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Xylopia aethiopica (African pepper) possesses antimicrobial and antioxidant activities. Aim: This 

review chronicles the scientific evidence regarding the use of X. aethiopica as a food preservative, 

in the forms it can be used, the foods it can be applied to and its mechanisms of action. Methodology: 

Systematic analysis following PRISMA guidelines of studies from 1977 to 2025 in which the spice 

was employed, different forms of applications, and food samples in which it was applied was carried 

out. Key findings: It was noted that the activities of X. aethiopica extracts had a broad-spectrum 

effect, inhibiting food pathogens of public health concern, such as Escherichia coli, Staphylococcus 

aureus, Pseudomonas aeruginosa, Candida albicans and Aspergillus niger. The antioxidant activity 

exhibited by the spice was found advantageous in reducing the rate of lipid oxidation in fatty foods. 

X. aethiopica essential oil prolonged the shelf life of food products under refrigerated condition. 

Ethanol extracts significantly suppressed spoilage microbes on vegetables during 2 weeks of storage 

at 4 °C with no negative effects on the sensory quality. Similarly, limited sensory effects were 

noticed when ground X. aethiopica was added as antifungal preservative to ‘Kunnu gyada’ drink. 

The preservative effects are related to the bioactive components of the spice (phenolics, terpenoids, 

and alkaloids). These data together substantiate the hypothesis that X. aethiopica could suppress 

food-borne pathogens and slow oxidative spoilage in actual food systems. Main conclusion Thus, 

X. aethiopica appears to be a promising, natural substitute to synthetic preservatives, which could 

be applied to improve food safety, extend shelf life and advance clean-label food preservation. 
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Introduction 

The challenges of global food security have been 

connected with food decomposition and infection. 

According to the Food and Agriculture Organization, 

approximately 33% of food produced globally is never 

consumed and is lost or wasted each year. The United 

Nations Environment Program Food Waste Index reported 

a food waste of 930 million tons in 2019 at the supply 

chain, retail or consumer level (UNEP, 2021). This 

enormous quantity translates to significant economic 

losses, environmental degradation, and compromised food 

safety for millions of consumers worldwide. Likewise, the 

global foodborne diseases caused by pathogens that have 

become the World Health Organization’s global public 

health priorities is considered paramount for food safety. 

These microorganisms, such as Salmonella, Shigella, 

Campylobacter and Escherichia coli are emphasized in 

WHO hazard lists and disease burden estimates as targets 

for prevention and control in foods (Grudlewska-Buda et 

al., 2023). Traditional food preservation methods, though 

effective, have increasingly relied on synthetic chemical 

preservatives. Despite the efficacy of synthetic chemical 

preservatives, several issues have been raised by 

consumers regarding the potential health risks and 

environmental impact involved. The increasing demand for 

natural, sustainable, and healthy food choices has 

accelerated substantive research efforts into plant-based 

preservation alternatives (Obahiagbon and Ogwu, 2024; 

Sharma et al., 2024). Among the diverse array of botanical 

resources available, spices and aromatic plants have 

emerged as particularly promising prospects owing to their 

inherent antimicrobial, antioxidant, and preservative 

properties (Diniz do Nascimento et al., 2020; Sulieman et 

al., 2023). Some spices that have been found to possess 

antimicrobial properties include: Allium sativum (garlic), 
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Zingiber officinale (ginger), Syzgium aromaticum (clove), 

Cinnamomum verum (cinnamon), Xylopia aethiopica 

(African pepper), Salvia rosmarinus (Rosemary), Thymus 

vulgaris (Thyme), and many others. These natural 

compounds have been reported to extend the shelf life of 

food products and also contribute to the sensory attributes of 

food products (Teshome et al., 2022). This supports 

environmental sustainability and lessens the ecological 

footprint associated with food production. Accordingly, a 

recent category of food preservatives identified as “clean-

label” has emerged (Chauhan & Rao, 2024).  

X. aethiopica (Dunal) A. Rich, commonly referred to as 

African pepper, Negro pepper, or Ethiopian pepper, can be 

classified as one of nature's preservation arsenal. It is an 

aromatic tree and belongs to the family Annonaceae. It is 

indigenous to the tropical rainforests of West and Central 

Africa, where it has been treasured for centuries both as a 

culinary spice and traditional medicine (Orwa et al., 2009). 

The dried fruits and seeds of X. aethiopica have long been 

incorporated into local food systems, not merely for their 

distinctive pungent flavour, but also for their remarkable 

ability to extend the storage life of various food products 

(Baah, 2020). 

Despite the extensive traditional knowledge about X. 

aethiopica and growing scientific interest in its bioactive 

compounds, the literature remains fragmented across 

various studies examining different aspects of its 

preservative potential. While individual research efforts 

have investigated specific applications, extraction 

methods, or mechanisms of action, there exists a critical 

need for a comprehensive synthesis that consolidates 

current knowledge regarding the diverse forms in which X. 

aethiopica is used in food preservation, the range of food 

matrices to which it has been successfully applied, and the 

underlying biochemical mechanisms responsible for its 

preservative efficacy. 

This review aims to bridge this knowledge gap by 

providing an insight into the current status of the 

application of Xylopia aethiopica in food preservation. 

Specifically, this paper examined the various forms in 

which X. aethiopica has been utilized (including whole 

fruits, ground powder, essential oils, and various extracts), 

evaluated its effectiveness across different food categories 

(ranging from fresh produce to processed foods), and 

elucidated the multiple mechanisms through which it 

exerts its preservative action. Furthermore, this review 

identified current research trends, highlighted existing 

limitations, and proposed future research directions to fully 

harness the potential of this indigenous African spice in 

modern food preservation strategies. 

 

Methodology 

 

This systematic review was conducted and reported in 

accordance with the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) 2020 

guidelines. 

Information Sources and Search Strategy 

A comprehensive literature search was carried out 

across the following electronic databases: Scopus, Web of 

Science, CAB Abstracts, AGRICOLA, Science Direct 

were used to search for abstracts while Google Scholar and 

ResearchGate were used to retrieve the ful text 

journals/pdf. The final search was conducted in July 2025, 

and publications from January 1977 to July 2025 were 

considered in order to capture both early and contemporary 

research on X. aethiopica. 

