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Original Article
Effect of Storage Period on the Bioactive Composition 
and Therapeutic Potential of Syzygium aromaticum 
Essential Oil

Background: Essential oil (EO) of Syzygium aromaticum is usually used for medicinal 
purposes. In most cases, it is kept for a long duration. 

Objectives: The work aimed at examining how the duration of storage of the EO affects its 
medicinal quality of the essential oil. 

Methods: The EO of S. aromaticum was extracted by hydrodistillation. The extracted EO was 
kept in a cupboard in amber bottles at room temperature for 4, 183, and 365 days. Chemical 
components of the EOs were determined by gas chromatography mass spectroscopy (GC-
MS). The antioxidant activity was determined by using the 2,2-diphenyl-1-picryl-hydrazyl 
(DPPH), 2,2-azobis-3-ethylbenzthiazoline-6-sulphonic acid (ABTS), and ferric reducing 
antioxidant power (FRAP) assays. Dopamine and butyrylcholinesterase (BCHE) assays were 
used to assess the anti-hypertensive activity. The anti-diabetic tendencies were evaluated with 
the α-glucosidase and α-amylase assays. Albumin denaturation and protease were used to 
estimate the anti-inflammatory activity. 

Results: The results indicate that the EO shows a color change from light yellow in 4 and 
183 days of storage to dark brown after 365 days. The results of the GC-MS show a higher 
value of eugenol in the EO stored for 183 and 365 days (93.15% and 93.46%, respectively). 
It also shows the presence of eugenol acetate (17.05%) in the EO stored for 4 days, but it was 
absent in 183 and 365 days of storage. The EO stored for 4 days had a higher inhibition of 
antioxidant, anti-inflammatory, anti-hypertensive, and anti-diabetic parameters tested.

Conclusion: The results indicate that the higher the period of storage of the essential oil, the 
less medicinal potency it possesses.

A B S T R A C T

Keywords:
Syzygium aromaticum, 
Essential oil, Antioxidant, 
Anti-inflammatory, Anti-
hypertensive, Antidiabetic

Article info:
Received: 14 Feb 2025
Accepted: 17 May 2025

* Corresponding Author:
Abayomi Gideon Adeyemo 
Address: Department of Pure and Applied Chemistry, Faculty of Basic and Applied Sciences, Osun State University, Osogbo, Nigeria.
Phone: +234 (703) 3054737
E-mail: adeyemoabayomi0205@gmail.com

Citation Adeyemo AG, Awojide SH, Tiamiyu AO, Anifowose AJ, Adeboye AO, Fadunmade EO et al. Effect of Storage Period on the Bioactive 
Composition and Therapeutic Potential of Syzygium aromaticum Essential Oil. Pharmaceutical and Biomedical Research. 2025; 11(4):369-384. http://
dx.doi.org/10.32598/PBR.11.4.1428.1

 : http://dx.doi.org/10.32598/PBR.11.4.1428.1

Copyright © 2025 The Author(s); 
This is an open access article distributed 
under the terms of the Creative Commons 
Attribution License (CC-By-NC: https://
creativecommons.org/licenses/by-
nc/4.0/legalcode.en), which permits use, 
distribution, and reproduction in any 
medium, provided the original work is 
properly cited and is not used for commercial 
purposes.

http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://orcid.org/0009-0001-7703-5194
mailto:adeyemoabayomi0205@gmail.com
http://pbr.mazums.ac.ir/
http://pbr.mazums.ac.ir/
http://dx.doi.org/10.32598/PBR.11.4.1428.1
https://crossmark.crossref.org/dialog/?doi=10.32598/PBR.11.4.1428.1
http://pbr.mazums.ac.ir/page/118/Open-Access-Policy


370

 ِDecember 2025. Volume 11. Number 4

Introduction

frica is endowed with a wide variety of 
plant species, many of which have been 
utilized for medical purposes since ancient 
times. Recently, one of the main sources 
for the creation of novel drug entities has 
been the use of natural products and their 

derivatives [1]. Despite the current emphasis on syn-
thetic drugs, medicinal plants have always been and will 
remain the main source of pharmaceuticals [2]. Herbal 
remedies are still believed to be the primary source of 
healthcare for at least 80% of the world’s population, 
which is mostly found in developing countries [3].

