coriaria fruits from four Sicilian sites of collection. Ind. Crops Prod. 2017, 97, 166–174. [CrossRef]

28. Elagbar, Z.A.; Shakya, A.K.; Barhoumi, L.M.; Al-Jaber, H.I. Phytochemical Diversity and Pharmacological Properties of Rhus
coriaria. Chem. Biodivers. 2020, 17, e1900561. [CrossRef]

29. Farag, M.A.; Fayek, N.M.; Reidah, I.A. Volatile profiling in Rhus coriaria fruit (sumac) from three different geographical origins
and upon roasting as analyzed via solid-phase microextraction. PeerJ 2018, 6, e5121. [CrossRef] [PubMed]

30. Chakraborty, A.; Ferk, F.; Simic, T.; Brantner, A.; Dusinska, M.; Kundi, M.; Hoelzl, C.; Nersesyan, A.; Knasmuller, S. DNA-
protective effects of sumach (Rhus coriaria L.), a common spice: Results of human and animal studies. Mutat. Res. 2009, 661, 10–17.
[CrossRef] [PubMed]

31. Adwan, G.; Abu-Shanab, B.; Adwan, K. Antibacterial activities of some plant extracts alone and in combination with different
antimicrobials against multidrug–resistant Pseudomonas aeruginosa strains. Asian Pac. J. Trop. Med. 2010, 3, 266–269. [CrossRef]

32. Nimri, L.F.; Meqdam, M.M.; Alkofahi, A. Antibacterial activity of Jordanian medicinal plants. Pharm. Biol. 1999, 37, 196–201.
[CrossRef]

33. Ozcan, M. Effect of sumach (Rhus coriaria L.) extracts on the oxidative stability of peanut oil. J. Med. Food 2003, 6, 63–66. [CrossRef]
34. Ozcan, M. Antioxidant activities of rosemary, sage, and sumac extracts and their combinations on stability of natural peanut oil. J.

Med. Food 2003, 6, 267–270. [CrossRef]
35. Morshedloo, M.R.; Maggi, F.; Neko, H.T.; Aghdam, M.S. Sumac (Rhus coriaria L.) fruit: Essential oil variability in Iranian

populations. Ind. Crop. Prod. 2018, 111, 1–7. [CrossRef]
36. Dahham, S.S.; Tabana, Y.M.; Iqbal, M.A.; Ahamed, M.B.; Ezzat, M.O.; Majid, A.S.; Majid, A.M. The Anticancer, Antioxidant and

Antimicrobial Properties of the Sesquiterpene beta-Caryophyllene from the Essential Oil of Aquilaria crassna. Molecules 2015, 20,
11808–11829. [CrossRef]

37. Joycharat, N.; Thammavong, S.; Voravuthikunchai, S.P.; Plodpai, P.; Mitsuwan, W.; Limsuwan, S.; Subhadhirasakul, S. Chemical
constituents and antimicrobial properties of the essential oil and ethanol extract from the stem of Aglaia odorata Lour. Nat. Prod.
Res. 2014, 28, 2169–2172. [CrossRef]

38. Tanaka, Y.; Uchi, H.; Furue, M. Antioxidant cinnamaldehyde attenuates UVB-induced photoaging. J. Dermatol. Sci. 2019, 96,
151–158. [CrossRef]

39. De Carvalho, F.O.; Silva, E.R.; Gomes, I.A.; Santana, H.S.R.; do Nascimento Santos, D.; de Oliveira Souza, G.P.; de Jesus Silva, D.;
Monteiro, J.C.M.; de Albuquerque Junior, R.L.C.; de Souza Araujo, A.A.; et al. Anti-inflammatory and antioxidant activity of
carvacrol in the respiratory system: A systematic review and meta-analysis. Phytother. Res. 2020, 34, 2214–2229. [CrossRef]

40. Pombal, S.; Hernandez, Y.; Diez, D.; Mondolis, E.; Mero, A.; Morin-Pinzon, J.; Guerrero, E.I.; Rodilla, J.M. Antioxidant Activity of
Carvone and Derivatives against Superoxide Ion. Nat. Prod. Commun. 2017, 12, 653–655. [CrossRef]

41. Ngo, T.C.; Dao, D.Q.; Thong, N.M.; Nam, P.C. Insight into the antioxidant prop-erties of non-phenolic terpenoids contained in
essential oils extracted from the buds of Cleistocalyx operculatus: A DFT study. RSC Adv. 2016, 6, 30824–30834. [CrossRef]

