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ABSTRACT

Cloves (Syzygium aromaticum) are aromatic flower buds that have been
extensively studied for their culinary, medicinal, and economic value.
Bangladesh has Indonesian (CIS), Indian (CID) and Sri Lankan (CSI)
cloves. This study investigates the bioactive compounds, proximate
analysis, physicochemical properties, and antibacterial efficacy of clove
essential oils from three commercially available brands in Chattogram.
Using Gas Chromatography-Mass Spectrometry (GC-MS), the primary
bioactive compounds identified were eugenol, eugenol acetate, and f-
caryophyllene, with significant variations in their concentrations across
brands. Proximate analysis revealed differences in moisture, ash, and
volatile content, highlighting disparities in quality and purity.
Physicochemical properties were assessed. Antibacterial efficacy was
evaluated using the agar disc diffusion method against Escherichia coli and
Staphylococcus aureus and Pseudomonas aeruginosa, as indicated by its
minimal inhibitory concentration (MIC) values. These findings underscore
the importance of brand selection in ensuring the therapeutic and functional
efficacy of clove essential oil, emphasizing the need for stringent quality
control in the market.
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Introduction

Cloves (Syzygium aromaticum) are the fragrant
desiccated flower buds of a tree belonging to the
Myrtaceae family (Srivastava and Malhotra, 1991).
Exotic goods imported from Asia were particularly
appealing to the Greeks and Romans. The
Portuguese, Dutch, Spanish, and British were driven
to expand into countries such as India, Sri Lanka, and
Indonesia by their ambition to control sources of
spices. Every country fought with others to gain
monopolistic control over main trade routes and

*Corresponding author:<arpitachy23@gmail.com>

areas of spice production (Takeda et al., 2008). For
the reason that cloves from all these three locations
are abundant in essential oils, predominantly
comprising eugenol. Eugenol, which comprises 72-
90% of the essential oil derived from cloves, is
responsible for their distinctive fragrance and
numerous biological functions (Alma et al., 2007).
Clove essential oil (CEO) extracted from all parts of
clove tree are a rich source of bioactive compounds
with potential antioxidant, antimicrobial and
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anti-inflammatory properties. The CEO also
combats dental pain and oxidative stress. Principal
health advantages comprise: antioxidant properties
(Jirovetz et al., 2006), antibacterial and antifungal
effects (Nzeako et al., 2006), blood sugar regulation
(Mohan et al., 2019), cancer prevention (Liu et al.,
2014). Researchers have been investigating the
potential health advantages of clove oil and its
constituents, similar to other EOs (Haro-Gonzélez
et al., 2021). In a prior study, researchers identified
the components of EO derived from the leaves and
buds (Bhuiyan et al., 2010). Cloves, particularly
their bioactive compounds like eugenol, may offer
natural alternatives to synthetic antibiotics, against
E. coli, Staph. aureus, and P. aeruginosa, helping
combat antibiotic resistance (Jayarathne et al.,
2020). As these bacteria are often resistant to
conventional antibiotics, cloves could provide a
natural solution, potentially reducing reliance on
synthetic drugs and slowing the development of
resistance. To summarize, this study has the
potential to provide natural remedies for health
problems, make food more secure, and bolster long-
term health and food industry sustainability of the
food industry.

Materials and methods
Collection and processing of cloves

Cloves were procured from the Khatunganj market in
Chittagong City. The samples were purified, dust
particles removed, and dried. The dried cloves were
ultimately pulverized using a Fritsch mortar grinder
(Germany) for 1 hour.

Extraction of Essential Oil (EO)

Plant essential oil extraction uses several methods. In
this investigation, steam distillation using the
Clevenger apparatus (Germany) was performed
according to the steps described by Shavisi et al.
(2017), with slight moderations.

Determination of physicochemical properties of EO

The physical parameters of the extracted EO,
including refractive index, density, optical rotation,

and alcohol solubility, were assessed following
established methods (Pharmacopoeia Commission,
2011) with three replications.

