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Highlights

e Selected plant species were active against foodborne bacteria, with low cytotoxicity.

e Catha edulis acetone extract was strongly active against Enterobacter cloacae.

o Vachellia xanthophloea had excellent anti-biofilm activity against salmonella
typhimurium.

e Some extracts also had good antioxidant efficacy.



ABSTRACT

Foodborne pathogens are a major cause of concern as they are responsible for food spoilage or
microbial diseases, leading to economic loss to the food industry as well as health issues. The
problem of increased resistance to available antimicrobial agents, and the ability of the
microorganisms to form protective biofilms, strengthens their capacity to resist treatment. The
antimicrobial, anti-biofilm and antioxidant activities and cytotoxicity of six South African plants,
Carpobrotus edulis, Vachellia rehmanniana, Vachellia xanthophloea, Kigelia africana,
Elephantorrhiza elephantina and Ochna pretoriensis, were investigated. Plants were selected
based on traditional use against foodborne diseases or known antimicrobial activity. Serial
microdilution and crystal violet assays were used to assess the antimicrobial and anti-biofilm
potential of the extracts. Antioxidant activity of the extracts was determined against free radicals
in vitro, and a tetrazolium-based cell viability assay was used to investigate cytotoxicity. Extracts
were active against microorganisms implicated in causing foodborne diseases, with minimum
inhibitory concentration (MIC) values ranging from 0.02 to 2.5 mg/ml. Acetone extracts of V.
xanthophloea and C. edulis had noteworthy MIC values of 0.02 mg/ml against Enterobacter
cloacae. Most extracts selectively reduced biofilm growth by at least 50% against the foodborne
pathogens. The acetone extract of V. xanthophloea had the most significant anti-biofilm activity
against Salmonella Typhimurium. The methanol extract of V. xanthophloea and the acetone extract
of C. edulis had good antioxidant activity. Leaf extracts of the selected plants have useful
bioactivities coupled with lowcytotoxicity, providing impetus for further studies on possible

development of these plants as protective food additives against microbial attack or oxidation.
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Abbreviations

ABTS 2, 2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid)
ABF antibiofilm

CVS  crystal violet staining

DMSO dimethyl sulfoxide

DPPH 2, 2-diphenyl-1-picrylhydrazyl

INT  p-iodonitrotetrazolium chloride

TSA  Tryptic Soy agar

TSB  Tryptic Soy broth



1. Introduction

The problem of antibacterial resistance to antimicrobial agents and biofilm formation by pathogens
dates to the mass production of penicillin in 1945 (Shaughnessy, 2007; Davies and Davies 2010).
Today, antibacterial resistance has become a foremost concern in medicine all over the world.
Bacterial resistance does not only arise in a single class but also in several groups of antibiotics.
The resistance of microorganisms to antibiotics can be characterized into two forms: innate
resistance, which indicates certain microorganisms are inherently resistant to many antibiotics, and
acquired resistance, which can result from varied mechanisms like mutation and horizontal gene
transfer (Tenover, 2006).

Bacteria often act as a group despite being unicellular organisms. This occurs as a result of the
formation of biofilms, where individual bacterial cells perform different activities. There is a threat
of bacterial communities representing a progression in the impact between unicellular and non-
specialized organisms and multicellular organisms that operate in specialized ways by maintaining
their population density (McLean et al., 1997). Some organisms forming biofilms are associated
with food spoilage, for example, Staphylococcus spp., Bacillus spp., Pseudomonas spp.,
Salmonella spp., Escherichia coli, Campylobacter jejuni and Yersinia enterocolitica, amongst
others (Bridier et al., 2015).

Bacterial migration onto, and settlement of, non-living material (biofilm formation) has
detrimental effects in medicine. Additionally, some economic fields are also impacted, for
example, where there is growth on the wall of fermentation processes, contamination of food
processing equipment, contamination of water pipelines, industrial piping, ventilation, medical
devices and artificial organ contamination (pathological human tissues and organs). Generally,

nosocomial infections are caused by bacterial biofilm formation (Darouiche, 2004). Biofilms have



a notable effect on public health and food industries, as they contribute to the resistance of
antimicrobial agents and antiseptics on such film because they have been modified to survive as
sticky populations (Choisy, 2011). Sessile (sticky/adherent population) bacteria seem to be
protected in these hostile environments by growing as colonies encased in an extracellular matrix
of carbohydrate or exopolysaccharides. The sensitivity of biofilms to antibiotics and other
antimicrobial agents cannot be ascertained using a model microdilution technique. This is because
these tests rely on the response of the planktonic form of the organism rather than the surface-
associated (biofilm) stage of the organisms. The susceptibility, therefore, must be determined
directly against biofilm-associated organisms, preferably under in vivo circumstances (Costerton
et al., 1995, 1999; Mah and O’Toole 2001).

The United States of America (USA) National Institutes of Health (NIH) reported that among all
chronic and microbial infections, 65% and 80%, respectively, are caused by biofilm formation
(Jamal et al., 2018). This has made it necessary to investigate the adhesion processes of the
microorganism and surface contents, as microbial actions are probably the most prevalent cause
of food spoilage (Christensen et al., 2003).

Excess free radicals or reactive oxygen species (ROS) have been implicated in several diseases
like cancer, infertility, infectious diseases and other ailments (Ashafa et al., 2010; Choudhary et
al., 2010). Free radicals damage biological molecules like protein (enzymes), DNA, lipids and
carbohydrates, leading to oxidative stress and neurodegenerative diseases (Aderogba et al., 2013)
and food spoilage. Therefore, it is important to assess the free radical scavenging capacity of the
selected plants in preventing oxidation and their possible therapeutic value in preventing the
predisposition to oxidative stress that might result in weak immunity and subsequently increased

virulence of micro-organisms.



In this study, six South African plants were selected following a comprehensive literature review
based on earlier reported antibacterial activities, ethnopharmacological use, availability and
chemotaxonomic similarities to other plant species used traditionally for the management or
treatment of foodborne diseases such as diarrhoea (Table 1). Extracts of these plants were screened
for antibacterial and anti-biofilm activity against a range of bacteria implicated in causing
foodborne disease. The antioxidant activity and in vitro safety levels of the extracts of the plants

were also assessed for the detection of additional positive attributes.

