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Abstract
The plant extracts from various parts of Mimosa pudica exhibits significant antimicrobial activities against a wide range of food borne
pathogens. The presence of active constituents can be manipulated for the biopreservative application in food industry. Biotechnological
approach for the production of the antimicrobial compounds from M. pudica can be achieved via cell suspension culture and hairy root culture.
The bioprocessing aspects of the two systems are similar to microbial biotechnology, except the bioreactor design required. In addition, the
downstream processing of the two cell culture systems is also easier compared to the conventional whole plant extraction, as metabolites
secretion can be achieved using exudation technique. The selection of solvent during the extraction should be made in regard to the stability of
compounds and food safety. This mini review presents an up-to-date picture on the potential use of natural antimicrobial derived from M. pudica
from a bioprocessing point of view that could be the key to successful production of plant-based biopreservative in food industry.
Keywords : Mimosa pudica; Biopreservative; Antimicrobial; Food; Bioprocessing

Abbreviations : DCM: Dichloromethane; GMP: Good Manufacturing Practice; PAP: Plant Antimicrobial Peptide;

Introduction
The discovery of natural antimicrobials is consistent with
the growing demand due to consumer awareness of natural
food products and the concern of microbial resistance towards
conventional food processing and preservation methods.
Generally, bio-preservative can be made from antimicrobial
metabolites (e.g., bacteriocin, other metabolites, plant extracts,
and enzymes), fermentates, cultures, and bacteriophages [1].
Interestingly, bio-preservative should be used in combination
rather than in isolation, as well as together with a physical
process like thermal processing to improve its efficacy
[2]. Biopreservation allows shelf life of food products to be
extended using natural origin. In order to prevent the growth
of spoilage microorganisms in foods, the antimicrobials can
be applied directly into the food formulation, coated on its
surface, or incorporated into packaging materials [3].
To date, the use and production of bacteriocin for biopreservation has been widely reported in the literature [2,4,5].
However, report on the bio-processing aspects for plant cellbased compounds remains scarce. Mimosa pudica, or also known
as sensitive plant, shy plant or touch-me-not is a pantropical
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weed that can be found in Asian countries including Malaysia.
This creeping annual plant belongs to the family of Fabaceae
and mostly recognized by its rapid movement in response to
touch or vibration. This sensitivity is termed as seismonatic,
where the leaves closed upon stimulation and reopen within
minutes [6]. M. pudica is mainly used in folk medicine to treat
diseases such as diabetes, obesity, urinary infection, hepatitis,
and cancers due to the abundance in valuable secondary
metabolites [7]. In addition to its pharmacological benefits,
there is emerging evidence that M. pudica also has a huge
potential to be used as a biopreservative for food products.
M. pudica is a generous source to supply man with valuable
bioactive substances. Phytochemicals analysis revealed that
the antimicrobial activities of M. pudica are due to the presence
of active constituents like alkaloids (i.e., basic-forming
water-soluble salt, which also soluble in water, ethanol, ethyl
acetate, and diethyl ether), flavonoids (i.e., phenolic structure
found in photosynthesising cell and can be found in aqueous
extract), essential oil/terpene (i.e., a naturally-occurring
hydrocarbon based on combinations of isoprene unit, high in
ethanol, methanol, and dichloromethane, but not in aqueous,
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and hexane extracts), quinones (i.e., compound with aromatic
rings with two ketones substitution), resins (i.e., non-volatile
compounds, e.g., glycosides and saponins; they are waterinsoluble but are soluble in organic solvent like ethanol), and
tannins and coumarin (i.e., phenolic substances found in all
parts; found in higher concentration in ethanol extract than
aqueous extract), as well as chlorophyllin (water-soluble salt)
[8-11]. In this mini review, the potential of M. pudica as a source
of biopreservative in food products and its biotechnological
production will be discussed.

Antimicrobial Properties of M. pudica Extract

Extracts from different parts of M. pudica have been
shown to possess antibacterial activity. The extracts of
Mimosa pudica leaves showed inhibitory effects against
gram-positive bacteria such as S. aureus, K. pneumoniae, B.
cereus, and B. subtilis as well as gram-negative bacteria such
as E. coli, S.typhi, P. aeruginosa, and P. vulgaris [12,13]. The
minimum inhibitory concentrations for methanol extract of
M. pudica leaves against S. aureus, B. subtilis, K. pneumoniae, P.
vulgaris and P. aeruginosa are ranging from 0.44-0.88mg/ml
[12]. The content of bioactive compounds in M. pudica leaves
extracts might differ depending on extraction methods used.
The ethanol extract of M. pudica leaves, which contains about
three-fold higher flavonoids content than aqueous extract,
showed greater inhibitory effects on four different bacteria
compared to aqueous extract, suggesting flavonoids are
among responsible compounds for the antibacterial activity
[13]. Furthermore, the extracted chlorophyllin from the leaves
of M. pudica also showed an inhibitory effect towards grampositive and gram-negative bacteria, indicating that this
compound also plays a role in antibacterial activity [11]. The
dichloromethane (DCM) and methanol extracts of M. pudica
stems are able to inhibit S. aureus, B. cereus, B. subtilis E. coli,
and P. aeruginosa [14]. The minimum inhibitory concentrations
for these bacteria are ranging from 0.625-2.50mg/ml [14].
These extracts also showed no significant toxicity towards
brine shrimps, suggesting their activities are specific only
to bacteria [14]. The ethyl acetate and methanol extracts
of M. pudica roots have been shown to inhibit gram-positive
bacteria such as S. epidermidis, S. aureus, S. pneumoniae, and
B. subtilis as well as gram-negative bacteria such as S. typhi, E.
coli, P. aeruginosa, P. vulgaris, and N. cinerea [15]. The minimum
inhibitory concentrations of the root extracts towards the
bacteria are ranging from 0.39-50mg/ml [15]. In addition, the
petroleum ether extract of M. pudica roots majorly contained
flavonoids, phytosterol, alkaloids, and amino acids. On the
other hand, the acetone and chloroform extracts showed the
presence of flavonoids and alkaloids, respectively [9]. By using
NMR, Panda et al. [15] have identified two new compounds in
the methanol extract of M. pudica root that have the minimum
inhibitory concentration in µg/ml range against various
bacteria.
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General Antimicrobial Mechanism of Actions
Alkaloids are involved in the attenuation of bacterial
pathogenicity by interfering with the virulence gene
regulatory systems such as quorum sensing [16]. Tannins have
been found to form irreversible complexes with highly rich
protein resulting in the inhibition of cellular protein synthesis
[17]. Flavonoids have antifungal activity by inhibiting spore
germination of pathogens [18]. Saponins are detergent-like
substances thus increases cell permeability of bacterial cell
membrane, causing subsequent leakage of ions, ATP, nucleic
acids, and amino acids [19]. Terpenoids also act by damaging
the cytoplasmic membrane of bacterial cells through its
hydrophobic nature [20]. Phenolic groups can cause severe
structural damage and significant morphological alteration by
damaging the integrity of bacterial cell wall [21].

