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Pharmaceutical and scientific communities have recently received the attention of the medicinal plants
and various publications have documented the therapeutic worth of natural compounds to validate the
claims of their biological activity. Profuse use of commercial antibiotic and synthetic pesticides for
human and crop protection is harmful to human health, ecosystem and environment. Attention has also
been drawn to the antimicrobial properties of plants and their metabolites due to the growing
incidences of drug-resistant pathogens of both clinical and agricultural importance. Medicinal plants
have their intrinsic ability to resist pathogenic microorganisms and this has led the researchers to
investigate their mechanisms of action and isolation of active compounds. This has enabled
exploitation of medicinal plants for the treatment of microbial infections of both plants and humans by
developing new antimicrobial agents. This novel search entails extensive research and it is therefore
imperative to follow standard methods to authenticate claims of antimicrobial action. This paper
reviewed the methods being employed earlier and recently in use related to investigations of the
antimicrobial efficacy of medicinal plant extracts. Standard protocols of the various techniques used by

different authors are also mentioned.
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INTRODUCTION

Finding healing powers in plants is an ancient thought.
Plant derived substances have recently become of great
interest owing to their versatile applications (Baris et al.,
2006). Medicinal plants have been used for centuries as
remedies for human diseases and offer a new source of
biologically active chemical compound as antimicrobial
agent. Medicinal plants are the richest bio-resources of
drugs of traditional medicinal systems, modern medi-
cines, nutraceuticals, food supplements, folk medicines,
pharmaceuticals, intermediate and chemical entitled for
synthetic drugs (Hammer et al., 1999). It has been
estimated that 14 - 28% of higher plant species are used
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medicinally and that 74% of pharmacologically active
plant derived components were discovered after following
up on ethno medicinal use of the plants (Ncube et al.,
2008). Recently the acceptance of traditional medicine as
an alternative form of health care and the development of
microbial resistance to the available antibiotics has led
authors to investigate the antimicrobial activity of
medicinal plants (Bisignano et al., 1996; Lis-Balchin and
Deans 1996; Moaz and Neeman, 1998; Hammer et al.,
1999).

Substantial use of chemical pesticides induces pro-
blems of health and environmental hazards in agricultural
system. So, for human and plants natural products of
antimicrobial activity are best biorational alternatives
today (Tiwari et al., 2007). Over the last two decades,
intensive effort has been made to discover chemically



useful antibacterial or antifungal drugs of plant origin
(Sofowara, 1993; Valsaraj et al., 1997; Perumalsamy et
al., 1999). Medicinal plant based antimicrobials represent
a vast untapped source of pharmaceuticals and further
exploration of plant antimicrobials need to occur for treat-
ment of infectious diseases both in plants and humans
while simultaneously for mitigating many of the side
effects that are often associated with synthetic antimi-
crobials. Out of the several hundred thousand medicinal
plant species around the globe, only a small portion has
been investigated both phytochemically  and
pharmacologically (Hostettmann, 1999).

In view of the large number of the plant species
potentially available for the study, it is essential to have
efficient systems of the methods to evaluate efficacy of
medicinal plants as antimicrobial agent. The evaluation
for antimicrobial agent of plant origin begins with
thorough biological evaluation of plant extracts to ensure
efficacy and safety followed by identification of active
principles, dosage formulations, efficacy and pharmaco-
kinetic profile of the new drug. Many plants have been
used because of their antimicrobial traits and antimicro-
bial properties of plants have been investigated by a
number of researchers worldwide. Ethno pharmacolo-
gists, botanists, microbiologists and natural product
chemists are searching the world for phytochemicals
which could be developed for treatment of infectious
diseases (Tanaka et al., 2006).

MAJOR GROUPS OF ANTIMICROBIAL SECONDARY
METABOLITES

Traditionally used medicinal plants have recently attrac-
ted the attention of the biological scientific communities.
This has involved the isolation and identification of
secondary metabolites produced by plants and their use
as active principles in medicinal preparations (Taylor et
al., 2001). Mainstream medicine is increasingly receptive
to the use of antimicrobial and other drugs derived from
plants, as traditional antibiotics (products of
microorganisms or their synthesized derivatives) become
ineffective. Another driving factor for the renewed interest
in plant antimicrobials in the past 20 years has been the
rapid rate of plant species extinction (Lewis et al., 1995)
as there is a feeling among natural-products chemists
and microbiologists alike that the multitude of potentially
useful phytochemical structures which could be
synthesized chemically is at risk of being lost irretrievably
(Borris, 1996).

