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Abstract

Thousands of informations on food preservation field have been at the crossroads of scientific orientations in the agri-food in-
dustry. This study aims to increase knowledge of proper food preservation practices by studying the role of biosurfactants extracted 
from Bacillus spp isolated from traditional fermented food in Republic of Congo. Our study has shown that biosurfactants are secre-
ted in the extracellular medium with EI24 ranging from 80% to 100%. The antibacterial and antifungal properties of a biosurfactants 
mixture of Bacillus subtilis B17, B. pimilus B26, B. amyloliquenifasciens B18 were effective with diameters ranging from 1.5 ± 01 to 3.5 
± 0.2. Furthermore, the coating of the biosurfactant consortium on the surface of home chikwangue (fermented cassava), potatoes 
and eggplants allowed an extension of their shelf life while preventing their freshness and microbiological quality for 4 weeks at 25 
° C and 37°C. Even when home chikwangue, eggplants and potatoes were likely contaminated with pathogenic microorganisms inc-
luding Escherichia coli, Proteus mirabilis, Salmonella typhirium, B. cereus, Staphylococcus aureus, Shigella flexenri and Aspergillus sp., 
the biosurfactant mixture showed 100% efficacy. The biosurfactants mixture produced by Bacillus could be the subject of industrial 
application in the Republic of Congo in the preservation and processing of food. 
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Introduction
Food is one of the basic necessities of life because food contains 

nutrients, substances necessary for growth, maintenance of body 
tissues, and regulation of vital processes [1]. Nutrients provide the 
energy our body needs to function. However, it is important to note 
that food is an extremely perishable commodity [2]. In fact, it car-
ries many bacterial species, yeasts, or molds that, by developing 
during preservation and storage, can alter it [3-5]. The degradation 
of food produced for human consumption represents a great dan-
ger to the human population due to the increase in population [6]. 

International organisations such as the FAO and WHO [7], which 
indicate that 30 to 50% of global food production would be lost 
between the field and the consumer’s plate [6]. This is responsi-
ble for significant economic losses, as well as famine and malnu-
trition problems encountered in developing countries. Ensuring 
food safety and reducing losses related to food production remain 
a major challenge for the agri-food sector. Therefore, food pres-
ervation helps prevent food deterioration after harvest. Today, 
biological preservatives are preferred over chemical preserva-
tives considered toxic [2,8-13]. Among recently reported biological 
preservatives, biosurfactants of bacteria of the genus Bacillus are 
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prominent [14,15]. Biosurfactants are low-toxicity antimicrobial, 
antioxidant, and biodegradable agents that are used in food pres-
ervation [16,17]. This project is part of biopreservation and food 
safety. LABs have been extensively studied and used in a variety of 
industrial and food fermentations [5,18,19].

Many studies have been carried out using LAB and bacteriocins 
in the context of food biopreservation [5,19,20]. Pathogenic bac-
teria and fungal contaminations and related diseases in local food 
are an urgent problem to solve in developing countries, including 
the Republic of Congo [21,22]. The fecal indicator bacteria E. coli, 
enterococci (ENT), and Bacteriodales have been found on the sur-
faces of eggplants [18].

 
Biosurfactants of B. subtilis are amphiphilic metabolites with 

pronounced surface activity with a wide range of chemical struc-
tures (such as glycolipids, lipopeptides, polysaccharide-protein 
complexes, phospholipids, fatty acids, and neutral lipids) with 
several advantages over chemical surfactants, i.e. low toxicity, bio-
degradable, and effective at different temperature and pH [23,24]. 

Many microbial species can cause food spoilage or even food-
borne disease. Perishable foods are often attacked by different 
microorganisms. Among the microorganisms involved in food con-
tamination and spoilage are bacteria; B. cereus, Clostridium botuli-
num, E. coli, Pseudomonas spp., Listeria monocytogenes, Salmonella 
spp., Shigella spp. and S. aureus [25-28]. Similarly, molds such as 
Aspergillus spp. are involved in food contamination and spoilage 
[29,30]. 

The Republic of Congo is a country with interesting agronomic 
potential. More than 60% of the agricultural products consumed in 
Brazzaville households come from agrifood products, in particular 
vegetables, tubers and fruits. These foods contribute 50% to the 
food security of the city’s population. Among the foods consumed 
and grown in the Republic of Congo are fermented foods, includ-
ing cassava (chikwangue), and vegetables such as eggplants, and 
potatoes. However, these foodstuffs, after harvest or production, 
are subject to deterioration due to the activity of microorganisms 
following the lack or insufficiency of appropriate processing and 
preservation technologies. Food deterioration is therefore a recur-
ring national problem with the consequences of increasing under-
nourishment, loss of economic opportunities, and the emergence 
of microbial food poisoning. Several studies have been conducted 

in the Republic of the Congo on the preservation of foodstuffs. How-
ever, the latter uses traditional techniques such as fermentation, 
pasteurization, pickling and candied fruit.

The objective of this paper is to study the biotechnological po-
tential of Bacillus spp. To contribute to solving this problem, two 
questions should be asked whether biosurfactants produced from 
Bacillus can prevent home food contamination and extend their 
shelf life. We propose to evaluate the biopreservative potential of 
Bacillus spp. biosurfactants on three home foods (Chikwangue, po-
tato, and eggplant).

Methods

Biological materiel 

The plant material used in this study consisted of African egg-
plants (green), potatoes, and chikwangue (cooked cassava) collect-
ed locally. The biological material used in this study consisted of 
three strains of Bacillus previously isolated during previous stud-
ies in our laboratory B. subtilis B17, B. pimilus B26, and B. amylo-
liquenifasciens B18 [21]. The reference pathogenic strains had been 
isioalted from the hospital and were used to test antagonistic ef-
fects. This includes S. thyphirium, E. coli, B. cereus, Ps. aeruginosa, P. 
mirabilis, S. aureus, and Aspergillus sp.