The time frame from 1977 to 2025 was adopted to 

ensure that the scientific evolution of Xylopia aethiopica as 

a food preservative was properly captured. The late 1970s 

represent a period when traditional African spices began to 

receive systematic scientific attention. Early studies during 

this period documented the phytochemical composition 

and antimicrobial properties of X. aethiopica. These 

foundational investigations served as the basis for 

subsequent research exploring different preservative 

forms, including powder, extracts using solvents, and 

essential oil. Extending the review to 2025 ascertain the 

inclusion of recent innovations focused on clean-label 

preservation, food safety, and dose-dependent efficacy, 

thereby offering a holistic perspective on the application of 

X. aethiopica in food products across time. 

The search strategy used boolean operators with 

keywords related to X. aethiopica and food preservation. 

The following search terms and Boolean operators were 

used, with adaptations made for each database: 

(“Xylopia aethiopica” OR “African pepper” OR 

“Ethiopian pepper”) AND 

(“food preservation” OR “food storage” OR “food 

spoilage” OR “shelf life”) AND 

(“antimicrobial” OR “antibacterial” OR “antioxidant” 

OR “essential oil” OR “plant extract OR methanol extract 

OR ethanol extract”) 

Only articles published in English were included. 

Eligibility Criteria: 

Studies were selected based on the following inclusion 

and exclusion criteria: 

Inclusion criteria: 

Original research articles published in peer-reviewed 

journals 

Studies investigating Xylopia aethiopica extracts, 

powders, or essential oils 

Studies assessing applications related to food 

preservation, including: 

Direct incorporation into food products 

In vitro antimicrobial or antioxidant activity relevant to 

food systems 

Studies reporting outcomes related to microbial 

inhibition, oxidative stability, or  shelf-life extension 

Exclusion criteria: 

Review articles, conference abstracts, editorials, and 

theses 

Studies focusing solely on medicinal or 

pharmacological uses unrelated to food  preservation 

Studies lacking clear experimental methods or outcome 

measures 

Non-English publications 

Study Selection Process 

All records retrieved from the databases were exported 

and screened in three stages. First, duplicate records were 

removed using ENDNOTE software version X7. Second, the 

authors screened the titles and abstracts for relevance to the 

review question using a structured form. Third, full-text 

articles were assessed for eligibility based on the predefined 

inclusion and exclusion criteria. Studies that met the eligibility 

criteria were included in the final synthesis. 



Adeniran et al. / Turkish Journal of Agriculture - Food Science and Technology, 14(6): 1501-1512, 2026 

1503 

 

Data Extraction and Synthesis 

Data were extracted from eligible studies using a 

structured form, capturing information on: 

Form of X. aethiopica used (powder, extract, essential oil) 

Type of food matrix (meat, fish, cereal products, 

beverages, etc.) 

Preservation procedure and concentration applied 

Target microorganisms (Food pathogens) 

Reported preservation outcomes 

Due to heterogeneity in food matrices, experimental 

designs, and outcome measures, a narrative synthesis was 

employed rather than a meta-analysis. 

Quality Assessment 

The methodological quality of included studies was 

assessed based on clarity of experimental design, 

description of preservation procedures, reproducibility of 

methods, and relevance to food systems. Studies with 

insufficient methodological detail were excluded during 

full-text screening. 

 

Background and Definitions 

 

Xylopia aethiopica (African pepper): Botanical scope 

and local names 

X. aethiopica (Annonaceae) is commonly referred to as 

African pepper, negro pepper, Guinea pepper, West 

African pepper and Senegal pepper (Jirovetz et al., 1997). 

The spice tree is lush, green and aromatic, which grows up 

to 15-30 m high and about 60–70 cm in diameter (Orwa et 

al., 2009). It is peculiar to the Lowland rainforests and 

moist fringe forests in Africa’s Savannah and coastal 

regions, but is largely found in West, Central and Southern 

Africa. These trees are prevalent in the humid forest zones, 

especially along rivers in the drier areas of the region 

(Orwa et al., 2009). Xylopia is a Greek word, while 

aethiopica refers to its Ethiopian origin (Ethiopia). The 

seeds of African pepper are usually smoked after 

harvesting, which gives rise to a spicy flavour while the 

drying process is being carried out. At maturity, the fruits 

of Xylopia aethiopica are greenish in colour and twisted 

like bean-pods (Figure 2), and become dark brown after 

smoking and drying (Figure 2). Each pod houses about 5 to 

8 kidney-shaped seeds of approximately 5 mm long (Orwa 

et al., 2009; Imo et al., 2018). 

 

Food preservation 

Food preservation encompasses various methods 

employed in treating and processing food either to prevent 

or slow down deterioration, which includes loss of quality, 

safety or nutritional value. This focuses on inhibiting the 

proliferation of microorganisms such as bacteria and 

mould, as well as limiting the oxidation rate of fats, which 

leads to rancidity (Inetianbor et al., 2015). Some benefits 

of food preservation include: extending the storage 

stability perishable foods, availability of seasonal foods all 

through the year, giving variety to the diet, reduction of 

preparation time and energy, stability of food prices as a 

result of reduction in shortage of supply to demand, 

minimizing food wastage by inhibiting deterioration of 

food; reduce or eliminate the growth, survival, or activity 

of harmful microorganisms or toxins in food and 

improving the nutritional status of the population. 

Preservation of food encourages multiple choices in the 

diet, thereby decreasing nutritional deficiencies. As a result 

of new inventions and innovations, different means of food 

preservation, such as physical, chemical, microbial, 

radiation, refrigeration, and many others, have been 

developed (Surwase et al., 2014). 

 

 
Figure 1. Study Selection Flow Diagram for the 

Systematic Review of Xylopia aethiopica in Food 

Preservation 

 

 
 

 
Figure 2. Fresh and Smoked Fruits of African Pepper 

Source: Orwa et al. (2009) 
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Overview of African pepper and its medicinal roles 

The bark of the Xylopia aethiopica tree, due to its 

resistance to termites, is used in the construction of doors, 

structural sections, boats, paddle and spars. According to 

Burkill (1985), its wood was traditionally employed for 

crafting bows and crossbows usd by hunters and warriors 

in Togo and Gabon. A blend of its fruit and Capsicum 

peppers with kola nuts serves as a repellent against weevils. 

