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Abstract: The present study aims to investigate the effect of essential oil of Pimenta racemosa on the 
microflora affecting the marketable quality of African mustard obtained from fermented seeds of 
Parkia biglobosa. Essential oil of Pimenta racemosa was extracted by hydrodistillation. Different 
types of African mustard were produced by the modification of the traditional processing technology 
and the introduction of a step of essential oil adjunction during the process. Three different essential 
oil concentrations (1.0, 2.0 and 3.0 µLg-1) were investigated. Microbiological analyzes were 
performed in order to evaluate the quality of the African mustard produced. Results obtained revealed 
that the essential oil has inhibition property against the growth of total flora and fungi affecting 
marketable quality of African mustard during eight (08) days of storage, at the concentrations tested. 
However, bacterial growth was continuous and exponential in control samples. This supports the 
antimicrobial properties of the leaves of Pimenta racemosa and its traditional use as food ingredient. 
It is therefore suggested that further studies be carried out to isolate, purify and identify all active 
compounds present in all part of this plant. 
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1. Introduction 
 

The availability of good urban food is a 
major challenge facing African cities 
nowadays. The problem of urban food 
supply will intensify in the next future, 
given the "explosive" growth of urban 
poles, the rural exodus and the evolution of 
food behaviors associated with 
urbanization and the rapid adoption of 
imported food products [1]. However, the 
food supply of cities does not depend 
solely on the good articulation of 
agricultural production with the areas of 
consumption. It also depends on the urban 
food organization, which is complex due to 
the multiplicity of relationships and 

interactions between socio-economic 
actors, institutions and market conditions 
[1]. In this case food industry also plays a 
preponderant role through agro-food 
processing. This sector involves a majority 
of women who know certain traditional 
skills that they value.  
Traditionally fermented condiments come 
from a very old empirical knowledge [2]. It 
is a process of natural fermentation of 
protein and oil seeds including those of 
Parkia biglobosa, Adansonia digitata, 
Arachis hypogeae, Hibiscus sabdariffa and 
Glycine max [2]. These fermentations lead 
to the involvement of lactic acid bacteria, 
yeasts and molds, which, through their 
numerous lytic activities, modify the 
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biochemical, nutritional and sensory 
characteristics of transformed seeds [3]. 
These sensory modifications participate in 
the typicality of these African mustards.  
In Benin, African mustard commonly 
called ‘’ Afitin ’’ is a traditional condiment 
produced from fermented seeds of Néré 
(Parkia biglobosa) by different 
sociocultural and sociolinguistic groups 
[4]. In addition, according to Gutierrez et 
al. [1], it is accepted in public opinion that 
this traditional condiment would have 
medicinal properties, which also explains 
the high consumption rate observed. But, 
because of their high water content and the 
presence of nutrients, traditional 
condiments provide a favorable 
environment for the development of 
microorganisms. However, during 
fermentation, lactic acid bacteria produce 
many natural antimicrobial compounds, 
such as lactic acid, acetic acid, formic acid, 
and caproic acid, carbon dioxide, hydrogen 
peroxide, diacetyl, ethanol and bacteriocins 
[5]. Indeed, the production of organic acids 
and antimicrobial compounds during 
fermentation leads to a decrease in pH that 
makes difficult the development of 
pathogenic bacteria [5]. In opposition, the 
development of fungi affecting marketable 
quality has been reported in fermented 
food products by Degnon et al. [4]. 
Moreover, there is nowadays more 
restrictions imposed by international food 
organism on the use of chemical synthesis 
food preservatives, which increasingly 
encourage the use of essential oils in food 
preservation [6]. Their applications as 
preservatives in food or antiseptics and 
disinfectants have been widely investigated 
[7]. Some components present in essential 
oils are classified as generally recognized 
as safe substances and therefore can be 
used to prevent postharvest growth of 
native and contaminant bacteria. Then 
many areas of food science are concerned 
about the use of essential oils. In food 
products, essential oils have been used in 

bakery [8], cheese [9], meat [10], and fruit 
[11], among others. The advantage of 
essential oils is their bioactivity in the 
vapor phase, a characteristic that makes 
them useful as possible fumigants for 
stored commodity protection. Then, plants 
belonging to Myrtaceae family like 
Pimenta racemosa have retained the 
attention of researchers, not only because 
of their high diversity and their distribution 
around the world, but also for their 
variable use in popular medicines to treat 
diseases [12]. In Benin, the leaves of this 
plant are used in culinary preparations 
where the species is known as ‘‘laurel 
leaf’’. Thus the present study aims to 
investigate the effect of essential oil of 
Pimenta racemosa on the microflora 
affecting the marketable quality of African 
mustard obtained from fermented seeds of 
Parkia biglobosa. 
 