Biosurfactant production assay and antagonistic effect
To assess the biosurfactant production capacity of B. subtilis B17, 

B. pimilus B26, and B. amyloliquenifasciens B18, we used the meth-
od previously described for enterobacterial strains. The extraction 
from the Bacillus strain was performed following the method de-
scribed by Kinouani Kinavouidi., et al. [31]. In summary, after an 
overnight culture, the supernatant was centrifuged at 11,000 rpm 
for 11 minutes and then acidified to pH 2.0 with concentrated HCl. 
The resulting precipitate was left at 4 ° C overnight and then again 
centrifuged to obtain pellets. These pellets were dissolved in PBS 
and tested for their ability to emulsify hydrocarbons. Biosurfactant 
precipitates from the three Bacillus species were mixed together 
to achieve greater efficiency. The antibacterial activity of the Bio-
surfactant extract mix was assessed against pathogenic strains (Ps. 
aeruginosa, S. aureus, E. coli, S. typhimurium, S. flexneri 5a M90T, B. 
cereus, and Aspergillus sp.) according to the method described by 
Bokamba Moukala., et al. [32].
 
Potato biopreservation assay using biosurfactant extracts

In order to extend the shelf life of foods, we have established a 
consortium of biosurfactant extracts from (3) strains of Bacillus; B. 
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subtilis (B17), B. pimilus (B26), and B. amyloliquenifasciens (B18). 
This consortium, whose inhibitory activity has been tested, was 
tested in this report on 3 foods consumed in the Republic of Congo, 
including Potato, African Eggplants, and Chikwangue (cooked cas-
sava).

To highlight the ability to increase the shelf life of foods, we first 
sterilized the jars (containers) in which the food should be placed. 
The food samples were treated differently and aseptically. Finally, 
left in ambient conditions 25 ° C and 37 ° C in the incubator.

The potatoes were carefully cleaned with clean water and disin-
fected with alcohol under the host. The aseptic potatoes were cut 
in half using a sterile kitchen knife. Before any treatment, the gen-
erated halves of the potatoes were subjected to the measurement 
of their fresh mass. Then each half of potato was placed in sterile 
jars after undergoing different treatments.

The biosurfactant consortium was placed and applied strate-
gically on the excised surface

of the potato. In fact, a volume of 400 μL of the consortium was 
placed and applied specifically to the surface of the excised part of 
all the package. apples contained in the labelled and encoded con-
tainers. LOT1: Potato treated with the biosurfactant consortium, 
LOT2: Potato treated with the BS consortium in the presence of 
Molds (100 μL). LOT3: Potato that had not undergone any treat-
ment, LOT4: Potato in the presence of molds (100μL) alone. The 
different batches obtained were incubated for 3 weeks at 25 ° C in 
the ambient environment and at 37 ° C in the incubator.

Eggplants biopreservation assay using biosurfactant extracts

In the case of eggplants, they were cleaned with clean water, 
pasteurised for 40 min at 65 ° C and placed in sterile jars. The sam-
ples obtained were subjected to mass measurement before conser-
vation. The biosurfactant consortium was strategically placed and 
applied on the excised surface of the potato. Different volumes of 
the consortium were added to the pasteurised eggplants contained 
in the sterile jars. The following different treatments were carried 
out; LOT1: Eggplants added to physiological water (10 mL), LOT2: 
Eggplants added to the biosurfactant control (500 μL), LOT3: Egg-
plants added to salt (10 g), LOT4: Eggplants added to sugar (10 
g), LOT5: Eggplants added to acetic acid (10 mL); LOT6: Eggplants 
added to the biosurfactant consortium (250 μL), LOT7: Eggplants 
added to the biosurfactant consortium (500μL), LOT8: Eggplants 

added to the biosurfactant consortium (750μL), LOT9: Eggplants 
added to the biosurfactant consortium (1mL), LOT10: Eggplants 
added to the biosurfactant consortium (2 mL). The different batch-
es obtained were incubated for 3 weeks at 25 ° C in an ambient 
environment and 37 ° C at room temperature. the incubator.

Chikwangue biopreservation assay using biosurfactant ex-
tracts

After removing these leaves, the cassava was cut into 40 cm3 
pieces, weighed, and then placed in sterile jars under the host. The 
biosurfactant consortium was applied strategically on the excised 
surface of Chikwangue. In fact, a volume of 400 μL of the consortium 
was placed and applied specifically to the surface of the excised 
part of Chikwangue contained in the labelled containers. LOT1: 
Chikwangue treated with the BS consortium. LOT2: Chikwangue 
treated with the BS consortium in the presence of Mold (100 μL). 
LOT3: Chikwangue that had not undergone any treatment. LOT4: 
Chikwangue in the presence of mold (100 μL). The batches were 
incubated for 3 weeks at 25 ° C in an ambient environment and 37 
° C in the incubator.

Result
Production and extraction of biosurfactants 

The strains of B. subtilis B17, B. pimilus B26, and B. amyloliq-
uefiedifasciens B18 were tested for their ability to produce biosur-
factants, by evaluating their ability to emulsify a type of hydrocar-
bon chosen in the context of this study, namely gasoline (Figure 
1). Therefore, by this experimental procedure, we determined the 
emulsification index after 24 h (E24) using the total culture. Conse-
quently, the three selected strains emulsified at values greater than 
83.33% (Figure 1A, B). The three strains with an emulsification in-
dex <50 % were subjected to the biosurfactant extraction test by 
precipitation of hydrochloric acid (HCl). All isolates showed a pre-
cipitate at the bottom of the tube, as shown (Figure 1B).

The mixture of three strains tested, from which we extracted 
the biosurfactants, all showed inhibitory power against the differ-
ent pathogenic bacteria and on the mold, isolates used in this study. 
In fact, all the mixture of biosurfactants inhibited the growth of the 
pathogens tested, including S.aureus, Klebsiella sp., E. coli, Salmo-
nella sp. and Shigella sp, B. cereus and Aspergillus sp.. The presence 
of clear zones or halos around the site of deposition of the biosur-
factant extract indicates positive inhibitory activity (+) after 24 h of 
incubation at 37 ° C (Figure 2A, B). Staphylococcus aureus showed 
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Figure 1: Biosurfactant production (A), Extraction of biosurfactants by hydrochloric acid precipitation (B).

better sensitivity to the biosurfactant mixture (from B. subtilis B17, 
B. pimilus B26, B. amyloliquefasciens B18) compared to the other 
strains tested (Figure 2). The diameters of the activities ranged 

from 1 to 3.3 cm. Similarly, the biosurfactants tested showed in-
teresting antifungal activity against the mold strains investigated 
(Figure 2).

Figure 2: Antagonistic activities of biosurfactants extracted from Bacillus strains on pathogenic bacteria (A) and molds (B).

