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ABSTRACT

This work aimed to evaluate the quality of some commercial clove oil
products in the Egyptian market either purchased or extracted from
clove oil buds. Also, to evaluate the antioxidant potential of these oil
samples. Thus quality control of theses oil samples depending on both
results. Also, to test the antiviral clove oil activity against SARS-CoV
as it was reported as one of the potent antioxidants and its major
component; 3- caryophellene showed activity against Covid-19. Seven
essential oil samples were qualified depending on analyzed using
GC/MS analysis by comparing the percentage composition of the main
ingredients of clove oil; eugenol, eugenol acetate and - caryophellene
with those reported in pharmacopeia and other references. The
antioxidant potential of these samples was performed using DPPH
radical scavenging assay using ascorbic acid as a reference standard.

The antioxidant potential of these samples had been taken in

consideration for quality control of the tested samples. The antiviral activity of clove oil was

assessed using Crystal violet assay. The tested samples showed variation either in the number

of the peaks in the GC/MS chromatograms and thus was divided into three groups depending

on similarity. Also, the percent concentration of each of the eugenol and other main

ingredients showed variations. All the tested samples showed antioxidant potential with ECs

values ranging from 19.83 to 59.08 pg/ml. Clove oil showed activity against Coronavirus

with SI equals 1.95 ng/ml.
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INTRODUCTION

Essential oils are highly appreciated mixtures of secondary metabolites of aromatic plants.
Many are used for healthcare in aromatherapy. The oil of clove is extracted from the dried
aromatic flower buds of the evergreen trees; Eugenia caryophyllata Thunb (=Syzygium
aromaticum L.) belonging to F. Myrtaceae. The plant is indigenous to the Molucca or Clove
Islands. It is widely cultivated in tropical and subtropical countries as in Zanzibar, Pemba,
Madagascar, Indonesia, Brazil, Sri-Lanka and Tanzania.l! Clove oil has received
considerable interest due to its wide application in food as flavoring agent, in cosmetics and
in oral hygiene products. The FDA classifies it as generally recognized as safe.’” Due to the
increased number of oil suppliers as pharmacies, drug stores, and market, demand for

efficient analysis and quality control is increased to ensure good manufacturing practice.

The formulation of medicinal products with adulterated essential oils could be very
dangerous and put in serious risk the health of consumers. As an example, clove essential oil
is used in dental care pharmaceutical products. Clove oil is usually adulterated either by
vegetable oils or by benzyl alcohol.®! Thus strict controls must be carried out by
governmental institution and also by companies working with essential oils as raw materials.

The standardization and quality control of essential oils is critical.

According to European Pharmacopoeia, Clove oil is obtained by steam distillation of the
dried flower buds of Syzygium aromaticum (L.) Merrill et L.M. Perry (Eugenia caryophyllata
(C. Spreng., Bull. et Harr.). The essential oil of clove is a mixture of different compounds,
with the main three active chemical compounds being eugenol, eugenyl acetate and
caryophyllene.” The major constituent of clove oil is eugenol up to 70-80 %.5! Clove bud
oil, is a colorless or yellow liquid, clove stem oil is pale yellow and it is less expensive than
clove oil buds while the clove leaf oil is dark brown in color and it is the main traded clove
oil, because it is less expensive than the clove buds. Origin, variety, post-harvest processing,
pre-treatment before distillation and distillation method, all are the factors affecting the yield

and quality of the produced oil [

Clove is often used as a remedy for diarrhea and for digestive disorders as it is widely used
for treatment of dyspepsia and gastritis.” It also showed antidiabetic activity.[®! anti-

inflammatory and vasodilator activity.[) The use of clove as analgesic have been reported
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since the 13th century, for toothache, join pain and eugenol is the main compound
responsible for this activity. Clove oil can also serve as an anesthesia for a variety of fish.[*"
It was reported as an inhibitor of platelet aggregation and may act as an antithrombotic
agent.[*!

