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Abstract 
 
Essential oils (EOs) derived from Xylopia aethiopica were extracted using both hydro-distillation and 
solvent extraction techniques and their volatile profiles were analyzed using gas chromatography. A 
selection of these oils was evaluated for antimicrobial activity against various bacterial strains, 
including Staphylococcus aureus, Bacillus subtilis, Streptococcus pneumoniae, Pseudomonas 
aeruginosa, and Escherichia coli, by determining the minimum inhibitory concentration (MIC) and 
minimum bactericidal concentration (MBC). Gas chromatography identified a total of 44 compounds 
with pinene (65.87, 61.66%), Limonene (7.67, 6.04%), car-2-ene (8.91, 2.92%), β-caryopyllene (7.94, 
7.51%), 1,6,10-dodecatrien-3-ol, 3,7,11-trimethyl (2.53, 11.31%), neral (2.53, 1.28%) and geranial 
(1.84, 3.66%) respectively as major potent terpenoids for hydro-distillation and solvent extraction 
methods. These prominent terpenoid components are known for their bioactive properties. Results 
indicated that hydro-distillation was a more economical extraction method; however, solvent-
extracted oils exhibited greater antimicrobial effectiveness. The volatile oils demonstrated promising 
potential as alternative agents for treating microbial infections, underscoring their relevance in the 
search for natural therapeutic compounds. 
 
Keywords: Xylopia aethiopica, essential oil, hydro-distillation, antimicrobial, gas  
chromatography,  
 

INTRODUCTION 

Essential oils are concentrated, volatile aromatic compounds naturally synthesized by plants 
and widely used in perfumery, flavoring, medicine, and as antimicrobial and aromatic 
agents. These plant-based oils have been valued for thousands of years; records show that 

mailto:khandora2000@gmail.com


Essential Oil Composition and Antimicrobial Activity of Xylopia aethiopica Using Steam Distilation and Solvent 

Extraction Methods 

I. G. Osigbemhe, M. E. Khan,  DUJOPAS 11 (2b): 244-257, 2025                                                                     245 

 

ancient civilizations such as the Mesopotamians, Egyptians, and Greeks extracted oils for 
cosmetic, therapeutic, and ritualistic purposes. In addition to their traditional uses, these oils 
play critical roles in nature acting as defense chemicals against herbivores and pathogens, 
and serving as attractants for pollinators or signaling agents to other plants (Gershenzon et 
al., 2007). 
 

Throughout history, people have used aromatic herbs and their essential oils (EOs) for their 

wide range of medicinal and preservation benefits. They have historically been involved in 

food preservation, mummification, ceremonial rituals, and agricultural pest management. 

According to recent research, their uses cover a broad spectrum of biological effects, such as 

antibacterial, antispasmodic, sedative, anesthetic, and anticancer properties (Kowalczyk et 

al., 2023; Mostafa et al., 2023). By identifying the intricate biochemical processes that underlie 

their effectiveness, particularly against microbial infections, modern research continues to 

verify this traditional usage (Basile et al., 2000; Sienkiewicz et al., 2013). The isoprenoid 

pathways of plant metabolism produce a variety of chemical substances, most notably 

terpenes and terpenoids, which are responsible for a large portion of the biological action of 

essential oils. More investigations have highlighted their pharmacological significance and 

their potential to fight viral, bacterial, and fungal infections (Bassolé et al., 2012; Swamy et al., 

2016). 
 

The renewed interest in traditional healing practices has contributed to the growing appeal 
of essential oils as potential remedies for common health issues. Their wide range of 
therapeutic properties including anti-inflammatory, antibacterial, sedative, expectorant, and 
immune-modulating effects positions them as versatile options for holistic care (Gironi et al., 
2008). In many cases, the primary active compounds in essential oils are terpenes, a class of 
naturally occurring chemicals known for their aromatic and biological activity (Lawless, 
1995). 
 