A biologically identified raw plant-based material can 
be converted into an essential oil (EO) by hydrodistil-
lation, steam distillation, or an appropriate mechanical 
process [4]. EOs are odorous products that typically 
have complex compositions, according to the European 
Pharmacopeia [4]. EOs are intricate blends of aromatic 
plants’ secondary metabolites [5]. Most EOs, such as 
citronella, lime, or orange oil are lighter than water, but 
some are heavier than water, like allspice, cinnamon, 
clove, or garlic oil. EOs are soluble in organic solvents 
and in lipids. Some of them are colorless, while others 
range from light yellow to a reddish-orange [6]. In ad-
dition to their medicinal and aromatic qualities, EOs are 
known for their bactericidal, antiviral, and fungicidal 
biological activities [6]. Among their many applications, 
they are thought to be appropriate materials to substitute 
for chemical food preservation additives. Additionally, 
they function as local anesthetics, spasmolytic agents, 
antimicrobials, analgesics, sedatives, and anti-inflam-
matory medications [6]. Also, EOs and their constituents 
are utilized in the manufacturing of alternative thera-
pies, cosmetics, perfumes, and products for agriculture, 
health, and dentistry [5]. According to multiple studies, 
the species, soil composition, plant organ (roots, blooms, 
or aerial parts), age, cycle stage, chosen extraction meth-
od, extraction conditions, and phases of development af-
fect the composition and extracted yield of EOs [7].

Cloves (Syzygium aromaticum) belong to the Myrtace-
ae family of plants. In Nigeria, Southern China, Sri Lan-
ka, India, Madagascar, and Indonesia, cloves are grown 
for economic purposes. Clove EO is frequently used as a 
seasoning in sauces, condiments, and pastries. Addition-
ally, it is used in medicine, specifically for teeth and gum 
preparations [8]. S. aromaticum EO has long been used 
in food, active packaging, pharmaceutical cosmetics, 
biomedical, and sanitary industries because of its biolog-
ical qualities due to its biological properties, including 

antimicrobial, insecticidal, anticarcinogenic, pesticide, 
analgesic, antiseptic, and antioxidant properties [9]. S. 
aromaticum EO is primarily composed of phenylpro-
panoids, such as eugenol and its derivatives, with trace 
amounts of chemical constituents, such as caryophyllene 
and humulene [10, 11]. Furthermore, clove flower buds 
in the flowering stage have the highest yield of eugenol 
content and refractive index; similarly, the oils of young 
and mature trees differ [12]. While the EO from young 
trees exhibited the most potent antioxidant activity, the 
highest quality clove EO was extracted from the buds of 
mature trees [12]. 

Beyond their potential for therapeutic use, some vari-
ables, most notably storage duration and conditions, can 
have a substantial impact on the stability and effective-
ness of EOs. Over time, EOs may lose their chemical 
profiles due to degradation, which could jeopardize 
their therapeutic effectiveness [13]. It is necessary to 
store EOs in a dry, low-temperature atmosphere and in 
a room without air circulation to prevent evaporation be-
cause elements like light, heat, air, and liquid can speed 
up chemical reactions within EOs, resulting in the oxi-
dation, hydrolysis, and degradation of necessary com-
pounds [14].

One risk associated with storing plant material is the 
eventual loss of essential oil. The amount of EO is some-
what reduced as a result of gradual evaporation. Prior 
research has emphasized the significance of appropriate 
storage procedures in maintaining the chemical integrity 
and biological activity of EOs [15]. Therefore, it is im-
perative to comprehend how storage duration affects the 
quality and potency of EOs to maximize their therapeu-
tic benefits and guarantee the efficacy of products [15]. 
The length of time, temperature, and relative humidity of 
storage all affect the composition of EO, leading to the 
production or deterioration of specific components [7]. 
Understanding the influence of storage duration on the 
medicinal quality of EOs holds significant implications 
for both scientific research and practical applications in 
healthcare and wellness industries. However, a compre-
hensive investigation into the long-term effects of stor-
age duration on EO quality remains limited, warranting 
further research to fill this knowledge gap.

Materials and Methods

All chemicals used were of analytical grade and pur-
chased from Sigma Aldrich, Germany.

A
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Plant materials

Clove bud (S. aromaticum) was picked from an or-
chard at Ijebu-ode, Ogun State, Nigeria. The seed was 
authenticated at the Department of Plant Biology, Osun 
State University, Osogbo, Nigeria.

Plant pretreatment

The S. aromaticum seed was air-dried, then it was re-
duced to semi-powder using a pestle and a mortar. The 
semi-powder was kept in an airtight container until re-
quired.

Extraction of EOs 

The pulverized powders of the seeds were extracted using 
the hydrodistillation technique. The seeds were ground into 
finer particles to improve the surface area and then trans-
ferred into a 500 mL round-bottom flask with the aid of a 
funnel, and 200 mL of distilled water was then added. The 
solution was then mixed using a glass stirring rod. The heat-
ing mantle was connected to a power source and powered 
on. Next, water flow through the condenser of the Clev-
enger commenced, and it was fitted into the round-bottom 
flask, setting on top of the heating mantle. The mixture was 
gradually heated while the extraction was allowed for 5 
hours, after which the EO was collected.