Clove extracts and essential oil showed potent antioxidant activity.”> ' A study showed that
the antioxidant and antimicrobial activity of clove is higher than many fruits, vegetables and
other spices and thus should deserve special attention.™! Seller et al concluded that clove oil
could revert memory and learning deficits caused by scopolamine in short and long term as a
result of the reduction in the oxidative stress in mice. Also, its anticancer activity is proven.
The cytotoxicity of eugenol is tested and results showed that eugenol presented a notable
anti-oxidative potential at all the tested concentrations. It was concluded that the cytotoxic
activity of eugenol is stronger than the other tested substances.[**!

Besides, the essential clove oil reported antimicrobial, antifungal, antiviral and insecticidal
properties.*® A study.!*” concluded the antibacterial effect of pure Clove oil or mixed with
rosemary oil against Staphylococcus epidermidis, Staphylococcus aureus, Bacillus subtilis, E.
coli, Proteus vulgaris, Pseudomonas aeruginosa and the results showed minimum inhibitory
concentrations between 0.062% and 0.500% (v/v) which is promising as anti-infection agent
or as food preservative. Also, eugenol at 2 pg/mL inhibited the growth of 31 strains of
Helicobacter pylori, after 9 h, and thus being more potent that amoxicillin and without
developing resistance.®

Other uses of clove oil as antipyretic, aphrodisiac, appetizer, expectorant, antiemetic and
decongestant were reported.™*®!

The clove essential oil is generally recognized as safe substance, the World Health
Organization (WHO) established that the daily quantity acceptable of clove per day is of 2.5
mg/kg of weight in humans.”) The National Toxicology Program based on long term

carcinogenicity studies concluded that eugenol is not carcinogenic to rats.™™!

One of the biggest challenges facing scientists from all over the world today is to find and
develop effective drugs to fight SARS-CoV-2. Parallel to intensive efforts that has been done
to find a vaccine or a cure for the disease, alternative treatments are also being tested. FDA-

approved drugs with different therapeutic uses are being re-examined for their possible
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activity against SARS-CoV-2. Among those are natural products especially essential oils;
which have a wide range of biological effects, including antiviral activity. A previous
study® concluded the antiviral efficacy of essential oil components has been determined
specifically against SARS-CoV-2. Several compounds found in volatile oils, including
thymol, have been studied. For this purpose, the recently determined crystal structure of the
SARS-CoV-2 spike glycoprotein (S) was used. Based on the binding affinities of the
compounds against the receptor binding domain of the S1 glycoprotein, cuminal, carvacrol,
myrtanol, and pinocarveol were found to be highly active.” Clove oil is known as a

powerful antioxidant and has antiviral activity but still not tested against SARA-CoV virus.

The present study aimed to evaluate the quality of 7 clove oil samples from different
suppliers either by extraction from its flower buds or oil samples already extracted and
marketed in Egypt by determination of their chemical composition. Also to determine,
compare oils antioxidant potential and correlate them with oil composition. Both oil
composition and antioxidant activity were used to compare and evaluate samples quality.

Also to evaluate the effectiveness of clove oil against SARS-COVID virus.

MATERIAL AND METHODS

General Experimental Procedures

TLC of the purchased essential oil samples together with that was extracted was done on
precoated silica gel 60 F254 plates (Germany).

Camag, Switzerland UV Lamp was used for UV detection of the TLC plates.
GC/MS analysis was performed on Perkin EImer model: Clarus 580/560 S).
Clevenger apparatus was used for essential oil extraction.

Spectrophotometer (Optima SP-300, Japan).

Chemicals and solvents were purchased from Sigma Chemical Co. (St., Louis, USA.
Eugenol was obtained from Sigma-Aldrich.

DPPH was purchased from Sigma Chemical Co. (St. Louis, USA).

Plant Material
The flowering buds of clove (Eugenia caryophyllus = Syzygium aromaticum) belonging to
the Family Myrtaceae were purchased from a local market. Botanical identification has been

confirmed by macroscopic and microscopic examinations.
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Extraction of the Essential Oil

Clove flower buds (100 gm) were purchased from local market in Egypt and crushed using
mortar and pestle just prior to extraction was subjected to hydrodistillation for 3 h using a
Clevenger type apparatus. The obtained essential oil was dried over anhydrous sodium sulfate
and stored in amber vials with screw cap in a refrigerator at 4 °C prior to analysis. The

extracted oil was labeled as Supplier 1 and stored in amber vials for use.