Biopreservation of food potatoes using the consortium

The results obtained during this study show that the pres-
ence of biosurfactants during potato storage slows the perishing 
and degradation of potatoes at temperatures of 25 ° C and 37 ° C. 
Similarly, biosurfactants were able to prevent potato contamina-
tion when the latter impregnated with biosurfactants is in contact 
with molds (Aspergillus sp.). In addition, the presence of biosur-
factants slows down weight loss after storage compared to when 
the latter are not treated with biosurfactants. It is also interesting 

to note that the presence of biosurfactant facilitates the germina-
tion of potatoes (Table 1 and Figure 3). At the end of the activities, 
a loss of water and a loss of mass ranging from 0.5 g to 20.5 g were 
observed. Indeed, some jars, notably “Potato + Mold” and “Simple 
Potato” at 37°C and 25°C showed a loss of mass greater than 10g. 
The table below illustrates the percentage of mass loss of the ob-
served batches (Table 1). This difference is significant (P < 0.005) 
when potatoes are treated with the biosurfactant. 
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Macroscopic observations were made at the end of the activi-
ties to assess the visual, olfactory, and tactile quality of the prod-
ucts and a culture was also carried out in a box using the SS and 
PCA mediums at the end of the activity to better assess the mac-

roscopic quality of each jar (Table 1 and Figure 3). At the end of 
the biosurfactant treatment, the pH of each batch of potatoes was 
revealed and these results show that all batches of potatoes treated 
were neutral with values between 7.05 ± 0.10 and 7.84 ± 0.55. 

Table 1: Weight at the start and end of storage at 25 C and 37 C.

Mixtures T(°C) Weight before 
incubation (g)

Weight before 
incubation (g) Observations and organoleptic characteristics

Potatoes 25 24.0 ± 0.5 16.0 ± 0.8 Significant loss of water, smell of urine, rot, presence of a 
white layer on the surface (white mold) and black (black 

mold) and presence of white dots around the potato, soft-
ening of the potato

Potatoes Mold 25 24.0 ± 0.5 15.0 ± 0.2 Smell of rot, Presence of mold on the part that was cut and 
on both sides of the potato, loss of water, softening

Potatoes Mold 37 39.0 ± 0.5 18.5 ± 0.5 Significant loss of water, presence of a black layer on the 
surface of the excised part, softening, smell of rot

Potatoes  
Biosurfactants

25 31.0 ± 0.5 27.5 ± 0.4 No softening, no water loss, no mold visible to the naked 
eye. No rotten smell, presence of powder on its surface

Potatoes 
Biosurfactants

37 25.5 ± 0.5 23.5 ± 0.7 No particular odor, no mold or other layer or film on its 
surface, no noticeable water loss

Potatoes 
Biosurfactants Mold

25 24.0 ± 0.5 23.5 ± 0.4 No water loss, no characteristic rotting odor, no presence 
of mold around the non-excised part, change of color in the 

excised part
Potatoes 

Biosurfactants Mold
37 35.5 ± 0.1 20.5 ± 0.3 No water loss, no characteristic rotting odor, no presence 

of mold around the non-excised part, change of color in the 
excised part

Figure 3: Macroscopic Observations of potato batches during storage.
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Biopreservation of eggplants using the consortium

Treatment of eggplants with biosurfactants was done without 
the use of microbial suspensions. The weight of each portion of 
eggplants was taken at the beginning and end of the experiment. 
Table xxx below perfectly illustrates the weight of each reaction 
mixture in the jars of these latter from the beginning and end of 
the activities (Table 2).

The results obtained showed that the presence of biosurfac-
tants during the conservation of eggplants slows the process of 
perishing, degradation, and browning of eggplants. Furthermore, 

the presence of the biosurfactant inhibits the growth of epiphytic 
bacteria, thus preventing the colonization of the surface of egg-
plants by microorganism mold, normal appearance, no hardening 
(Table 2 and Figure 4). Additionally, the pH value of each batch was 
revealed to better judge the impact of the biosurfactant treatment 
on the food. The pH of the eggplants at the end of the treatment was 
between 3.84 and 6.99. In fact, the pH of all batches containing the 
biosurfactant was slightly acidic and approached pH = 7, neutral, 
and some of the controls had a pH of 3.84 ± 0.08 and 4.58 ± 0.50 
very acidic. To illustrate the different pH values observed. 

Table 2: Characterization of eggplants in the presence of biosurfactants.

Mixtures T(°C) Weight before 
incubation (g)

Weight before  
incubation (g)

Observations and  
organoleptic characteristics

Eggplants 25 53.5 ± 0.5 46.5 ± 0.5 Presence of mold + bacterial film, significant water loss, 
musty smell, softening

Eggplants + saline liquid, 
(10 mL) 25 45.0 ± 0.5 48.5 ± 0.7

Odour not characteristic of eggplants, presence of a 
large amount of bacterial film and mold; with softening

Eggplants + NaCl (10 g) 25 59.5 ± 0.5 53.5 ± 0.1
No softening, no bacterial film or mold, water loss, 

characteristic eggplant odor

Eggplants + Sucrose (10 g) 25 62.0 ± 02 44.5 ± 0.5
The presence of a small amount of bacterial film, large 

loss of water, softening

Eggplants + Acetic acid (10 
ml) 25 74.0 ± 0.5 67.0 ± 0.5

Odeur acidulée, pas de ramollissement, pas de film 
bactérien ni moisissure

Eggplants + BS (250 μL) 25 62.0 ± 0.5 59.5 ± 0.6
Smell of rot, Presence of mold and bacteria accompa-

nied by a slight loss of water

Eggplants 
Biosurfactants (500 μL) 25 59.5 ± 0.4 58.5 ± 0.5

Characteristic odor, slight softening, small loss of water, 
presence of bacterial film or mold.