Storage of EOs

S. aromaticum EOs were kept in dark, airtight sample 
containers to guard them against light, air, and temperature 
fluctuations, which can cause oxidation and degradation 
of their volatile constituents. The EOs are then placed in a 
cool, dry place at a temperature of 23 °C away from direct 
sunlight and heat sources to maintain their chemical integ-
rity. Thereafter, the length of storage is monitored.

Gas chromatography-mass spectroscopy analysis

Agilent 6890N instrument with a flame ionization de-
tector and capillary column of HP-5MS (30×0.25×0.25 
mm) coupled with Agilent Technologies 5973N mass 
spectrometer. The temperature of the oven was fixed at 60 
°C for 1 min and further increased at 10 °C to 170 °C for 1 
min until it reached 280 °C for 15 min. The temperature of 
the injector was left stable at 270 °C while 1 μL of the EO 
was injected into it. Helium was used as the carrier gas, 
maintaining a flow rate of 1.0 mL/min. The majority of 
the constituents were identified by comparing their reten-
tion indices with those in the literature. The mass spectra 
were compared with those stored in NIST 05 and Wiley 
275 libraries for further identification. 

In vitro analysis

Anti-diabetic

Alpha-amylase inhibition assay: The α-amylase was 
assayed and conducted following Dej-Adisai et al. [16]. 
A solution made of 0.4 mL of 0.5% starch mixed with 
0.5% (2 mL) of sodium acetate, which has a pH of 5.6. To 
the mixture, 0.3 mL of the EO was added and was left to 
incubate for 30 min in a water bath at 40 °C. After incuba-
tion, 1 mL of 3,5-dinitrosalicylic acid (DNSA) was added 
and boiled for 5 min, followed by the addition of distilled 
water (5 mL). Absorbance was measured at 540 nm. 

Alpha-glucosidase inhibition assay: The effect of 
EOs on α-glucosidase activity was assessed following 
the method of Dej-Adisai et al. [16]. Preparation of p-
nitrophenyl glucopyranoside (PNPG) was done in a 
phosphate buffer (20 mM) with pH 6.9. The EO was pre-
incubated for ten minutes with 100 μL of α-glucosidase 
(0.3 U/mL). The mixture was left for 15 min at a temper-
ature of 37 °C while 2.5 mL of 0.1 M sodium trioxocar-
bonate was added. Absorbance was measured at 405 nm.

Anti-oxidant analysis

2,2-Azino-bis (3-ethylbenzothiazoline-6-sulphonic 
acid) (ABTS) radical scavenging activity: The ABTS 
scavenging activity was determined by the method of 
Schaich et al. [17]. A 2.45 mM of K2S2O8 was reacted 
with ABTS solution (7 mM) and then left overnight in 
the dark. The solution was diluted with 50% methanol, 
and 300 μL of the EO was added to the solution, and 
the absorbance was measured at 745 nm. The percentage 
inhibition was calculated according to the Equation 1: 

(%) inhibition =

1. 
Absorbance Control-Absorbance Sample

Absorbance Control ×100

DPPH radical scavenging assay: The method of 
Worachartcheewan et al. [18] was used to determine the 
2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scaveng-
ing ability (RSA) of the EOs. Methanol (10 mL) was 
mixed with 0.1 mM DPPH, after which 1 mL of the Eos 
was added to 3.0 mL of the prepared DPPH solution. 
The solution obtained was left to stand in the dark for 
30 minutes after stirring for 20 minutes. Absorbance was 
taken at 517 nm (Equation 2).

2. (%RSA)=

Absorbance control-Absorbance sample
Absorbance control ×100
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Anti-inflammatory

Inhibition of albumin denaturation: The method of 
Mizushima et al. [19] was used. A solution of bovine al-
bumin fraction (1%) was mixed with 1 mL of EO, and 
the pH was adjusted with 1 mL of NH3Cl. The solution 
was heated at 51 ºC for 15 min and finally incubated at 
37 ºC for 15 min. The sample’s turbidity was measured 
at 660 nm.

Anti-protease action: The modified methodology of 
Mizushima et al. [19]was used. A solution consisting of 
1 mL of EO, a buffer with pH 7.4 Tris-HCl (20 mM), and 
trypsin of 0.0.5 mg was allowed to incubate for 5 min at 
37 oC after which 0.8% casein (1 mL) was added. The 
obtained mixture was allowed to incubate for another 
20 min, then 2.5 mL of HClO4 (70%) was introduced. 
The suspension was centrifuged, and the absorbance was 
taken at 210 nm. 