Commercial oil Samples

Six commercial clove oil samples were purchased from the Egyptian market. The oil samples
were coded Supplier 2, Supplier 3, Supplier 4, Supplier 5, Supplier 6 and Supplier 7. The
sample coded Supplier 4 was prepared by cold press extraction method.

TLC of Clove Oil
All oil samples were spotted on gel F percolated plates and developed using in n-hexane:
acetone (9:1) and n-hexane: ethylacetate (4:1) as mobile phase. Plates were visualized under

UV and sprayed with ferric chloride.
Clove Oil Samples were Co-Chromatographed with authentic Eugenol.

All essential oil samples (Supplier 1, 2, 3, 4,5, 6 and 7) showed eugenol recognized by the
same authentic Rs = 0.35. Eugenol spot was visualized under UV but appear as green black
spot after spraying with ferric chloride reagent. The intensity of eugenol spot varied as being
more intense in samples 1 and 6 and 7. Essential oil samples showed 4 spots in all samples
except Supplier 3 that shows only 3 spots. Rsvalues in n-hexane: acetone (9:1) 0.65, 0.4, 0.35
and 0.18. The four spots appeared after spraying with Fecls as brown, blue and greenish black

and green respectively in n-hexane: acetone (9:1).

Gas Chromatography/Mass Spectroscopy of the Clove Oil Samples

The chemical composition of the tested samples were performed using Trace GC-TSQ mass
spectrometer (Thermo Scientific, Austin, TX, USA) with a direct capillary column TG-5MS
(30 m x 0.25 mm x 0.25 pum film thickness). The column oven temperature was initially held
at 50°C and then increased by 5°C /min t0250 °C hold for 2 min. increased to the final
temperature 300°C by 30°C /min and hold for 2 min. The temperatures of the injector and
MS transfer line were kept at 270, 260°C respectively. Helium was used as a carrier gas at a

constant flow rate of 1 ml/min. The solvent delay was 4 min and diluted samples of 1 ul were
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injected automatically using Autosampler AS1300 coupled with GC in the split mode. EIl
mass spectra were collected at 70 eV ionization voltages over the range of m/z 50-650 in full
scan mode. The ion source temperature was set at 200 °C. The components were identified by
comparing their mass spectra with those of WILEY 09 and NIST 14 mass spectral database.

Antioxidant activity (DPPH radical-scavenging assay)
The DPPH radical scavenging assay was determined for all the seven samples according

to the method described previously by Tien et al.l??

Assessment of the antioxidant activity of both the isolated and commercial clove oil samples
was done by the radical scavenging effect of the stable DPPH (1,1-diphenyl-2-
picrylhydrazyl) free radical using ascorbic acid as a standard. The antioxidant radical
scavenging effects on DPPH are due to their hydrogen donating ability which causes an
absorbance drop at 517 nm. Serial dilutions (25-100 pg/ml) of the tested oil samples were
measured by the same assay to obtain EC50 (effective concentration at which the DPPH

scavenging activity being half its maximal activity).

EC50% values (g /ml) means the effective concentration at which the DPPH scavenging

effect being 50%. It was obtained by interpolating from the linear regression analysis.

Antiviral / Human Coronavirus 229E (Crystal Violet Assay)

The CPE-inhibition assay (the first assay developed to evaluate whether a substance showed
antiviral activity) will be used to identify potential antivirals against human coronavirus
229E. The dose-response assay was designed to determine the range of efficacy for the
chosen antiviral, i.e. the 50% inhibitory concentration (IC50), as well as the range of
cytotoxicity (CC50). This assay is critical for determining antiviral efficacy in cell culture
systems. Nawah-Scientific, Egypt, provided the 229E virus and Vero E6 cells. Vero EG6 cells
were grown in DMEM medium supplemented with 10% fetal bovine serum and 0.1%
antibiotic/antimycotic solution. The antibiotic & antimycotic solution, trypsine-EDTA, fetal
bovine serum, and DMEM medium were provided Gibco BRL (Grand Island, NY, USA).
The crystal violet method was used to evaluate antiviral activity and cytotoxicity assays
according to Schmidtke et al.’”® In brief, vero E6 cells were seeded into a 96-well culture
plate at a density of 2x104cells/well one day before infection. The culture medium was
removed after 24 hrs and the cells were washed with phosphate-buffered saline. The