Historically, the term "terpene" was used to refer to a group of isomeric hydrocarbons with 
the molecular formula C10H16, commonly found in turpentine as well as in the essential oils 
extracted from the resin and tissues of various plants and trees (Joulain and Koning, 1998). 
As scientific understanding advanced, researchers identified oxygen-containing derivatives 
of these compounds—such as alcohols, aldehydes, and ketones which were traditionally 
referred to as camphors. Over time, the discovery of additional structurally related 
compounds led to a reclassification, merging both groups under the broader term 
"terpenoids." This classification encompasses a wide variety of naturally occurring organic 
chemicals that share a common biosynthetic origin. A notable example is myrcene, a 
monoterpene with the formula (C10H16), whose molecular structure can be broken down into 
two repeating isoprene units (Lawless, 1995). 
 

 
Fig.1: Myrcene structure 
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Terpenoids, also referred to as isoprenoids, form a significant subclass within the broader 
category of premyllipidsa group that includes terpenes, prenylquinones, and sterols. These 
compounds are among the most ancient and diverse small-molecule metabolites produced 
by plants, and they are considered one of the most widespread groups of natural products 
found in nature (Charles and Simon, 1990). Structurally, terpenoids are chemically modified 
derivatives of terpenes. Such modifications may involve the rearrangement or removal of 
methyl groups, or the incorporation of additional functional groups such as oxygen atoms. 
Interestingly, the terminology can vary: while some researchers differentiate strictly between 
terpenes (hydrocarbon-based) and terpenoids (oxygenated or otherwise altered), others use 
the term "terpenes" in a broader sense to encompass both. 
 
The structural basis of terpenoids lies in their assembly from isoprene units a five-carbon 
building block known as methylbuta-1,3-diene. Compounds composed of a single isoprene 
unit are categorized as hemiterpenes, while larger terpenoids are constructed from multiple 
isoprene units joined in specific patterns, as illustrated in Fig. 2 (Charles and Simon, 1990). 
These molecules serve a wide range of ecological and physiological functions in plants, 
including roles in defense, signaling, and interaction with pollinators or herbivores. 

Fig 2 was cropped to remove the lines. 
Fig.2: Isoprene Unit 

 
Terpenoids, a remarkably diverse class of natural products, share a common biosynthetic 
origin. Their synthesis initiates with the condensation of two fundamental five-carbon 
building blocks: isopentenyl diphosphate (IPP) and its isomer, dimethylallyl diphosphate 
(DMAPP), both phosphorylated derivatives of the hemiterpene unit. This foundational 
reaction yields geranyl pyrophosphate (GPP), a ten-carbon precursor that serves as the 
starting point for the vast array of more complex terpenoid structures (Fig. 3). 
 

 
Fig.3: Structural representation of condensation of terpenoids  

Terpenesand terpenoids, exemplified by compounds like limonene and menthol.  
 Aromatic compounds, such as cinnamaldehyde.  
 Phenols, including substances like thymol and eugenol.  
 Aliphatic alcohols, for instance, linalool and geraniol.  
 Aliphatic ketones, with camphor as a representative.  
Derivatives of aliphatic acids, such as various acetates and propionates, (Charles and 

Simon, 1990) 

 

Essential oils are primarily composed of a few major constituents typically 2 to 3that account 

for 20–70% of the total composition, with the remaining compounds in small quantity. 
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Chromatographic analysis is used to accurately identify the full chemical profile of these oils 

(Shellie et al., 2000). This complex composition contributes to their wide-ranging biological 

effects and diverse applications (Edris et al., 2007). Terpenes, a major component group in 

essential oils, are systematically categorized by the number of isoprene or isopentane units 

in their molecular frameworks. 

 

Table 1: Classes of terpenoid (Arnold, 1924) 
Terpene                                                   

  

Isoprene Carbon atoms 

Monoterpenes 

Sesquiterpenes                                

Diterpenes 

Sesterpenes 

Triterpenes 

Carotenoids 

Rubber  

 

2 

3 

4 

5 

6 

8 

>100 

10 

15 

20 

25 

30 

40 

>500 

 
Terpenes are a large and diverse class of naturally occurring organic compounds derived 
from isoprene units. In simpler terms, mono-, sesqui-, di-, and sesterterpenes are formed by 
linking these five-carbon isoprene units in a "head-to-tail" configuration. Conversely, larger 
terpenes such as triterpenes and carotenoids (also called tetraterpenes) are constructed by 
the fusion of two smaller terpene precursors C15 and C20 units through a "head-to-head" 
bonding pattern. 
 