Determination of acid value

The Acid value was estimated using the following
equation mentioned in Paez et al. (2016):

N of alkali (0.1) x ml of alkali
Acid value =

Wt. of sample (gm)

Determination of saponification value
The saponification value was estimated using the
following equation mentioned in Paez et al. (2016):

N x (b-a) x 56.1
Saponification value =

Wt. of sample (gm)

Where, b = blank titer value, a = sample titer value
and N = 0.5 (Normality) of HCI.

Determination of peroxide value

Peroxide value was determined using the formula
described by Paez et al. (2016) incorporating
Na2S20s.

Determination of lodine value

lodine value was determined using methods
mentioned in Paez et al. (2016).

Identification of unidentified chemicals in clove
oil via GC-MS analysis

The analysis was conducted using GC-MS electron
impact ionization (EI) on a GC-17A gas
chromatograph (Shimadzu, Japan) coupled to a
GC/MS-QP 5050A mass spectrometer (Shimadzu).
The column temperature was programmed from
40°C (for 2 minutes) to 250°C at a rate of 5°C/min
(Aziz et al., 2012).

Extract Preparation

Making of an Extract by adding 10 ml of 100%
ethanol + acetone to 1g of material in a Falcon tube
and then letting it sit for 72 hours. After 72 hours,

filtered the solvent and collected the filtrates. Then,
the extract was analyzed.
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Determination of antioxidant activity (AOA) by
DPPH scavenging method

Antioxidant mobility of the extracts was determined
using DPPH assay described by Akther et al. (2023)
with slight modifications. The absorbance was
measured at 517 nm using a UV-VIS
spectrophotometer (UV-2600, Shimadzu
Corporation, USA).

Determination of Bioactive Compounds

Extract Preparation

The extraction process involves combining 10 ml of
pure ethanol (100%) with 1 g of the substance in a
Falcon tube, then allowing it to rest undisturbed for a
duration of 72 hours. After 72 hours, strain the
solvent and collect the resulting filtrates.
Subsequently, the ethanoic extract was identified.

Total Flavonoid Content (TFC)

The total flavonoids content (TFC) of the clove oil
samples was determined using the aluminum
chloride colorimetric method reported by Chang et
al. (2002) with slight modifications. A suitable
volume of extract stock solution (1 mg/mL) was
prepared for the calibration curve. Quercetin
(Sigma, USA) was dissolved in 80% ethanol to
generate standard solutions at concentrations of
0.025, 0.050, 0.075, and 0.100 mg/ml. In the
cuvette, 0.5 mL aliquots of the standard solution
(diluted extract) were mixed with 1.5 mL of 95%
ethanol, 0.1 mL of 10% aluminium chloride
(QualiChem, India), 0.1 mL of 1 mol/L potassium
acetate (Merck, Germany), and 2.8 mL of distilled
water. The obtained mixture was allowed to cool to
room temperature (25.5 + 1°C) for 30 minutes prior
to use. The absorbance at 415 nm was subsequently
measured via a UV-visible spectrophotometer. In
the blank preparation, 10% aluminium chloride was
substituted with an equivalent volume of distilled
water. Total flavonoid content (TFC) was quantified
in milligrammes of quercetin equivalents (QE) per
100 grammes of extract.

Measurement of Polyphenols (TPC)

The total polyphenol content (TPC) of the CEO was
determined using the Folin-Ciocalteu method
reported by Al-Owaisi et al. (2014) with slight
modifications. Appropriate stock solutions (1
mg/mL) of extracts and standard solutions (0.02,
0.04, 0.06, 0.08, and 0.10 mg/mL) of gallic acid
(Sigma, USA) were formulated for the experiment.
Subsequently, 0.3 mL of gallic acid standard solution
or extracts was pipetted into a cuvette. Subsequently,
1.5 mL of the diluted Folin-Ciocalteu reagent was
added, and the mixture was mixed. After a 3-minute
pause, 1.5 mL of sodium carbonate solution (75 g/L)
was added, and the mixture was allowed to stand for
60 minutes. Ethanol served as the blank for
absorbance measurement at 765 nm utilising a UV
spectrophotometer. Total phenolic content (TPC)
was quantified in milligrammes of gallic acid
equivalents (GAE) per 100 grammes of extracts.
Quantification of Anthocyanins (TAC)