infectivity of coronavirus 229E was determined using the crystal violet method, which
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monitored CPE and allowed the percentage of cell viability to be calculated. 0.1 mL of
diluted virus suspension of 229E virus containing CCID50 (50 percent cell culture infective
dose of virus stock was added to mammalian cells. This dose was selected to produce the
desired CPEs. For compound treatments, 0.01 mL of medium containing the desired
compound concentration was added to the cells. Each test sample's antiviral activity was
determined using a two-fold diluted concentration range of 0.00001-1 pg/mL. The virus
controls (virus-infected, nondrug-treated cells) and cell controls (non-infected, nondrug
treated cells). For 72 hrs, culture plates were incubated at 370C in 5% CO2. The development
of cytopathic effect was monitored by light microscopy. Following a PBS wash, the cell
monolayers were fixed and stained with a 0.03% crystal violet solution in 2% ethanol and

10% formalin.

After washing and drying the optical density of individual wells was quantified
spectrophotometrically at 540/630 nm. The percentage of antiviral activities of the tested oil
was calculated according to Pauwels et al.!*?! using the following equation: antiviral activity=
[(mean optical density of cell controls—mean optical density of virus controls)/ (optical
density of test—-mean optical density of virus controls)] x100% using the DIAS. Based on
these results, the 50% CPE inhibitory dose (ID50) was calculated.

Before this assay, the cytotoxicity of the oil is to be tested. Thus cells were seeded at a
density of 2x10* cells/well in a 96-well culture plate. After 24 hrs, the culture medium
containing serially diluted samples was added to the cells and incubated for 72 hours before
being removed and the cells washed with PBS. The steps were carried out in the same

manner as described above for the antiviral activity assay.

Calculations are made by determining Sl (selectivity index). It was determined by the ratio of
CC50 (concentration of 50% cellular cytotoxicity) to IC50 (50% inhibition concentration)

To give antiviral activity, this value must be higher than one. The ideal situation is to have
IC50 below the CC50 value. This means that the drug kill the virus before killing the host.

Statistical Analysis
Antioxidant assays were conducted in triplicate. Data were expressed as mean * standard

deviation (SD). Data were analyzed using Graph-pad PRISM Software.
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RESULTS

The yield of the clove buds isolated essential oil was about 5.76%.

The oil samples are heavier than water, dark yellow in color. The purchase oil sample coded
supplier 3 is lighter in density and lighter in color. All have characteristic clove odor except

sample coded supplier 3 which has very faint odor.

Chemical Composition of Clove Oil Samples

The tested seven samples showed different numbers of peaks in the GC/MS diagram.
Samples can be grouped into three different groups according to their GC/MS diagrams.
Samples coded Supplier 1 & Supplier 6 and supplier 7 showed similar behaviors in GC/MS
diagrams as they showed only five peaks. Thus to be represented by Supplier 1diagram in Fig
1. Also, samples coded Supplier 2 & Supplier 4 and supplier 5 showed similar behaviors in
GC/MS diagrams despite of disappearance of levomethanol peak (at R; 8,25) in GC/MS
diagram of sample coded supplier 2. Thus to be represented by Supplier 4 diagram in Fig 1.
On the other hand, sample coded supplier 3 showed somewhat different pattern in GC/MS

diagram, thus to be represented in Fig 1.

GC/MS diagrams representing the three similar groups represented by supplier 1 & supplier 3

and supplier 4 are shown in Fig. 1.

Supplier 1 Supplier 3

bl becbebdid
1

probeabealabododn L1

1 ‘ Supplier 4 —
|

Fig. 1: GC/MS diagrams of clove oil samples code supplier 1 &supplier 3 and supplier 4
analyzed for quality control and represented the three differented resulted groups in

gc/ms diagrams.
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Clove oil is a mixture of different compounds, with the three main active ingredients being

eugenol, eugenyl acetate and B-caryophyllene. The major compounds in clove oil samples

either extracted or purchased are represented in Table 1.