Monoterpenes (C10) and sesquiterpenes (C15) are the predominant components of essential 
oils and are responsible for their characteristic aromas and biological activities. In contrast, 
higher-order terpenes like diterpenes, triterpenes, and tetraterpenes are typically present in 
plant-derived substances such as resins, waxes, balsams, and natural rubber. 
 
A notable example of terpene-based plant defense is found in coniferous species, which 
produce an oleoresin blend consisting primarily of turpentine—approximately 85% 
monoterpenes and 15% sesquiterpenes—and rosin, which is rich in diterpenes. This mixture 
serves as a natural wound sealant and offers protective effects by deterring insect herbivores 
and inhibiting the growth of associated pathogenic fungi (Bohlmann, 1998). Additionally, 
many angiosperms synthesize inducible terpenoid compounds known as phytoalexins in 
response to biotic stress. These defense molecules often fall under the sesquiterpenoid and 
diterpenoid categories (Svobodan, 1998). 
 
Therapeutic and protective properties of EOs 
Essential oils (EOs) have garnered significant attention due to their broad spectrum of 
bioactivities. Among their most notable properties are: 
 
Anti-inflammatory Effects 
Capabilities of EOs are primarily linked to their content of bioactive phenolic compounds. 
These molecules can interfere with key molecular signaling cascades involved in the 
production of pro-inflammatory mediators. Specifically, they inhibit crucial enzymes like 
cyclooxygenase-2 (COX-2) and 5-lipoxygenase (5-LOX), both of which are essential for the 
conversion of arachidonic acid into inflammatory eicosanoids such as prostaglandins and 
leukotrienes (Yoon et al., 2010). Moreover, essential oils help reduce the expression and 
secretion of inflammatory cytokines—including TNF-α, IL-1β, and IL-6—by modulating 
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intracellular pathways (Ling et al., 2014). These mechanisms are comparable to those 
targeted by nonsteroidal inflammation suppressants (NSAIDs), which are widely used in 
clinical settings (Tousif et al., 2023). 
 
Antiviral Properties 
Several EOs including eucalyptus, clove, lemon, oregano, and thyme exhibit potent antiviral 
activity. They have demonstrated efficacy against a variety of viral pathogens such as 
influenza virus, herpes simplex virus, and poliovirus. Their ability to disrupt viral envelopes 
makes them especially promising in the treatment of enveloped viruses, including SARS-
CoV-2 (Elsebai et al., 2022, Sharifi-Rad et al., 2017). These findings suggest that essential oils 
could serve as effective leads in the development of novel antiviral therapies. 
 
Antibacterial Activity 
Numerous laboratory-based investigations have revealed that EOs possess both bactericidal 
(killing) and bacteriostatic (growth-inhibiting) effects against a broad spectrum of bacteria. 
Target organisms include species from genera such as Staphylococcus, Bacillus, Streptococcus, 
and Mycobacterium (Guilhelmelli et al., 2013). Their antimicrobial mechanisms involve 
compromising bacterial cell membrane integrity, interfering with essential enzyme activities, 
disrupting ion transport and ATP production, and altering the environmental pH (Burt, 
2004). 
 
Insecticidal and Repellent Actions 
In the place of natural pest control, essential oils present an eco-friendly alternative to 
synthetic insecticides. Oils derived from tea tree, lavender, citrus, clove, geranium, and mint 
are particularly effective at repelling or eliminating pests. Their efficacy has been confirmed 
against a variety of targets, including aphids, fruit flies, ticks, and stored-product pests 
(Gupta et al., 2023, Senthil-Nathan et al., 2020). This insect-repellent activity is part of the 
plant’s natural defense arsenal and highlights the potential of essential oils in integrated pest 
management. 
 