2. Materials and methods 
 
2-1-Collection of plant leaves 
Plant materials used for essential oil (EO) 
extraction were fresh leaves from Pimenta 
racemosa. Plants were collected at 
Abomey-calavi (southern Benin) and 
identified at the Benin national herbarium, 
where voucher specimens are deposited. 

2-2-Essential oil extraction 
The EO tested was extracted by the hydro-
distillation method using Clevenger-type 
apparatus. The oil recovered was dried 
over anhydrous sodium sulfate and stored 
at 4 °C until it was used [13]. 

2-3-Local mustard production and 
experimental process 
The choice of production technology as 
well as the selection of women who 
participated in the present study were made 
thanks to a prospecting mission carried out 
in partnership with ‘’Solidarités 
Entreprises Nord-Sud’’ (SENS-Benin). 
The technology of local mustard 
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production used in this experimentation 
can be described as follows: P. biglobosa 
seeds are collected and cleaned. Then they 
were cooked. The cooked seeds are then 
shelled to separate the seed coat from the 
cotyledons. Then comes the step of rinsing 
with water to rid the cotyledons of their 
already softened shell. After selective 
sorting, the cotyledons are rinsed again and 
soaked for hours. They then undergo a 
second cooking. After cooling, they are 
fermented for 12 hours at room 
temperature. The cotyledons thus 
fermented are then salted and ground to 

obtain a paste which is packaged in the 
form of balls (Figure 1). The local 
mustards thus produced are divided into 
four batches called A, B, C and D. The 
first three batches received the respective 
doses of 1.0, 2.0 and 3.0 µl.g-1 of essential 
oil. The last batch (D) did not receive any 
essential oil and is considered as a control. 
The batches of local mustards thus treated 
are stored at 25 °C. Periodic sampling 
followed by inspections and analyzes made 
it possible to follow the evolution of the 
microbial flora during storage. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Process diagram of local mustard production 
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2-4-Microbiological Analysis 
To 25 g of each sample, 225 ml of peptone 
water was added and homogenized. From 
the initial concentration, appropriate 
decimal dilutions were prepared and 
aliquots were plated in duplicates on 
various media. Plate count agar was used 
for the total bacterial count. Plates were 
incubated at 30°C for 72 h. After 
incubation, the number of colonies was 
tracked using a colony counter. The 
number of bacteria expressed as Colony 
Forming Units per gram (CFU/g) was then 
determined by calculation, considering the 
factors of dilution.  
The method used for detection of fungi in 
samples was performed using dilution 
plating method. 10 g of each sample were 
separately added to 90 ml of sterile water 
containing 0.1% peptone water. This was 
thoroughly mixed to obtain the 10-1 
dilution. Further tenfold serial dilutions up 
to 10-4 were made. One milliliter of each 
dilution was separately placed in Petri 
dishes, over which 10–15 ml of Potato 
Dextrose Agar with 60 µg/ml of 
chloramphenicol (PDAC) was poured. The 
plates were incubated at 28 ± 2°C for 7 
days [14]. All media used for 
microbiological analysis were prepared as 
indicated by the manufacturer.  

2-5-Statistical Analyses 
The data generated from these studies were 
analyzed using Statistical Analysis 
Software (SAS) and SYSTAT 5.05. [15]. 
 