Biotechnological Approach for Production

Figure 1: The overall production scheme of the antimicrobial
compounds from M. pudica based on cell suspension culture.

Biotechnological approach is seen as the alternative to
the conventional route for the production of antimicrobial
compounds (i.e., extraction from the original plant source),
owing to its high productivity. Besides, in the conventional
route, the antimicrobial activity is affected by many factors:
botanical source, time of harvesting, stage of development, and
method of extraction [22]. Two established technologies, i.e.,
cell suspension culture (Figure 1) and hairy root culture are
usually employed. Prior to bioreactor system, the development
of callus tissue culture is required in the former system while
a submerged hairy root culture is needed in the latter. Then,
the bio-processing for the two systems is similar except that
different bioreactor designs are required. The crucial step
in the production scheme starts during the sub culturing
stage. Here, highly productive cell lines are selected and the
yield is improved through addition of elicitors (e.g., vanadyl
sulphate and methyl jasmonate), medium optimisation, and
“omics” approaches [23]. From the shake flask system, it was
then transferred to bioreactor, where many selections design
are available, e.g., airlift and bubble column bioreactor, not to
mention, new design like centrifugal impeller bioreactor, wave,
wave and undertow bioreactor, and mist (for hairy root system)
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bioreactors. In addition, disposable bioreactor can also be used
to provide faster turnaround time as cleaning, assembling,
and autoclaving operations are eliminated. Also, water use
and validation requirements are minimized. Moreover, during
bioreactor operation, optimization of operating conditions
(e.g., temperature, aeration, and agitation) and the use of fedbatch, and perfusion mode operation can be considered to
improve yield (Figure 1).

Downstream Processing

In conventional production (i.e., using the whole plant),
the downstream processing usually involves mechanical
disruption method like homogenization, sonication, or steam
explosion or the advance technique like vacuum infiltrationcentrifugation, rhizosecretion, and guttation [24,25] prior to
solvent extraction. Nevertheless, in cell suspension or hairy
root culture, the downstream processing is simpler. The
first step required is exudation, i.e., to promote secretion of
metabolites into the medium, of which could be achieved
through elicitation, membrane permeabilisation (chemical and
physical), and addition of cell wall-digesting enzyme [26].

It is then followed by extraction step, where generally
for phytochemicals, organic solvents are used. Direct alcohol
extraction might be feasible, however, for improved purity,
the extraction can be started with a highly non-polar organic
solvent (i.e., to remove fats and oils), followed by alcohol
extraction (usually proved to be a good solvent), and finally
with an additional liquid-liquid extraction (e.g., aqueous
tartaric acid solution and ethyl acetate). Optimization of
extraction condition: pH, temperature, duration, solvent
types, and proportion, the solid-to-liquid ratio should also be
carried out. Selection of solvent should be made in regard to
compounds’ stability. One point to note, for food application
(as in this M. pudica case), inherently toxic solvents like
benzene, hexane, and chloroform should be avoided and
replaced with cyclohexane, heptane, toluene, and methylene
chloride [23]. The use of supercritical fluid extraction should
also be considered to minimize the use of organic solvents and
for improved extraction efficiency.
In addition, for further purification, which is crucial for
compound characterization study, the purification scheme
is similar to the microbial system (i.e., use of sequential
chromatography, counter-current chromatography, and
integrated method like aqueous two-phase system). Here,
clarification step prior to primary recovery methods is crucial.
Filtration is preferred over centrifugation as it is normally
single-use (minimum contamination risk) and is more scalable.

Conclusion

Notably, besides the technical challenges in the
biotechnological production route, other hurdles include
aseptic cultivation of the plant, Good Manufacturing Practice
(GMP) compliance, and the need for plant viruses’ removal.
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Ironically, the concept of minimal processing or even the use
of whole plants is tempting as it lowers cost of production and
eases administrative hassle. However, there is also a concern
on the resulting organoleptic properties of the food product, of
which should be extensively examined. More specific studies
on the antimicrobial efficacy on targeted food borne pathogens
and interaction with the food component of the particular
food product should also be studied. Furthermore, besides the
phytochemicals, the potential of plant antimicrobial peptide
(PAP) (if there is any in M. pudica) as biopreservative should
also be looked into.
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