Xylopia aethiopica, commonly known as Ethiopian pepper or Negro pepper (local names vary 

by region e.g., Uda in Nigeria), is a tall tropical tree that can reach heights exceeding 20 

meters and a trunk diameter of approximately 60 to 75 cm (Plate 2.4). It predominantly 

thrives in forested zones and is frequently found along riverbanks in drier, savannah-like 

environments. The tree produces fruit in the form of slender, twisted pods that resemble 

curled bean pods. These pods are dark brown in color, cylindrical in shape, and measure 

approximately 2.5–5 cm in length and 4–6 mm in diameter (Plate X). The surface of the pods 

reveals the contours of the seeds inside, which number between five and eight per pod. 

These seeds are kidney-shaped and about 5 mm in length. While the outer pod (hull) emits a 

strong aromatic scent, the seeds themselves are largely odorless. 

 

This study focuses on the chemical composition, biological activity, and therapeutic 

potential of essential oils (EOs) extracted from X. aethiopica, particularly in their interaction 

with microorganisms responsible for common infectious diseases in Africa and Nigeria. The 

findings may contribute to the development of new antimicrobial, antiviral, and anticancer 

agents. 
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Materials and Methods 
Sample Collection and Botanical Identification 

Mature, dried fruits of Xylopia aethiopica (Family: Annonaceae) and Syzygium aromaticum 

(clove; Family: Myrtaceae) were collected from local markets in Nassarawa State, Nigeria, in 

October 2024. Botanical identification was confirmed by specialists in the Faculty of Natural 

and Applied Sciences, Nassarawa State University, Keffi, and the Faculty of Life Sciences, 

University of Benin, Nigeria. Voucher specimens were deposited in institutional herbaria for 

reference (voucher numbers to be inserted). 

 
Essential Oil Extraction Procedures 
 
Hydro-distillation 

The dried fruits of X. aethiopica were pulverized into fine powder, and 200 g of the powdered 

material was subjected to hydro-distillation using a standard all-glass Clevenger apparatus 

for a duration of 4 hours. The distillate was collected, and residual water was removed using 

anhydrous sodium sulfate. The essential oil was then transferred to sterile vials and stored 

under refrigeration until analysis. 

 

Solvent Extraction (Soxhlet Method) 

For comparison, 17 g of the powdered fruit was packed into a Soxhlet extractor and refluxed 

for six hours using petroleum ether as the solvent. The resulting extract was subjected to 

steam drying to eliminate any residual solvent. The oil was then stored under refrigerated 

conditions pending further analysis. 

 

Chemical Analysis of Essential Oils 
 

Gas Chromatography-Mass Spectrometry (GC-MS) 

Chemical profiling was conducted at Multi Environment Management Consultancy Limited 

in Lagos, Nigeria. Analysis was performed using a Hewlett Packard 6890 GC system 

integrated with HP Chemstation Rev A09.01 software. A quartz capillary column (30 m × 

0.25 mm × 0.25 µm) and a flame ionization detector (FID) were utilized. Hydrogen served as 

the carrier gas at a flow rate of 1.0 mL/min. The oven temperature was programmed from 

40°C, ramped at 5°C per minute up to 200°C, and held for 2 minutes. Injection and detector 

temperatures were set at 50°C and 300°C, respectively. The split ratio was 1:1, with 

hydrogen and compressed air pressures maintained at 22 psi and 28 psi. Compound 

identification was achieved comparing retention times and mass spectra with those in the 

NIST/EPA/NIH Mass Spectral Library. 

 

Antimicrobial Activity Assessment 
 

Test Microorganisms 

Clinical isolates used in the study included Staphylococcus aureus, Escherichia coli, 

Pseudomonas aeruginosa, Streptococcus pneumoniae, and Bacillus subtilis. These were obtained 

from the University of Benin Teaching Hospital (UBTH), Benin City, Nigeria. 
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Media Composition 

Nutrient agar and nutrient broth (Himedia Laboratories, Mumbai, India) were employed. 

Media contained 3.0 g beef extract, 5.0 g peptone, 8.0 g sodium chloride, and 15.0 g agar per 

liter. 

