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ABSTRACT
Background: Although literature reports the therapeutic properties of Encephalartos ferox,
there are limited pharmacological studies of its fruit. Objective: This study sought to evaluate
the antibacterial, antioxidant, anti-quorum sensing, and in vitro cytotoxic activities of the
methanolic E. ferox fruit extract. Methods: The chemical constituent of the methanolic fruit
extract was analysed using gas chromatography-mass spectrometry. Antibacterial activity of
the extract was investigated against Staphylococcus aureus (ATCC 25923), Bacillus cereus
(ATCC 10102), Escherichia coli (ATCC 25922) and Pseudomonas aeruginosa (ATCC 27853) using
the broth dilution method. The standard 2.2-diphenyl-1-picrylhydrazyl (DPPH) and 2.2-azinobis
(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) methods were used to evaluate the scavenging
activities of the extract. Anti-quorum sensing activity was assessed against biosensor strainChromobacterium violaceum (ATCC 12472). Cytotoxicity in HepG2 cells was investigated using
the tetrazolium-based colorimetric (MTT) assay. Results: The extract revealed eight volatile
compounds with cis-Vaccenic acid (87.06%) and 9-Octadecenoic acid, 1,2,3-propanetriyl
ester (5.21%) as the major components. Antibacterial activity against all tested strains with
minimum inhibitory concentration range of 1.56 - 12.5 mg/mL was observed. The DPPH and
ABTS assays demonstrated scavenging activities with the median inhibitory concentration
(IC50) values of 0.09 mg/mL and 0.003 mg/mL, respectively. The extract also displayed strong
anti-quorum sensing activity with 93% inhibition of violacein production at 25 mg/mL. A
half maximum inhibitory concentration (IC50) of 5370 µg/mL was computed in HepG2 cells.
Conclusion: The extract has potential to be used as a source of therapeutic compounds in
pharmaceutical applications.
Key words: Antibacterial, Anti-quorum sensing, Antioxidant, Cytotoxicity.

INTRODUCTION
New and re-emerging infections due to pathogenic
microorganisms such as viruses, bacteria and
fungi still present high mortality and morbidity
rates per year, especially in developing countries.1
Moreover, despite the big strides in discovery of
novel antimicrobial compounds, resistance to
antimicrobials by microorganisms is still on the
increase.2 New resistance mechanisms are emerging
globally, threatening the ability to treat common
infections. Resistant microorganisms that arise due
to mutation tend to grow exponentially and transfer
their resistant genes to others.3 Major reasons
for the increasing prevalence of antimicrobial
resistance are inappropriate use of antimicrobials,
inadequate antimicrobial dosage, poor quality
drugs and excessive use of antimicrobials.4 Thus,
to confront this challenge, new antimicrobials
which are characterised by improved selectivity,
potency and less toxicity compared to the existing
antimicrobials are highly needed.
Plant-based products are recognized as alternative
resources of diverse chemical compounds
that display potent biological profiles and
pharmacological actions.5 According to the World
Health Organisation (WHO), more than 80% of
the population in developing countries rely on
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medicinal plants for therapy.6 This is because of their
better acceptability with human physiology, costeffectiveness, accessibility and fewer side effects.7
Plants’ medicinal products are reported to possess
a broad spectrum of pharmacological activities
such as antioxidant, antimicrobial and anticancer
activities without repercussions.8 The pronounced
pharmacotherapeutic effects are perceived to be
due to their diverse bioactive compounds. Among
these compounds are alkaloids, saponins, tannins,
glycosides and flavonoids. Antimicrobial compounds
exert their actions through alteration or disruption of
cell membrane structures and inhibition of cell wall,
protein and nucleic acid biosynthetic processes.10
The pharmacological and physiological potentials of
bioactive compounds do also depend on their ability
to inhibit quorum sensing among microorganisms.
Quorum sensing (QS) is a communication system
between microbial cells.11 It enables microorganisms
to recognise and react to the size of the surrounding
population. Gram negative microorganisms produce
acyl-homoserine lactones (AHL) as signal molecules
for communication.12 QS regulates gene expression,
production of vital pigments, biofilm formation
and other factors that contribute pathogenicity
of
microorganisms.13
Anti-quorum-sensing
compounds reduces microbial virulence without
inhibiting microbial growth.
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Excess reactive oxygen species (ROS) can damage biomolecules such as
nucleic acids (DNA and RNA), lipids, carbohydrates and proteins in the
body, leading to homeostatic disruption and various sicknesses.14 Plants’
secondary metabolites are recognised for their antioxidant properties.15
Antioxidants are free radical scavengers. They have the ability to either
prevent the generation of ROS directly, scavenge the produced ROS,
act as reducing agents or quenchers of singlet oxygen. They exert their
effect either by electron donation, gene expression regulation or metal
ion chelation.16 Antioxidants exhibit a wide range of biological effects
that include nucleic acids` protection, anti-aging, antibacterial and
anticancer activities.14 Polyphenols, carotenoids and vitamin E and C
are the mostly abundant natural antioxidants from plant materials.17
Although much attention has been given to plant based products due
to their therapeutic properties, there are limited studies focusing on
their toxicity levels.11 However, it is important to evaluate their toxicity
threshold before use for safety reasons. This is because plant-based
products may be toxic even in small dosages, leading to adverse effects
and even death.18
Encephalartos ferox is a cycad belonging to the Zamiaceae family. It
is endemic in the northern KwaZulu Natal, South Africa.19 The plant
parts, especially the leaves are used as prophylaxis for various ailments.
Its leaves are used to treat oestrogen-dependent tumours and diabetes.20
The leaves have been scientifically proven to possess antidiabetic and
antioxidant activities.21 However, to our utmost knowledge, there are
no studies reporting on the medicinal properties of its fruit. Our study
aimed to investigate the antibacterial, anti-quorum sensing, antioxidant
activities and in vitro cytotoxicity of E. ferox fruit using standard
methods.