The seeds are used in the cosmetic industry, and also 

functions as repulsive and stimulants. African pepper tree 

is also an excellent source of firewood. In Congo, 

rheumatism is managed using the mixture of the bark of 

African pepper tree with palm wine. Likewise, the infusion 

of the fruit or bark of the plant is administered to relieve 

bronchitis, asthma, stomach-aches and dysentery 

conditions. In Nigeria, the powdered root is applied as a 

dressing for wounds, used to massage gums affected by 

pyorrhea, and employed in indigenous cancer treatment. A 

mixture of African pepper with salt alleviates constipation. 

The leaf sap mixed with kola nut is administered to treat 

epileptic seizures (Burkill, 1985) infusion of the plant is 

also taken to ease childbirth. When crushed, African 

pepper is rubbed on the human forehead to treat headache 

and neuralgia. Likewise, extracts of the seeds are used as a 

vermifuge for roundworms (Dalziel, 1973; Ekeanyanwu & 

Etienajirhevwe, 2012). 

 

Forms and Preparation of African Pepper for Food 

Use 

X. aethiopica fruits have been applied in food in the 

ground form, extracts from ethanol, methanol and water. 

Also, essential oil has been extracted from the ground X. 

aethiopica and applied to some food.  

Preparation of the powder form 

The powder form of this spice is prepared following a 

similar method for all the parts of the plant. The specific 

part of the plant (X. aethiopica) required (leaves, bark, and 

fruits) is cleaned and dried. It is then ground into fine 

powder, sieved to obtain a uniform particle size. The 

ground X. aethiopica is then stored in airtight containers 

(Adeniran et al., 2015; Augustine et al., 2024). 

 

Preparation of aqueous extract of X. aethiopica 

Aqueous extract of X. aethiopica is obtained by soaking 

a known quantity of dried, ground X. aethiopica fruits in a 

specific volume of distilled water. The solution is kept at a 

low temperature in a refrigerator for 5 days. After which 

the solution is centrifuged and the extract is filtered 

(Adegoke et al., 2003; Adeniran et al., 2015). 

 

Preparation of ethanol extract of Xylopia aethiopica 

Ethanol extract of Xylopia aethiopica is typically 

prepared using maceration or Soxhlet extraction methods. 

In a common approach, dried and pulverized fruits of X. 

aethiopica (usually around 200 g) are soaked in 90% 

ethanol (1 L) for 48 hours at room temperature with 

intermittent stirring to facilitate extraction. The mixture is 

filtered commonly using Whatman No. 1 filter paper and 

the filtrate is concentrated under reduced pressure using a 

rotary evaporator at 40 - 45 °C to yield a semi-solid extract. 

The extract is then stored until required for use (Alagbe et 

al., 2023). 

 

Preparation of methanol extract of Xylopia aethiopica 

Methanol extract of Xylopia aethiopica fruits is 

commonly prepared using a cold maceration technique. 

Typically, 1 kg of dried and ground fruits is soaked in 4 

liters of methanol for 48 hours at room temperature, with 

intermittent agitation to facilitate solvent penetration and 

compound diffusion. After maceration, the mixture is 

filtered using standard filtration methods such as Whatman 

No. 1 filter paper. The resulting filtrate is then concentrated 

under reduced pressure using a rotary evaporator, usually 

at a temperature range of 40 - 45 °C, to obtain a semi-solid 

crude extract. The extract is stored under refrigeration until 

further analysis or application. 

Extraction of essential oil from Xylopia aethiopica 

Essential oil from Xylopia aethiopica (leaves, fruits, 

seeds) is mostly obtained through hydrodistillation. In a 

typical procedure, 100 grams of dried and crushed plant 

material is combined with 500 mL of distilled water and 

subjected to hydrodistillation for approximately three 

hours using a Clevenger-type apparatus. The distillate 

containing the essential oil is then collected and dried over 

anhydrous sodium sulfate to remove residual moisture. The 

purified essential oil is subsequently stored in airtight, 

stoppered vials or test tubes and kept under refrigeration to 

preserve its chemical integrity for further analysis or 

application (Fleischer et al., 2008; Olaniyi, 2021).  

 

Application in Various Food Types 

Meat and Fish Products 

Results from the preservation of fresh catfish with X. 

aethiopica fruits in the powder form and ethanol extract 

indicated that microbial growth was inhibited in the 

preserved catfish samples compared to the unpreserved 

sample (Adeniran et al., 2015). The shelf life of smoked 

catfish was extended using 1% (v/w) essential oil from X. 

aethiopica fruits with 5% salt (w/w) (Olaniyi & Adeniran, 

2021). The study confirmed that EO from X. aethiopica 

demonstrated both antibacterial and antifungal activities, 

limiting microbial growth in preserved smoked catfish. 

Low total aerobic bacteria, coliform and fungal counts 

were reported for the smoked catfish preserved with EO. 

The smoked fish product was stored beyond 10 weeks at 

low temperature (4 ± 2 °C) compared to the sample 

preserved with synthetic preservatives. 

Sensory and consumer acceptability outcome in Meat 

products 

Coleman (2015) reported that the addition of 0.15% 

Xylopia aethiopica powder to fresh pork sausages was 

rated high in terms of crumbliness, juiciness, palatability, 

saltiness, flavour and overall acceptability. The sensory 

attributes of the fresh pork sausages were not affected by 

the spice (Coleman, 2015). However, EO from X. 

aethiopica fruits above 0.5% (w/v) altered the taste and 

aroma of smoked catfish and tilapia and affected the 

overall acceptability of the samples (Olaniyi, 2021). There 

is dearth of information on the impact of extracts (aqueous, 

ethanolic, methanolic) of X. aethiopica on the organoleptic 

properties of meat and fish products. 