42. Gulcin, I. Antioxidant activity of eugenol: A structure-activity relationship study. J. Med. Food 2011, 14, 975–985. [CrossRef]
[PubMed]

43. Elagbar, Z.A.; Naik, R.R.; Shakya, A.K.; Bardaweel, S.K. Fatty Acids Analysis, Antioxidant and Biological Activity of Fixed Oil of
Annona muricata L. Seeds. J. Chem. 2016, 2016, 6948098. [CrossRef]

44. Usman, L.A.; Ismaeel, R.O. Chemical Composition and Antioxidant Potential of Fruit Essential Oil of Laggera pterodonta (DC.)
Benth Grown in North Central, Nigeria. J. Biol. Act. Prod. Nat. 2020, 10, 405–410.

http://doi.org/10.12816/0008245
http://doi.org/10.1016/j.plaphy.2016.11.023
http://doi.org/10.1016/j.indcrop.2015.07.033
http://doi.org/10.1080/10942910701799249
http://doi.org/10.1002/ffj.2730080408
http://doi.org/10.1080/0972060X.2013.794020
http://doi.org/10.1049/iet-nbt.2017.0080
http://www.ncbi.nlm.nih.gov/pubmed/30095419
http://doi.org/10.1080/10412905.1993.9698267
http://doi.org/10.1016/j.indcrop.2016.12.018
http://doi.org/10.1002/cbdv.201900561
http://doi.org/10.7717/peerj.5121
http://www.ncbi.nlm.nih.gov/pubmed/30013828
http://doi.org/10.1016/j.mrfmmm.2008.10.009
http://www.ncbi.nlm.nih.gov/pubmed/19022266
http://doi.org/10.1016/S1995-7645(10)60064-8
http://doi.org/10.1076/phbi.37.3.196.6308
http://doi.org/10.1089/109662003765184769
http://doi.org/10.1089/10966200360716698
http://doi.org/10.1016/j.indcrop.2017.10.002
http://doi.org/10.3390/molecules200711808
http://doi.org/10.1080/14786419.2014.924934
http://doi.org/10.1016/j.jdermsci.2019.11.001
http://doi.org/10.1002/ptr.6688
http://doi.org/10.1177/1934578X1701200502
http://doi.org/10.1039/C6RA02683D
http://doi.org/10.1089/jmf.2010.0197
http://www.ncbi.nlm.nih.gov/pubmed/21554120
http://doi.org/10.1155/2016/6948098


Molecules 2021, 26, 5691 13 of 13

45. Upadhyaya, K.; Dixit, V.K.; Padalia, R.C.; Mathela, C.S. Terpenoid composition and antioxidant activity of essential oil from
leaves of Salvia leucantha Cav. J. Essent. Oil Bear. Plants 2009, 12, 551–556. [CrossRef]

46. Sharma, P.; Shah, G.C. Composition and antioxidant activity of Senecio nudicaulis Wall. ex DC. (Asteraceae): A medicinal plant
growing wild in Himachal Pradesh, India. Nat. Prod. Res. 2015, 29, 883–886. [CrossRef] [PubMed]

47. Gouveia, D.N.; Costa, J.S.; Oliveira, M.A.; Rabelo, T.K.; Silva, A.; Carvalho, A.A.; Miguel-Dos-Santos, R.; Lauton-Santos, S.; Scotti,
L.; Scotti, M.T.; et al. alpha-Terpineol reduces cancer pain via modulation of oxidative stress and inhibition of iNOS. Biomed.
Pharmacother. 2018, 105, 652–661. [CrossRef] [PubMed]

48. Kundu, A.; Saha, S.; Walia, S.; Ahluwalia, V.; Kaur, C. Antioxidant potential of essential oil and cadinene sesquiterpenes of
Eupatorium adenophorum. Toxicol. Environ. Chem. 2013, 95, 127–137. [CrossRef]

49. Xu, J.; Zhou, F.; Ji, B.P.; Pei, R.S.; Xu, N. The antibacterial mechanism of carvacrol and thymol against Escherichia coli. Lett. Appl.
Microbiol. 2008, 47, 174–179. [CrossRef]

50. Mun, S.H.; Kang, O.H.; Joung, D.K.; Kim, S.B.; Choi, J.G.; Shin, D.W.; Kwon, D.Y. In vitro anti-MRSA activity of carvone with
gentamicin. Exp. Ther. Med. 2014, 7, 891–896. [CrossRef]