MATERIALS AND METHODS
Chemicals and media
All the chemicals and media used in this study were of analytical grades
and were procured from Sigma Aldrich Co. Ltd (Steinheim, Germany)
and Merck (Ltd) Pty.

Microorganisms
The bacterial strains (Staphylococcus aureus (ATCC 25923), Bacillus
cereus (ATCC 10102), Escherichia coli (ATCC 25922) and Pseudomonas
aeruginosa (ATCC 27853)) were obtained from the Microbiology
Laboratory, University of Zululand, South Africa.

Fruit preparation and extraction
The healthy fruit (cone) of E. ferox was collected from Manguzi in
KwaZulu-Natal (28 °45 ′S31 °54 ′E) and transported to the University
of Zululand, South Africa. The cone was authenticated by Dr. Ntuli,
Department of Botany, University of Zululand, KwaDlangezwa at
the University Herbarium. The plant sample was assigned specimen
number VH04 and was deposited at the University herbarium. The fruit
was washed in tap water, dried at room temperature and milled to a fine
powder. Fruit material (20 g) was extracted with 200 mL of methanol.
The extract was filtered using Whatman No.1 filter paper before
being transferred into pre-weighed glass containers. The solvent was
evaporated under a stream of air in a fume hood at room temperature
to quantify extraction efficacy.

raised by 5 °C per minute to 220 °C. The injector temperature was set
at 250 °C, and the flow rate of helium gas was 1.0 mL per minute, with
a 10:1 split ratio. The MS system had an ion source temperature of 250
°C and voltage of 70 eV.23

Panel of microorganisms
The extract was evaluated for its antibacterial activity against two Gram
positive bacteria: Staphylococcus aureus (ATCC 25923) and Bacillus
cereus (ATCC 10102) and two Gram negative bacteria: Escherichia
coli (ATCC 25922) and Pseudomonas aeruginosa (ATCC 27853). Prior
to the antibacterial activity tests, each of the bacterial strains were
resuscitated on nutrient broth and nutrient agar and incubated at 37 °C.
The overnight cultures were inoculated with a sterile inoculating loop
into glass tubes of sterile saline solution and vortexed. The turbidity of
the bacterial suspensions was adjusted to McFarland standard (1.5 X 106
colony forming unit/mL) using a spectrophotometer (SpectroquantPharo 100).