X. aethiopica in its powdery form gives meat/fish 

product acceptable in terms of organoleptic properties, 

especially the taste when compared with essential oil. It can 

be synthesized that X. aethiopica powder will find a wider 

application in the meat/fish industry. 
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Cereal-Based Foods 

Locally produced beverages are often produced daily 

for household consumption due to their short shelf life. To 

extend the shelf life of ‘Kunnu gyada’ (a beverage 

produced form rice, groundnut), X. aethiopica powder was 

used as a preservative. It was reported that 3% (w/v) X. 

aethiopica powder was effective in reducing bacterial load 

in the beverage during storage (Malomo et al., 2025). 

There are limited studies where X. aethiopica is 

employed as a preservative in locally processed foods. This 

gap could be because application of this spice in foods is 

just gaining acceptance as a result of the shift in the 

attention of consumers from synthetic preservatives, which 

is gradually influencing the food industry. 

 

Effects on mold growth and mycotoxin prevention 

The addition of 5 - 7% (w/v) concentration of X. 

aethiopica powder to ‘Kunnu gyada’ (a cereal-based 

beverage) demonstrated both fungicidal and fungistatic 

activities against Aspergillus, Fusarium oxysporum and 

Penicillium (Malomo et al., 2025). This report was similar 

to the report of Chinonye et al. (2022). However, Candida 

albicans and Kluyveromyces marxianus were observed to 

be resistant to this preservative. The ability of X. aethiopica 

powder to inhibit the growth of F. oxysporum, a 

mycotoxin-producing mould makes the preservative a 

promising one. According to Ogbonna et al. (2011) EO of 

X. aethiopica has been established to be fungicidal against 

Fusarium and Aspergillus. 

Both the powder and EO of X. aethiopica are effective 

in the inhibition of fungi both in vivo and in vitro. 

Impacts on taste, appearance, and texture. 

The sensory characteristics of ‘Kunnu gyada’ was 

altered at higher concentrations of X. aethiopica powder. 

Although, addition of 2 - 3% (w/v) concentration of the 

powder caused minimal alterations to the organoleptic 

properties of the beverage made from cereal (Malomo et 

al., 2025). When compared with the effect the powder form 

of the spice had on a solid food matrix, there seems to be a 

little difference in the reaction observed in a liquid based 

food matrix. The sensory properties of the liquid food 

matrix was slightly altereed. This change could be as a 

result of quick dispersion and solubility of some 

components of the preservative in the food system. 

 

Vegetables and Fruits 

Role in of X. aethiopica in postharvest protection 

In a study by Augustine et al. (2024), oviposition and 

emergence of adult Callosobruchus maculatus (bean weevil) 

was limited by the presence of 0.2g of X. aethiopica powder 

as compared with partial suppression by maize tassel ash in 

cowpea seeds. Likewise, Ekeh et al. (2018) reported on 

curtailment of growth of Sitophilus oryzae (rice weevil) in 

stored Africa rice grain (Oryzae glaberrima) using 8g 

ethanolic extract of X. aethiopica fruits. The adult S. oryzae 

could not survive the presence of the preservative, thus 

infestation of the insect was inhibited. 

In a study conducted by Amaechi and Emmanuel 

(2024) the significance of ethanolic extract of X. aethiopica 

in the preservation of raw vegetables was established. 

Onions, tomatoes and carrots preserved with 30% (w/v) 

ethanolic extract of X. aethiopica did not undergo spoilage 

for over 14 days. The antibacterial and antifungal activities 

of the ethanolic extract prevented the growth of Bacillus 

cereus, Pseudomonas aeruginosa, Aspergillus niger, and 

Penicillium spp., which were later isolated in samples 

treated with other preservative and the control sample. 

Phytochemical screening showed that the ethanol extract 

contained relatively high levels of bioactive constituents, 

such as alkaloids (2.5%), flavonoids (3.1%), saponins 

(1.4%), tannins (2.2%), phenolic compounds (4.3%), and 

glycosides (1.1%).  

Reduction in spoilage organisms 

X. aethiopica possess anti-yeast properties against 

Rhodotorula dairenensis, Wickerhamomyces anomalus, 

Zygosaccharomyces bailii CY0757 and IGC4242, 

Lodderomyces elongisporus and Cryptococcus laurenti. Anti-

yeast bioactive compounds in X. aethiopica were found to be 

more soluble in methanol than in acetone. Application of 

methanol extract of X. aethiopica demonstrated the highest 

fungal growth inhibition (Dzoyem et al., 2014). Baah (2020) 

reported that methanol extract of X. aethiopica showed 

fungicidal effect at concentration of 10 mg/mL and fungistatic 

effect at 5 mg/mL in a fruit juice. Nevertheless, the extracts 

were toxic to normal Vero cells, hence the extracts cannot be 

used in the preservation of fruit juice. Amaechi and 

Emmanuel (2024) reported that 30% concentration of the 

ethanolic extract of X. aethiopica reduced microbial count in 

vegetables.  

Antioxidant effects and color/texture retention 

Extracts of X. aethiopica have been reported to possess 

antioxidant activities. The acetone extract of X. aethiopica 

demonstrated the highest antioxidant activity and total 

phenolic content inhibiting oxidation in fruit juices (Bode 

& Dong, 2015). According to the study by Amaechi, there 

was no significant effect on the taste, flavour and 

appearance of the vegetables (onion, tomato and carrot) 

with 30% ethanolic extract of the spice. 

Dairy Products 

Applications in dairy products could be better termed 

‘limited but emerging’. Essential oil from X. aethiopica 

leaves reduced the population of mesophiles and caused 

increase in lactic acid bacteria in fermented milk. This 

observation was carried out for 15 days. X. aethiopica EO 

has a low minimum inhibitory concentration of 0.23 

mg/mL in the fermented milk (Tovide et al., 2016). X. 

aethiopica EO has the ability to stabiilize the flora of milk 

after fermentation. Inhibition of microbial growth was 

observed in the fermented milk during storage. Coliform 

and Staphyloccocus spp were limited below 102 log cfu/mL 

in the fermented milk samples preserved with X. aethiopica 

EO (Tovide et al., 2016).  