Plants have limitless ability to synthesize aromatic
secondary metabolites, most of which are phenols or
their oxygen-substituted derivatives (Geissman, 1963).
Important subclasses in this group of compounds include
phenols, phenolic acids, quinones, flavones, flavonoids,
flavonols, tannins and coumarins. These groups of com-
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pounds show antimicrobial effect and serves as plant
defense mechanisms against pathogenic microorga-
nisms. Simple phenols and phenolic acid are bioactive
phytochemicals consisting a single substituted phenolic
ring. Phenolic toxicity to microorganisms is due to the
site(s) and number of hydroxyl groups present in the
phenolic compound (Scalbert, 1991; Urs et al., 1975).
Quinones are characteristically highly reactive, colored
compounds with two ketone substitutions in aromatic
ring.

Flavones, flavonoids and flavonols are phenolic struc-
ture with one carbonyl group. They are synthesized by
plants in response to microbial infection (Dixon et al.,
1983) and are often found effective in vitro as antimi-
crobial substance against a wide array of microorganisms
(Bennet and Wallsgrove, 1994).Tannins are polymeric
phenolic substances possessing the astringent property.
These compounds are soluble in water, alcohol and
acetone and give precipitates with proteins (Basri and
Fan, 2005). Coumarins are phenolic substances made of
fused benzene and a-pyrone rings (O’Kennedy and
Thornes, 1997). They have a characteristic odor and
several of them have antimicrobial properties.

Fragrance of plant is carried by essential oil fractions
which are secondary metabolites and highly enriched in
isoprene structure based compounds. They are called
terpenes but when the compound contains an additional
element as oxygen they are termed as terpenoids.
Essential oils also posses strong antimicrobial properties.
It was reported early that 60% of the essential oil deriva-
tives examined to date were inhibitory to fungi while 30%
inhibited bacteria (Chaurasia and Vyas, 1977). Naturally
found alkaloids are heterocyclic nitrogenous compounds
and are commonly found to have antimicrobial property
(Omulokoli et al.,, 1997). Many of the earliest isolated
pure compounds with biological activity were alkaloids
and were found in pharmacogenically active basic
principles of flowering plants.

Apart from the above which emphasizes major phyto-
chemical groups, it should be mentioned, however that
there are reports of antimicrobial properties associated
with polyamines (in particular spermidine) (Flayeh and
Sulayman, 1987), isothyocyanates (Dornberger et al.,
1975; lwu et al., 1991), thiosulfinates (Tada et al., 1988)
and glycosides (Murakami et al., 1993; Rucker et al.,
1992).

METHODS OF PLANT EXTRACT PREPARATION

Extraction methods involve separation of medicinally
active fractions of plant tissue from inactive/inert compo-
nents by using selective solvents and extraction techno-
logy. Solvents diffuse into the solid plant tissues and
solubilize compounds of similar polarity (Green, 2004).
Quality of plant extract depends on plant material, choice
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of solvents and the extraction methods.

Plant material

Plants are collected either randomly or by following leads
supplied by local healers in geographical areas where the
plants are found (Martin, 1995). Fresh or dried plant
materials can be used as a source for the extraction of
secondary plant components. Many authors had reported
about plant extract preparation from the fresh plant
tissues (Tiwari et al., 2005). The logic behind this came
from the ethno medicinal use of fresh plant materials
among the traditional and tribal people. But as many
plants are used in the dry form (or as an agueous extract)
by traditional healers and due to differences in water
content within different plant tissues, plants are usually
air dried (Dilika et al., 1996; Baris et al., 2006) to a
constant weight before extraction. Other researchers dry
the plants in the oven at about 40°C for 72 h (Salie et al.,
1996). In most of the reported works, underground parts
(roots, tuber, rhizome, bulb etc.) of a plant were used
extensively compared with other above ground parts in
search for bioactive compounds possessing antimicrobial
properties. The following schematic diagram illustrated by
Ved et al. (1998) and Uniyal et al. (2006) depicts the
percentage of plant parts being preferred in general.