Minimum inhibitory concentration (MIC)
The MIC of the extract was determined using broth dilution method
in a sterile 96-well plate. Mueller-Hinton broth of 100 μL was added
to each and 100 μL (100 mg/mL) of the fruit extract was added to the
first row of the 96-well plate. Serial dilution was performed to vary
the concentrations (50 – 0.3 mg/mL). About 100 μL of the bacterial
suspensions were separately pipetted into the wells. Thereafter, the
plate was incubated at 37 °C. After overnight incubation, 40 μL of
p-iodonitrotetrazolium violet (0.2 mg/mL) was added into each well
and incubated at 37 °C for 30 minutes. The lowest concentration that
inhibited bacterial growth was considered as the MIC.24

Minimum bactericidal concentration (MBC)
Bactericidal effect of the extract was evaluated on nutrient agar. Briefly,
each well that demonstrated no visible bacterial growth during MIC
evaluation were streaked on nutrient agar. Thereafter, the agar plates
were incubated at 37 °C for 24 hours. The lowest concentration to
induce a cidal effect on the tested strains was considered as MBC.18

Anti-quorum sensing activity
The effect of the extract on inhibition of violacein production by
the biosensor bacterial strain- Chromobacterium violaceum (ATCC
12472) was assessed using Lysogeny broth (LB). An overnight culture
of C. violaceum (ATCC 12472), adjusted to McFarland standard (1.5
X 106 colony forming unit/mL), was pipetted into autoclaved LB (3
mL), containing different concentrations of the extract (0.39 - 25 mg/
mL). The different mixtures were incubated at 37 °C for 24 hours.
Each mixture (2 ml) was centrifuged (13,000 rpm, 15 minutes) to
precipitate violacein. The supernatant was discarded and the pellet was
re-suspended in 2 ml of 10% DMSO and vortexed. The solutions were
centrifuged at 13,000 rpm for 15 minutes. A microplate reader was then
used to measure the violacein at the optical density (OD) of 585 nm. C
violaceum (ATCC 12472) culture that was not treated with the extract,
served as a control. The formula used for the determination of the
violacein inhibition was as follows: Violacein inhibition (%) = (OD585 nm
– OD585 nm test) / OD585 nm control ×100.25
control

Phytochemical analysis

2, 2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging
assay

Phytochemistry tests were done to identify the chemical constituents
of the plant extracts. Well established methods for qualitative analysis
of phytochemicals were used to screen the crude fruit extract.22 The
volatile components of the methanolic fruit extract was analysed
using gas chromatography-mass spectrometry (GC-MS). The GC oven
temperature was initially set at 40 °C for 3 minutes and subsequently

The DPPH free radical scavenging activity of the fruit extract was
determined in a sterile 96-well plate.26 The DPPH (0.02 mg/mL) was
mixed (1:1 v/v) with different concentrations of the extract. Each mixture
was made to stand for 30 minutes in darkness at room temperature (25
ºC) and the absorbance was read at 517 nm using microplate reader. The
extract without DPPH served as blank while ascorbic acid (AA) and
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butylated hydroxyl anisole (BHA) were used as the positive controls.
The percent inhibition of DPPH radical was calculated by the following
formula: % DPPH scavenging activity = [Ao – A1 / Ao] × 100 where,
A1 and Ao equal the absorbance recorded at 517 nm of the control and
the test, respectively. The median inhibitory concentration (IC50) of the
extract against DPPH was calculated graphically.

2,2'-azino-bis-3-ethylbenzothiazoline-6-sulfonic
(ABTS) radical scavenging assay

acid

The ABTS free radical scavenging activity of the fruit extract was
investigated using serial dilution method.27 ABTS solution (0,003
g/mL) was mixed (1:1 v/v) with different concentrations of the fruit
extract. The mixtures were made to stand for 15 minutes at 25 ºC
and the absorbance was read at 734 nm using microplate reader. The
extract without ABTS solution served as blank. Ascorbic acid (AA) and
butylated hydroxyl anisole (BHA) were used as the positive controls.
The percent inhibition of ABTS radical was calculated by the following
formula: % ABTS scavenging activity = [Ao – A1 / Ao] × 100 where, A1
and Ao equal the absorbance recorded at 734 nm of the control and
the test, respectively. The median inhibitory concentration (IC50) of the
extract against ABTS was calculated graphically.