Eggplants Biosurfactants 
(750 μL) 25 62.0 ± 0.5 58.0 ± 0.5

Water loss, presence of bacterial film, no softening, 
characteristic eggplant odor

Eggplants + Biosurfactants 
(1mL) 25 66.5 ± 0.2 64.5 ± 0.2

The presence of a bacterial film in smaller quantities 
to the naked eye, no softening, characteristic eggplant 

odor, loss of water

Eggplantss + Biosurfactants 
2mL 25 56.5 ± 0.3 55.5 ± 0.2

Minimal water loss, characteristic eggplant odor, no 
growth of microorganisms
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Chikwangue Biopreservation using the consortium

Chikwangue was treated using the biosurfactant consortium 
and a mold isolate including Aspergillus spp. Table 2 illustrates the 
variability of the weights of the different treatments carried out 
during storage (Table 3). The weight of each Chikwangue batch 
was between 18.5g and 31g (Table 3), the packaging temperatures 
were between 25 ° C and 37°C and unlike eggplants and potatoes, 
the mass losses were not significant. In fact, only the batches la-

Figure 4: Macroscopic observations after 25 days of batches of eggplants tested in the presence of biosurfactants.

belled “Simple Chikwangue 25 ° C» and “Simple Chikwangue 37 ° 
C» saw their mass increase by 1g and 0.5g, respectively. To better 
appreciate the quality of the effects of time on chikwangue and 
highlight the activity of the biosurfactant consortium, the visual, 
olfactory, microscopic quality and the appearance or texture of the 
sample were observed at the end of the activities (Figure 5). Hence, 
the importance of the table below. We also appreciate these macro-
scopic observations better. All the variations of the batches accord-
ing to time, reagents used and the temperature (Figure 5).

Table 3: Characterisation of eggplants in the presence of biosurfactants.

Mixtures T°C Weight before 
incubation (g)

Weight before 
incubation (g) Observations and organoleptic characteristics

Chikwangue 25 26.5 ± 0.1 25.5 ± 0.1 Normal colour and characteristic odor of cassava
Chikwangue 37 19.5 ± 0.8 20.5 ± 0.7 No mold, no bacterial contamination, normal texture

Chikwangue Molds 25 18.5 ± 0.4 18.5 ± 0.5 Presence of mold all over the surface, yellow, black and 
white, very strong odor

Chikwangue Molds 37 28.0 ± 0.5 28.0 ± 0.6 Presence of white and black mold on the entire surface 
of the cassava, odor not hig

Chikwangue Biosurfactants 25 21.0 ± 0.5 21.5 ± 0.5 No mold normal color
Chikwangue Biosurfactants 37 31.0 ± 0.4 31.0 ± 0.4 No mold, Maintains normal appearance, characteristic 

odor, no hardening
Chikwangue Biosurfactants 

Molds
25 21.0 ± 0.7 21.0 ± 0.6 No mold, normal appearance, no hardening

Chikwangue Biosurfactants 
Molds

37 27.0 ± 0.6 27 ± 0.5 No mold, normal appearance, no hardening
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Figure 5: Macroscopic observations at the end of cassava treatment in the presence of surfactants.

In this same perspective, the pH of the batches was taken to bet-
ter appreciate the action of the biosurfactant and the food. In fact, 
at the end of the treatment the pH of all batches was acidic, with pH 
values ​​between 4.29 ± 0.19 and 5.93 ± 0.60. 

Discussion
In recent years, the use of biosurfactants has become fash-

ionable [16]. It is quite obvious that chemical preservations will 
gradually disappear. Populations are becoming more and more 
demanding in the composition of their nutritional value. In addi-
tion to this, it is necessary to note the understanding of the link 
between the emergence of metabolic diseases, the emergence of 
cancer cases [33] and the nutritional quality of foods using preser-
vatives. To reverse this trend, human health should remain at the 
heart of the attention of all scientists. Fermented foods are widely 
consumed in the Republic of the Congo [21]. Chikwangue is the 
most cited example of fermented food [34]. Eggplants are widely 
consumed [35]. Potatoes are especially grown in the northern part 
of the country. We are seeing more and more imported products 
such as potatoes arriving in the Republic of Congo. In state mar-
kets, there are many losses related to either the ripening of the 
eggplants or their rotting. This work is proving to be an added 
value at home.

This work has shown that Bacillus-isolated biosurfactants can 
extend the shelf life up to a month including protection against 
pathogenic microorganisms such as Escherichia coli, Ps. aerugi-
nosa, P. mirabilis, S. typhirium, B. cereus, S. aureus, S. flexenri, and 

Aspergillus sp. Many studies are interested in the biological benefits 
of biosurfactants [14,17]. The antibacterial properties of biosurfac-
tants against selected Gramme-positive and -negative bacteria have 
been demonstrated [36]. 

With the effects of climate change. Preservation of food can help 
reduce food loss and waste while increasing long-term food secu-
rity [37,38]. Climate change can negatively affect food storage, es-
pecially tuber sprouting and disease in storage chambers [39]. The 
valorization and protection of agro-resources has become practi-
cally a new world order, especially for developing countries. It is 
no longer necessary to destroy food [40,41]. In this work, we have 
shown that conservation can be easily tested at 25 ° C and 37 ° C. 
The fact that biopreservation is done at room temperature makes it 
easier to package food in supermarkets.

It is in this context that this work is particularly interesting be-
cause it offers easy indigenous solutions using indigenous bacterial 
species including B. subtilis, B. licheniformis, B. amylolichefasciens 
and home agroresources. Biosurfactants secreted by B. subtilis, B. 
licheniformis, and B. amylolichefasciens have been previously char-
acterised. Some biosurfactants have been reported to have anti-
microbial properties. In general, antagonistic B. subtilis showed 
significant resource value and offered a promising alternative in 
the development of food biopreservation [15,42,43]. The ability to 
prevent adhesion and disrupt biofilm formation preventing food 
spoilage. B. subtilis is widely not underappreciated for its inher-
ent biosynthetic potential. The bioactive secondary metabolites of 
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B. subtilis highlight potential applications as control agents [44], 
drugs, and biosurfactants. Bacillus spp. are well documented for 
the production of cyclic lipopeptides that show strong biosur-
factant and antimicrobial effects, such as surfactins, iturins, and 
fengycins [42,43,45-50]. Our indigenous Bacillus showed a sig-
nificant emulsification power of up to 100%. The antagonistic ca-
pacity was very significant with diameters up to 3.4 cm. We have 
no claim to say that the problem of food preservation is entirely 
solved but this work gives new hope for knowledge on the protec-
tion of agro-resources.