 

Bioactive Compounds in X. aethiopica  

Several phtyochemical constituents present in extracts 

and essential oil of X. aethiopica have been determined 

quantitatively and qualitatively. These include alkaloids, 

saponin, tannin, oxalate, glycosides, flavonoids, phytates 

as shown in Table 1. However, compounds of alkaloids, 

saponin and tannin have not be identified molecularly in 

any peer reviewed journal. This could be due to the 

identification process which requires advanced 

chromatographic separation and structural elucidation such 

as Liquid Chromatography-Tandem Mass Spectrometry 

(LC-MS/MS) and Nuclear Magnetic Resonance 

(Spectroscopy) (NMR). 
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Table 1. Comparative Analysis of Phytochemical Constituents in Different Parts of Xylopia aethiopica 

Samples 
Phytochemical Constituents 

References 
AL FL TA PH SA OX CA PY ST AN TE 

Stem bark (Ethanol 

Extract) 
+ + + + + - + - + - + 

Erhirhie & Moke, 

2014 

Root (Ethanol Extract) + + + + + - + - + - + 
Erhirhie & Moke, 

2014 

Stem bark and root bark 

(Essential oil) 
- - - - - - - - - - + 

Karioti et al. 

(2004) 

Leaf (Ethanol Extract) + + + + + + + _ + NR NR 
Alagbe et al. 

(2023) 

Leaf (Essential oil) - - - - - - - - - - + 
Karioti et al. 

(2004) 

Fruit (Powder) + + + + + + + + + + + 
Fategbe et al. 

(2021) 

Fruit (Methanol Extract) NR NR NR NR NR NR NR NR NR NR + 
Karioti et al. 

(2004) 

Fruit (Ethanol Extract) + + + + + + + + + - - 
Ogbuagu et al. 

(2020) 

Fruit (Essential oil) - - - - - - - - - - + 
Karioti et al. 

(2004) 

Seed (Powder) + + + + + + + + + + + 
Fategbe et al. 

(2021) 

Seed (Essential oil) - - - - - - - - - - + 
Karioti et al. 

(2004) 
AL: Alkaloids; FL: Flavonoids; TA: Tannins; PH: Phenolics; SA: Saponin; OX: Oxalate; CA: Cardiac glycoside; PY: Phytate; ST: Steroid; AN: 

Anthraquinones; TE: Terpenes; Key: + implies Present; - implies Absent: NR implies Not reported 

 

The chemical composition of methanolic extracts 

derived from Xylopia aethiopica fruits has been 

investigated using a combination of Gas Chromatography-

Mass Spectrometry (GC-MS) and Fourier Transform 

Infrared (FTIR) Spectroscopy. These analytical techniques 

enable the identification of bioactive compounds based on 

their molecular structures, mass-to-charge ratios, 

characteristic fragmentation patterns, and functional 

groups. GC-MS analysis revealed the presence of 26 

distinct compounds. These compounds are 1-Methyl-4-

[nitomethyl]-4-piperidinol (An amyloglycoside 

antibioticderivative),   N-[2-[[2-

pyridylmethyl]amino]ethyl]aziridine, Epoxyoxabicyclo 

compound), 2-oxadamantane (Adamantane oxide), 

Isoborneol, Isopulegol (Menthol precursor), acetic acid-(3-

nitro-2-pyridyl)thio, 5-pyrrolidin-2-ylidenemethyl-3,4-

dihydropyrrol-2-one, Paromomycin,  1-(3,6-dimethyl-2-

pyrazinyl)propanone, N,N'-bis(carbobenzyloxy)-lysine 

methyl ester, N-[3-[N-aziridyl]propylidene]-2-[2-

pyridyl]ethylamine, and 2-amino-2-deoxy-D-mannose 

(Mannosamine). The diversity of these compounds 

suggests the presence of multiple functional groups that 

may contribute to the pharmacological activities associated 

with the plant (Ahuchaogu et al., 2020).  

Phytochemical profiling of Xylopia aethiopica leaves 

has demonstrated the presence of various bioactive 

constituents such as flavonoids, phenols, tannins, 

alkaloids, oxalates, glycosides, steroids, and saponins, 

were reported in notable concentrations (Alagbe et al., 

2023). With the aid of Gas chromatography–mass 

spectrometry (GC-MS) analysis, 30 distinct compounds 

were identified. Major constituents with proportions 

exceeding 1% included 13-docosenamide, terpineol, 1,6-

cyclodecadiene, caryophyllene, β-ocimene, β-myrcene, 

copaene, 2-methoxy-4-vinylphenol, β-elemenone, 3,4-

dimethylphenyl heptyl ether, γ-elemene, and ethyl oleate. 

Compounds present at concentrations below 1% included 

2-methylenebornane, 2-methoxy-2-prophenyl, hexadec-7-

enal, and several others occurring in trace amounts. These 

phytochemicals exhibit a broad spectrum of 

pharmacological properties, including antimicrobial, 

antioxidant (Poumarad et al., 2006), antimalarial, 

antifungal, antiviral, anti-inflammatory (Hongxiang et al., 

2005), anti-arrhythmic, hepatoprotective, antiproliferative, 

antidepressant, antipyretic, and anthelmintic activities 

(Alagbe et al., 2023). 

 

Mechanisms of Preservative Action of Xylopia 

aethiopica 

Antimicrobial Effects: Spectrum of Activity 

Xylopia aethiopica, from the powdered form to the 

essential oil, demonstrates broad-spectrum antimicrobial 

activity against numerous pathogenic microorganisms 

(Abisoye, 2021; Amaechi & Emmanuel, 2024; Sodzim, 

2012). Extracts from different parts of the plant, including 

the essential oil, exhibit significant activity against both 

Gram-positive bacteria, including Staphylococcus aureus 

and Bacillus subtilis, and Gram-negative bacteria such as 

Escherichia coli, Pseudomonas aeruginosa, Salmonella 

typhi, and Klebsiella pneumoniae (Apenteng et al., 2016; 

Ibe et al., 2023). The minimum inhibitory concentration of 

the ethanolic extracts of X. aethiopica leaves and fruits was 

reported to range from 8 - 32 mg/mL and 2 - 8 mg/mL, 

respectively, for the clinical bacterial strains and 16 mg/mL 

for Candida albicans (Apenteng et al., 2016). The 

antimicrobial activities are confirmed based on in vitro and 

in vivo studies. Certain studies employed the broth dilution 

method while others used the cup method. The ability of 
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the spice to demonstrate a broad antibacterial spectrum 

makes it particularly valuable as a food preservative, as it 

has been established to control the growth of major 

foodborne pathogens that cause spoilage and foodborne 

illnesses (Adeniran et al., 2015; Malomo et al., 2025; 

Olaniyi & Adeniran, 2021; Sodzim, 2012). 