Total anthocyanin content (TAC) of clove oil
extracts was determined colorimetrically following
the process expressed with slight modifications
(Akther et al., 2023). A precise 10 mg/mL stock
solution of extracts was formulated for the
experiment. Furthermore, 3 mL aliquots of the
extract solution were transferred into a cuvette. The
colour concentration was measured at 520 nm using
a UV-vis spectrophotometer (UV-2600, Shimadzu).
Ethanol (Merck, Germany) served as the control
sample. TAC was measured in mg/100 g with the
subsequent equation:

TAC = (Absorbance of sample) x (DF) x (100) / (m)
x (E)

Where, DF denotes the dilution factor, m signifies
the weight of the sample utilised to make a stock
solution, and E indicates the extinction coefficient,
valued at 55.9.

Determination of antibacterial activity of clove oil

The antibacterial activity was evaluated using the
disc diffusion method, commonly referred to as the
Kirby-Bauer test, as stated in Drew et al. (1972).
Sterile saline silution was used as nagative control.
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Statistical Analysis

The obtained data were stored in Microsoft Excel
2013 spreadsheet to evaluate statistical analysis, and
significant differences were determined using one-
way analysis of variance (ANOVA). All samples
were in three replicates. Data were sorted, coded
and recorded in IBM SPSS Statistics 25. The
statistical analysis was conducted for at 5% level of
significant (p<0.05).

Results and Discussions

Physicochemical properties of clove essential oil

Table 1 and 2 represent the physicochemical
properties of CEO, which were found to be as
follows: the acid value, saponification value,
peroxide value, lodine value, Density and Viscosity.

The acid value (AV) is an important determinant of
oil quality (Gharby et al., 2017). The acid values
were determined to be 5.213 mg KOH/g oil, 6.09
mg KOH/g oil, and 6.457 mg KOH/g oil for the
CIS, CID, and CSI clove essential oils, respectively.
In this investigation, the acid values of all clove
essential oil samples exceeded the maximum limit.
The principal mechanism resulting in rancidity is
lipid oxidation. Heat can expedite this process, as
seen by essential oils such as nutmeg, which exhibit
enhanced free radical-scavenging activity, leading
to the production of aldehydes and other chemicals
that promote rancidity and alterations in chemical
composition upon heating (Tomaino et al., 2005).

The saponification values (SV) were determined to
be 37.257 mg/g oil, 40.670 mg/g oil, and 38.056
mg/g oil with regard to CIS, CID, and CSI clove
essential oils, respectively. This value closely
aligned with those reported by numerous studies
(Alanazi et al., 2022; Sulieman et al., 2007). The
Peroxide value was found to be 4.61, 6.667 and
5.127 meq O2/kg oil of the CIS, CID and CSI clove
essential oil respectively. The peroxide value serves
as an indicator of the stability and quality of oils
and fats (Zahir et al., 2017). In this investigation,
the PV of clove essential oil samples from CIS was

lower than that of the other two samples. The
unsaturation of fats and oils is shown by the iodine
value. Higher unsaturated fats and oils have higher
iodine values.

For the oil sample used in this investigation, the
iodine value was 51.457 g 1,/100 g of oil for CIS,
49.507 g 1,/100 g of oil for CID, and 50.157 ¢
1,/100 g of oil for CSI clove essential oil,
respectively. Kyriakidis and Katsiloulis (2000) state
that the recommended range for semi-drying oils is
between 100 and 300, which is far lower than this
amount. The iodine value (IV) of CIS clove
essential oil samples was lower than that of the
other two samples in this study.

The density (p) and viscosity () of three brands of
clove essential oil were determined at 6 distinct
temperatures ranging from 25°C to 50°C, with 5°C
intervals. All density (p) results are presented in
Table 2. It can be observed regarding density that at
a specific temperature, the density (p) of clove
essential oil falls in the following order: CID >
CSI > CIS. The p vs T comparison of 3 brands of
clove essential oil exhibits a comparable tendency,
with p falling nearly linearly as temperature
increases. This result is in accordance with Porter
and Lammerink (1994). As the temperature rises,
the kinetic energy of the molecules in the essential
oil increases, leading to their separation. This
expansion results in reduced density (Gandova
et al., 2024).