Agriculture is an important issue for the Republic of Congo, em-
ploying 40% of the country’s workforce and contributing 18.3% 
of non-oil GDP. However, it is characterised by low productivity 
and insufficient income for producers, and food insecurity affects 
14.2% of households. The Republic of Congo remains dependent 
on food imports. This research on biopreservatives opens the 
doors and windows for intelligent industrialization because food 
will have a significant impact on the health of populations. Studies 
found that most food additives increase cancer risk [51-53]. Some 
of them may be associated with an increased risk of several major 
chronic diseases [54]. Therefore, some African countries have not 
yet integrated dietary guidelines. Research on indigenous curators 
will facilitate the development of these regulatory frameworks.

Conclusion 
This study provides evidence that home food preservation 

may be beneficial in promoting vegetable intake and food security 
among the population. Natural resource management is crucial for 
the future of developing nations, including the Republic of the Con-
go. This inevitably involves the development of simple, biological, 
and inexpensive conservation methods using bacteria of the genus 
Bacillus. It is urgent to take advantage of the benefits offered by the 
microbial ecosystems encountered. This will necessarily involve 
the financing of multidisciplinary projects with the establishment 
of monitoring and evaluation mechanisms.

Authors Contributions
Conceptualization, D.N.N.M. and F.Y.O.; methodology D.N.N.M., 

F.Y.O. and S.N.M.; software F.Y.O.; validation, C.A.K.; formal analy-
sis, S.N.M.; investigation, D.N.N.M. resources, G.A.D.; data curation, 
C.A.K.; writing—original draft preparation, D.N.N.M.; writing—re-
view and editing, C.A.K.; visualization, C.A.K.; supervision, C.A.K.; 
project administration, C.A.K.; funding acquisition, C.A.K. All au-
thors have read and agreed to the published version of the manu-
script.

Data Availability Statement
The data supporting the findings of this study are available on 

request from the corresponding author, C.A.K. 

Conflicts of Interest
The authors declare that they have no conflict of interest.

Bibliography
1.	 Knorr D and MA Augustin. “Preserving the food preservation 

legacy”. Critical Reviews in Food Science and Nutrition 63.28 
(2023): 9519-9538.

2.	 Leistner L. “Basic aspects of food preservation by hurdle tech-
nology”. International Journal of Food Microbiology 55.1-3 
(2000): 181-186.

3.	 Andre S., et al. “Spore-forming bacteria responsible for food 
spoilage”. Research Microbiology 168.4 (2017): 379-387.

4.	 Grabowski NT and G Klein. “Microbiology and foodborne 
pathogens in honey”. Critical Reviews in Food Science and Nu-
trition 57.9 (2017): 1852-1862.

5.	 Kayath CA., et al. “Towards the understanding of fermented 
food Biotechnology in Congo Brazzaville”. Advance Journal of 
Food Science and Technology 12.11 (2016): 593-602.

6.	 Garcia-Oliveira P., et al. “Solutions for the sustainability of the 
food production and consumption system”. Critical Reviews in 
Food Science and Nutrition 62.7 (2022): 1765-1781.

7.	 Karlowski K and J Klosinska. “[Health evaluation of antioxi-
dant exposure in the food industry]”. Rocz Panstw Zakl Hig 
41.3-4 (1990): 89-98.

8.	 Seddik HA., et al. “Lactobacillus plantarum and Its Probiotic 
and Food Potentialities”. Probiotics Antimicrobe Proteins 9.2 
(2017): 111-122.

9.	 Abouloifa H., et al. “Bio-preservation Effect of Probiotic Lac-
tiplantibacillus plantarum S61 Against Rhodotorula glutinis 
and Listeria monocytogenes in Poultry Meat”. Current Micro-
biology 79.8 (2022): 232.

10.	 Denkova-Kostova RS., et al. “Bio-preservation of chocolate 
mousse with free and immobilized cells of Lactobacillus plan-
tarum D2 and lemon (Citrus lemon L.) or grapefruit (Citrus 
paradisi L.) zest essential oils”. Acta Scientiarum Polonorum, 
Technologia Alimentaria 20.1 (2021): 5-16.

Citation: Christian Aimé Kayath., et al. “Biopreservation of Home Eggplants, Potatoes and Chikwangue Using Biosurfactants Produced by Bacteria of the 
Genus Bacillus". Acta Scientific Microbiology 7.11 (2024): 24-34. 

https://pubmed.ncbi.nlm.nih.gov/35442825/
https://pubmed.ncbi.nlm.nih.gov/35442825/
https://pubmed.ncbi.nlm.nih.gov/35442825/
https://pubmed.ncbi.nlm.nih.gov/10791741/
https://pubmed.ncbi.nlm.nih.gov/10791741/
https://pubmed.ncbi.nlm.nih.gov/10791741/
https://www.sciencedirect.com/science/article/pii/S092325081630119X
https://www.sciencedirect.com/science/article/pii/S092325081630119X
https://pubmed.ncbi.nlm.nih.gov/26176586/
https://pubmed.ncbi.nlm.nih.gov/26176586/
https://pubmed.ncbi.nlm.nih.gov/26176586/
https://www.airitilibrary.com/Article/Detail/20424876-201612-201702100016-201702100016-593-602
https://www.airitilibrary.com/Article/Detail/20424876-201612-201702100016-201702100016-593-602
https://www.airitilibrary.com/Article/Detail/20424876-201612-201702100016-201702100016-593-602
https://pubmed.ncbi.nlm.nih.gov/33242978/
https://pubmed.ncbi.nlm.nih.gov/33242978/
https://pubmed.ncbi.nlm.nih.gov/33242978/
https://pubmed.ncbi.nlm.nih.gov/28271469/
https://pubmed.ncbi.nlm.nih.gov/28271469/
https://pubmed.ncbi.nlm.nih.gov/28271469/
https://pubmed.ncbi.nlm.nih.gov/35767082/
https://pubmed.ncbi.nlm.nih.gov/35767082/
https://pubmed.ncbi.nlm.nih.gov/35767082/
https://pubmed.ncbi.nlm.nih.gov/35767082/
https://pubmed.ncbi.nlm.nih.gov/33449515/
https://pubmed.ncbi.nlm.nih.gov/33449515/
https://pubmed.ncbi.nlm.nih.gov/33449515/
https://pubmed.ncbi.nlm.nih.gov/33449515/
https://pubmed.ncbi.nlm.nih.gov/33449515/


33

Biopreservation of Home Eggplants, Potatoes and Chikwangue Using Biosurfactants Produced by Bacteria of the Genus Bacillus

11.	 Sparo MD., et al. “Bio-preservation of ground beef meat by En-
terococcus faecalis CECT7121”. Brazilian Journal of Microbiol-
ogy 44.1 (2013): 43-49.