Anti-hypertensive

Determination of butyrylcholinesterase activities 
(BCHE): The method of Ulaç et al. [20] was used to 
assess BCHE activities. Brain homogenate (50 μL) was 
combined with 50 μL of BCHE prepared by mixing 25 

mL of CH3OH with 29.7 mg of 5,5′-dithiobis-(2-nitro-
benzoic acid) (DTNB) and a hydrochloric acid buffer so-
lution (pH 7.4). The solution was allowed to incubate for 
20 minutes before butyrylthiocholine iodide was added. 
The absorbance was taken at 412 nm. 

Dopamine level: After the sample (0.1 mL) was pipet-
ted into the test tube, 0.1 mL of 5 mM ferric chloride was 
added to it. About 0.1 mL of 5 mM KFeCN (potassium 
ferricyanide) was added as well as 2.7 mL of NaH2SO4 buf-
fer (0.1 M, pH 8.0). The solution was allowed to stand for 
35 min at room temperature and was measured at 735 nm.

Statistical analysis

The mean of 3 readings was used to express the result, and 
a one-way ANOVA followed by a Turkey multiple compari-
son test was used in GraphPad Prism software, version 5. 
Differences will be considered significant at P<0.05.

Results

Yield

The yield values obtained from the extraction of S. 
aromaticum after 365, 183, and 4 days of storage were 
13.35%, 13.27% and 13.36% respectively.

Table 1. Components from GC-MS analysis of S. aromaticum after 365 days of storage

S/No. RT (min) % Compounds

1 3.94 93.46 Eugenol

2 5.24 0.31 2,6-Dimethyl-3-aminobenzoquinone

3 5.39 1.44 2-Unclecenal, (E)-

4 5.55 0.34 3-Tetradecyne

5 5.73 0.34 2-Doclecenal, (E)-

6 5.86 0.39 Longifolene-(V4)

7 5.96 0.44 2-Doclecenal, (E)-

8 6.13 0.29 Coniferyl aldehyde

9 6.2 0.17 1-Hepten-3-yne

10 7.05 0.16 5-Vinyl-pyrazole

11 10.24 0.75 Estragole

12 10.35 0.66 Bicyclo[3.3.0]octan-2-one, 6-methyl-7-methylene- or (8-)methyl-7-methylene-

13 10.78 0.6 Phenol, 2-methoxy-4-(1-propenyl)-

14 11.56 0.66 2-Amino-4H-benz[d]-1,3-thiazine

RT: Retention time; GC-MS: Gas chromatography mass spectroscopy.�
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GC-MS analysis

Tables 1 to 3 present the GC-MS analysis of the EO 
of S. aromaticum stored for 365, 183, and 4 days, re-
spectively. Fourteen compounds were observed from 
the EO of S. aromaticum stored for 365 days, which had 
93.46% of eugenol and 1.44% of 2-Unclecenal (E) as the 
major components. Thirteen compounds were observed 
from the EO of S. aromaticum stored for 183 days, with 
93.15% of Eugenol as the major component and 2.05% 
of β-neoclovene. Sixteen compounds were observed 
from the EO of S. aromaticum stored for 4 days. It had 
73.52% eugenol as the major component and 17.05% 
eugenol acetate. The results show the GC-MS analysis 
of EO of S. aromaticum stored for 365, 183 and 4 days 
(Tables 1, 2 and 3), which has eugenol in common as 

the major component in varying percentages (93.46%, 
93.15%, and 73.52%, respectively). It also showed that 
the one stored for 4 days has the least percentage of Eu-
genol which is 73.52%, but contained eugenol acetate of 
17.05% an isomer of eugenol, which is absent in the 365 
and 183 days of storage.

Antioxidant activities

DPPH 

Figure 2 shows the percentage inhibitory activities of 
the S. aromaticum EOs and at different days of storage 
against DPPH. The least percentage inhibitory activity 
with a concentration of 100 µg/mL was observed with the 
S. aromaticum EO stored for 365 days. The highest inhi-

Table 2. Components from GC-MS analysis of s. aromaticum after 183 days of storage

S/No. RT (min) % Compounds

1 4.04 93.15 Eugenol

2 4.61 0.64 cis-α-Bisabolene

3 5.27 0.19 2,6-Dimethyl-3-aminobenzoquinone

4 5.41 2.05 β-Neoclovene

5 5.57 0.23 β-Humulene

6 5.74 0.76 Longifolene-(V4)