The antifungal properties of X. aethiopica extend its 

preservative utility against fungal contamination. Studies 

have documented its effectiveness against Candida 

albicans and Aspergillus niger, two significant fungal 

species associated with food spoilage and mycotoxin 

production (Hassan et al., 2014). The ability of the spice to 

inhibit both bacterial and fungal growth implies that it is an 

effective natural preservative capable of combating diverse 

contamination pathways in food products. 

The antimicrobial potency varies among different parts 

of the plant, with essential oils from fresh and dried fruits, 

leaves, stem bark, and root bark showing varying degrees 

of activity (Baah, 2020; Ekpiken et al., 2023; Ibe et al., 

2023). The variations observed in the antimicrobial 

activities of various parts of the plant may be due to 

differences in the concentration and composition of 

bioactive compounds which differ across plant tissues, 

providing opportunities for optimized extraction and 

application strategies. Also, the method of extraction 

varied from one study to the other. The differences in 

method of extraction could lead to variation in 

concentration, the constituents and composition of the 

extracts or essential oil as the case may be. 

 

Mechanisms of Antimicrobial Action of X. aethiopica 

The antimicrobial activities of X. aethiopica include 

membrane disruption, enzyme inhibition and antibiofilm 

activity as discussed below:  

Membrane disruption 

The main antimicrobial activity of X. aethiopica is 

damage to the cell membrane of the microbe. The chemical 

constituents in the essential oils, especially the lipophilic 

substances, establish phospholipid bilayer contact with the 

cell membrane of bacteria and fungi, leading to 

destabilization of membranes and also creating high 

permeability. It creates a leakage of the intracellular 

material like the necessary ions, metabolites, and enzymes, 

causing cell death (Ekpiken et al., 2023; Ugoma et al., 

2023). 

This mechanism of action on the membrane especially 

acts efficiently against the Gram positive bacteria since the 

bacteria have a single layer peptidoglycan cell-wall 

structure, which lacks the ability to protect them better 

against the action of the lipophilic compounds compared 

with that of the multilayered cell wall structure in Gram 

negative bacteria. Nevertheless, the efficiency of action by 

the plant preservative against both types of bacteria 

indicates multiple ways of membrane interaction (Ndoye et 

al., 2024). 

Enzyme inhibition 

X. aethiopica also exhibits high enzyme inhibitory 

activity implicated in its antimicrobial action (Ndoye et al., 

2024). Reports of studies have shown that it has the 

capacity to suppress major microbial enzymes 

acetylcholinesterase, butyrylcholinesterase, urease and 

tyrosinase (Adefegha et al., 2018; Tamfu et al., 2020). 

They are essential enzymes in the metabolism of microbes 

as well as their virulence factors synthesis, and survival 

modes. 

The use of inhibitors of the activity of urease is 

especially interesting with regard to food spoilage, since 

this enzyme is related to food borne bacteria pathogenicity. 

Inhibition of tyrosinase helps to avoid enzymatic browning 

in food products and has the advantages of antimicrobial 

effect and food integrity maintenance (Ndoye et al., 2024). 

Multi-target enzyme inhibition mode limits the chances of 

the emergence of microbial resistance because pathogens 

would require the emergence of multiple resistance 

strategies simultaneously (Ndoye et al., 2024). 

Antibiofilm Activity 

Recently, it has also been identified that X. aethiopica 

has an antibiofilm effect that is significant when it comes 

to food preservation (Zaman et al., 2024). Biofilms are a 

complex community of living organisms growing on 

surfaces which are well known to be recalcitrant to 

conventional antimicrobial therapies. Prevention of 

biofilm formation by the plant helps avoid microbial 

contamination on the processing equipment and packaging 

materials of food, thus minimizing the chance of cross-

contamination and food spoilage (Zaman et al., 2024). 

 

Antioxidant Activity 

The most commonly reported mechanism of 

antioxidant activity of X. aethiopica is the ability to inhibit 

lipid peroxidation. X. aethiopica also has strong 

antioxidant activity in the form of inhibitory effects on 

lipid peroxidation, which is the key cause of food spoilage 

(Moukette et al., 2015; Mohammed & Islam, 2017). The 

antioxidant compounds in the plant are also highly 

competent in the scavenging of reactive oxygen species 

(ROS) as well as inhibiting the oxidative deterioration of 

lipids in food systems. This process is especially valuable 

in high fat foods, where oxidative degradation of the lipids 

is a major cause of rancidity and off-flavor and also loss of 

nutritional value. The antioxidant preservative effect of the 

plant is boosted by the fact that it has the capacity to chelate 

metal ions and especially iron and copper that catalyze the 

reactions of lipid oxidation (Moukette et al., 2015). X. 

aethiopica effectively chelates these pro-oxidant metals, 

and thus, it inhibits the initiation and propagation of 

oxidative chain reactions, which contributes to the food 

spoilage processes. 

Its antioxidant properties are specified by the 

abundance of phenolic compounds, flavonoids, and other 

secondary metabolites that have the potential to provide 

electrons to eliminate free radicals (Oso et al., 2018). 

Researchers have reported that X. aethiopica extracts have 

substantial abilities to avert the consequences of ion 

mediated toxicity and oxidative harm in the biological 

systems, meaning that they may defend food against 

oxidative degeneration (Moukette et al., 2015). Methanolic 

extract of X. aethiopica leaves were found to exhibit high 

antioxidant activities during the storage of Viscera fish oil. 