The subsequent observations regarding viscosity (1)
are - at a specific temperature, the viscosity (1) of
clove essential oil diminishes in the following
sequence: CSI > CID > CIS. The nn vs T
comparison for 3 brands of clove essential oil
exhibits a comparable tendency, with n gradually
dropping as the temperature rises. This results
from increased heat energy, which diminishes the
intermolecular interactions within the oil, allowing
the molecules to move more freely. At elevated
temperatures, the kinetic energy of the molecules
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in the essential oil escalates. This energy exceeds
the intermolecular forces binding the molecules,
resulting a reduced viscosity (Gandova et al., 2024).

Phytocomponents identified in clove bud

essential oils by GC-MS analysis

Table 3 presents the phytocomponents identified in
CEOs, primarily  Aniline, Eugenol, Phenol,
Caryophyllene oxide etc.

CEO demonstrates significant antioxidant and
antibacterial properties, principally due to its
Eugenol content. Therefore, this oil is widely used in
the food industry as a preservative and flavoring
agent due to its antibacterial and antioxidant
characteristics. It is employed in cosmetics for its
aroma and medicinal properties (Lifian-Atero et al.,
2024). Eugenyl acetate, another important ingredient,
adds to the oil's scent and possible health advantages

Table 1. Physicochemical properties of clove essential oil.

Country of Acid value (mg Saponification Peroxide value lodine value
origin KOH /g oil) value (mg /g oil) (meq O2/kg oil) (g 12/100 g of oil)
CIS 5.213+0.01° 37.257+0.01°¢ 4.610+0.01° 51.457+0.01°
CID 6.087+0.01° 40.670+0.012 6.667+0.012 49.507+0.01°¢
CSl 6.457+0.012 38.056+0.01° 5.127+0.01° 50.157+0.01°

Mean £ S.D. for three replicates (n=3) and different superseripts indicate differences among orgin of clove.
CIS = Indonesian origin; CID = Indian origin; CSI = Sri Lanka origin

Table 2. Density and viscosity of clove essential oil.

Density (p) Viscosity (1))
Temperature
O CIS CID CsSlI CIS CID Csl
25 1.02+0.005° 1.03+0.005*  1.03+0.005%® 10.32+0.005¢  14.43+0.005°  16.35+0.005%
30 1.01+0.005¢  1.03+0.005*  1.02+0.00° 8.36£0.005°  11.34+0.005°  12.94+0.005
35 1.01+0.005° 1.02+0.005*  1.02+0.005%® 6.66+0.005°  9.12+0.001° 10.53+0.005%
40 1.00+0.005¢ 1.02+0.005*  1.02+0.005% 5.63+0.005¢  7.56+0.005°  8.67+0.005%
45 1.00+0.005° 1.01+0.005*  1.01+0.005%® 4.82+0.005°  6.36+0.005°  7.31+0.005%
50 0.99+0.00¢ 1.01+0.005*  1.01+0.057% 4.17+0.005°  5.44+0.005°  6.26+0.005?

Mean + S.D. for three replicates (n=3) and different superseripts indicate differences among orgin of clove. CIS
= Indonesian origin; CID = Indian origin; CSI = Sri Lanka origin
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Table 3. Phytocomponent commponents identified in clove essential oils by GC-MS analysis.

Country Compounds name Chemical MW Retention
of origin formula Index (RI)
CIS 1.  2,5-Diethylideneoctahydropentalene CioH1s 162 1229

2. 3,5-Methanocyclopentapyrazole, CioH16N2 164 0
3,_3a,4,5,6,6a-hexahydro-3a,4,4- CeHaN 93 787
trimethyl-

