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ABSTRACT

This review evaluated plant extracts’ effectiveness in treating and disinfecting water. According to
data analysis, plant secondary metabolites with complex mechanisms of action are not widely used
in water treatment. Only around 25% of studies reported the use of plant extracts for water purifica-
tion, compared to almost three-quarters that reported antibacterial activity. Therefore, more research
into plant-based technologies to cleanse and treat drinkable and safe water is required. According
to reports, plants’ seeds and flowers were employed in about half of the studies (24.53% and 20.75%,
respectively), but less study has been done on how to use their bulbs, resin, bark, and tubers. Limited
application of plant exists in developing associated products for water treatment because of the plant’s
availability, difficult extraction methods, lack of standardization, need for purification, slow rate
of action, poor water solubility and yield of plant extract. This has caused a gap in the adoption for
large and industrial scale applications. The technology needs to be improved so that it can be used
in industrial settings more widely. Genomic, metabolomic, and proteomic methodologies need to be
used for phytobiotic standardization. Water can be treated using plant products, but there are limita-

tions. These limitations must be improved to increase acceptance of these products in the industry.
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1. Introduction

As an alternative to harmful chemicals, the use of active
plant derivatives is promoted, with tremendous promise
for the creation of products with antimicrobial and sani-
tizing properties. As a result, it is now possible to create
products based on natural ingredients that are less toxic
[1,2]. Therefore, plant-based products have been developed
as an alternative to chemical coagulants. There are many
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plants with different mechanisms of action due to secondary
metabolites such as phenols, flavonoids, tannins, alkaloids,
and saponins present in them. Evidence has demonstrated
that these phytochemicals can exert antibacterial, antifungal,
antioxidant, antidiabetic, anti-inflammatory, immunomodu-
latory, and even antitumor activities in plants [3]. Globally,
antimicrobial resistance is increasing [4]. There have been
claims that plants can be used to disinfect and treat water,
which is less expensive and safer [5-10]. Another emerging
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area in which a plant phytochemical may double its role
during disinfection is in water fortification (flavoured and
fortified), preventing illness and diseases [11].

Regarding their potential for use in water treatment,
several plants have been researched, including Euclea divi-
norum, Moringa oleifera, Guar gum, Albizia anthelmintica,
Acacia spp., Plumbago zeylanica, and Jatropha curcas [12,13].
The seeds from M. oleifera have been demonstrated to be
one of the most efficient main coagulants and disinfectants
for water treatment, particularly in rural populations, out of
the wide variety of plant materials that have been employed
throughout the years [14]. Plant extracts have not only
been tested against bacteria but also for anti-amoeba effec-
tiveness for disinfection. Siddiqui et al. [15] reported the
in-vitro activity of extracts of Rinorea yaundensis and Salvia
fruticosa against Acanthamoeba castellanii with betulin, bet-
ulinic acid, and vanillic acid exerting activity of 67%, 67%,
and 65% against A. castellanii, respectively. Extracts from
plants have also been reported for great turbidity removal
in line with disinfection. Kihampa et al. [16] reported the
turbidity treatment activity of the extract of Solanum inca-
num in water samples of initial turbidities of 450, 300 and
105 NTU with corresponding average percentage removal of
99.78, 99.11 and 97.14 as residue. Therefore, this review aims
to identify the less widely reported use of plants in water
safety and disinfection. It also highlights some commercially
available water disinfectants of plant origin and projects the
need for more products, upon the discovery of their effec-
tiveness, putting into consideration the standardization
of these products for the safety of consumers of treated
water.

2. Methodology

This review utilized English-language articles pub-
lished in reputable journals. A variety of phytobiotics are
discussed in these papers, including their history, types,
mechanisms of action, standardization, and application.
The review discusses the challenges associated with phy-
tobiotic standardization and makes recommendations for
improvement. The results of data analysis are presented in
fractions and percentages.