Cytotoxicity assay of the extract
The cytotoxicity of the extract to human hepatocellular carcinoma
(HepG2) cells was investigated using the methylthiazol tetrazolium
(MTT) assay. HepG2 were grown to confluency in 25 cm3 flasks using
complete culture medium (CCM: EMEM, 10% foetal calf serum,
1% L-glutamine, 1% Penstrep-fungizone). Confluent cells were
trypsinized and seeded into a 96-well plate (2x104 cells / 200µl CCM
/ well) in triplicate for each treatment. Cells were allowed to adhere
and acclimatise for 24 hours at 37 oC. The CCM was then removed and
the treatment extract (0 – 10,000 µM) was added to the wells. After
24 hours treatment, the treatment medium was removed, then 100 µl
fresh CCM and 20 µl of MTT reagent (5 mg/ml in PBS) was added to
each well. After 4 h at 37 °C, the MTT solution was aspirated from the
wells and the formazan crystals were solubilized in 100 µL of dimethyl
sulfoxide (DMSO). The amount of MTT reduction was measured by
reading the optical density (OD) of the samples at 570 / 690 nm using
the BioTek µQuant microplate reader (USA). The formula used for
the evaluation of the cell viability was: Cell viability (%) = (OD treated
/ OD untreated cells ×100. The half maximum inhibitory concentration
cells
(IC50) which represents how much of the extract was needed to reduce

metabolic activity by 50% was derived from GraphPad Prism (V5)
using linear regression analysis.

Statistical analysis
Experiments were all done in triplicate and data was expressed as mean
± standard deviation. The statistical analyses were performed by oneway analysis of variance and considered to be significantly different at
p < 0.05.

RESULTS AND DISCUSSION
The phytochemical analysis revealed the biologically active compounds
that possess health benefits. The fruit extract contained tannins,
flavonoids, alkaloids and saponins (Table 1). It was deficient of steroids.
The results were confirmed in another study wherein the presence of
almost all the tested phytochemicals were present, except for saponins
and steroids from E. ferox leaf extract.21 The detected phytochemicals
have been reported in literature to possess pharmacological properties
that include antibacterial, antioxidant, anti-quorum sensing and
cytotoxic activities.29,30
GC-MS chromatogram profile of the methanolic fruit extract showed
a total of 8 volatile compounds (Table 2 and Figure 1). The major
components were cis-Vaccenic acid (87.06%), 9-Octadecenoic acid,
1,2,3-propanetriyl ester (5.21%), 4H-Pyran-4-one, 2,3-dihydro-3,5dihydroxy (2.13%), 9-Hexadecenoic acid (2.12%) and Pentadecanoic
acid (1.61%). Other compounds were 10-Octadecenoic acid, methyl
ester (0.91%), Hexadecanoic acid, 2-hydroxy-1-(hydroxym) (0.81%)
and 11, 14-Eicosadienoic acid, methyl ester (0.18%). Some of these
compounds have been recognised for possession of pharmaceutical
properties. cis-Vaccenic acid is an omega-7 fatty acid reported to
possess anti-inflammatory, antibacterial and hypolipidemic activities.31,
32
The compound 9-Octadecenoic acid, 1,2,3-propanetriyl ester is an
immune modulator with anti-spasmodic activity,33 whereas 4H-Pyran4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl has strong antimicrobial,
antioxidant, anti-proliferative and anti-inflammatory activities.34
9-Hexadecenoic acid and 10-octadecanoic acid methyl ester are
reported to possess antimicrobial effects.35 Pentadecanoic acid is an
adhesive and sealant compound with protective effects against type
2 diabetes.36 The specific biological activity of the fatty acid ester
(Hexadecanoic acid, 2-hydroxy-1(hydroxyl methyl) ethyl ester) is
unknown.37 However, it was assumed that it might have contributed
to the profound activities shown by E. ferox fruit extract in this study.

Table 1: Phytochemical constituent analysis E. ferox fruit material.
Phytochemicals
Alkaloids
Flavonoids
Glycosides
Saponins
Steroids
Tannins

E. ferox fruit material
+
+
+
+
+

Key: + denotes presence and – denotes absence
Table 2: Volatile compounds constituent of E. ferox fruit extract.
Number
1
2
3
4
5
6
7
8
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Name of compounds
4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl
9-Hexadecenoic acid
Pentadecanoic acid
11,14-Eicosadienoic acid, methyl ester
10-Octadecenoic acid, methyl ester
cis-Vaccenic acid
Hexadecanoic acid, 2-hydroxy-1-(hydroxymethyl) ethyl ester
9-Octadecenoic acid, 1,2,3-propanetriyl ester

Area (%)
2.13
2.12
1.59
0.18
0.91
87.06
0.81
5.21
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Figure 1: A GC-MS chromatogram peak profile of methanolic Encephalartos ferox fruit extract.