 

Antimicrobial Agents 

Standard antibiotics, including Amoxicillin, Streptomycin (1.5 mg/mL), Ampicillin (2 
mg/mL), and Gentamicin (1.5 mg/mL), served as reference standards for positive control. 
Sterile distilled water functioned as the negative control. 
 
Bioassay Methods 
Agar Well Diffusion Method 

The antimicrobial efficacy of the essential oils was tested using the agar well diffusion 

technique. Nutrient agar plates were seeded with 0.1 mL of bacterial suspensions (~10 

CFU/mL). After solidification, wells of 6 mm diameter were created and filled with 0.2 mL 

of a 15 mg/mL essential oil solution. Plates were incubated at 37°C for 24 hours, after which 

the zones of inhibition were measured in millimeters. 

 

Minimum Inhibitory Concentration (MIC) 

MIC values were determined using the two-fold serial dilution method. Essential oil 

concentrations ranging from 50 to 0.2 mg/mL were prepared. Each dilution (1.0 mL) was 

mixed with molten nutrient agar and seeded with a diluted bacterial inoculum (~10 

CFU/mL). Plates were incubated at 37°C for 24 hours, and the MIC was defined as the 

lowest concentration at which visible bacterial growth was inhibited. 

 

Minimum Bactericidal Concentration (MBC) 

For MBC determination, aliquots from the MIC plates showing no growth were sub-

cultured onto fresh nutrient agar. The plates were incubated at 37°C for another 24 hours. 

The MBC was recorded as the lowest concentration at which no bacterial growth was 

observed. 

 

RESULTS AND DISCUSSIONS  

 
Chemical Composition of Essential Oils from X. aethiopica 

GC-MS analysis revealed a complex profile of bioactive compounds. The major constituents 

in oils extracted via solvent extraction and hydro-distillation were: 

• α-pinene (65.87%, 61.66%) 
• d-limonene (9.67%, 6.04%) 
• car-2-ene (8.91%, 2.92%) 
• β-caryophyllene (7.94%, 7.51%) 
• 1,6,10-dodecatrien-3-ol, 3,7,11-trimethyl- (2.53%, 11.31%) 
• neral (2.53%, 1.28%) 
• geranial (1.84%, 3.66%) 

 

A total of 44 and 43 peaks were recorded from solvent extraction and hydro-distillation, 

respectively, representing the complete oil composition. These findings align with prior 

reports. For example, Nianga et al. (1994) identified β-pinene (36.2–40.2%), α-pinene (13.6–
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15.4%), and sabinene (7.1–7.3%) in Guinean samples. Similarly, Ayedoun et al. (1996) found 

that Beninese samples contained sabinene (36.0%), 1,8-cineole (12.8%), linalool (3.9%), and 

terpinen-4-ol (7.0%). Kitajima et al. (2004) analyzed oils from Mali and reported β-pinene 

(19.1%), γ-terpinene (14.7%), trans-pinocarveol (8.6%), and p-cymene (7.3%) as key 

constituents. 

 

The oil derived from hydrodistillation was particularly rich in monoterpene hydrocarbons 

(78.4%), while sesquiterpenes made up 7.74%. These results are consistent with earlier work 

by Ekon and Ogan (1968), who reported that monoterpenes made up 70.90% of the oil, with 

a minor sesquiterpene component, the most abundant being germacrene-D at 1.02%. 

 
Table 2: The Constituents of Xylopia aethiopica EOs derived from solvent extraction 

Compound Retention Time (min) Concentration (%) 