Table 1: Percentage of Major Compounds In GC/MS of The Seven Tested Clove Oil

Samples Extracted and Purchased.

Compound / % composition
Mass spectrum Supplier 1 Supplier 2 | Supplier 3 Supplier 4 Supplier5 Supplier 6 Supplier 7
Eugenol 79.27
100: 184
62.66 8.02 60.43 | 61.1 72.4 77.22
i0 100 150
B-Caryoplhylline
oy 18.16
| 1811 | - | 2028 | 183 | 133 | 152
Eugenol acetate
0.59
0.33 0.35 0.37 0.31 0.41 0.44
a-Humulene
IDO: 73
0.59
165 | ------ 1.55 1.60 0.62 0.76
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Quality control of the oil samples will be assessed depending on the percent concentration of
the principle compound eugenol and to lower extend other compounds such as f-
Caryophylline and eugenol acetate compared with those described in the European

Pharmacopeia and literatures.
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Table 2: Decrease of DPPH absorbance (%) and ECsy values for the seven tested clove

oil samples.
The decrease of DPPH ECso
Supplier absorbance % (Hg/ml)
mean £ SD (n=3) |mean £ SD (n =3)
1 77.1+1.34 20.78+ 0.2
2 54.33+0.76 55.8+ 0.8
3 38.63 + 0.08 59.08+ 0.77
4 74.13 £ 0.37 30.9+ 0.69
5 59.76 + 0.89 34.1+0.88
6 72.11 £0.33 19.83+ 0.07
7 69.89+ 0.21 19.89+ 0.33
Ascorbicacid gy 55, g7 8.50+ 0.34
(standard)

The Antioxidant Potential of the Tested Clove Oil Samples

All oil samples showed antioxidant activity varied to different extents. Results are tabulated
in Table 2. The percentage of scavenging ability of all the tested seven clove oil samples
using DPPH. Sample coded supplier 1 showed the highest antioxidant potential (77.1+ 1.34)

whileas sample coded supplier 3 showed the lowest ones (38.63 + 0.08).

Results of Antiviral / Human Coronavirus 229E

The results of the 50% cytotoxic concentrations (CC50) and the 50% inhibitory concentration
(IC50) were determined using GraphPad PRISM Software (Graph-Pad Software, San Diego,
USA).

SI= CC50 /IC50= 215.4/135.8 = 1.59 ng/ml. This means that the clove essential oil is

effective against Coronavirus.

150, Sample (Oil)

150- = Cell line Vero E6
Sample (Oil) < 1C50=135.8 ngmi
= Cell line Vero E6 S 3
= ccs0=215.4 ngmi 5 "
= 1004 - . I S °
b = .
3 8
= s * | S
3 o A" £
0. 0 - - . V
0 1 2 3 4 0 : 2 y 4

Log Concentration (ng/mi) Log Concentration (ng/mi)

Fig. 2: Graphs of cytotoxicity Concentration 50% (CC50) and the 50% inhibitory
concentration (IC50) on Vero E6 cells and 229E.
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DISCUSSION AND CONCLUSION

The oil yielded from extraction of the dried clove buds was in agree with yields acquired by
several studies that was varying from 0.18 to 7.6%.122% It is known that clove oil is heavier
than water as its density is 1.04 g/mL at 25°%. Sample coded supplier 3 was shown to be
admixed with other oils and extracted from exhausted clovebuds. This was supported by its
physical character as lighter density, lighter color and very faint clove odor. This was
supported by chemical composition analysis by GC/MS as eugenol percent composition was
very low (8.20), absence of B-caryophyllene, a-humulene and B-caryophyllene oxide. Also,

very low concentration of eugenol acetate (0.35%).

The difference in the number of identified compounds in GC/MS may refer to the age of the
clove buds from which the essential oil was extracted. A previous work?”! showed that the
flowering buds of young trees produced higher yield than that of the mature ones. Alfikri et al
(2020) showed that, in GC-MS, the main bioactive compound of clove oil; eugenol is highest
at the flowering stage in young than mature trees. This may explain the percent variation of
eugenol in the tested samples as oil was extracted from different growth variation stages of
the buds.