- . CeH-N 93 787

3. P-Picoline (Methylpyridine)

- - CsH/N 93 992

4.  Alpha-picoline (Methylpyridine)

- . CoH100 134 1203

5. Aniline (Phenylamine)

. C10H1202 164 1392

6.  Chavicol (Hydroxyallylbenzene)

C12H1403 206 1552

7. Eugenol (2-methoxy-4-(2-propenyl)

CID 8.  Trans-Z-alpha. Bisabolene epoxide Ci15H240 220 1531

9.  Spiro[androst- 5-ene-17,1cyclobutan] - C22H3,02 328 2413
2'-one,3-hydroxy-,(3, 17p)-

10. Caryophyllene oxide CisHrO 290 1507

11. 1,7, 7.—Tr|methylb|cyclo [2.2.1] heptane- CioHis0, 170 1326
2, 5-diol

12. Eugenol (2-methoxy-4-(2-propenyl)

C10H1202 164 1392

13.  Phenol, 2-rnethoxy-3-(2-propenyl)-

C10H1202 164 1392

14. Phenol, 2-Allyl-4-propenyl

C10H1202 164 1392
15. Ylangene
CisHa4 204 1221
16. Eugenyl acetate
C12H1403 206 1552
Csl 17. Ethanone,1-(2,3,4-Trimethoxyphenyl) C11H1404 210 1596

18. 4-(2,6,6-Trimethyl-1-cyclohexen-I-yl) Ci3H220, 210 1670
butanoic acid

19. 2-Arnino-5-ethyl-3-nitro-benzoic acid CoH10N;0% 210 2070

20. Eugenyl acetate CisHuOs 206 1552

21. 3-Allyl-6-methoxyphenyl acetate CioHuOs 206 1552

22. Eugenol (2-metho_xy-4-(2-propenyl) CioH120, 164 1392

23. Caryophyllene oxide

Ci5H240 220 1507
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(Hemalatha et al., 2016). Eugenyl acetate was
present in the CID sample. The samples also
included beta-caryophyllene, a sesquiterpene that is
frequently present in clove oil and is well-known for
its analgesic and anti-inflammatory effects (Amelia
et al., 2017). The oil also contains minor amounts of
sesquiterpene hydrocarbons, oxygenated
monoterpenes, and other phenolic chemicals
(Oliveira et al.,, 2016). In this study, phenolic
chemicals are only identified in CID. For certain
phenolic compounds, GC-MS may not always
provide adequate sensitivity and specificity,
particularly when they are present in complex mixes
or in low levels (Proestos et al., 2006).

Concentration (ppm) of TFC, TPC and TAC in
three brands cloves

CEO is acknowledged for its potent antioxidant
capabilities. The principal constituent responsible for
this activity is eugenol, which comprises
approximately 76.8% in clove essential oil (Jirovetz
et al., 2006). The antioxidant activity of the clove
powder sample was measured as 70.66 ppm, 70.14
ppm, and 69.74 ppm for the CIS, CID, and CSI clove
essential oils, respectively, as presented in Table 4.
The contents are consistent with prior research
(Alfikri et al.,, 2020). Besides eugenol, other
constituents  including B-caryophyllene and o-
humulene further enhance the oil's antioxidant
properties. The oil's capacity to mitigate oxidation
reactions and diminish free radicals renders it a
significant potential for pharmaceutical formulations

targeting oxidative stress and associated disorders
(Kiki, 2023). The TFC of the clove essential oil was
measured as 244.36 ppm, 161.13 ppm, and 321.95
ppm for the CIS, CID, and CSI varieties,
respectively. Although comprehensive quantitative
data on the total flavonoid concentration of clove
essential oil is limited in the existing literature, clove
is recognized as a significant source of bioactive
constituents, encompassing flavonoids and phenolic
compounds (Pandey et al., 2023). The TPC of the
clove essential oils was measured as 159.44 ppm,
142.82 ppm, and 135.11 ppm for the CIS, CID, and
CSI varieties, respectively. A robust association
frequently exists between the total phenolic content
(TPC) of a plant extract and its antioxidant activity.
Elevated concentrations of phenolic compounds
generally signify enhanced antioxidant (Zargoosh et
al., 2019). The average TAC values were determined
to be 16.07 mg/100 g, 18.156 mg/100 g, and 17.94
mg/100 g for the CIS, CID, and CSI clove essential
oils, respectively. The CEO is not recognized for its
anthocyanin content. The oil is predominantly
derived from the flower buds and leaves of the
clove plant, resulting in a minimal anthocyanin
concentration.