2. Materials and methods

2.1. Plant material

The mature green leaves were harvested from adult plants growing at the National Botanical
Gardens at the South African National Biodiversity Institute (SANBI), Pretoria, during the winter
season. Plants collected included Carpobrotus edulis (L.) N.E.Br. (Aizoaceae), Elephantorrhiza
elephantina (Burch.) Skeels. (Fabaceae), Kigelia africana (Lam.) Benth. (Bignoniaceae), Ochna
pretoriensis E. Phillips. (Ochnaceae), Vachellia rehmanniana Schinz) Kyal. & Boatwr. (Fabaceae)
and Vachellia xanthophloea (Benth.) P.J.H. Hurter (Fabaceae). The plant samples were
appropriately cleaned and dried in a well-ventilated room at room temperature for two to four
weeks. Herbarium voucher specimens were prepared and deposited at the H.G.W.J. Schweickerdt
Herbarium (PRU), University of Pretoria, South Africa (Table 1). The dried plant material was
milled to a fine powder using a MacsalLab mill (Model 2000 LAB Eriez) and kept in glass jars in

the dark until required.



Table 1. Traditional uses of selected plants, their distribution and herbarium voucher numbers

Plant species Voucher numbers

Family and common names

Geographical distribution

Traditional uses

Carpobrotus edulis (L.) PRU 125173
N.E.Br. (Aizoaceae)

Sour fig; Hottentot fig

Elephantorrhiza PRU 125174

elephantina (Burch.) Skeels.
(Fabaceae)
Eland’s Wattle; elephant’s root

Kigelia africana (Lam.) Benth. PRU 125172
(Bignoniaceae)

Sausage tree

A native of South Africa and

naturalized in Britain

Widely distributed in Africa
(southern parts of Angola,
Namibia, Botswana,
Zimbabwe, Mozambique and
the South African provinces of
Limpopo, Northwest, Gauteng,
Mpumalanga, Free State,
KwaZulu-Natal, Northern
Cape and Eastern Cape as well
as Swaziland and Lesotho).
Widely distributed throughout

tropical Africa

Used traditionally to treat diarrhea,
dysentery and stomach cramps, eczema,
wounds, toothache, earache, and serves as
a valuable source of natural antioxidants
(Malan and Notten, 2006)

The root, aerial parts, and bulb are used for
diarrhea, heartwater, coughing and
pneumonia (Van der Merwe et al., 2001;

Van Wyk et al., 1997)

Used to treat several skin ailments like
fungal infections, boils, psoriasis, and
eczema. It is also used internally to treat

dysentery, ringworm, tapeworm, post-




Ochna pretoriensis E. Phillips.
(Ochnaceae)

Magalies plane

Vachellia rehmanniana
(Schinz) Kyal. & Boatwr.
(Fabaceae)

Silky acacia; silky thorn

Vachellia
xanthophloea (Benth.) P.J.H.
Hurter (Fabaceae)

Fever tree

PRU 125176

PRU 125170

PRU 125171

South Africa, Botswana

Botswana, Zambia, Zimbabwe
and Limpopo, Mpumalanga

and South Africa

Widely distributed across
South Africa

partum haemorrhage, malaria, diabetes,
pneumonia and toothache (Gill, 1992)
Although not used traditionally, leaf
extracts have excellent antibacterial
activity against a range of bacteria
(Makhafola et al., 2012; 2014)

Many Vachellia species (previously
Acacia) are used traditionally to treat
infections, diarrhoea and other bacterial
diseases (Van Wyk et al., 1997; Van Wyk
and Wink, 2018)

Used as medicine to treat high
cholesterol, diabetes, cancer, gingivitis,
mouth sores and pharyngitis

(Exotichealingherbs, 2012)




2.2. Plant extraction

The finely ground plant material was extracted following standard methods described by Eloff
(1998a). In brief, the various powdered plant materials were extracted separately with two
solvents, namely acetone and 80% methanol, in a ratio of 1:10 (w: v). Methanol (80%) and acetone
were selected because they have been used to extract antimicrobial metabolites of varying
polarities from plants (Cowan, 1999). Eloff (1998a) stated that acetone could extract both polar
and non-polar compounds in plants and has low toxicity to microorganisms in bioassays, while
80% methanol will extract more polar compounds. The mixtures were extracted at 25°C for 48 h
and filtered through Whatman No 1 filter paper. The supernatant was poured out into weighed
labelled glass vials. The extraction process was repeated twice on the same plant material for
exhaustive extraction. The solvent was evaporated in a Buchi Rotavapor (Labotec) under reduced
pressure at 40°C until left with a residue which was entirely dried under a stream of cold air and
used to calculate the percentage yield using the formula:

Percentage yield = (Mass of extract / Mass of powdered plant material) X 100

2.3. Bacterial strains and quantification

Gram-positive and Gram-negative ATCC bacterial strains and clinical bacterial strains were
obtained from the collection of the Phytomedicine laboratory in the Department of Paraclinical
Sciences, Faculty of Veterinary Science, University of Pretoria for use in this study. The bacterial
strains included: Salmonella enterica subsp. enterica subtype Typhimurium (S. Typhimurium,
ATCC 39183), Salmonella enterica subsp. enterica subtype Enteritidis (S. Enteritidis, ATCC
13076), Escherichia coli 1 (ATCC 25922), Escherichia coli 2 (clinical isolate), Staphylococcus

aureus (ATCC 29213), Campylobacter jejuni (ATCC 33560), Stenotrophomonas maltophilia



(clinical isolate), Klebsiella pneumoniae (clinical isolate) and Enterobacter cloacae (clinical
isolate). Besides these bacterial strains representing Gram-positive and Gram-negative categories,
they belong to the ecologically rich and common residents of the human body, including skin (S.
aureus) and gastrointestinal tract (E. coli), making them potential food contaminants.

The bacteria were grown in Miiller Hinton agar (MHA) (Fluka, Spain) and kept at 4°C. The
bacterial cultures were cultured in Miiller Hinton broth (MHB) for at least 12-16 h at an incubation
temperature of 37°C. MHA and MHB were used for the assessment of the minimum inhibitory
concentration. Tryptic Soy agar (TSA) and Tryptic Soy broth (TSB) were used in the minimum

bactericidal concentration and biofilm assays, respectively.