 

3. Results and discussion 
 

Figures 2 and 3 present the results obtained 
during the evaluation of the effect of the 
essential oil of Pimenta racemosa in the 
preservation of African mustard obtained 
from the fermented seeds of Parkia 
biblobosa. These results indicate that the 
bacteria constituting the total flora of 
African mustard are sensitive to the 
essential oil of Pimenta racemosa (Figure 
2). Indeed, the results of monitoring the 

evolution of the total flora during storage, 
showed a significant decrease in the 
microbial quantum in the African mustard 
samples that received the different 
concentrations of the essential oil, during 
the first eight days of storage. This 
antimicrobial effect of the essential oil 
depends on the dose tested because, at a 
dose of 3µL.g-1, the evolution of the total 
flora in the product is greatly slowed 
down, compared to the control samples 
(without essential oil). On the other hand, 
after eight days of storage, there is a 
gradual resumption of the growth of the 
total flora. These results are also in 
agreement with those obtained during the 
monitoring of the evolution of the fungal 
flora in the samples of African mustard 
supplemented with essential oil of Pimenta 
racemosa at different concentrations 
(Figure 3). Indeed, during the first eight 
days of storage, a significant decrease of 
fungal growth is also observed in samples 
with different doses of the essential oil of 
Pimenta racemosa, when compared to the 
control samples (without essential oil). 
These results indicated that the essential oil 
of Pimenta racemosa has an inhibitory 
activity on the microflora of African 
mustard at the concentrations tested. 
However, the resumption of microbial 
growth after eight days of conservation, 
could be related to the volatile nature of 
the essential oil.  
The obtained results confirm the 
antibacterial properties of the essential oil 
of Pimenta racemosa, as reported by 
several research works, such as Adjou et 
al. [12] and Ismail et al., [16]. Food 
processing makes use of various unit 
operations and technologies to convert 
relatively perishable and typically inedible 
raw materials into more useful shelf-stable 
and palatable foods or potable beverages 
[17]. Processing also contributes to food 
security by minimizing waste and losses in 
the food chain and by increasing food 
availability and marketability. The 
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fermentation bioprocess is the major 
biotechnological application in food 
processing. It is often one step in a 
sequence of food processing operations 
which may include cleaning, size 
reduction, soaking and cooking (Figure1). 
Fermentation bioprocessing uses microbial 
inoculants to enhance properties such as 
the taste, aroma, shelf-life, safety, texture 
and nutritional value of foods. In the 
present study, microbes associated with the 
raw food material such as seeds of Parkia 
biglobosa and the processing environment, 
serve as inoculants in this spontaneous 
fermentations. Several studies have also 

reported the high antimicrobial potential of 
this essential oil. Indeed, the antimicrobial 
activity of Pimenta racemosa oil, could be 
due to the presence in the oil of the main 
component with high antimicrobial activity 
such as eugenol [12]. Indeed, eugenol is a 
remarkably versatile molecule 
incorporated as a functional ingredient in 
numerous products and has found 
application in the pharmaceutical, 
agricultural, fragrance, flavour, cosmetic 
and various other industries. In addition, it 
is widely used in agricultural applications 
to protect foods from microorganisms 
during storage.  

 

 

Fig. 2. Total bacterial count of African mustard samples during conservation 

 

Fig. 3. Evolution of fungal flora count in African mustard samples during conservation 

 



Food and Environment Safety - Journal of Faculty of Food Engineering, Ştefan cel Mare University - Suceava 
Volume XX, Issue 2  – 2021 

Euloge S. ADJOU, T. U. Makosso Antoine ALLAVO, Oscar AKOTOWANOU, Jasmine A. KOGBETO, Audray VODOUNOU, Dominique C.K. 
SOHOUNHLOUE, Effect of essential oil of Pimenta racemosa on microflora affecting quality of african mustard obtained from fermented seeds of Parkia 
Biglobosa Jack. P. Br, Food and Environment Safety, Volume XX, Issue 2 – 2021, pag. 165 – 171 

 170

 
 

4. Conclusion 
 
This research underlined the antimicrobial 
properties of essential oil of Pimenta 
racemosa against microflora affecting 
marketable quality of African mustard. 
Results indicate that the bacteria and fungi 
constituting the total flora of African 
mustard are very sensitive to the essential 
oil of Pimenta racemosa. Developing 
biocides from this essential oil would be 
also contributive for a lasting solution to 
the many problems posed by the use of 
synthetic antimicrobial products. However, 
in relation to the composition of foods, 
further investigations are also necessary to 
identify the conditions that maximize their 
antimicrobial activity without detrimental 
effects on the organoleptic properties of 
the African mustard. 
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