The component 11, 14-Eicosadienoic acid, methyl ester is recognised
as a fragrance and flavouring compound. It is also reported to have
antioxidant, anti-arthritic, anti-coronary and anti-inflammatory
activities.38 The presence of these compounds makes E. ferox fruits a
source of beneficial bioactive compounds.

The extract might have exerted anti-QS activity by interrupting AHL
synthase, modified AHL or blocked AHL signal receptors.41 Anti-QS
activity was attributed to the detected phytochemicals, such as tannins.
Plant extracts rich in tannins are reported to demonstrate anti-QS
activity.42

Minimum bactericidal concentration (MBC)

Antioxidants activity

The extract showed broad spectrum of antibacterial activity against all
tested strains. S. aureus (ATCC 25923) and B. cereus (ATCC 10102)
were the most susceptible strains against the extract with the lowest
MIC value of 1.56 mg/mL (Table 3). P. aeruginosa was the most
resistant strain to the extract and had the MIC value of 12.5 mg/mL.
Based on the results, Gram positive strains were more sensitive to the
extract in comparison to the Gram negative strains. This could be due
to the difference in the cell walls of these classes of bacteria. Gram
negative bacterial strains are often resistant to most antimicrobial
agents due to their outer membrane, which tends to exclude some
antimicrobials from penetrating the bacterial cells by acting as a
selective barrier.39 The extract demonstrated MBC value greater than
50 mg/mL against all tested strains. This implied that the extract has
only bacteriostatic effect and not bactericidal effect against all tested
strains at the utilized concentrations. Nevertheless, the results imply
that the extract has potential to be used as health beneficial source of
therapeutic antibacterial compounds, especially against Gram positive
bacteria. The profound activity of the extract was related to the detected
phytochemicals.

The antioxidant activity of the extract was evaluated by free radical
DPPH and ABTS methods. The extract exhibited maximum DPPH
scavenging activity of 80% at 0.04 mg/mL and displayed IC50 value
of 0.09 mg/mL (Figure 3). It had a higher IC50 for DPPH compared
to AA and BHA, which both had IC50 value of 0.004 mg/mL. It also
demonstrated the highest ABTS scavenging activity of 91% at 0.005
mg/mL with IC50 value of 0.003 mg/mL (Figure 3). Its IC50 on ABTS
scavenging activity was lower than those of AA (IC50 = 0.03 mg/mL)
and BHA (IC50 = 0.05 mg/mL). Molyneux classified antioxidant activity
where the highly active compounds have IC50 values <0.05 mg/mL, the
active category have IC50 values of 0.05-0.1 mg/mL, medium category
have IC50 values of 0.1-0.15 mg/mL, and weak categories have IC50
values of 0.151-0.2 mg/mL.43 Thus, the fruit extract is highly effective
against ABTS radicals and active for DPPH radicals. The pronounced
antioxidant activity of the extract, especially on ABTS radicals was
attributed to the synergistic action of the detected bioactive compounds
within the extract. Thus, the displayed scavenging activity suggested
that the extract has good potent ABTS and DPPH scavenging activity
and should be explored as novel source of antioxidant compounds.
The results were confirmed in another study wherein methanolic leaf
extract of E. ferox displayed good antioxidant activities for DPPH and
ABTS.21

Anti-quorum sensing activity
QS mechanism regulates to bacterial virulence and pathogenicity.31
Thus, QS targeting could be an alternative way to control pathogenic
bacteria and reduce the prevalence of antimicrobial resistance. The antiQS activity of the fruit extract was investigated against C. violaceium
(ATCC 12742). The violacein inhibition was concentration dependant;
as the concentration of the extract increased, the violacein production
decreased (Figure 2). The extract revealed maximum violacein
inhibition of 93% at 25 mg/mL and the IC50 value of 0.5 mg/mL. Crude
extracts are regarded highly active when their anti-QS activity is ≥ 90%,
moderate in the range of 40-89 %, and weak when it is < 40%.40 Thus,
the cone extract was highly active against violacein production without
necessarily inhibiting the growth of C. violaceium (ATCC 12742).
Pharmacognosy Journal, Vol 12, Issue 5, Sep-Oct, 2020