2.4. Bioassay for antibacterial activity

2.4.1. Assessment of minimum inhibitory concentration and minimum bactericidal concentration
The minimum inhibitory concentration (MIC) of the extracts was determined following the method
of Eloff (1998b). The extracts were tested at a starting concentration of 2.5 mg/ml (from a stock
concentration of 10 mg/ml) in a 96-well microtitre plate and serially diluted two-fold to 0.02
mg/ml. Following this, 100 pL of the overnight bacterial culture at a known inoculum
(standardized by measuring the absorbance of the diluted culture at 560 nm compared to Mcfarland
No. 1 standard) was added to each well. The positive control, gentamicin, with a serially diluted
concentration range between 0.5 to 0.004 mg/ml, was used as the reference drug for the assay. The
microtitre plates were covered with lids and parafilm and incubated overnight for at least 18 h at
37°C. After this, 40 uL p-iodonitrotetrazolium chloride (INT) (Sigma, 0.2 mg/ml), an indicator of
bacterial growth, dissolved in sterile distilled water was added to the wells and incubated at 37°C

for 1h. The MIC values were recorded as the lowest concentration of the extract that inhibited the
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growth of the bacteria, as indicated by a marked reduction in colour formation. The INT turns into
a red-pink formazan where bacterial growth is not inhibited. The assays were repeated three times,
with each concentration tested in triplicate.

The minimum bactericidal concentration (MBC) was assessed by adding aliquots of 50 pL of the
preparations from the concentrations which did not show any bacterial growth after incubation
during the MIC assay to 150 pL of freshly prepared TSB and spreading on a TSA plate. These
preparations were incubated at 37°C for 24h. The lowest concentration of the extract with no

bacterial growth (100% inhibition) was taken as the MBC value. This procedure was done

following the method of Cohen et al. (1998).

2.4.2. Total activity

The total activity, which indicates the degree to which the active compound in one gram of plant
material can be diluted and still inhibit the growth of the tested organisms (Eloff, 2004), was
determined using the formula below.

Total activity= (quantity of extract residue from 1 g of plant material in mg) / (MIC in mg/ml).

2.4.3. Anti-biofilm assay

2.4.3.1. Inhibition of biofilm formation

The inhibition of biofilm biomass formation was evaluated via the modified protocol described by
O’Toole and Kotler (1998), Sandasi et al. (2010), and Mohsenipour and Hassanshahian (2015)
with slight modification. Biofilm formation was attained by pipetting 100 pL of the respective
culture (ODso0= 0.02 or 1.0 x 10° CFU/ml) into a sterile flat bottomed 96-well microtitre plate and

sealing it with a sealing tape. Biofilms were allowed to form for 24 h (T24). One hundred microliter
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(100 pL) of the plant extract sample (at a final concentration of 1 mg/ml from a stock of 2 mg/ml)
and the respective controls were transferred to the wells of the sterile plate and incubated for 24 h
at 37°C without shaking. Suitable control wells were included in the plate: negative control
(culture+ TSB), positive control (culture + TSB + antibiotic), sample control (sample + TSB),
antibiotic control (antibiotic + TSB) and media control (TSB) for each test batch. After incubation,
the modified crystal violet staining (CVS) assay (Sandasi et al., 2010) was performed to assess the

biofilm biomass.

2.4.3.2 Crystal violet staining (CVS) assay
Firstly, the wells were carefully emptied and washed at least three times with sterile distilled water
to remove any unattached cells. The plates were then air-dried, and 150 pl of 96% methanol was
added to the wells for 15-20 min to fix the adherent cells. The plates were emptied, and the adhered
cells were stained with 100 pl of 0.1% crystal violet solution for 20 min at room temperature while
covered with the microtitre lids. The plates were washed at least five times with tap water to rinse
off any excess stain. Afterwards, the biofilm biomass was evaluated semi-quantitatively by re-
solubilizing the crystal violet stain bound to the adherent cells with 150 pl of 100% ethanol. The
absorbance of the plates after careful shaking was read at 590 nm using a microplate reader
(Epoch™  Microplate Spectrophotometer). The sample's mean absorbance (ODso) was
determined, and results expressed as percentage inhibition using the equation below (Mohsenipour
and Hassanshahian, 2015).

_ (P

% Inhibition = ((°°negative control — “°media control) sample —°Psample control)) X 100

(°Pnegative control — “media control)
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2.5. Antioxidant activity

2.5.1. Assay for free radical scavenging of DPPH radical

The DPPH (2, 2-diphenyl-1-picrylhydrazyl) assay was done according to the method described by
Gyamfi et al. (1999) with slight modifications. First, the optical density (OD) of the DPPH solution
was calibrated at 517 nm to between 0.9 and 1.00. Thereafter, the DPPH solution (160 pL) was
added to 40 pL of the different crude extracts at serially diluted concentrations (3.125—400 pg/mL).
The mixture was incubated in the dark for 30 min, and the absorbance measured at 517 nm using
a microplate reader (Epoch, Biotek). Ascorbic acid (Vitamin C) and Trolox were used as positive
controls. A low absorbance value of the solution showed a high free radical scavenging activity.
The percentage scavenging activity was calculated using the formula:

% DPPH scavenging activity = [(A0 — As)/A0] x 100

Where AO is the absorbance of the control (DPPH solution without sample), and AS is the
absorbance of the tested sample (DPPH plus sample). The 50% inhibitory concentration (ICso)
values of the extracts were determined using linear and non-linear regression curves, where
appropriate, of the percentage of scavenging activity against the actual or logarithm of
concentrations. Each test was done in triplicate, and results are presented as mean+ standard error

of the mean (SEM).

2.5.2. 2, 2"-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) electron reduction assay

The protocol outlined by Re et al. (1999) was employed to determine the ability of the extracts of
the selected plants to inhibit the ABTS radical. A stock solution of the ABTS radical was initially
prepared by dissolving the powdered ABTS (0.0720 g) in 20 ml of methanol and mixing with

separately prepared potassium persulfate (0.0132 g) dissolved in 20 ml of methanol and left at
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room temperature in the dark for 12—16 hr. The working solution was obtained by calibrating the
stock solution to obtain an optical density (OD) of 0.70 + 0.02 at 734 nm. The ABTS working
solution (160 puL) was mixed with the samples (40 pL) at serially diluted concentrations (3.125—
400 pg/mL), and the absorbance was measured after 7 min at 734 nm using a microplate reader
(Epoch, BioTek).