12.	 Samidurai S., et al. “Bio-preservation of raw hides/skins: A 
review on greener substitute to conventional salt curing”. 
Environmental Science and Pollution Research 29.43 (2022): 
64513-64535.

13.	 Amenu D and K Bacha. “Bio-Preservation Potential and Anti-
microbial Activity of Bacteriocin-Producing Lactic Acid Bac-
teria Isolated from Ethiopian Traditional Fermented Dairy 
Products”. Probiotics Antimicrobe Proteins (2024).

14.	 Hajfarajollah H., et al. “Biosurfactants from probiotic bacte-
ria: A review”. Biotechnology and Applied Biochemistry 65.6 
(2018): 768-783.

15.	 Sarwar A., et al. “Qualitative analysis of biosurfactants from 
Bacillus species exhibiting antifungal activity”. PLoS One 13.6 
(2018): e0198107.

16.	 Kashif A., et al. “Current advances in the classification, produc-
tion, properties and applications of microbial biosurfactants 
- A critical review”. Advances in Colloid and Interface Science 
306 (2022): 102718.

17.	 Markande AR., et al. “A review on biosurfactants: properties, 
applications and current developments”. Bioresource Technol-
ogy 330 (2021): 124963.

18.	 Harris AR., et al. “Fecal Contamination on Produce from 
Wholesale and Retail Food Markets in Dhaka, Bangladesh”. 
American Journal of Tropical Medicine and Hygiene 98.1 
(2018): 287-294.

19.	 Lahiri D., et al. “Lactic Acid Bacteria (LAB): Autochthonous 
and Probiotic Microbes for Meat Preservation and Fortifica-
tion”. Foods 11.18 (2022).

20.	 Kalhoro MS., et al. “Antimicrobial Activities and Biopreserva-
tion Potential of Lactic Acid Bacteria (LAB) from Raw Buffalo 
(Bubalus bubalis) Milk”. Oxidative Medicine and Cellular Lon-
gevity 2023 (2023): 8475995.

21.	 Kaya-Ongoto MD., et al. “Genetic Clearness Novel Strategy of 
Group I Bacillus Species Isolated from Fermented Food and 
Beverages by Using Fibrinolytic Enzyme Gene Encoding a 
Serine-Like Enzyme”. Journal of Nucleic Acids 2019 (2019): 
5484896.

22.	 Abriouel H., et al. “Differentiation and characterization by mo-
lecular techniques of Bacillus cereus group isolates from poto 
poto and degue, two traditional cereal-based fermented foods 
of Burkina Faso and Republic of Congo”. Journal of Food Protec-
tion 70.5 (2007): 1165-1173.

23.	 Elenga-Wilson PS., et al. “Profiling of Indigenous Biosurfac-
tant-Producing Bacillus Isolates in the Bioremediation of Soil 
Contaminated by Petroleum Products and Olive Oil”. Interna-
tional Journal of Microbiology 2021 (2021): 9565930.

24.	 Okouakoua FY., et al. “Involvement of the Bacillus SecYEG 
Pathway in Biosurfactant Production and Biofilm Formation”. 
International Journal of Microbiology 2024 (2024): 6627190.

25.	 Bloomfield SJ., et al. “Genomic characterization of Pseudomo-
nas spp. on food: implications for spoilage, antimicrobial re-
sistance and human infection”. BMC Microbiology 24.1 (2024): 
20.

26.	 Li T., et al. “Quorum sensing system and influence on food 
spoilage in Pseudomonas fluorescens from turbot”. Journal of 
Food Science and Technology 55.8 (2018): 3016-3025.

27.	 Stanborough T., et al. “Vibrioferrin production by the food 
spoilage bacterium Pseudomonas fragi”. FEMS Microbiology 
Letter 365.6 (2018).

28.	 de Jong J. “Spoilage of an acid food product by Clostridium per-
fringens, C. barati and C. butyricum”. International Journal of 
Food Microbiology 8.2 (1986): 121-132.

29.	 Ijadpanahsaravi M., et al. “The impact of inter- and intra-spe-
cies spore density on germination of the food spoilage fungus 
Aspergillus niger”. International Journal of Food Microbiology 
410 (2024): 110495.

30.	 Zhuo Q., et al. “Role of mitochondrial farnesyltransferase gene 
in the prevention of the food spoilage fungi Aspergillus flavus 
by the antimicrobial natural preservative perillaldehyde”. Food 
Microbiology 118 (2024): 104422.

31.	 Kinavouidi DJK., et al. “Shigella strain has developed non-stud-
ied pathogenicity mechanisms of adaptability in the coloniza-
tion of epithelial cells”. Advances in Microbiology 12.4 (2022): 
270-294.