Cytotoxicity of the extract
The employment of in vitro cytotoxicity and cell viability assays is
important in toxicology and pharmacology, in order to evaluate the
effects of chemicals on cell health.44 The MTT assay that measures the
reduction of MTT salt to formazan by healthy cells was used to evaluate
cell viability. Untreated control cells have a viability of 100% (Figure 4).
After treatment with low dose of the E forex, cell viability was increased
(Figure 4) indicating stimulation of metabolism. The highest viability
(118%) occurred between 250-750 µg/mL, but returned to ± 100%
at 2000 µg/mL. Subsequent increases in concentration of the extract
1193
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Table 3: Minimum inhibitory concentration and minimum bactericidal concentration of the extract.
Extract
Bacteria

MIC
(mg/mL)
1.56 ± 0
1.56 ± 0
6.25 ± 0
12.5 ± 0

S. aureus (ATCC 25923)
B. cereus (ATCC 10102)
E. coli (ATCC 25922)
P. aeruginosa (ATCC 27853)

Ciprofloxacin
MIC
MBC
(mg/mL)
(mg/mL)
25 ± 0
> 50 ± 0
25 ± 0
> 50 ± 0
25 ± 0
> 50 ± 0
25 ± 0
> 50 ± 0

MBC
(mg/mL)
> 50 ± 0
> 50 ± 0
> 50 ± 0
> 50 ± 0

Figure 2: Anti-quorum sensing activity of the fruit extract against
C. violaceium (ATCC 12742).

Figure 3. ABTS scavenging activities of the extract, BHA and AA (left) and DPPH scavenging activities of the
extract, BHA and AA (right). EF denotes extract, BHA denotes butylated hydroxyl anisole and AA denotes ascorbic
acid.
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Figure 4: Cytotoxic activity of the methanolic E. ferox fruit extract
against HepG2 liver carcinoma cells at different concentrations.
Following an initial increase in cell viability relative to the control,
a dose-dependent decrease in viability was obtained with
subsequent increases in concentration of the extract.
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(2500 – 5000 µg/mL) induced consecutive decreases in cell viability
until the lowest viability of ±26% was reached (7500 – 10000 µg/mL),
suggesting that the E forex phytochemicals are cytotoxic to HepG2
cells at these concentrations. The IC50 obtained was 5370 µg/mL; it
is at this concentration that metabolic activity was inhibited by 50%.
Thus, succinate dehydrogenase reduction of MTT salt using NADH for
reducing power was decreased.44 Succinate dehydrogenase forms part of
complex II of the electron transport chain and is therefore an important
contributor to electron transfer necessary for ATP production. When
ATP concentration is reduced, cells die with the mode of cell death
dependent on the severity of ATP depletion. The result suggests that
mitochondrial activity and ATP production was inhibited by more
than 25% at concentrations above 2500 µg/mL (Figure 4), and indicates
that these concentrations negatively impact cell function and would
therefore not be safe as an antibacterial therapeutic intervention for
gram negative bacteria. It further illustrates that the extracts could be
safely used as an antioxidant source, as the cytotoxic IC50 is several fold
higher than the concentration range that yields significant antioxidant
scavenging ability.

CONCLUSION
The methanol extract revealed the presence of most screened
phytochemicals. It exhibited antibacterial activity against all tested
strains with minimum inhibitory concentration range of 1.56 - 12.5
mg/mL. It demonstrated DPPH and ABTS scavenging activities with
low IC50 values of 0.09 mg/mL and 0.003 mg/mL, respectively. It
showed strong anti-quorum sensing activity by inhibiting violacein
production by 93% at 25 mg/mL. It also demonstrated safety for use
at concentrations lower than 2500 µg/mL. The profound biological
activities were attributed to the detected phytochemicals. Thus, the
extract has potential to be used as health beneficial source of non-toxic
therapeutic compounds. For future study, in silico, in vitro and in vivo
investigations of the individual phytochemicals are essential.
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