The extract was observed to contain high levels of 

flavonoids, phenolics and tannins. The IC50 reported for 

this extract was 349% higher than that of Allium cepa 

extract, another popular spice. The methanolic extract of X. 

aethiopica leaves had the capacity to keep the quality of 

viscera fish oil throughout storage (Tenyang et al., 2024). 
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Maintenance of organoleptic quality 

Antioxidant activity of X. aethiopica is one of the main 

factors that supports the sensory quality of food that is 

under preservation (Babarinde & Adegoke, 2015). The 

plant prevents oxidative reactions, which helps the food 

products retain their original colour, flavour, smell and 

texture during the shelf life. It is especially useful in the 

storage of fruits, vegetables and processed foods where 

organoleptic quality is a factor of first interest to the 

consumer. Due to these actions to prevent enzymatic 

browning by tyrosinase inactivation, the foods keep their 

visual attractiveness (Ndoye et al., 2024). Also, the 

capability of the plant to inhibit the oxidation of lipids 

retains the natural flavours and avoids the generation of the 

off-tastes and odors which are typical of oxidized foods. 

 

pH Modification and Water Activity Impact 

X. aethiopica can influence the pH of food systems 

through the release of organic acids and phenolic 

compounds during extraction and application (Oso et al., 

2018). The slight acidification of the food matrix creates 

an environment less favorable for the growth of pathogenic 

bacteria, many of which prefer neutral to slightly alkaline 

conditions. This pH modification works synergistically 

with the direct antimicrobial effects to enhance overall 

preservation efficacy (Oso et al., 2018). 

The impact of the plant on water activity (aw) is another 

important preservation mechanism. The bioactive 

compounds can interact with water molecules in the food 

matrix, potentially reducing the available water for 

microbial growth. Lower water activity levels inhibit 

bacterial growth and spore germination, contributing to 

extended shelf life. The hygroscopic properties of some 

compounds in X. aethiopica may also help control moisture 

levels in packaged foods (Baah, 2020). 

 

Synergistic Effects with Other Spices and 

Preservatives 

X. aethiopica demonstrates enhanced preservative 

efficacy when used in combination with other natural 

spices and preservatives. Studies have shown synergistic 

antimicrobial effects when combined with other West 

African spices such as Piper guineense (West African 

black pepper), suggesting that traditional spice blends may 

have evolved to maximize preservation effectiveness 

(Ugoma et al., 2023). 

The combination approach offers several advantages 

including broader spectrum activity, reduced minimum 

inhibitory concentrations, and decreased likelihood of 

resistance development. The synergistic effects may result 

from complementary mechanisms of action, such as one 

compound enhancing membrane permeability while 

another targets specific metabolic pathways (Mensah et al., 

2020; Tamfu et al., 2020). 

When combined with conventional preservatives, X. 

aethiopica can reduce the required concentrations of 

synthetic additives while maintaining or improving 

preservation efficacy (Olaniyi, 2021). This approach 

addresses consumer preferences for natural ingredients 

while ensuring food safety standards. The plant's 

antioxidant properties complement the antimicrobial 

effects of other preservatives, providing comprehensive 

protection against both microbial and chemical 

deterioration (Olaniyi, 2021). 

The potential for synergistic effects can be extended to 

packaging applications, where X. aethiopica extracts can 

be incorporated into active packaging systems alongside 

other natural antimicrobials. This approach can create 

multiple barriers to microbial growth and food 

deterioration, significantly extending shelf life while 

maintaining product quality. 

 

Concentration-Dependent Effects and Optimization 

The efficacy of the preservative action of the X. 

aethiopica is highly concentration-dependent with 

minimum inhibitory concentrations (MIC) and minimum 

bactericidal concentrations (MBC) differing across the 

target microorganism. This knowledge of concentration 

requirements is essential to the formulation of practical 

preservation procedures which avoid overdose on the 

antimicrobial effectiveness and yet are sensory acceptable 

and economical. 

To maximize the use of X. aethiopica, it is necessary to 

consider such factors as the mode of extraction, the part of 

the plant used, the variety of seasons, bioactive compound 

content, and the interactions of foods (Ogbuagu et al., 

2020; Yin et al., 2019). Marker compound based 

standardization of extracts will guarantee uniform 

performance of preservatives between batches and uses. 

In future studies, there would be the necessity to work 

on standardized extraction methods, conditions by which 

the bioactive compounds in food are most active, and to 

study how stable those bioactive compounds are in food 

under long-term conditions of storage and use. Such 

comprehensive knowledge will enable commercial use of 

X. aethiopica as a ready natural food preservative. 

 

Factors Affecting Efficacy of X. aethiopica 

Phytochemical variation by species, variety, and 

location 

The efficacy of the extracts from X. aethiopica was 

discovered from several findings to be a result of difference 

in extraction method and/ part of the plant used. While 

some authors reported that aqueous extract of the plant 

showed inhibitory activities against certain food 

pathogens, others reported otherwise. The differences in 

the method of preparation of their extracts will determine 

the constituents and composition of the antimicrobial agent 

obtained. Ethanol extract of X. aethiopica (regardless of the 

part of the plant) was reported to demonstrate high 

antibacterial activity which was attributed to high total 

phenolic content of the solution (Ekpiken et al., 2023; 

Ogbuagu et al., 2020). 

Method of preparation (e.g., oil vs. powder vs. fresh) 

The process of preparation of either the powder, extract 

or essential oil of X. aethiopica began with grinding any of 

the part (leaves, seeds, fruits) employed into powder form 

before proceeding to the next stage of production 

(Adeniran et al., 2015;  Malomo et al., 2025; Olaniyi, 

2021). Various authors employed similar methods in 

achieving the antimicrobial compounds. However, 

differences were observed in the volume of reagents 

applied in the process of preparation. 
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Type of food matrix and interaction with ingredients 

Differences were observed in the behaviour of extracts 

and EO of X. aethiopica in vitro and real-life application. 

The food matrix was noted to be a probable key factor 

responsible for differences in the behaviour of the 

preservatives. Interaction of the preservatives with other 

components of the food such as fat, protein, starch has been 

reported to hinder the efficacy of the antimicrobial agents. 