The percentage of scavenging activity was calculated using the formula:

% scavenging activity= {(AO- AS)/AO} X 100

The 50% inhibitory concentration (ICso) values of samples were determined using linear and non-
linear regression curves where necessary of the percentage of scavenging activity against the actual
or logarithm of concentrations. Ascorbic acid and Trolox were used as positive controls. Each test

was done three times, and the results presented as the mean + standard error of the mean (SEM).

2.6. Cytotoxicity

The 3-(4, 5-dimethylthiazolyl-2)-2.5-diphenyltetrazolium bromide (MTT) colorimetric assay was
used to measure effects on cell proliferation and cytotoxic level of the plant extracts using the
method described by Mosmann (1983) with slight modification (McGaw et al., 2007). MTT is a
yellow soluble dye reduced by live cells to a purple formazan product. The intensity of the colour
(measured spectrophotometrically) of the MTT formazan produced by metabolically active cells
is proportional to the number of live cells present. The extracts were tested for cytotoxicity against
Vero African green monkey kidney cells. The cells of a sub-confluent culture were harvested and
centrifuged at 200 x g for 5 min and re-suspended in the growth medium. Minimal Essential
Medium (MEM, Whitehead Scientific) supplemented with 0.1% gentamicin (Virbac) and 5%

foetal calf serum (Gibco, Sigma-Aldrich) was used as a growth medium. A total of 10 000 cells

14



were seeded in each well (in 100 pL of MEM) of columns 2 to 12 of a sterile 96-well microtitre
plate (Whitehead Scientific). A 100 puL aliquot of the growth medium (MEM) was added to wells
of column 1 and used as blank. The plates were incubated for 24 h at 37°C in a 5% CO: incubator.
The MEM was aspirated from the cells using a suction pump and replaced with 200 pL of the test
extracts at a range of concentrations (0.0075 mg/mlto 0.1 mg/ml), and the plates were incubated
at 37°C in a 5% CO:z2 incubator for a further 48 h. Each dilution was tested in quadruplicate.
Untreated cells and positive control (doxorubicin chloride, Pfizer Laboratories) were also included.
After incubation, the MEM containing the test substance was removed, and the cells were washed
with PBS, and fresh MEM (100 pL) added to each well. Then, 30 pL MTT (stock solution of 5
mg/ml in PBS) was added to each well, and the plates were re-incubated for another 4 h at 37°C.
After removing the MEM and MTT, the MTT formazan crystals were dissolved by adding 50 pL
of DMSO to each well. The plates were shaken gently for about 2 min until the MTT solution
dissolved. The amount of MTT reduction was measured immediately by reading the absorbance
using a microplate reader at a wavelength of 570 nm with a reference wavelength of 630 nm. The
wells in column 1, which earlier contained medium and MTT, but no cells, were used to blank the
plate reader. The LCso values were calculated using linear regression as the concentration of test
compound, resulting in a 50% reduction of absorbance (implying killing 50% of the cells)

compared to untreated cells.

2.7. Statistical analysis

The mean and standard error of means, or mean and standard deviations where appropriate, for the

different assays were determined. Percentages were also calculated. The ICso and LCso were
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determined using linear and non-linear regression curves where necessary. The SPSS 25.0

computer software package was used in all the analyses.

3. Results

3.1. Percentage yields of the different plant extracts

The acetone extract of V. xanthophloea had the highest percentage yield of 42.4%, followed by
the methanol extract of Ochna pretoriensis 35.47% (Table 2). The acetone extract of O.
pretoriensis yield in percentage and grams was not determined due to insufficient powdered

sample. Thus,only the methanol extract was prepared and subjected to the relevant assays.

3.2. Antimicrobial effects (MIC and MBC) of the extracts of the six selected plants

The leaf extracts were all active against the test organisms. The acetone extracts of V. xanthophloea
and C. edulis had the best MIC value of <0.02 mg/ml against E. cloacae. Meanwhile, the methanol
extract of V. xanthophloea (MIC = 2.5 mg/ml) had the weakest inhibitory activity (most
susceptible) against S. Typhimurium (Table 3). The acetone extract of V. xanthophloea was the
only extract with very strong inhibitory activity (MIC = 0.03 mg/ml) against S. Typhimurium. The
methanol and acetone extracts of V. xanthophloea also had a very good inhibitory activity against
S. Enteritidis (MIC = 0.26 and 0.03 mg/ml). The acetone extracts of K. africana, C. edulis and V.
xanthophloea were all active against E. coli 2 and had the same MIC values of 0.03 mg/ml. The
acetone extracts of C. edulis and V. xanthophloea had similar excellent inhibitory activity against

E. cloacae (MIC < 0.02 mg/ml).
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Table 2. Mass in grams (g) and percentage yield (%) of the selected six plant species

Plant species Mass of extracts (g) Percentage yield of extracts (%)
80% methanol Acetone 80% methanol Acetone

C. edulis 4.56 6.00 16.29 21.43
E. elephantina 1.40 2.08 3.33 4.94
K. africana 3.79 11.16 9.48 27.90
O. pretoriensis 2.66 - 35.47 -

V. rehmanniana 6.17 29.53 6.85 32.81

V. xanthophloea 5.81 8.48 29.05 42.40

- = Not determined due to insufficient sample
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Table 3. Minimum inhibitory concentrations of the six selected plants in mg/ml