Zone of inhibition (mm)
antibacterial activity of CEO
The results obtained for E. coli, Staphylococcus
aureus and Pseudomonus aeruginosa observed using
the Kirby-Bauer disk diffusion method are illustrated
in Table 5. In all experiments, the negative controls
showed no zone of inhibition.

showing the

Table 4. Concentration (ppm) of TFC, TPC, TAC, and AOA in cloves.

Sample ID TFC TPC TAC AOA
CIS 244.36+0.01° 159.44+0.01* 16.071+0.01°¢ 70.66 £0.012
CID 161.13+0.01°¢ 142.82+0.01° 18.156+0.01* 70.14+0.01°
CSI 321.95+0.01* 135.11+£0.01°¢ 17.942+0.01° 69.74+0.01°

Mean £ S.D. for three replicates (n=3) and different superseripts indicate differences among orgin of clove.
TFC= total flavonoid content; TPC= total phenolic content; TAC= total antioxidant capacity; AOA=

antioxidant activity.
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Table 5: Antibacterial activity of clove essential oil extract (100 pg/ml)

Country Escherichia coli Staphylococcus aureus Pseudomonus aeruginosa
of Essential Positive Essential Positive Essential Positive
origin  Qil (mL) Control (mm) Oil (mL) Control (mm) Oil (mL) Control (mm)
CIS 25 Nz 26 30 26 36
CID 24 Nz 25 28 25 27
Csl 27 Nz 24 29 24 33

CIS = Indonesian origin; CID = Indian origin; CSI = Sri Lanka origin; Nz = No zone of inhibition;

Positive control: Cinrofloxacin

Eugenol is a phenolic substance. Phenols possess
antibacterial characteristics (Nufiez and Aquino,
2012). Findings indicate that S. aromaticum contains
bioactive compounds, underscoring its significance
as a therapeutic plant. The results indicate that S.
aromaticum extracts impede bacterial proliferation.
The most substantial inhibitory zone measured 27
mm against E. coli by CSI. The clove oil extract
showed antibacterial activity against all tested Gram-
positive and Gram-negative pathogens. Previous
studies demonstrate a comparable pattern

obstructing the proliferation of several pathogens,

such as Staph. aureus, E. coli, and P. aeruginosa
(Kovécs et al., 2016). No significant difference was
seen among CIS, CID, and CSI regarding their
bactericidal efficacy. All of them possessed the
capacity to limit the proliferation of subsequent
infections. Nonetheless, the clove oil extract
exhibited greater efficacy against the Staph. aureus
isolate at doses of 100 pg/ml. Ciprofloxacin
exhibited no effect against E. coli, whereas the clove
oil extract showed significant efficacy against E. coli.
The antibacterial efficacy is affected by variables
including oil content, temperature, and the presence
of organic materials (Nufiez and Aquino, 2012).

Conclusion

Lower acid and peroxide value in CIS, CID, and CSI
indicate enhanced stability and extended shelf-life.
The wviscosity (1) of the CEOs exhibited a linear
correlation with temperature. The GC-MS analysis of
the oil extract identified eugenol, caryophyllene, and
eugenol acetate as the principal constituents. The

antibacterial properties of clove oil extract can be
attributed to the discovered components. Eugenol
and caryophyllene are well-known for their
antibacterial effects. Consequently, impeding the
advancement and proliferation of all examined
pathogens and indicator organisms, particularly E.
coli, Staph. aureus, and P. aeruginosa. The most
significant inhibitory impact of clove oil was
observed against E. coli by CSI. However, some
asymmetry was also observed due to environmental
factors such as temperature, photosynthetic rate, and
heat, which influence the carbohydrate and protein
levels in cloves. All three varieties of cloves
exhibited no significant differences among them. The
study suggested that clove and clove oils may serve
as antibacterial and antiseptic agents. Subsequent
research may involve developing goods including
clove essential oil to enhance their longevity.
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