7 5.87 0.86 Alloaromadendrene

8 6.14 0.3 Coniferyl aldehyde

9 6.22 0.41 Phenol, 4-(3-hydroxy-1-propenyl)-2-methoxy-

10 10.24 0.72 Benzene, 1-methoxy-4-(1-propenyl)-, (Z)-

11 10.35 0.3 1-Hepten-3-yne

12 10.78 0.24 3-Allyl-6-methoxyphenol

13 11.59 0.16 4-Methylphenoxyacetic acid

RT: Retention time; GC-MS: Gas chromatography mass spectroscopy.�

Figure 1. The colors of the EOs after different days of storage

Abbreviations: RT, retention time; GC-MS, gas chromatography mass spectroscopy. 
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Figure 1: The Colors of the Essential Oils After Different Days of Storage 

Antioxidant Activities  

DPPH  

Figure 2 shows the percentage inhibitory activities of the S. aromaticum essential oils and at 

different days of storage against DPPH. The least percentage inhibitory activity with a 

concentration of 100 µg/mL was observed with the S. aromaticum essential oil stored for 365 days. 

The highest inhibition of DPPH with the different concentrations was observed in the essential oil 

of S. aromaticum stored after 4 days of storage. This finding indicated that the higher the length 

of storage, the lower the percentage inhibition of DPPH. 
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bition of DPPH with the different concentrations was ob-
served in the EO of S. aromaticum stored after 4 days of 
storage. This finding indicated that the higher the length 
of storage, the lower the percentage inhibition of DPPH.

ABTS

The ABTS radical scavenging activity of the EOs 
showed that S. aromaticum oil, with the storage length 
of 365 days, had the least percentage inhibition of ABTS 
at the different concentrations, while the EO storage of 4 
days had the highest percentage inhibition of ABTS (Fig-
ure 3). This showed that the EO with the longest length of 
storage recorded the least percentage inhibition of ABTS.

FRAP

Figure 4 shows the percentage inhibitory activities of S. 
aromaticum at varying lengths of storage against ABTS 
radical scavenging. S. aromaticum essential oil, with the 
storage length of 4 days, had the highest percentage of 
inhibition of FRAP at all concentrations. The percentage 
inhibition of FRAP increased with concentration.

Inhibitory concentration at 50% (IC50)

Table 4 records the IC50 values of S. aromaticum at 
different lengths of storage against DPPH, ABTS, and 
FRAP. The results indicate that the storage of 4 days re-
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Figure 2. Percentage inhibition of DPPH of S. aromaticum EO at different storage periods
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Figure 3. Percentage inhibition of ABTS with S. aromaticum EO at different storage periods
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Table 3. Components from GC-MS analysis of S. aromaticum after 4 days of storage

S/No. RT (min) % Compounds

1 3.98 73.52 Eugenol

2 4.38 2.86 Caryophyllene

3 4.52 0.46 Α-Humulene

4 4.76 0.23 ɣ-Muurolene

5 4.97   17.05 Eugenol acetate

6 5.08 1.58 γ – Cadinene

7 5.20 0.37 α –Selinene

8 5.39 1.14 Aromadendrene

9 5.73 0.40 Caryophyllene, (E)-

10 5.79 0.41 ɣ-Muurolene

11 5.86 0.76 δ-Cadinol

12 5.96 0.24 Longifolene-(V4)

13 6.28 0.20 4-Hexadecen-6-yne, (Z)-

14 6.79 0.16 6-Isopropenyl-4,8a-dimethyl-1,2,3,5,6,7,8,8a-octahydro-naphthalen-2-ol

15 10.24 0.26 3-Pyridinol, 2-nitro-

16 11.03 0.38 [1,1’-Biphenyl]-2,2’-diol, 3,3’-dimethoxy-5,5’-di-2-propenyl-

RT: Retention time; GC-MS: Gas chromatography mass spectroscopy.�
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Figure 4. Percentage inhibition of FRAP with S. aromaticum EO at different storage periods

Adeyemo AG, et a. Storage Effects on Clove Essential Oil Bioactivity. PBR. 2025; 11(4):369-384.

http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en


376

 ِDecember 2025. Volume 11. Number 4

corded the least IC50 compared with other lengths of stor-
age, and it ranged from 34.61 to 122.05 µg/mL, with the 
least IC50 recorded with ABTS (34.61 µg/mL).

Antidiabetic activities

α-amylase inhibition

Figure 5 shows the percentage inhibitory activities 
of the clove EOs at different lengths of storage against 
α-amylase. The least percentage inhibitory activity with 
a concentration of 100 µg/mL was observed with 365 
days of storage, while the 4-day storage recorded the 
highest percentage of α-amylase inhibition.

α-glucosidase

Figure 6 shows the percentage inhibitory activities 
of the S. aromaticum EOs at different storage lengths 

against α-glucosidase. The percentage inhibition of 
α-glucosidase increased with concentration. The Figure 
6 indicated that the EO of S. aromaticum, with 4 days 
length of storage recorded the highest inhibitory activity 
against α-glucosidase.