Sample Test organisms

(extracts) Ecl Sa St Se Cj Sm Kp Ec2 Ent

Ee (MeOH) 0.26+0.05  0.42+0.11 1.04+0.21 0.42+0.11 1.25+0.00 1.04+0.21 0.26+0.05  0.84+0.21  0.31%0.00
Ee (acetone) 0.42+£0.11  0.52+0.11 0.26+0.05 0.63£0.00 1.04+£0.21 0.42+0.11 0.42+0.11  0.26+£0.05  0.63%0.00
OP (MeOH) 0.62+0.31  0.62+0.31 0.26+0.05 0.52+0.11 0.844+0.21 0.52+0.11 1.04+0.21  1.25+0.00  1.25%0.00
Ka (MeOH) 0.52+0.11  1.04+0.21 0.42+0.11 0.42+0.11 0.84+£0.21 0.84+0.21 0.31+0.00  0.42+0.11  0.31%0.00
Ka (acetone) 1.88+0.62  0.84+0.21 0.26+0.05 0.26+0.05 0.84+0.21 0.21+0.05 0.21+0.05  0.03+0.01  0.03+0.01

Vr (MeOH) 0.52+0.11  0.21£0.05 0.26+0.05 0.42+0.11 1.04+£0.21 1.25+0.00 0.52+0.11  0.21£0.05  0.31%0.00
Vr (acetone) 0.21£0.05  0.2140.05 0.26+0.05 0.52+0.11  0.52+0.11 1.25+0.00 0.52+0.11  0.21+£0.05  0.31%0.00
Vx (MeOH) 0.26+0.05  0.26+0.05 2.5+0.00 0.26+0.05 0.84+0.21 0.52+0.11  0.13+0.04  0.42+0.11  0.31%0.00
Vx (acetone) 0.12+0.04  0.12+0.04  0.03+0.01 0.03+0.01 0.12+0.04 0.12+0.04 0.12+0.04  0.03+0.01  <0.02+0.00
Ced (MeOH)  0.52+0.11  0.26+0.05 0.84+0.21 0.84+£0.21 1.15£0.68 0.52+0.11  0.63+0.00  1.04+0.21  0.52+0.11

Ced (acetone)  0.52+0.11 0.47+0.16  0.47+0.16 0.84+0.21 0.84+£0.21 0.12+0.04 0.03+£0.01  0.03£0.01 <0.02+0.00
Gentamicin <0.004 <0.004 0.008 0.008 0.06 0.004 <0.004 0.004 0.004

Ee (Elephantorrhiza elephantina), Op (Ochna pretoriensis), Ka (Kigelia africana), Vr (Vachellia rehmanniana), Vx (Vachellia

xanthophloea), Ced (Carpobrotus edulis)) MeOH (methanol), Gentamicin (Positive control), Ec 1, 2 (E. coli), Sa (S. aureus), St (S.

Typhimurium), Se (S. Enteriditis), Cj (C. jejuni), Sm (S. maltophilia), Kp (K. pneumoniae), Ent (E. cloacae). Values in bold indicate

noteworthy and excellent activity.
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Table 4. Minimum bactericidal concentration (MBC) of the six selected plants in mg/ml against the test organisms

Sample Test organisms

(extracts) Ecl Sa St Se Cj Sm Kp Ec2 Ent
Ced (MeOH) 2.5 1.25 >2.5 >2.5 >2.5 2.5 2.5 >2.5 2.5
Ced (acetone) 1.25 1.25 1.25 2.5 2.5 0.31 0.31 0.08 0.02
Ee (MeOH) 2.5 2.5 >2.5 2.5 >2.5 1.04 1.25 2.5 1.25
Ee (acetone) 2.5 2.5 >2.5 2.5 >2.5 2.5 1.25 1.25 2.5
Ka (MeOH) 2.5 >2.5 2.5 >2.5 2.5 2.5 1.25 2.5 1.25
Ka (acetone) ND 2.5 1.25 2.5 2.5 0.63 1.25 0.08 0.08
OP (MeOH) 2.5 2.5 2.5 >2.5 >2.5 2.5 >2.5 2.5 >2.5
Vr (MeOH) 2.5 2.5 2.5 >2.5 2.5 ND 2.5 1.25 22
Vr (acetone) 2.5 1.25 >2.5 >2.5 2.5 ND >2.5 >2.5 2.5
Vx (MeOH) 2.5 1.25 2.5 2.5 >2.5 2.5 0.63 2.5 2.5
Vx (acetone) 0.63 0.63 0.08 0.08 0.31 0.31 0.31 0.08 <0.02
Gentamicin <0.004 <0.004 0.016 0.016 0.250 0.008 0.008 0.008 0.008

Ee (Elephantorrhiza elephantina), Op (Ochna pretoriensis), Ka (Kigelia africana), Vr (Vachellia rehmanniana), Vx (Vachellia
xanthophloea), Ced (Carpobrotus edulis), ND (not determined), MeOH (methanol), Ec 1, 2 (E. coli), Sa (S. aureus), St (S.
Typhimurium), Se (S. Enteriditis), Cj (C. jejuni), Sm (S. maltophilia), Kp (K. pneumoniae), Ent (E. cloacae), Gentamicin (Positive

control) Values in bold indicates noteworthy MBC activity.
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MBC activity was not assessed on those samples with an MIC value of 2.5 mg/ml. The acetone
extracts of C. edulis and V. xanthophloea had the best MBC values (< 0.02 and 0.02 mg/ml) against

E. cloacae with complete (100%) inhibition (Table 4).

3.3 Evaluation of the total activity of the eleven extracts of the six plants

The results of the total activity are presented in Table 5. Extracts with low MIC values against the
test organisms with a correspondingly high yield of extract had the highest total activity. The
acetone extract of V. xanthophloea had the highest total activity of 42 800 mL/g, followed by the
acetone extract of C. edulis (21 429 mL/g) against E. cloacae. A high total activity is a useful
indicator because a relatively large quantity of the extract, which is also highly active, can be

produced from the plant material of interest.