Some authors reported that lower concentrations were 

required for in vitro studies to demonstrate antimicrobial 

activities against spoilage organisms while higher 

concentrations were required to achieve similar results in 

real-life food application. A food model media designed by 

Gutierrez et al. (2009) has been proposed to obtain right 

behaviour of these antimicrobial compounds in the presence 

of other food ingredients. A food model media is a well-

defined substrate used as a predictive tool in the laboratory 

to mimic the physicochemical properties of real foods 

(Marin et al., 2021). The interaction of preservative 

compounds in food in relation to other food ingredients can 

either be synergistic, additive or antagonistic. This aspect of 

food preservation must be studied in order to support the 

commercialization of the use of X. aethiopica as a 

preservative. 

Although X. aethiopica is native to tropical regions of 

Africa, but it can be applied as a food preservative beyond 

its region of origin like other spices, such as rosemary 

(Mediterranean), cinnamon (Sri) and clove (Indonesia), 

which have found global relevance (Danthul et al., 2020). 

The antimicrobial and antioxidant properties of X. 

aethiopica are derived from extractable phytochemicals 

that can be standardized and applied globally, supporting 

its potential relevance to food preservation systems in non-

tropical regions such as Turkey.  

Storage conditions: temperature, humidity, light 

Several studies reported that essential oil from X. 

aethiopica is stored at low temperatures (- 15 °C) in a stopped 

vial after the addition of 0.01g/mL anhydrous sodium sulfate 

for absorption of water prior use (Karioti et al., 2004; Olaniyi, 

2021). Ground and extracts of X. aethiopica are stored in 

sterile air tight container in a cool dry place (Adeniran et al., 

2015; Alagbe et al., 2023). Storage in low humidity places will 

minimize water absorption while bioactive compounds 

sensitive to light are also protected. The relative humidity of 

the storage usually ranges from 65 to 90% (Alagbe et al., 

2023; Karioti et al., 2004). 

 

Safety, Sensory Impact, and Consumer Acceptance 

Toxicological studies (acute and chronic exposure). 

Despite the wide acceptance of X. aethiopica as a 

promising natural preservative in the food industry, certain 

studies have evaluated its toxicological effect. Results from 

the evaluation of the efficacy of the hydromethanol fruit 

extract of X. aethiopica as a contraceptive in male albino rats 

was indicated to possess anti-fertility potential according to 

Ologhaguo et al. (2013) and Ehigiator & Adikwe (2020) This 

potential is observed to be dose-dependent and the effect is 

reversible once exposure stops. This study supported the 

earlier findings of Eze (2012) that indicated that it causes 

decrease in semen parameters such as the sperm count and 

motility. These reports were contrary to earlier belief that X. 

aethiopica helps increase fertility. Asides its effect on fertility, 

there is no evidence from studies showing toxicity of X. 

aethiopica at minimal concentrations required for food safety. 

Although, the functional efficacy of the various forms 

of X. aethiopica incoporated in food matrices is well 

documented, the safety and toxicological considerations in 

food systems are less clearly addressed in the literature. 

However, safety risks of X. aethiopica in real food systems 

are more likely to be linked with cummulative dietary 

exposure or excessive consumption rather than formulative 

levels alone. Further studies should evaluate dose-response 

relationships in the context of realistic intake patterns. 

Acceptable daily intake levels 

There is presently no proper documentation on the 

acceptable daily intake levels for X. aethiopica. However, 

findings on the effect on the liver and kidney indicate 

moderate consumption (Adefegha et al., 2018; Ogbuagu et 

al., 2021). Based on the significance of X. aethiopica in 

food preservation, it is important that further studies be 

carried out to determine the acceptable daily intake level to 

ensure safety. 

While some studies (Malomo et al., 2025) reported 

sensory outcomes for the application of X. aethiopica in 

certain food matrices, sensory data remain scarce for foods 

incorporated with aquoeous, ethanolic and methanolic 

extracts of the spice. Most investigations focused on the 

effect of X. aethiopica on functional properties of the food 

without assessing consumer-perceived attributes. This lack 

of data on sensory evaluation indicates an important 

research gap and should be addressed in future work. 

 

Research Gaps and Limitations 

A critical analysis of the reviewed literature reveals 

several significant research gaps and limitations. Firstly, 

there is no universally accepted or standardized method for 

the extraction of bioactive compounds from different parts 

of Xylopia aethiopica. This inconsistency in extraction 

protocols complicates the comparison of results across 

studies and limits the ability to draw definitive conclusions 

regarding the efficacy of various extract concentrations. 

Secondly, many studies failed to clearly specify the part of 

the plant (e.g., seeds, fruits, bark) from which the extracts 

were derived. This lack of detail hinders reproducibility 

and prevents meaningful comparisons of findings, 

especially when considering the variation in 

phytochemical content among different plant parts. 

Furthermore, discrepancies were observed in the in 

vitro antimicrobial studies, particularly in the strains of 

pathogenic microorganisms used, as well as in the 

concentrations or inoculum sizes applied. Such variations 

can significantly influence the observed antimicrobial 

effects and reduce the reliability of cross-study 

comparisons. Lastly, the majority of the studies were 

conducted under in vitro conditions, which do not fully 

replicate the complex environment of actual food systems. 

This limits the generalizability of the findings to real-world 

applications and highlights the need for more in vivo or 

food model studies to better assess the preservative 

potential of X. aethiopica in practical settings. 

 

Conclusion 

 

Both in vitro and in vivo studies on the application of 

extracts and essential oils derived from various parts of 
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Xylopia aethiopica demonstrate its high potential as a 

natural solution to food spoilage caused by pathogenic 

microorganisms. The plant exhibits broad-spectrum 

antibacterial and antifungal activities, suggesting it could 

serve as a viable alternative to synthetic chemical 

preservatives in food matrices such as meats, cereals, 

ready-to-eat foods, fish and many others. 

Beyond its antimicrobial properties, X. aethiopica may 

also enhance the functional qualities of food products, 

offering added nutritional or health benefits. Its application 

as a food preservative, if supported by standardized 

extraction and application protocols, could contribute 

meaningfully to addressing food security challenges, 

particularly in regions where spoilage significantly impacts 

food availability. Further studies on standardized 

extraction methods, safety evaluation and validation in real 

food systems of X. aethiopica should be carried out. 
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