Citation: Christian Aimé Kayath., et al. “Biopreservation of Home Eggplants, Potatoes and Chikwangue Using Biosurfactants Produced by Bacteria of the 
Genus Bacillus". Acta Scientific Microbiology 7.11 (2024): 24-34. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3804176/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3804176/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3804176/
https://pubmed.ncbi.nlm.nih.gov/38856908/
https://pubmed.ncbi.nlm.nih.gov/38856908/
https://pubmed.ncbi.nlm.nih.gov/38856908/
https://pubmed.ncbi.nlm.nih.gov/38856908/
https://pubmed.ncbi.nlm.nih.gov/30120889/
https://pubmed.ncbi.nlm.nih.gov/30120889/
https://pubmed.ncbi.nlm.nih.gov/30120889/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0198107
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0198107
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0198107
https://www.sciencedirect.com/science/article/abs/pii/S0001868622001208
https://www.sciencedirect.com/science/article/abs/pii/S0001868622001208
https://www.sciencedirect.com/science/article/abs/pii/S0001868622001208
https://www.sciencedirect.com/science/article/abs/pii/S0001868622001208
https://www.mdpi.com/2304-8158/11/18/2792
https://www.mdpi.com/2304-8158/11/18/2792
https://www.mdpi.com/2304-8158/11/18/2792
https://pubmed.ncbi.nlm.nih.gov/36798686/
https://pubmed.ncbi.nlm.nih.gov/36798686/
https://pubmed.ncbi.nlm.nih.gov/36798686/
https://pubmed.ncbi.nlm.nih.gov/36798686/
https://pubmed.ncbi.nlm.nih.gov/31236291/
https://pubmed.ncbi.nlm.nih.gov/31236291/
https://pubmed.ncbi.nlm.nih.gov/31236291/
https://pubmed.ncbi.nlm.nih.gov/31236291/
https://pubmed.ncbi.nlm.nih.gov/31236291/
https://pubmed.ncbi.nlm.nih.gov/17536675/
https://pubmed.ncbi.nlm.nih.gov/17536675/
https://pubmed.ncbi.nlm.nih.gov/17536675/
https://pubmed.ncbi.nlm.nih.gov/17536675/
https://pubmed.ncbi.nlm.nih.gov/17536675/
https://onlinelibrary.wiley.com/doi/10.1155/2021/9565930
https://onlinelibrary.wiley.com/doi/10.1155/2021/9565930
https://onlinelibrary.wiley.com/doi/10.1155/2021/9565930
https://onlinelibrary.wiley.com/doi/10.1155/2021/9565930
https://bmcmicrobiol.biomedcentral.com/articles/10.1186/s12866-023-03153-9
https://bmcmicrobiol.biomedcentral.com/articles/10.1186/s12866-023-03153-9
https://bmcmicrobiol.biomedcentral.com/articles/10.1186/s12866-023-03153-9
https://bmcmicrobiol.biomedcentral.com/articles/10.1186/s12866-023-03153-9
https://link.springer.com/article/10.1007/s13197-018-3222-y
https://link.springer.com/article/10.1007/s13197-018-3222-y
https://link.springer.com/article/10.1007/s13197-018-3222-y
https://academic.oup.com/femsle/article/365/6/fnx279/4768089
https://academic.oup.com/femsle/article/365/6/fnx279/4768089
https://academic.oup.com/femsle/article/365/6/fnx279/4768089
https://pubmed.ncbi.nlm.nih.gov/2561952/
https://pubmed.ncbi.nlm.nih.gov/2561952/
https://pubmed.ncbi.nlm.nih.gov/2561952/
https://www.researchgate.net/publication/375701408_The_impact_of_inter-_and_intra-species_spore_density_on_germination_of_the_food_spoilage_fungus_Aspergillus_niger
https://www.researchgate.net/publication/375701408_The_impact_of_inter-_and_intra-species_spore_density_on_germination_of_the_food_spoilage_fungus_Aspergillus_niger
https://www.researchgate.net/publication/375701408_The_impact_of_inter-_and_intra-species_spore_density_on_germination_of_the_food_spoilage_fungus_Aspergillus_niger
https://www.researchgate.net/publication/375701408_The_impact_of_inter-_and_intra-species_spore_density_on_germination_of_the_food_spoilage_fungus_Aspergillus_niger
https://pubmed.ncbi.nlm.nih.gov/38049276/
https://pubmed.ncbi.nlm.nih.gov/38049276/
https://pubmed.ncbi.nlm.nih.gov/38049276/
https://pubmed.ncbi.nlm.nih.gov/38049276/
https://www.scirp.org/journal/paperinformation?paperid=116880
https://www.scirp.org/journal/paperinformation?paperid=116880
https://www.scirp.org/journal/paperinformation?paperid=116880
https://www.scirp.org/journal/paperinformation?paperid=116880


34

Biopreservation of Home Eggplants, Potatoes and Chikwangue Using Biosurfactants Produced by Bacteria of the Genus Bacillus

32.	 Bokamba Moukala M., et al. “Giving More Benefits to Biosur-
factants Secreted by Lactic Acid Bacteria Isolated from Plan-
tain Wine by Using Multiplex PCR Identification”. Advances in 
Microbiology 9.11 (2019).

33.	 Vernia F., et al. “Dietary Factors Modulating Colorectal Carci-
nogenesis”. Nutrients 13.1 (2021).

34.	 Taleon V., et al. “Carotenoids retention in biofortified yellow 
cassava processed with traditional African methods”. Journal 
of the Science of Food and Agriculture 99.3 (2019): 1434-1441.

35.	 Van Eck J and A Snyder. “Eggplant (Solanum melongena L.)”. 
Methods in Molecular Biology 343 (2006): 439-47.

36.	 Diaz De Rienzo MA., et al. “Antibacterial properties of biosur-
factants against selected Gram-positive and -negative bacte-
ria”. FEMS Microbiology Letter 363.2 (2016): fnv224.

37.	 Mazza JJ. “Climate Change and Agriculture: Future Implica-
tions”. WMJ 116.4 (2017): 191.

38.	 Zhang S., et al. “Climate Change Impacts on Potato Storage”. 
Foods 13.7 (2024).

39.	 Britwum K and M Demont. “Food security and the cultural 
heritage missing link”. Global Food 35 (2002): 100660.

40.	 Latella R., et al. “Isolation of Extracellular Vesicles from Agri-
Food Wastes: A Novel Perspective in the Valorization of Agri-
Food Wastes and By-Products”. Foods 13.10 (2024).

41.	 Matei E., et al. “Valorization of Agri-Food Wastes as Sustain-
able Eco-Materials for Wastewater Treatment: Current State 
and New Perspectives”. Materials (Basel) 14.16 (2021).

42.	 Pathak KV and H Keharia. “Identification of surfactins and itu-
rins produced by potent fungal antagonist, Bacillus subtilis K1 
isolated from aerial roots of banyan (Ficus benghalensis) tree 
using mass spectrometry”. 3 Biotech 4.3 (2014): 283-295.

43.	 Itokawa H., et al. “Structural and conformational studies 
of [Ile7] and [Leu7]surfactins from Bacillus subtilis natto”. 
Chemical and Pharmaceutical Bulletin (Tokyo), 42.3 (1994): 
604-607.

44.	 Chen Y., et al. “Bacillus subtilis: current and future modifica-
tion strategies as a protein secreting factory”. World Journal of 
Microbiology and Biotechnology 40.6 (2024): 195.

45.	 Abdelli F., et al. “Antibacterial, anti-adherent and cytotoxic ac-
tivities of surfactin (s) from a lipolytic strain Bacillus safensis 
F4”. Biodegradation 30.4 (2019): 287-300.

46.	 Debois D., et al. “In situ localisation and quantification of sur-
factins in a Bacillus subtilis swarming community by imaging 
mass spectrometry”. Proteomics 8.18 (2008): 3682-3691.