Isoamyl Acetate 2.96 0.04 

Tricyclene 4.13 0.04 

Camphene 4.77 0.04 

Alpha Pinene 9.82 2.55 

Beta Pinene 11.36 4.74 

Benzyl Alcohol 11.58 0.11 

Cis Ocimene 12.90 0.09 

Myrcene 12.98 0.03 

Car-2-ene 13.07 2.92 

D-limonene 13.51 6.04 

Allo Ocimene 13.82 0.12 

(IS) -(-)-Pinene 14.15 54.37 

Alpha Thujene 14.94 0.05 

Gamma-terpinene 15.10 2.84 

Fenchone 15.29 0.10 

Neral 15.38 1.28 

Geranial 16.45 3.66 

Isoartemisia 16.54 0.04 

1,8-cineole 17.19 0.11 

Geraniol 17.44 0.10 

Nerol 17.69 0.16 

Linalool 17.83 0.22 

Borneol 18.69 0.09 

Alpha Terpineol 18.77 0.05 

Terpinen-4-ol 19.72 0.05 

Thymyl methyl Ether 20.11 0.06 

Linalyl acetate 21.40 0.08 

Ethyl Cinnamate 21.52 0.10 

Beta Sesquiphallandrene 21.60 0.15 

1,6,10-Dodecatrien-3-ol, 3,7,11-trim 21.99 11.30 

Beta bisabolene 22.37 0.11 

Beta Caryophyllene 22.85 7.51 

Trans-alpha-Bergamotene 23.32 0.09 

Beta Elemene 24.01 0.02 

Germacrene D 24.70 0.10 
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Bicyclogermacrene 24.78 0.08 

Alpha Copane 26.93 0.03 

Elemicin 27.75 0.02 

Benzyl benzoate 28.01 0.07 

5,8-Henicosdiene 28.76 Trace 

Viridiflorol 29.69 0.05 

Torreyol 29.99 0.04 

Tetra Decanoic Acid 30.06 0.09 

Hexa Decanoic Acid 30.30 0.01 

 
Table 3: Chemical Composition of Xylopia aethiopica Essential Oil Obtained by Hydro-
distillation 

Compound Retention Time (min) Concentration (%) 

Tricyclene 4.14 Trace 

Camphene 4.78 Trace 

Alpha Pinene 9.83 2.76 

Isoamyl acetate 2.96 Trace 

Beta Pinene 11.37 10.20 

Benzyl Alcohol 11.58 0.01 

Myrcene 13.00 Trace 

Cis Ocimene 12.92 0.01 

Car-2-ene 13.08 8.91 

D-Limonene 13.20 9.67 

AlloOcimene 13.52 0.04 

(IS) -(1)-Pinene 13.83 52.91 

Alpha Thujene 14.22 Trace 

Gamma-terpinene 14.94 0.01 

Fenchone 15.12 0.01 

Neral 15.26 2.53 

Isoartemisia 16.46 Trace 

Geranial 15.40 1.84 

1,8-cineole 16.55 0.01 

Geraniol 17.20 0.07 

Nerol 17.39 0.08 

Linalool 17.71 0.30 

Borneol 17.78 0.01 

Alpha Terpineol 18.69 Trace 

Terpinen-4-ol 18.78 Trace 

Thymyl methyl Ether 19.68 Trace 

Linalyl acetate 20.81 0.01 

Ethyl Cinnamate 21.41 0.01 

Beta Sesquiphellandrene 21.53 0.01 

1,6,10-dodecatrien-3-ol, 3,7,11-trim 21.62 2.53 

Beta Bisabolene 21.87 0.08 

Beta Caryophyllene 22.39 7.74 

Trans-alpha-bergamotene 22.92 0.01 

Beta elemene 23.34 Trace 

Germacrene D 24.03 0.01 

Alpha Copane 24.72 Trace 
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Bicyclogermacrene 24.79 Trace 

Acetyleugenol 26.75 Trace 

Elemicin 27.08 Trace 

Benzyl Benzoate 27.77 Trace 

Viridiflorol 29.56 Trace 

Torreyol 29.71 Trace 

Tetra Decanoic Acid 30.01 Trace 

HexaDecanoic Acid 30.30 Trace 

 
Antimicrobial Efficacy of EOs from Xylopia aethiopica 

The antimicrobial properties of essential oils extracted from Xylopia aethiopica were assessed 

against a panel of clinically relevant bacterial strains, including Staphylococcus aureus, Bacillus 

subtilis, Streptococcus pneumoniae, Pseudomonas aeruginosa, and Escherichia coli. Two extraction 

techniques were compared: hydro-distillation (referred to as C1) and solvent extraction (C2). 