IC50 values of the antidiabetic indicators 

Table 5 presents the inhibitory concentration at 50% 
of the EO of S. aromaticum against α-glucosidase. The 
IC50 values for α-glucosidase ranged from 68.77 to 88.26 
µg/mL, while those of α-glucosidase ranged from 61.44 
to 116.90 µg/mL. The values obtained show that the 4 
days length of storage had the least IC50 values for both 
α-glucosidase and α-amylase, indicating its better poten-
tial as an anti-diabetic agent than those of 365 and 183 
days of storage.

Table 4. IC50 values of the EOs of S. aromaticum with length of storage and some antioxidant parameters

Duration (d)
IC50 (µg/mL)

DPPH ABTS FRAP

365 61.3±0.5a 35.71±0.09a 264.75±1.34a

183 50.95±0.3b 34.91±0.21b 197.75±3.47b

4 42.96±0.05c 34.61±0.22c 122.05±1.34c

�
Abbreviations: DPPH: 2,2-diphenyl-1-picrylhydrazyl; ABTS: 2,2-azobis-3-ethylbenzthiazoline-6-sulphonic acid; FRAP: Ferric 
reducing antioxidant power. 
Note: The results are the mean of three readings. Same superscript letters within a column are not significantly different at 
P<0.05.
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Figure 5. Percentage inhibition of α-amylase with S. aromaticum EO at different lengths of storage
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Anti-hypertensive

BCHE

Figure 7 shows the percentage inhibitory activities of 
BCHE by EOs of S. aromaticum of different lengths of 
storage. The least percentage inhibitory activity at differ-
ent concentrations was observed with the essential oil, 
with 365 days, while the highest inhibition of BCHE was 
recorded with S. aromaticum, with 365 days of storage.

Dopamine

EO of S. aromaticum at different lengths of storage 
recorded varying percentages of inhibition. The result 
obtained in Figure 8 show an increase in the percentage 
of inhibition of dopamine with an increase in concentra-
tion; the highest percentage inhibition of dopamine was 
observed with the EO of S. aromaticum stored for 4 days.

IC50 value for the anti-hypertensive parameter

Table 6 presents the IC50 values of the EO of S. aromat-
icum at different lengths of storage for BCHE and dopa-
mine. The lowest IC50 values for dopamine and BCHE 
were recorded at 4 days (129.65 µg/mL and 49.49 µg/
mL), which revealed that it has better potential as an 
anti-hypertensive. 

Anti-inflammatory

Albumin denaturation

Figure 9 shows the percentage inhibitory activities of 
albumin denaturation by the EO of S. aromaticum stored 
at different periods of storage. The result indicated a de-
crease in the percentage of inhibition of albumin dena-
turation with an increase in the period of storage. The 
highest percentage inhibition was observed after 4 days 
of storage.
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Figure 6. Percentage inhibition of α-glucosidase with S. aromaticum EO at different lengths of storage
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Table 5. IC50 of EO of S. aromaticum in relation to length of storage and anti-diabetic indication

Duration (d)
IC50 (µg/mL)

α-Glucosidase α-Amylase

365 88.26±0.38a 116.90±0.28a

183 79.94±0.37b 97.33±0.70b

4 68.77±0.43c 61.44±6.77c

�
Note: The results are the mean of three readings. Same superscripts letters within a column are not significantly different at 
P<0.05.
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Anti-protease

Figure 10 shows the percentage inhibitory activities 
of the S. aromaticum EOs stored for different lengths of 
days against anti-protease. The least percentage inhibi-
tory activity of anti-protease was observed with the EO 
stored for 365 days, while the highest inhibition was re-
corded with the EO stored for 4 days. The same observa-
tion was recorded at different concentrations. 

IC50 values of the anti-inflammatory parameter

Table 7 presents the IC50 values recorded at different 
lengths of storage for anti-protease and albumin denatur-

ation. The values for IC50 for anti-protease ranged from 
129.65 to 233.85 µg/mL, while those of albumin dena-
turation ranged from 49.49 to 63.38 µg/mL, of which the 
storage for 4 days recorded the least IC50 in both indica-
tors for anti-inflammatory activities.