3.4 Evaluation of the antibiofilm (ABF) potential of six selected plant species

The effects of the leaf extracts of the six plants on the growth and development of biofilms formed
by the tested foodborne pathogens are presented in Table 6. Extracts with greater than 50%
inhibition were considered to have good ABF activity. The acetone extract of V. xanthophloea
(Vx) had the best inhibitory (232%) activity against S. Typhimurium biofilm formation. All
extracts had negative (recorded as 0.00%) to positive inhibitory activity against the biofilm
formation of the tested organisms (Table 6). Escherichia coli 1, S. Enteriditis, and S. maltophilia

were the least susceptible organisms to the activity of the extracts against their biofilm formation.
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Table 5. Total activity of the extracts of the six selected medicinal plants in ml/g

Sample Test organisms

(extracts) Ecl Sa St Se Cj Sm Kp Ec2 Ent
Ced (MeOH) 173.26 626.38 193.88 193.88 141.62 313.19 258.51 156.80 313.19
Ced (MeOH) 173.26 626.38 193.88 193.88 141.62 313.19 258.51 156.80 313.19
Ee (MeOH) 127.96 79.21 31.99 79.21 26.62 31.99 127.96 39.61 107.32
Ee (acetone) 117.69 95.06 95.06 78.46 47.53 117.96 47.69 190.12 78.46
Ka (MeOH) 182.21 91.11 225.60 225.60 112.80 112.80 305.65 225.60 3158.33
Ka (acetone) 148.90 296.81 1162.50 296.81 296.81 1162.50 1162.50 9300.00 9300.00
OP (MeOH) 525.77 525.77 1253.77 626.88 388.07 626.88 313.44 260.78 260.78
Vr (MeOH) 118.63 237.31 237.31 146.90 59.33 49.36 118.63 237.31 385.63
Vr (acetone) 1406.19 1406.19 1135.77 567.88 567.88 236.24 2271.54 283.94 1845.63
Vx (MeOH) 1117.31 1117.31 116.20 1117.31 345.83 556.65 2234.62 691.67 937.10

Vx (acetone) 3566.67 3566.67 14266.67 14266.67 3566.67 3566.67 3292.31 14266.67 42800.00

Ee (Elephantorrhiza elephantina), Op (Ochna pretoriensis), Ka (Kigelia africana), Vr (Vachellia rehmanniana), Vx (Vachellia
xanthophloea), Ced (Carpobrotus edulis), MeOH (methanol), Ec 1, 2 (E. coli), Sa (S. aureus), St (S. Typhimurium), Se (S. Enteriditis),

Cj (C. jejuni), Sm (S. maltophilia), Kp (K. pneumoniae), Ent (E. cloacae).
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Table 6. Effect of the methanol and acetone extracts of the six selected plants on biofilm formation

Sample Percentage inhibition of biofilm (%)

(extracts) Ecl Sa St Se Cj Sm Kp Ec2 Ent
Ced (MeOH)  0.000 0.000 0.000 0.000 0.000 66.720 66.653 108.751 0.000
Ced (acetone)  0.000 83.210 116.352  0.000 88.620 0.000 197.258 188.354 14.699
Ee (MeOH) 145.750  78.289 0.000 0.000 94.056 61.619 0.000 170.610 0.000
Ee (acetone) 0.000 90.414 199.456  0.000 14.736 0.000 199.443 0.000 0.000
Ka (MeOH) 0.000 101.431  96.339 0.000 0.000 0.000 8.050 61.270 53.484
Ka (acetone) 0.000 0.000 59.992 0.000 0.000 0.000 71.838 0.000 0.000
Vr (MeOH) 0.000 69.823 126.996  0.000 99.000 0.000 90.521 69.188 55.842
Vr (acetone) 0.000 60.866 96.339 0.000 0.000 0.000 0.000 57.237 95.190
Vx (MeOH) 0.000 0.000 62.762 77.126 96.849 0.000 72.418 122.883 142.422
Vx (acetone) 0.000 0.000 231.992  0.000 0.000 62.208 101.221 115.683 0.000
CPF 99.570 54.971 78.970 - 92.946 74.042 94.920 90.993 51.870

Ee (Elephantorrhiza elephantina), Op (Ochna pretoriensis), Ka (Kigelia africana), Vr (Vachellia rehmanniana), Vx (Vachellia
xanthophloea), Ced (Carpobrotus edulis), - (Not determined), MeOH (methanol), CPF= ciprofloxacin, Ec I, 2 (E. coli), Sa (S.
aureus), St (S. Typhimurium), Se (S. Enteriditis), Cj (C. jejuni), Sm (S. maltophilia), Kp (K. pneumoniae), Ent (E. cloacae). Values

with 0% inhibition indicate enhancement of biofilm formation.
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Table 7. Antioxidant potential of the six selected South African medicinal plants against the tested foodborne pathogens

Plant species DPPH (ICsoin pg/mL) ABTS (ICsoin pg/mL)
MeOH Acetone MeOH Acetone

C. edulis 11.36+0.22 0.25+0.49 2.96+1.97 0.01£0.02

E. elephantina 7.65%0.12 >100 3.80+1.29 20.63+1.37

K. africana 5.47+0.08 >100 >100 >100

O. pretoriensis 10.91+1.47 - 10.44+0.91 -

V. rehmanniana 11.90+0.67 >100 >100 >100

V. xanthophleoa 0.14+0.11 4.99+0.09 2.83+0.05 0.20+0.13

Vitamin C 0.39+0.23 0.36+ 0.25

Trolox 2.64+ 0.27 0. 74+ 0.47

= Not determined, MeOH= methanol, values =mean+ standard deviation
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3.5 Evaluation of the antioxidant potential of the six selected plant leaf extracts

The results of the DPPH and ABTS radical scavenging activity of the six selected plant leaf crude
extracts are presented in Table 7. The methanol extract of V. xanthophloea and the acetone extract
of C. edulis had the best antioxidant activity against the DPPH and ABTS radicals with ICso values
0f 0.14 £ 0.11 pg/ml and 0.01 £ 0.02 pg/ml respectively when compared to the other extracts and
controls. The controls (Vitamin C and Trolox) had ICso values of 0.39 + 0.23 and 2.64 £+ 0.27

against DPPH, and 0.36 + 0.25 and 0. 74 + 0.47 against the ABTS radical.