Choice of solvents

Successful determination of biologically active compound
from plant material is largely dependent on the type of
solvent used in the extraction procedure. Properties of a
good solvent in plant extractions include low toxicity,
ease of evaporation at low heat, promotion of rapid phy-
siologic absorption of the extract, preservative action and
inability to cause the extract to complex or dissociate
(Hughes, 2002) As the end product in extraction will
contain traces of residual solvent, the solvent should be
non-toxic and should not interfere with the bioassay
(Ncube et al., 2008). The choice will also depend on the
targeted compounds to be extracted. Initial screening of
plants for possible antimicrobial activities typically begins
by using the crude or alcohol extractions and can be
followed by various organic solvent extraction methods.
Water is universal solvent, used to extract plant
products with antimicrobial activity. Though traditional
healers use primarily water but plant extracts from
organic solvents have been found to give more consistent
antimicrobial activity compared to water extract (Parekh
et al., 2005). Also water soluble flavonoids (mostly antho-
cyanins) have no antimicrobial significance and water
soluble phenolics only important as antioxidant com-
pound (Yamaji et al., 2005; Nang et al., 2007). A study
reported that extraction of tannins and other phenolics
was better in aqueous acetone than in aqueous metha-

nol. In another study, among the twenty different solvents
evaluated, chloroform was found to be the best solvent
for the extraction of non-polar biological active
compounds (Harmala et al., 1992). Since nearly all of the
identified antimicrobial compounds from plants are
aromatic or saturated organic compounds, they are most
often obtained through initial ethanol or methanol extrac-
tion (Serkedjieva and Manolova, 1992). Thus the most
commonly used solvents for preliminary investigations of
antimicrobial activity in plants are methanol, ethanol and
water (Parekh et al., 2006; Bisignino et al., 1996; Lourens
et al., 2004; Salie et al., 1996; Rojas et al., 2006).

There is also variation in the solvent used by different
workers. The other solvents used by researchers are
dicholro-methane (Dilika and Meyer, 1996; Freixa et al.,
1996), acetone (Basri and Fan, 2005; Dilika et al., 1996;
Lourens et al., 2004; Mathekga, 2001), hexane (Masoko
and Eloff 2006). Some authors use a combination of
these solvents to obtain the best solvent systems for
extraction (Nostro et al., 2000). Recently Eloff (1998a)
examined a variety of extractants for their ability to
solubilize antimicrobials from plants, rate of extraction,
ease of removal, toxicity in bioassay and acetone
received the highest overall rating. Though there is a
wide diversification in the usage of solvents, it is neces-
sary to focus on a standardized extraction method and
solvent system for a wide variety of researchers working
in diverse settings to minimize the variability in the
antimicrobial efficacy reports.

The extraction methods

Variation in extraction methods are usually depend on the
length of the extraction period, solvent used, pH of the
solvent, temperature, particle size of the plant tissues and
the solvent-to-sample ratio. The basic principle is to grind
the plant material (dry or wet) finer, which increases the
surface area for extraction thereby increasing the rate of
extraction. In the study by Eloff (1998b), 5 min extractions
of very fine particles of diameter 10 ym gave higher
quantities than values obtained after 24 h in a shaking
machine with less finely ground material. Earlier studies
reported that solvent to sample ratio of 10:1 (v/w) solvent
to dry weight ratio has been used as ideal (Green, 2004).
The extraction method that has been widely used by
researchers is plant tissue homogenization in solvent
(Meyer and Dilika, 1996; Basri and Fan, 2005; Parekh et
al., 2005). Dried or wet, fresh plant parts are grinded in a
blender to fine particles, put in a certain quantity of
solvent and shaken vigorously for 5 - 10 min or left for 24 h
after which the extract is filtered. The filtrate then may be
dried under reduced pressure and redissolved in the
solvent to determine the concentration. Some
researchers however centrifuged (approximately 20,000 x
g, for 30 min) the filtrate for clarification of the extract



(Cichewicz and Thorpe, 1996; Taylor et al., 1996).

Another common method is serial exhaustive extraction
which involves successive extraction with solvents of
increasing polarity from a non polar (hexane) to a more
polar solvent (methanol) to ensure that a wide polarity
range of compound could be extracted (Green, 2004).
Other researchers employ soxhlet extraction of dried
plant material using organic solvent (Kianbakht and
Jahaniani, 2003). This method can not be used for
thermolabile compounds as prolonged heating may lead
to degradation of compounds (de Paira et al., 2004).