Discussion

Yield

The yield values obtained from the extraction of S. aro-
maticum after 365, 183, and 4 days of storage are 13.35%, 
13.27% and 13.36%, respectively. Alfikri et al. [12] re-
ported a yield range of 14.93-16.73%. A maximum yield 
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Figure 7. Percentage inhibition of BCHE With S. aromaticum EO at different periods of storage
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Figure 8. Percentage inhibition of dopamine with S. aromaticum EO at different period of storage
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of 19.56% was reported by Ayub et al. [21]. The impact 
of grinding the seed was assessed, and a yield of 7.14% 
for unground seeds and 14.3% for ground seeds was re-
ported [22]. The variation in the yield could be a result 
of the seeds’ method of extraction and the nature of the 
seed used [23]. In this study, the yields obtained were not 
significantly different but slightly from those obtained in 
other stored conditions, except that the color of the oil 
stored changed from pale yellow to light brown after 365 
days, which could be a result of oxidation [24].

GC-MS analysis

Studies have shown that during the storage of oil, some 
chemical reactions, such as isomerization, oxidation, 
could result in changes of the chemical constituents of 
the oil [24]. This study showed variation in the constitu-
ents of the EOs with storage. Though the main constitu-
ent remains eugenol but the value of eugenol observed 
after 365 days and 183 days was higher, 93.46% and 
93.15%, respectively, compared to the 73.52% observed 
after 4 days. This finding indicated that some chemical 
reaction had taken place, leading to the conversion of 
some component to another by aromatization [25]. The 
storage of EO for 4 days had eugenol (73.52%) and eu-
genol acetate 17.05% as the major components. Accord-
ing to the study of Mohammadi [26], eugenol is more 
stable than eugenol acetate because eugenol possesses 

a higher dipole moment than eugenol acetate. The none 
presence of eugenol acetate in 365 days and 183 days 
of storage and the higher presence of eugenol could be 
a result of the transformation of less stable eugenol ac-
etate to eugenol. The transformation of components in 
the EO due to prolonged storage is evident in the work 
of Mu’azu et al. [24], who reported the reduction in the 
concentration of constituents with a lower molecular 
weight with prolonged storage. He claimed the change 
to be due to evaporation and oxidation. Eugenol and lin-
alool were observed to increase during storage, which 
was in tandem with this research [27].

Antioxidant

Antioxidants are agents responsible for acting as a de-
fense against free radicals that could be causes of dis-
eases in the body [28]. The results obtained in this study 
indicated that the percentage inhibition of antioxidant 
parameters (DPPH, ABTS, and FRAP) reduced with 
the increase in days of storage. The result of inhibition 
concentration at 50% (IC50) showed an increase of IC50 
DPPH (42.96 to 61.30 µg/mL), ABTS (34.61-35.71 µg/
mL), and FRAP (122.05-264.75 µg/mL). In all of the 
antioxidant parameters determined, 4 days of storage 
recorded the least IC50 values, indicating a higher poten-
tial for 4 days as an antioxidant. This result conformed 
to the report of Kokina et al. [29], who indicated that 

Table 6. IC50 of the EO of S. aromaticum in relation to the period of storage and anti-hypertensive parameters

IC50 (µg/mL)

Duration (d) Dopamine Butyrylcholinesterase

365 233.85±1.49a 63.58±0.09a

183 189.9±0.71b 52.98±0.27b

4 129.65±1.06c 49.49±0.1c

�
Note: The results are mean of three readings. Same superscript letters within a column are not significantly different at P<0.05.

Adeyemo AG, et a. Storage Effects on Clove Essential Oil Bioactivity. PBR. 2025; 11(4):369-384.

Table 7. IC50 for the EO of S. aromaticum in relation to the length of storage and anti-inflammatory parameters

IC50 (µg/mL)

Duration (d) Albumin Denaturation Anti-protease

365 54.410±0.396a 95.38±0.38a

183 46.725±0.276b 92.62±0.19b

4 45.1±0.382c 90.66±0.38c

�
Note: The results are the mean of three readings. Same superscript letters within a column are not significantly different at 
P<0.05.
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the values of ABTS and DPPH free radical scavenging 
capacities of 4 EOs reduced after 12 months when com-
pared to the fresh EOs. The study results also showed 
significant variation in the values of IC50 obtained for the 
different antioxidant assays, which was also in confor-
mity with the results obtained by Kokina et al. [29]. The 
reason for this may be as a result of specific interaction 
in regards to mechanism of actions of DPPH, FRAP, and 
ABTS and the different constituents present [30]. The 
different responses of the indicators to the EOs could 
be a result of the different mechanisms of action, which 
may be brought about by different chemical components 
observed in the different lengths of storage of the EO 
[23]. Several studies have revealed that eugenol possess-

es several biological properties, such as antioxidant and 
anti-inflammation [23, 31]. Haro-González et al. [32] re-
vealed the antioxidant activity of eugenol acetate, which 
is one of the major compositions of the EO stored after 
4 days. The combination of the two constituents may be 
responsible for the higher activity shown against the dif-
ferent antioxidant assays. In other words, the absence of 
eugenol acetate, which may have been transformed into 
eugenol, may be responsible for the lower activities of 
EOs stored for 365 days and 183 days.