3. Results and discussion
3.1. Emerging interventions of plants

The use of plants in water treatment and as a disin-
fectant against resistant bacteria in the water are growing
applications of phytobiotics, however, little literature to this
effect exists [17]. There have been reports of plant extracts
usage for treating water, including those from Guar gum,
Terminalia glaucescens, Gongronema latifolium, M. oleifera,
Azadirachta indica, ]. curcas, Zanthoxylum zanthoxyloides
and Luffa cylindrica fruit extracts [9,18]. Additionally, phy-
tochemicals have been quite effective in preventing the
growth of biofilm and multidrug resistance [19]. They
can also be used in adjuvant therapy, which cuts down on
the need for synthetic disinfectants [20].

Secondary metabolites available in plants are influenced
by signal transduction and gene expression pathways or
interference with specific biological metabolic processes.

Accumulation of metabolites often occurs in plants sub-
jected to stresses including various elicitors or signal mol-
ecules. Understanding the signal transduction paths under-
lying elicitor-induced production of secondary metabolites
is important for optimizing the commercial production of
secondary metabolites [21]. When the colonised signalling
system is recognised, plants are able to release endophytic
bacterial molecules, which in turn activates the signalling
network and biological response of the plant. This influ-
ences the related gene expression activity and mediates the
synthesis and accumulation of secondary metabolites in
the plant [22].

Phytochemicals interfere with the function of cell walls
and membranes in a manner similar to that of synthetic anti-
biotics. More significantly, certain phytochemicals reduce
or decrease quorum sensing, which is a workable defense
against antibiotic resistance. In addition, the complexity of
plant metabolites aids in microbes’ disruption of protein-pro-
tein interactions, which also lowers resistance [23,24].

Natural flavoring agent Glycyrrhiza glabra has been
shown to be effective in treating multidrug-resistant
Pseudomonas aeruginosa (MRPA). It surpasses antibiotic ami-
kacin’s performance against resistant strains of P. aeruginosa,
showing strong bactericidal effects. Its bactericidal action
is attributed to the synthesis of quinones and superoxide
ions by its bioactive phenolic compounds [25]. Also, study
has examined the antimicrobial properties of Acacia nilotica
extract in relation to cell membrane integrity, permeability,
and bacterial kill time. The reports revealed that it exhib-
ited bactericidal effects by damaging bacterial cell mem-
branes [26]. Additionally, studies have shown that common
spices including garlic, onion, coriander, pepper, and gin-
ger, as well as their aqueous and lime extracts, have potent
in-vitro antimicrobial action against multidrug-resistant
Escherichia coli (MREC) strains [27].

By preventing the development of locomotive surface
assembly fimbriae, phytochemicals like flavonoids have
been used to stop seropathotype E. coli O157:H7 (STEC) from
forming biofilms. For instance, genomic qRT-PCR analysis
and electron microscopy tests both indicated that the flavo-
noid phloretin from apples significantly inhibited STEC bio-
film at a dosage of 50 g/mL. Similarly, Ginkgolic acid from
Ginkgo biloba and naringenin from grape seeds efficiently
impeded the development of STEC biofilms by suppress-
ing the curli gene. Trans-resveratrol, a different polyphenol
from grape seeds, inhibited the expression of the curli gene to
produce anti-biofilm effects against STEC. Trans-resveratrol
at a concentration of 10 g/mL reduced E. coli cell adhesion
to human epithelial tissue, according to transcriptional
experiments [28].

3.2. Standardization of plant products

To ensure the quality, efficacy, non-toxicity, reproduc-
ibility, and excellence of the products developed from plant
extracts obtained in a crude state, standardization is neces-
sary [29]. It is of great importance that an herbal product
is signed as valid and can be distinguished from a coun-
terfeit product. Standardization ensures the efficacy and
safety of herbs and helps to reduce batch-to-batch varia-
tions [30]. The standardization of plants products includes
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authentication (stage of collection, parts of the plant col-
lected, botanical identity like phytomorphology, microscop-
ical and histological analysis, taxonomical identity, etc.), for-
eign matter exclusion (herbs collected should be free from
soil, insect parts or animal excreta, etc.), organoleptic eval-
uation (sensory characters such as taste, appearance, odour,
feel of the drug, etc.), volatile matter, moisture content deter-
mination, determination of its heavy metals (e.g., cadmium,
lead, arsenic, etc.), pesticide residue, microbial contamina-
tion and chromatographic and spectroscopic evaluation [31].