EXPERIMENTAL APPROACHES
Efficacy of phytochemicals as antimicrobial agent

Multiple factors affect the outcome of antimicrobial
efficacy of plant products by in vitro susceptibility test.
Standardization is required for intra and inter-laboratory
tests to minimize the significant influence of different
methods employed (EUCAST, 2003). Standard criteria
for in vitro evaluation of antimicrobial activity of plants
differ among authors. Results obtained from antimicrobial
efficacy of plant extract is often difficult to compare with
published results due to the influence of several factors,
that is, environment and climatic conditions during plant
growth, choice of plant extracts, choice of extraction
methods, antimicrobial tests employed, and on test
microorganisms (Nostro et al., 2000; Hammer et al.,
1999). The beneficial medicinal effect of plant materials
basically results from the secondary products present in
the plant and is not usually attributed to a single com-
pound but a combination of the metabolites (Parekh et
al.,, 2005). The phytochemicals may also specifically
found in certain taxa of plants and vary in presence
among different parts of plant tissues (Gottlieb, 1990).

Methods for evaluation of efficacy of plant extract

In vitro antimicrobial susceptibility testing

The antimicrobial susceptibility test (AST) is an essential
techniqgue in modern biological science. It is used in
pathology to determine resistance of certain microbial
strains to different antimicrobials and in pharmacology
research it is used to determine the efficacy of novel
antimicrobials from biological extract against different
microorganisms. The various AST methods employed by
researchers worldwide could led to variations in results
obtained as AST methods are widely employed now a
days to screen the plant extracts for antimicrobial activity
and to determine Minimum Inhibitory Concentration (MIC)
of the antimicrobial substance.

Although current standard AST methods approved by
various organizations like National Committee for Clinical
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Laboratory Science (NCCCLS), British Society for
Antimicrobial Chemotherapy (BBSAC) and the European
Committee for Antimicrobial Susceptibility Testing
(EUCAST) exist, for guidelines of antimicrobial suscep-
tibility testing of convenient drugs, these might not be
exactly applicable to plant extracts and modifications
have to be made (Hammer et al., 1999). AST standard
tests are broadly classified into diffusion and dilution
methods for convenience. Diffusion tests include agar
well diffusion, agar disk diffusion, poison food technique,
and bioautography, while dilution methods include agar
dilution, broth microdilution and broth macrodilution
technique (Tenover et al., 1995).

Agar disk diffusion assay

The Agar disk diffusion method of antimicrobial test was
developed in 1940 (Heatley, 1944). The procedure which
was accepted by NCCLS and widely used now a days, is
a modification of that described by Bauer, Kirby, Sherris
and Truck (commonly known as Kirby-Bauer test) (Bauer,
et al., 1959, 1966). The Agar disk diffusion technique has
been widely used to assay plant extract for antimicrobial
activity (Freixa et al., 1996; Salie et al., 1996; Ergene et
al., 2006). In this method, 6 mm sterilized filter papers
disks (Whatmann No. 1) are saturated with filter sterilized
(Salie et al., 1996) plant extract of desired concentration.
The impregnated discs are then placed onto the surface
of a suitable solid agar medium like Mueller Hinton
(Mueller and Hinton, 1941), Trypton soy agar (Lourens et
al., 2004) or Nutrient agar (Doughari, 2006). The media
has been pre-inoculated with test organisms. The stan-
dard inoculum size is of 1 x 108 CFU/mI of bacteria for
inoculating diffusion plates (Baris et al., 2006) which is
equal to McFarland 0.5 turbidity standard. Some resear-
chers impregnate the paper disk with plant extract before
putting on the inoculated plates (Lourens et al., 2004;
Salie et al., 1996) while others prefer after (Nostro et al.,
2000; Baris et al., 2006). The drying time of impregnated
paper disk varies among researchers from 2 h to over-
night under a laminar flow cabinet (Basri and Fan, 2005).
Plates are then incubated for 24 h at 37°C (bacteria) and
48 h at 25°C (fungi) (Salie et al., 1996; Baris et al., 2006).
After incubation, zone diameter is measured to the
nearest whole millimeter at the point wherein there is a
prominent reduction of 80% growth.