3.6. Cytotoxicity evaluation of the crude extracts of the six selected plants against Vero African
green monkey kidney cells

The cytotoxic effect of the six plant extracts expressed in LCso and selectivity index values are
reported in Tables 8 and 9, respectively. The acetone extract of E. elephantina had the highest
LCso value of 3.6945 + 0.1149 mg/ml amongst the extracts, while the acetone extract of O.
pretoriensis had the lowest LCso value of 0.0205 + 0.0086 mg/ml. The acetone extract of C. edulis
had the highest selectivity index value of 17.07, followed by the acetone extract of V. xanthophloea

(14.96) against E. cloacae.
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Table 8. Cytotoxicity of the eleven leaf extracts of the six selected plants

Plant species LCso (mg/mll)

MeOH Acetone
C. edulis 0.1411 £0.0644 0.1707 £0.0454
E. elephantina 0.0760 + 0.0439 3.6945 +0.1149
K. africana 0.0884 + 0.0612 0.0251 +£0.0143
O. pretoriensis 0.0205 £+ 0.0086 -
V. rehmanniana 0.1166 +0.0375 0.0538 +0.0094
V. xanthophloea 0.0762 + 0.0312 0.1496 + 0.0029
Doxorubicin 0.0054 £ 0.0011

- = Not applicable, MeOH= methanol, values = mean=+ standard deviation
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Table 9. Selectivity index values of selected six plant leaf extract against Vero African monkey kidney cells

Selectivity index (LCso/MIC)

Plant samples E. coli 1 S. aureus S. Typhimurium S. Enteritidis C. jejuni

MeOH Acetone MeOH Acetone MeOH Acetone MeOH  Acetone MeOH Acetone
Ced 0.271 0.182 0.543 0.363 0.168 0.363 0.168 0.182 0.123 0.182
Ee 0.292 8.796 0.181 7.105 0.073 7.105 0.181 5.864 0.061 3.552
Op 0.033 - 0.033 - 0.079 - 0.039 - 0.024 -
Ka 0.170 0.013 0.340  0.027 0.210 0.105 0.210 0.027 0.105 0.026
Vr 0.224 0.256 0.448 0.256 0.448 0.207 0.278 0.103 0.112 0.103
Vx 0.293 1.247 0.293 0.575 0.030 4.987 0.293 4.987 0.091 1.247
Doxorubicin ~ 0.0054 NA NA NA NA
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Table 9. Continued

Sample S. maltophilia K. pneumoniae E. coli2 E. cloacae

MeOH Acetone MeOH Acetone MeOH Acetone MeOH Acetone
Ced 0.271 1.423 0.224 5.690 0.136 5.690 0.271 17.070
Ee 0.073 8.796 0.292 8.796 0.090 14.210 0.205 5.864
Op 0.039 - 0.020 - 0.016 - 0.016 -
Ka 0.105 0.105 0.285 0.105 0.210 0.837 0.285 0.837
Vr 0.093 0.043 0.112 0.052 0.448 0.052 0.376 0.336
Vx 0.147 1.247 0.586 1.247 0.181m 4.987 0.246 14.960
Doxorubicin 0.0054 NA NA NA

Ee (Elephantorrhiza elephantina), Op (Ochna pretoriensis), Ka (Kigelia africana), Vr (Vachellia rehmanniana), Vx (Vachellia

xanthophloea), Ced (Carpobrotus edulis). Values in bold had the best SI values (> 1), NA (not applicable)
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4. Discussion

4.1. Percentage yields of the different plant extracts

Methanol (80%) and acetone were selected as extracting solvents because they have been used to
extract antimicrobial metabolites of varying polarities from plants, with 80% methanol being more
polar (Cowan, 1999). Eloff (1998a) stated that acetone could extract both polar and non-polar
compounds in plants and has low toxicity to microorganisms in bioassays. In this study, it was

observed that acetone yielded more extract in all the samples.

4.2. Antimicrobial effects (MIC and MBC) of the extracts of the six selected plants

In the current study, it should be noted that the test microorganisms were all common foodborne
pathogens. Generally, foodborne pathogens are opportunistic organisms that have the capacity to
cause persistent infections. The leaf extracts of the six selected plants were active against all the
test microorganisms with MIC values ranging from < 0.02 to 2.5 mg/ml. Following a previous
categorization of the antimicrobial effects of MIC values of 0.02 to 0.04 mg/ml) as excellent, 0.08
mg/ml as very good, 0.16 to 0.63 mg/ml as good and 1.25 to 2.5 mg/ml as weak) of bioactive
samples (Erhabor et al., 2020), the acetone extracts of V. xanthophloea and C. edulis with MIC
values between < 0.02 to 0.03 mg/ml against E. cloacae (clinical isolate), E. coli 2 (clinical isolate),
S. Enteriditis (ATCC 13076), S. Typhimurium (ATCC 39183) and Klebsiella pneumoniae (clinical
isolate) had excellent antimicrobial activity against the foodborne pathogens. The acetone extract
of K. africana with an MIC of 0.03 mg/ml also had excellent inhibitory activity against the clinical
isolates of E. cloacae and E. coli 2. In a separate categorization of the antimicrobial effects of
medicinal plants, Van Vuuren and Holl (2017) indicated MIC of < 0.16 mg/ml to be a noteworthy

activity similar to the categorization by Erhabor et al (2020), which reflects the antimicrobial
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potential of the acetone extracts of V. xanthophloea, C. edulis and K. africana. A previous
antibacterial study (van der Watt and Pretorius, 2001) using the agar plate diffusion assay of the
crude methanol extract of C. edulis at 50 mg/ml against Moraxella catarrhalis corroborates its
activity in the current study. In another study (Katerere and Eloff, 2004), the antibacterial activity
of the acetone and chloroform extracts of the fresh and dried leaves of V. xanthophloea (Syn:
Acacia xanthophloea) with MIC ranging between 0.08 — 5 mg/ml against S. aureus (ATCC 29213)
and E. coli (ATCC 27853) conforms with the antibacterial activity (MIC= <0.02 -2.5 mg/ml) of
the methanol and acetone extracts of V. xanthophloea in the present study.