Techniques including high-performance thin layer
chromatography, super critical fluid chromatography, gas
chromatography, thin layer chromatography, DNA finger-
printing and chromatographic fingerprinting, are employed
to standardize herbal products [32]. Thin layer chromatog-
raphy provides qualitative and semi-quantitative informa-
tion, as well as information on the quantity and makeup
of phytochemicals. High-performance thin layer chroma-
tography is frequently used to identify and recognize fake
products, and it helps with the quality monitoring of herbal
products. Additionally, DNA fingerprinting is a crucial
technique used to detect adulterated plant parts that can-
not be resolved phytochemically. However, the ability of
processed drug samples with unresolvable phytochemical
similarities to be resolved by DNA fingerprinting depends
on the availability of intact genomic DNA from plant
samples after processing [8].

3.3. Disinfectants of plant origin

Plant-based products have been produced as disinfec-
tants and are reportedly effective [33]. Examples include
tannins made from the polyphenolic metabolites found in
plant bark, fruits, and leaves [34]. Typical tannins used to
treat water include those from barks of quebracho wood,
pine, eucalyptus species and mimosa trees. It has been
shown that tannins can coagulate raw water to remove col-
loidal and suspended materials, pigments, dyes, and inks
from water containing inks [35,36]. Plant gums and muci-
lages have also been used for flocculation of textile waste-
water, sewage effluent, tannery effluent and landfill leachate
[37,38]. Low chemical reactivity and poor solubility of cel-
lulose, limit its utility and the carboxymethylation process
can address this drawback [39]. Examples of commercial dis-
infectants from plants are Tanfloc, TANAC and SilvaFLOC
[40,41]. Plant-based coagulants, such as those extracted from
M. oleifera, Strychnos potatorum Linn, and Opuntia ficus-in-
dica, have been researched and suggested as eco-friendly
substitutes for chemical coagulants. This is because they are
available, cost-effective, generate minimal sludge and can
be easily biodegraded [17]. Most of these plant-based prod-
ucts additionally contain components like saponin, steroid
rings, deoxy sugar, alkaloids, tannins, phenolic compounds
and flavonoids that exhibit coagulation and flocculation
properties [42].

3.4. Data analyses

Figs. 1 and 2 indicate plant part used and reported
activity, respectively, from a survey of medicinal plants.
From a total of 44 medicinal plants in the survey, whole
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plants (24.53%) and seeds (24.53%) are the most used while
resin, bark, tubers and seed pods are the least used with
1.89% reported for each.

The utilization of whole plants accounts for 24.53%,
which can be explained by the assumption that they will
have an additive or synergistic effect. However, using whole
plants poses a threat to plant conservation, hence it is not
recommended. The desired component in medical inves-
tigations is leaves since they have a high concentration of
secondary metabolites [3]. Additionally, compared to their
use in water treatment (1/4), plant extracts had much more
antibacterial activity reported (3/4) (Fig. 2). This reveals that
plants have been greatly studied for drug discovery (as a
means of alternative chemotherapy in combatting antimi-
crobial resistance) than they have been studied as water
disinfectants.

The use of plant extracts as water disinfectants requires
extensive research because it is a promising application
for plants and a potential improvement over the use of
synthetic disinfectants.

4. Conclusion

This review presents the use of plant products in water
treatment and disinfection. Plants are readily available,
eco-friendly and possess multiple mechanisms of action
that help in effective disinfection. The leaves of plants are
a desired source of secondary metabolites since they have
a high concentration of these compounds. Plant metabo-
lites have been used in water treatment as a disinfectant and
coagulant and few commercial products exist. However,
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this application in water treatment needs to be strength-
ened, and issues like adverse effects, purification, and stan-
dardization require rapid attention. In order to screen safe
herbs and isolate pure molecules, new studies in the field of
plant products should use cutting-edge approaches such as
proteomics, genomics, and metabolomics. These strategies
will help minimize the challenges associated with phyto-
biotic safety and standardization.
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