Agar well diffusion assay

The principle of agar well diffusion is similar to that of
agar disk diffusion assay. A standardized concentration
of inoculum with fixed volume is spread evenly on the
surface of gelled agar plate. A hole which ranges from 6 -
8 mm in diameter is punched with a sterile cork borer
aseptically in the middle. A fixed volume of plant extract
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is then introduced into the bored agar well and incubated
at optimum temperature and duration depending upon
the test microorganism (Mbata et al., 2006; Norrel and
Messely, 1997)

Poison food technique

Generally antifungal activity is determined by poisoned
food technique (Grover and Moore, 1962; Mishra and
Tiwari, 1992; Nene and Thapliyal, 2000). Five-day old
fungal culture is punched aseptically with a sterile cork
borer of generally 7mm diameter. The fungal discs are
then put on the gelled agar plate. The agar plates have
been prepared by impregnating desired concentration of
plant extract at a temperature of 45 - 50°C. The plates
are then incubated at temperature 26 + 1°C for fungi. Co-
lony diameter is recorded by measuring the two opposite
circumference of the colony growth. Percentage inhibition
of mycellial growth is evaluated by comparing the colony
diameter of poisoned plate (with plant extract) and non-
poisoned plate (with distilled water) and calculated using
the formula given below (Verma and Kharwar, 2008);

Mycellial growth (coniroy = Mycellial growth greatmen)

_ X100
Mycellial growth (contro

Spore germination assay

In addition to the above mentioned assays, antifungal
activity of plant extracts can be evaluated by spore
germination assay using the slide technique (Nair, et al.,
1991). Plant extract of desired concentration and volume
are added to the surface of dried slides as a film or in a
cavity of a cavity slide. Fixed volume and standard con-
centration of spore suspension of test fungi are spread
over the film whereas in controlled treatment, distilled
water is added in place of spore suspension. Slides are
then placed on a glass rod in Petri dish under moistened
conditions and incubated for 24°C. After incubation,
slides are fixed in lacto phenol cotton blue and observed
microscopically for spore germination. Percentage spore
germination is calculated according to the following
formula.

% Spore Germination = _Germinated spores (No.)

X 100
Total Spores (No.)

Broth microdilution

The microtitre plate or broth microdilution method has
provided potentially useful technique for determining
Maximum Inhibitory Concentration (MIC) of large num-

bers of test samples. MIC in microbiology is the lowest
concentration of antimicrobials that will inhibit the visible
growth of microorganisms after overnight incubation. MIC
is important in diagnostic laboratories to confirm resis-
tance of microorganisms to an antimicrobial agent and
also to monitor the activity of new antimicrobial agent. In
the microtitre plate method, a stock solution of the extract
is first obtained in solvent (Grierson and Afolayan, 1999)
or in DMSO (Salie et al., 1996; Nostro et al., 2000; Baris
et al., 2006). Mueller Hinton broth or water is often used
as a diluent in the wells of the microtitre plate before tran-
sferring an equal volume of stock solution to the plate.
EUCAST (2003) recommends certain supplemented
Mueller Hinton broth for non-fastidious microorganisms.

Two fold serial dilutions are made from the first well to
obtain a concentration range. MIC-5-8 concentration
can represent achievable concentrations for the used
antimicrobials (Mendoza, 1998). The inoculum size for
this procedure is usually 1 x 10° CFU/ml (Lourens et al.,
2004, Basri and Fan, 2005). Some researchers have
used microbial culture with an optical density of 0.4 at
620 nm or a 12 h broth culture adjusted to a 0.5
McFarland turbidity standard (Baris et al., 2006). An
equal volume of microbial culture is added to the wells
and incubated at 37°C for 24 h (Lourens et al., 2004).
After incubation, plates are examined for changes in
turbidity as an indicator of growth. The first well that
appears clear is taken to be the MIC of the extract. Some
researchers use indicators like tetrazolium salts or
resazurin dye (Umesh et al., 2005) or spectophotometry
to determine presence of growth (Devienne and Raddi,
2002; Matsumoto et al.,, 2001). For spectophotometric
method the absorbance is usually at 620 nm with nega-
tive control as blank (Salie et al., 1996). Concentration
with sharp decline in absorbance value (Devienne and
Raddi, 2002) or the lowest concentration which gives a
zero absorbance reading (Salie et al., 1996) is the MIC of
the plant extract or the test phytochemical.