51. Chen, L.W.; Chung, H.L.; Wang, C.C.; Su, J.H.; Chen, Y.J.; Lee, C.J. Anti-Acne Effects of Cembrene Diterpenoids from the Cultured
Soft Coral Sinularia flexibilis. Mar. Drugs 2020, 18, 487. [CrossRef]

52. Yadav, M.K.; Chae, S.W.; Im, G.J.; Chung, J.W.; Song, J.J. Eugenol: A phyto-compound effective against methicillin-resistant and
methicillin-sensitive Staphylococcus aureus clinical strain biofilms. PLoS ONE 2015, 10, e0119564. [CrossRef]

53. Auezova, L.; Najjar, A.; Kfoury, M.; Fourmentin, S.; Greige-Gerges, H. Antibacterial activity of free or encapsulated selected
phenylpropanoids against Escherichia coli and Staphylococcus epidermidis. J. Appl. Microbiol. 2020, 128, 710–720. [CrossRef]

54. Van Zyl, R.L.; Seatlholo, S.T.; van Vuuren, S.F.; Viljoen, A.M. The biological activities of 20 Nature Identical Essential Oil
Constituents. J. Essent. Oil Res. 2006, 18, 129–133. [CrossRef]

55. Li, L.; Shi, C.; Yin, Z.; Jia, R.; Peng, L.; Kang, S.; Li, Z. Antibacterial activity of alpha-terpineol may induce morphostructural
alterations in Escherichia coli. Braz. J. Microbiol. 2014, 45, 1409–1413. [CrossRef] [PubMed]

56. Naik, R.R.; Shakya, A.K.; Khalaf, N.A.; Abuhamdah, S.; Oriquat, G.A.; Maraqa, A.M. GC-MS Analysis and Biological Evaluation
of Essential Oil of Zanthoxylum Rhesta (Roxb.) DC Pericarp. Jordan J. Biol. Sci. 2015, 8, 181–193.

57. Bandeira Reidel, R.V.; Melai, B.; Cioni, P.; Flamini, G.; Pistelli, L. Aroma Profile of Rubus ulmifolius Flowers and Fruits during
Different Ontogenetic Phases. Chem. Biodivers. 2016, 13, 1776–1784. [CrossRef] [PubMed]

58. Adams, R.P. Identification of Essential Oils Components by Gas Chromatography/Mass Spectroscopy; Allured: Carol Stream, IL, USA,
2001.

59. NIST. NIST/EPA/NIH Mass Spectra Library; John Wiley & Sons, Inc.: Hobeken, NJ, USA, 2014.
60. Al-Hiari, Y.M.; Al-Mazari, I.S.; Shakya, A.K.; Darwish, R.M.; Abu-Dahab, R. Synthesis and antibacterial properties of new

8-nitrofluoroquinolone derivatives. Molecules 2007, 12, 1240–1258. [CrossRef] [PubMed]

http://doi.org/10.1080/0972060X.2009.10643756
http://doi.org/10.1080/14786419.2014.990904
http://www.ncbi.nlm.nih.gov/pubmed/25515495
http://doi.org/10.1016/j.biopha.2018.06.027
http://www.ncbi.nlm.nih.gov/pubmed/29902764
http://doi.org/10.1080/02772248.2012.759577
http://doi.org/10.1111/j.1472-765X.2008.02407.x
http://doi.org/10.3892/etm.2014.1498
http://doi.org/10.3390/md18100487
http://doi.org/10.1371/journal.pone.0119564
http://doi.org/10.1111/jam.14516
http://doi.org/10.1080/10412905.2006.12067134
http://doi.org/10.1590/S1517-83822014000400035
http://www.ncbi.nlm.nih.gov/pubmed/25763048
http://doi.org/10.1002/cbdv.201600170
http://www.ncbi.nlm.nih.gov/pubmed/27449284
http://doi.org/10.3390/12061240
http://www.ncbi.nlm.nih.gov/pubmed/17876293

	Introduction 
	Results 
	The Antioxidant Activity 
	Antibacterial Activity 

	Materials and Methods 
	Chemicals and Materials 
	Essential Oil Extraction 
	HS-SPME of Volatile Compounds 
	GC-FID and GC-MS Analysis 
	GC-MS Analysis of EOs 
	Identification of Compounds 
	Multivariate Statistical Analysis 
	Antioxidant Activity 
	-Carotene Bleaching (BCB) Assay 
	Antibacterial Activity 

	Conclusions 
	References