The results summarized in Table 4, show that the zones of bacterial growth inhibition 

produced by the oils ranged between 5.0 and 8.0 mm for C1 and between 6.0 and 11.0 mm 

for C2. 

 

Notably, the essential oil obtained via solvent extraction (C2) demonstrated superior 

antimicrobial potency compared to the oil derived from hydro-distillation. This increased 

efficacy was evident across multiple bacterial species. While the hydro-distilled oil (C1) 

demonstrated suppression of only Pseudomonas aeruginosa and Escherichia coli, the solvent-

extracted oil (C2) effectively inhibited the growth of Staphylococcus aureus, Bacillus subtilis, 

and Escherichia coli. These findings suggest that solvent extraction may be more efficient in 

isolating active phytochemicals with antimicrobial properties. 

 

The observed variation in antimicrobial effectiveness can be attributed to differences in the 

chemical profiles yielded by each extraction method. According to Żukowska and 

Durczyńska (2024), the antimicrobial potential of essential oils is not only determined by the 

presence of active compounds but also influenced by their molecular configuration, 

functional groups, and the method of extraction. Moreover, synergistic interactions between 

multiple constituents within the oil can significantly enhance its bioactivity. 

 

These results highlight the importance of extraction methodology in maximizing the 

therapeutic potential of plant-derived essential oils and support the continued exploration of 

Xylopia aethiopica as a source of natural antimicrobial agents. 

 

The Table 4 shows the result of the antibacterial activities the two extracts.  

Table 4: Antibacterial Activity of the essential oil 
Bacterial Isolate  C1 

Zone of inhibition in millimetres 

(mm) 

C2 

 

S.aureus 

B. aubtills 

S. pneumoniae 

P.aeruginosa 

E. Coli. 

8.0 

5.0 

5.0 

10.0 

11.3 

15.0 

10.0  

8.0 

9.0 

13.0 

C1- Xylopia aethiopica essential oil obtained by hydro distillation 
C2- Xylopia aethiopica essential oil obtained by solvent extraction 
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Here’s a thoroughly rewritten, restructured, and expanded version of the entire section you 
provided. It’s original, academically polished, and retains all in-text references: 
 
Minimum Inhibitory Concentration (MIC) of Xylopia aethiopica Essential Oils 

The minimum inhibitory concentration (MIC) represents the lowest concentration of a 
substance required to inhibit visible growth of a microorganism. Table 5 presents the MIC 
values (in mg/mL) for essential oils of Xylopia aethiopica extracted by hydro-distillation (C1) 
and solvent extraction (C2), tested against five bacterial strains: Staphylococcus aureus, 
Bacillus subtilis, Streptococcus pneumoniae, Pseudomonas aeruginosa, and Escherichia coli. 
 
The essential oil obtained via solvent extraction (C2) exhibited superior inhibitory effects 
compared to that from hydro-distillation (C1). Specifically, solvent-extracted oil 
demonstrated MIC values ranging from 1.6 to 6.3 mg/mL, effectively inhibiting S. aureus, B. 
subtilis, S. pneumoniae, and P. aeruginosa. In contrast, the hydro-distilled oil had higher MIC 
values between 3.2 and 12.5 mg/mL, and was ineffective against B. subtilis and S. pneumoniae. 
Notably, both oils were effective against E. coli, with MICs of 3.2 mg/mL (C1) and 6.3 
mg/mL (C2). 
 
These results confirm that the extraction technique influences the oil's antimicrobial potency. 
Solvent extraction appears to isolate a broader and more potent range of bioactive 
compounds, as supported by Żukowska and Durczyńska (2024), who emphasized that the 
chemical structure, functional groups, and synergistic effects of oil constituents, as well as 
the extraction method, significantly impact antimicrobial activity. 
 