According to European pharmacopea, the main characteristic constituents of the essential oil
are phenylpropanoids eugenol (75-88%), B-caryophyllene (5-14%) and acetyleugenol (4—
15% of the oil); minor constituents, less than 1%, are 2-heptanone, ethyl hexanoate,
humulenol; sesquiterpenes, a-humulene, a-humulene epoxide, B-humulene, B-caryophyllene

oxide and a-cubebene.

The major constituent of clove oil; eugenol up to 70-80 % 5 %! Some samples as coded
supplier 2, 4 and 5 showed slight decrease in the percent of eugenol (62.66, 60.43 and 61.1%
respectively). Sample coded Supplier 3 showed dramatic decrease in eugenol content

(8.20%). This supports adulteration of this clove oil sample and thus must be rejected.
Eugenol acetate is known to exhibit antibacterial, antioxidant, and anti-virulence activities.!*!

The terpene B-caryophyllene due to its unique ability to bind with CB2 receptors, it has
potent anti-inflammatory, antimicrobial, antibacterial, and antioxidant properties. Thus,
known to help relieve anxiety and pain. The combination of Humulene with B-caryophyllene

have anti-inflammatory properties that make it practical for treating arthritis, bursitis, and
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fibromyalgia.®? B-caryophyllene in all the tested samples (except sample coded supplier 3)

was found to be in agree with the standard pharmacopeal limits.

Indeed, sample coded supplier 3 must be rejected and withdrawn from the market as it
showed very low concentration of eugenol (8.2%). Also, it showed absence of the peaks of -

caryophyllene, a-humulene and caryophellene oxide.

Levomenthol is a levo isomer of menthol, an organic compound made synthetically or
obtained from peppermint oil. As other components of menthe essential oil is not found in
Gc/Ms  chromatogram, synthetic levomenthol is add to sample coded supplier 4.
Levomenthol/clove oil combination is used for occasional minor irritation, pain and

headache. Also this combination was shown to have anaesthetic effect.l*®!

Cold pressed clove oil was reported to posses stronger radical scavenging and antioxidant
activity than oil extracted by hydrodistillation. This may explain the higher antioxidant
activity of sample coded supplier 4.4

For conclusion, we can say that all the tested samples complied with the monograph of the

European Pharmacopoeia [Clove oil] except sample coded Supplier 3.

Also, the EC50 values of all the tested oil samples are accepted as showed potent antioxidant
activities. Previous results for S. aromaticum essential oil was 3.47 pg/mL in comparison to
13.98 pg/mL for ascorbic acid.M Alfikri, F et al®”! showed that DPPH scavenging activity
of clove bub oil had ICso range 15.80-108.85 pg/mL, with the highest antioxidant activity at

the flowering stage of young trees than mature buds.

In a previous work, clove oil was evaluated by employing various in vitro antioxidant assay
and shown to be very effective.*® United States Food and Drug Administration recognized
clove oil as safe substance when administered at levels not exceed 2.5 mg/kg body weight for
humans. Such consumption levels of clove oil can reduce many health risks due to its potent

antioxidant activity.

A previous work!®!! speculate that B-caryophyllene; a major component in clove oil has
potential to be investigated against COVID-19 and will inspire further preclinical and clinical
studies. Other previous studies concluded that clove oil is one of the most antioxidant volatile

0ils.*®! This work concluded that clove oil is effective against SARS-CoV virus as its
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selectivity index that measures the window between cytotoxicity and antiviral activity equals
1.95 ng/ml.

RECOMMENDATION

Quality control of the marketed essential oils is a must as they may be used either internally
or externally and thus affects human health if adulterated by harmful substances or even if
subqualified. GC/MS is an effective method for determining the quality control of essential

oils despite being expensive.

Due to its potent antioxidant potential, clove oil can be added to prolong the shelf life of

foods and pharmaceuticals.

This work concluded that clove oil is effective against Coronavirus. Such in-vitro studies are

promising but need further studies.
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