47.	 Shao X., et al. “Algicidal characteristics of novel algicidal com-
pounds, cyclic lipopeptide surfactins from Bacillus tequilensis 
strain D8, in eliminating Heterosigma akashiwo blooms”. Fron-
tiers in Microbiology 13 (2022): 1066747.

48.	 Medeot DB., et al. “Fengycins From Bacillus amyloliquefaciens 
MEP (2)18 Exhibit Antibacterial Activity by Producing Altera-
tions on the Cell Surface of the Pathogens Xanthomonas axo-
nopodis pv. vesicatoria and Pseudomonas aeruginosa PA01”. 
Frontiers in Microbiology 10 (2019): 3107.

49.	 Moreno-Velandia CA., et al. “Effects of Fengycins and Iturins on 
Fusarium oxysporum f. sp. physali and Root Colonization by 
Bacillus velezensis Bs006 Protect Golden Berry Against Vascu-
lar Wilt”. Phytopathology 111.12 (2021): 2227-2237.

50.	 Zhang L and C Sun. “Fengycins, Cyclic Lipopeptides from Ma-
rine Bacillus subtilis Strains, Kill the Plant-Pathogenic Fungus 
Magnaporthe grisea by Inducing Reactive Oxygen Species Pro-
duction and Chromatin Condensation”. Applied and Environ-
mental Microbiology 84.18 (2018).

51.	 “Editorial to accompany the Minderoo-Monaco Commission 
on, P., A.o.G.H. Human Health in the journal, and M. Neira, 
The Minderoo-Monaco Commission on Plastics and Human 
Health”. Annals of Global Health 89.1 (2023): 22.

52.	 Rust P and C Ekmekcioglu. “Impact of Salt Intake on the Patho-
genesis and Treatment of Hypertension”. 

53.	 Advances in Experimental Medicine and Biology 956 (2017): 
61-84.

54.	 Yamamichi T., et al. “Impact of Glucose Uptake of Noncancer-
ous Lung Area in Respiratory Events for Lung Cancer Patients”. 
Annals of Thoracal Surgery 111.5 (2021): 1666-1674.

55.	 Wolk A. “Potential health hazards of eating red meat”. Journal 
of Intern Medicine 281.2 (2017): 106-122.

Citation: Christian Aimé Kayath., et al. “Biopreservation of Home Eggplants, Potatoes and Chikwangue Using Biosurfactants Produced by Bacteria of the 
Genus Bacillus". Acta Scientific Microbiology 7.11 (2024): 24-34. 

https://www.scirp.org/journal/paperinformation?paperid=96363
https://www.scirp.org/journal/paperinformation?paperid=96363
https://www.scirp.org/journal/paperinformation?paperid=96363
https://www.scirp.org/journal/paperinformation?paperid=96363
https://pubmed.ncbi.nlm.nih.gov/29323803/
https://pubmed.ncbi.nlm.nih.gov/29323803/
https://www.sciencedirect.com/science/article/pii/S2211912422000505
https://www.sciencedirect.com/science/article/pii/S2211912422000505
https://www.mdpi.com/2304-8158/13/10/1492
https://www.mdpi.com/2304-8158/13/10/1492
https://www.mdpi.com/2304-8158/13/10/1492
https://www.mdpi.com/1996-1944/14/16/4581
https://www.mdpi.com/1996-1944/14/16/4581
https://www.mdpi.com/1996-1944/14/16/4581
https://pubmed.ncbi.nlm.nih.gov/28324431/
https://pubmed.ncbi.nlm.nih.gov/28324431/
https://pubmed.ncbi.nlm.nih.gov/28324431/
https://pubmed.ncbi.nlm.nih.gov/28324431/
https://pubmed.ncbi.nlm.nih.gov/8004708/
https://pubmed.ncbi.nlm.nih.gov/8004708/
https://pubmed.ncbi.nlm.nih.gov/8004708/
https://pubmed.ncbi.nlm.nih.gov/8004708/
https://pubmed.ncbi.nlm.nih.gov/38722426/
https://pubmed.ncbi.nlm.nih.gov/38722426/
https://pubmed.ncbi.nlm.nih.gov/38722426/
https://pubmed.ncbi.nlm.nih.gov/30600423/
https://pubmed.ncbi.nlm.nih.gov/30600423/
https://pubmed.ncbi.nlm.nih.gov/30600423/
https://pubmed.ncbi.nlm.nih.gov/18709634/
https://pubmed.ncbi.nlm.nih.gov/18709634/
https://pubmed.ncbi.nlm.nih.gov/18709634/
https://pubmed.ncbi.nlm.nih.gov/36532506/
https://pubmed.ncbi.nlm.nih.gov/36532506/
https://pubmed.ncbi.nlm.nih.gov/36532506/
https://pubmed.ncbi.nlm.nih.gov/36532506/
https://pubmed.ncbi.nlm.nih.gov/32038550/
https://pubmed.ncbi.nlm.nih.gov/32038550/
https://pubmed.ncbi.nlm.nih.gov/32038550/
https://pubmed.ncbi.nlm.nih.gov/32038550/
https://pubmed.ncbi.nlm.nih.gov/32038550/
https://apsjournals.apsnet.org/doi/full/10.1094/PHYTO-01-21-0001-R
https://apsjournals.apsnet.org/doi/full/10.1094/PHYTO-01-21-0001-R
https://apsjournals.apsnet.org/doi/full/10.1094/PHYTO-01-21-0001-R
https://apsjournals.apsnet.org/doi/full/10.1094/PHYTO-01-21-0001-R
https://pubmed.ncbi.nlm.nih.gov/29980550/
https://pubmed.ncbi.nlm.nih.gov/29980550/
https://pubmed.ncbi.nlm.nih.gov/29980550/
https://pubmed.ncbi.nlm.nih.gov/29980550/
https://pubmed.ncbi.nlm.nih.gov/29980550/
https://pubmed.ncbi.nlm.nih.gov/27757935/
https://pubmed.ncbi.nlm.nih.gov/27757935/
https://pubmed.ncbi.nlm.nih.gov/27757935/
https://pubmed.ncbi.nlm.nih.gov/27757935/
https://pubmed.ncbi.nlm.nih.gov/33002509/
https://pubmed.ncbi.nlm.nih.gov/33002509/
https://pubmed.ncbi.nlm.nih.gov/33002509/