Table 5: Minimum Inhibitory Concentration (MIC) values (mg/mL) 

Bacterial Isolate C1 (Hydro-distilled) C2 (Solvent Extracted) 

Staphylococcus aureus 3.2 1.6 

Bacillus subtilis 12.5 6.3 

Streptococcus pneumoniae 12.5 3.2 

Pseudomonas aeruginosa 12.5 3.2 

Escherichia coli 3.2 – 

 
Minimum Bactericidal Concentration (MBC) 
The Minimum Bactericidal Concentration (MBC) determines the lowest concentration of 
essential oil that can kill a specific bacterial strain. As shown in Table 6, the MBC values for 
solvent-extracted oil (C2) ranged from 3.2 to 12.5 mg/mL, while hydro-distilled oil (C1) 
required higher concentrations between 6.3 and 25.0 mg/mL to achieve the same bactericidal 
effect. 
 
These findings are consistent with the MIC results, reaffirming that the essential oil obtained 
through solvent extraction demonstrates stronger bactericidal properties. The enhanced 
performance of the C2 extract supports the hypothesis that solvent extraction more 
effectively concentrates key antimicrobial compounds from Xylopia aethiopica. 
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Table 6: Minimum Bactericidal Concentration (MBC) values (mg/mL) 

Bacterial Isolate C1 (Hydro-distilled) C2 (Solvent Extracted) 

Staphylococcus aureus 6.3 3.2 

Bacillus subtilis 6.3 12.5 

Streptococcus pneumoniae 25.0 12.5 

Pseudomonas aeruginosa 12.5 6.3 

Escherichia coli – – 

 
Toxicological Considerations and Safe Usage of EOs 
Despite their natural origin and wide use in traditional and alternative medicine, essential 
oils are not devoid of toxicological risks. As reported by Lanzerstorfer et al. (2021), improper 
or excessive use can lead to adverse effects, including systemic toxicity. Certain oils such as 
those derived from cedarwood, pine, and juniper have been associated with hepatotoxicity 
and nephrotoxicity, especially at high doses or when ingested (Lysdal et al., 2009). 
 
Common side effects include dermal irritation, allergic contact dermatitis, and respiratory 
complications particularly when essential oils are inhaled in concentrated aerosolized forms 
(Posadzki et al., 2012). Ingesting essential oils can lead to gastrointestinal distress, including 
nausea, vomiting, and diarrhea. Moreover, some oils rich in phenolic compounds such as 
rosemary and sage may have pro-oxidant effects, which can cause oxidative stress, lipid 
peroxidation, and DNA damage. 
 
Therefore, the safe use of essential oils necessitates adherence to strict dosage guidelines and 
proper routes of administration. Oral consumption, unless supervised by a qualified 
healthcare provider, is strongly discouraged. Special precautions should also be observed in 
vulnerable populations, including pregnant and breastfeeding women (Dosoky et al., 2021). 
 
Conclusions  
The study highlights the antimicrobial potential of essential oils derived from Xylopia 
aethiopica, especially when extracted using solvent-based techniques. The variation in 
chemical composition and biological activity between oils extracted by hydro-distillation 
and solvent extraction suggests that the method of extraction plays a significant role in 
determining both yield and efficacy. Additionally, inconsistencies observed when 
comparing this study to previous research conducted in the same geographical area suggest 
that other variables, such as harvest season, may significantly influence the chemical profile 
of the plant. 
 
The following recommendations are made: 

i. Comparative Extraction Studies: Future studies should employ various extraction 
methods (e.g., steam distillation, cold pressing, supercritical fluid extraction) to 
identify how each impacts yield and bioactivity of the oil. 

ii. Seasonal Variation Analysis: More work is needed to evaluate how seasonal factors 
affect the yield and chemical makeup of essential oils. Controlled harvesting across 
different seasons would clarify these influences. 

iii. Bioactivity-Guided Isolation: Further bioassay-guided fractionation studies should 
be conducted to isolate and identify the specific compounds responsible for 
antimicrobial activity. 

iv. Toxicity Studies: Comprehensive in vivo toxicity and safety evaluations should be 
performed to establish safe dosage ranges for therapeutic applications. 
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v. Standardization Efforts: There is a need to standardize essential oil extraction and 
testing protocols to enable reproducibility and comparison across studies. 
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