Broth macrodilution assay

The basic principle of this assay is the same as the broth
microdilution assay. But the test is performed in a test
tube. In macrodilution assay, a set of test tubes with
different concentrations of plant extract with the same
volume are prepared. Tubes are inoculated with test
microorganisms of standard concentrations as discussed
above. After incubation, tubes are examined for changes
in turbidity as an indicator of growth. MIC of the plant
extract or the test phytochemical can be determined
using the above discussed methods.

Bioautography

Bioautography is a very convenient way of testing plant



extracts and pure phytochemical compounds for their
effect on both human pathogenic and plant pathogenic
microorganisms. It can be employed in the target directed
isolation of active constituents (Hostettmann, 1999).
Bioautography is also employed as a preliminary
phytochemical screening technique, by bioassay guided
fractionation, to detect active components (Nostro et al.,
2000; Schmourlo et al., 2004).

Paper chromatography followed by bioautography was
used for the first time in 1946 by Goodal and Levi to
estimate the purity of penicillin (Goodall, et al., 1946). In
this method, developed paper chromatogram was placed
onto the inoculated agar layer enabling the diffusion of
antibiotics from paper to agar containing microorganisms.
Thin layer chromatography - bioautography was intro-
duced by Fisher and Lautner et al., 1961. Bioautography
methods are usually grouped into three categories, agar
diffusion or contact bioautography, immersion or agar-
overlay bioautography and direct bioautography (Rios et
al., 1988).

Agar diffusion or contact bioautography

In contact bioautography, antimicrobials are diffused from
a thin layer chromatographic plate (T.L.C.) to an inocu-
lated agar plate. The chromatogram is placed onto the
inoculated agar layer and left for some time to enable
diffusion. Then the chromatogram is removed and the
agar layer is incubated. The inhibition zones are
observed on the agar surface in places where the spots
of antimicrobials are stuck to the agar. The method
resembles a disk assay.

Immersion or agar overlay bioautography

In this method the chromatogram is covered with a mol-
ten, seeded agar medium. After solidification, incubation
and staining (usually with tetrazolium dye), the inhibition
or growth bands are visualized (Harborne, 1973, 1989,
1992). Agar overlay is a hybrid of contact and direct
bioautography.

Direct bioautography

A determined amount of plant extract is applied to silica
60 gel plates and developed with an appropriate solvent
system to separate the phytochemicals. A suspension of
test bacteria is sprayed onto the T.L.C. plate. Some
authors reported using an inoculum of 0.84 absorbance
at 560 nm. (Meyer and Dilika, 1996) while others reported
using a suspension of 10° CFU/ml (Schmourlo et al.,
2004). The bioautogram is then incubated at 25°C for 48
h in humid conditions. For visualization of microbial
growth, tetrazolium salts (e.g., MTT) are used (Silva et al.,
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2005), which are converted by the dehydrogenases of
living microorganisms to intensely colored formazen.
These salts are sprayed onto the bioautogram and are
re-incubated at 25°C for 24 h (Meyer and Dilika, 1996) or
at 37°C for 3 - 4 h (Dilika et al., 1996; Runyoro et al.,
2006). Clear white zones against a purple background on
the T.L.C. plate indicate antimicrobial activity of the
extract.

Conclusion

Plants contain thousands of constituents and are
valuable sources of new and biologically active molecules
possessing antimicrobial property. The ethno-botanical
study of plant is important for modern day medicine but
its usefulness cannot be overemphasized if methods are
not standardized to obtain comparable and reproducible
results. At present, scientists are investigating for plant
products of antimicrobial properties. It would be advanta-
geous to standardize methods of extraction and in vitro
antimicrobial efficacy testing so that the search for new
biologically active plant products could be more syste-
matic and interpretation of results would be facilitated.
Thousands of phytochemicals which have inhibitory
effects on all types of microorganisms in vitro should be
subjected in vivo testing to evaluate the efficacy in
controlling the incidence of disease in crops, plants, and
humans. Efficient collaborations with pharmacologists
and medical doctors, plant pathologists and micro-
biologists are crucial to see the complete development of
an interesting lead compound into an exploitable product.
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