Anti-hypertensive

Anti-hypertensives are known as drugs that are used 
to treat hypertension. Anti-hypertensive therapy seeks to 
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Figure 10. Percentage inhibition of anti-protease with S. aromaticum EO at different length of storage
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Figure 9. Percentage inhibition of albumin denaturation with S. aromaticum EO at different lengths of storage
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prevent the complications of high blood pressure, such 
as stroke, heart failure, and kidney failure [33]. The per-
centage inhibition of dopamine and BCHE was high-
est with a storage duration of 4 days. Elevated BCHE 
activity may lead to increased acetylcholine (ACH) 
breakdown, potentially contributing to hypertension. 
the inhibition of BCHE indicated that the EOs help to 
break down ACH, a neurotransmitter that helps to relax 
the blood vessels and lower blood pressure [34]. Sev-
eral studies have also confirmed the use of EOs in the 
treatment of hypertension [35, 36]. The result obtained 
in this study indicated that the storage of 4 days recorded 
the least values of IC50 for BCHE (49.49 µg/mL) and 
dopamine (129.65 µg/mL). An IC50 of 48.73 µg/mL was 
reported for Aframomum melegueta [34]. There is no 
report known to us that determines the antihypertensive 
activities of the EO of S. aromaticum, but results indicate 
that the inhibition of BCHE and Dopamine may be at-
tributed to the constituents of the EOs [37]. Eugenol has 
been reported as a vasorelaxant compound that helps in 
the reduction of blood pressure [34, 38]. This is evident 
in the activities observed against the two assays. The 
higher activity observed for the 4 days storage could be a 
result of the percentage of eugenol and eugenol acetate, 
which was reported by Radhiah et al. [39].

Anti-inflammatory

Anti-inflammation is a mechanism of defense triggered 
by the immune system to prevent tissue damage [40]. 
The EO of S. aromaticum stored at different lengths of 
days was subjected to 2 anti-inflammatory indicators: 
albumin denaturation and anti-protease. The result ob-
tained in this study was dose-dependent, which was the 
same as reported by Yang et al. [40]. The high quantity of 
eugenol present in the EOs on different days of storage 
could be responsible for the anti-inflammatory action, 
which works by the inhibition of neutrophil chemotaxis 
and prostaglandins synthesis [41]. Damasceno et al. [42] 
revealed that eugenol acetate could act as an alternative 
to eugenol in the treatment of inflammatory ailments. 
The synergistic activity of eugenol and eugenol acetate 
found in the EO stored for 4 days may be responsible for 
the higher inhibition of albumin denaturation and anti-
protease.

Anti-diabetic

α-Amylase and α-glucosidase are enzymes that hydro-
lyze carbohydrates, which are usually used to modu-
late postprandial hyperglycemia. The results obtained 
from this study showed the inhibition of α-amylase and 
α-glucosidase by the EO of S. aromaticum stored at dif-

ferent lengths of days, but the storage of 4 days recorded 
the least IC50 of 61.44 µg/mL for α-amylase and 68.77 
µg/mL for α-glucosidase. The value of IC50 increased 
with the length of days of storage, indicating a lower ac-
tivity for EO stored for a longer period. Several studies 
have shown the inhibition of carbohydrate-metabolizing 
enzymes as well as glucose produced by the liver [43]. 
The presence of eugenol in the EO stored for 365 and 
183 days is responsible for the anti-diabetes activities re-
corded. Reports had also shown that eugenol acetate is 
the least inhibitor against enzymes responsible for type 
2 diabetes [44]. Therefore, the higher activity of day 4 
stored EO could be a result of the synergistic activities of 
eugenol and eugenol acetate. 

Conclusion

The study result indicated that the color of the EO 
stored over time changed from light yellow (4 days and 
183 days) to light brown after 365 days of storage, indi-
cating some reactions had taken place in the course of 
storage. The GC-MS analysis of the EOs indicated that 
storage for 183 days and 365 days had higher quality of 
eugenol than those stored for 4 days, which could have 
been a result of some chemical reaction resulting in the 
transformation of some components in the essential oil. 
The EO stored for 4 days had eugenol acetate, which was 
missing in the storage for 183 days and 365 days, which 
could have contributed to the higher activity of the sam-
ple stored for 4 days. The medicinal parameters showed 
that the different days of storage had antioxidant, anti-
inflammatory, anti-hypertensive, and anti-diabetic ac-
tivities, but the activities reduced with the length of stor-
age, indicating that EO stored for 365 days had the least 
activity. In conclusion, the longer the storage of the EOs, 
the less effective it is.
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