Hussain and colleagues (2016) employed the agar disc diffusion assay to show the antibacterial
capacity of the aqueous, n-hexane and ethanol extracts of K. africana leaf, bark and fruit against a
panel of microorganisms (Staphylococcus aureus, Proteus vulgaris, Escherichia coli,
Pseudomonas aeruginosa, Klebsiella pneumoniae and Citrobacter amalonaticus), which
corroborated the findings of our study. Similarly, the results of the antibacterial potential of K.
africana in the current study conforms with an earlier study by Arkhipov et al. (2014) where they
investigated the methanol, ethyl acetate and water extracts of the fruit powder against 19 bacterial
species. Previous studies (Naidoo, 2004; Mathabe et al., 2006; Mpofu et al., 2014) on the
antimicrobial activity of E. elephantina have been conducted. Naidoo (2004) reported the
antibacterial effect of the acetone extracts of E. elephantina leaf and root against selected stomach
pathogens (E. coli, E. faecalis, Pseudomonas aeruginosa and Staphylococcus aureus) with the
lowest MIC of 0.625 mg/mll. Equally, Mathabe and co-workers reported the antimicrobial activity
of the methanol, aqueous, ethanol, and acetone extracts E. elephantina against eight diarrhoegenic
organisms with varying MIC values (Mathabe et al., 2006). Mpofu et al. (2014) showed that the

methanol and water extracts of E. elephantina tuber were active against three gastrointestinal
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bacterial strains (Bacillus cereus ATCC 11778, E. coli ATCC 8739, and Enterococcus faecalis
ATCC 29212) with MIC ranging between 0.20 to 2 mg/mll. These studies showed antibacterial
results similar to those observed in this study. In a study by Makhafola et al. (2012), the acetone
extract of O. pretoriensis leaf was evaluated against four nosocomial organisms (Enterococcus
faecalis ATCC 29212, Staphylococcus aureus ATCC 29213, Escherichia coli ATCC 27853 and
Pseudomonas aeruginosa ATCC 25922) with MIC of 39 — 104 ng/mL. In 2014, Makhafola and
colleagues evaluated the antibacterial activity of the acetone extract of O. pretoriensis leaf against
S. Typhimurium strains TA98 and TA100 with MIC values of 2.29 and 2.50 mg/ml, respectively.
These previous studies were similar to the findings of the current research.

The extracts of the six selected plants had bactericidal activity against most of the tested
microorganisms (Table 4). The acetone extract of V. xanthophloea had the best broad-spectrum
bactericidal activity against all the test organisms, followed by the acetone extract of C. edulis and
the acetone extract of K. africana. The methanol extract of Ochna pretoriensis had no cidal activity
against all tested organisms. Other extracts had cidal activity against at least one organism. It can
be deduced from the results that the acetone extracts had better cidal activity than the methanol
extracts. A literature search showed the extracts of the tested plants had little or no information
on their bactericide potential. However, the hot water extract of C. edulis leaf had bactericidal
activity against Escherichia coli (ATCC 25922), Pseudomonas aeruginosa (ATCC 27853) and
Staphylococcus aureus (ATCC 25923) (Ibtissem et al., 2012), which corroborates the findings of

the present study.
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4.3. Total activity of the eleven extracts of the six plants

Total activity is the volume to which antibacterial compounds present in 1 g of the different plant
samples can be diluted and still inhibit bacterial growth. The acetone extracts of V. xanthophloea
and C. edulis had the best total activity of 42 800 mL/g and 21 429 mL/g, respectively, against E.
cloacae. This implies that when 1 g of C. xanthophloea and C. edulis are diluted with 42 800 mL
and 21 429 mL of acetone, the extracts will still be active against E. cloacae. The TAA and MIC
values are useful pharmacological tools in determining the potency of plant extracts for isolating
bioactive compounds and are useful for the prioritization of plant species for further intensive

study(Eloft, 2004).

4.4. Evaluation of the antibiofilm (ABF) potential of six selected plant species

The eleven extracts had selective antibiofilm (ABF) activity against some of the foodborne
pathogens. The methanol extracts of V. rehmanniana and V. xanthophloea had a more broad-
spectrum activity in inhibiting the formation of biofilm amongst the tested bacteria. In this study,
like elsewhere (Ofek et al. 2003; Sandasi et al. 2008), it was observed that some extracts enhanced
the formation of biofilm by the organisms, depicted as 0% inhibition (Table 6). This can be
attributed to the presence of metabolites or the production of conditioning films for microbial
adhesion that can enhance the growth and development of biofilms (Ofek et al., 2003; Sandasi et
al., 2008, 2010). Additionally, previous studies (Donlan, 2001; Masadeh et al., 2013; Wei and Ma,
2013; Masadeh et al., 2019) indicated that microbial biofilm was more resistant to antimicrobial
agents than their planktonic cells. A similar observation was noticed in the current study as the
MIC results showed the extracts had an inhibitory effect on the organisms as against the percentage

inhibitory values obtained for some of the extracts in blocking or preventing the formation of
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biofilm. Generally, the organisms were less susceptible to the effects of the extracts in preventing
the development of biofilm. It was observed in our study that some extracts with noteworthy MIC
results had good antibiofilm capacity. It should be noted that some extracts with excellent MIC
results correlatively had outstanding antibiofilm potential, while others did not have good
antibiofilm activity, rather enhancing biofilm formation (displayed as zero percentage or 0 %) in
the current study (Table 6). Given the MIC and antibiofilm capacity of the extracts, a selective

correlation could be indicated between the MIC and antibiofilm potential of the extracts.

4.5. Evaluation of the antioxidant potential of the six selected plant leaf extracts

Of the extracts, the methanol extract of V. xanthophloea and the acetone extract of C. edulis
displayed a better capacity to scavenge the free radicals DPPH and ABTS when compared to the
controls (Vitamin C and Trolox). In an earlier study, Omoruyi et al. (2012) discovered that the
aqueous and ethanol extracts of C. edulis leaf had concentration-dependent antioxidant activity in
the DPPH, ABTS and nitric oxide (NO) assays with ICso between 0.016 and 0.05 mg/mll. Rocha
et al. (2017) showed that the organic (hexane, ethyl acetate, methanol and dichloromethane)
extracts of C. edulis leaf had metal chelating activity on iron and copper, and were able to scavenge
DPPH free radicals, and also had ferric reducing activity at concentrations between 1 and 10
mg/mll. According to Katerere and Eloff (2004), V. xanthophloea scavenged free radicals in a
qualitative DPPH assay. Hussain and co-workers (2016) utilizing a DPPH assay explored the
antioxidant potential of K. africana, where the bark, fruit, and leaf had good, moderate and poor
antioxidant activity. The bark, fruit, and leaf percentage scavenging potential were 67.33%,
62.66%, and 59.66%, respectively (Hussain et al., 2016). Similar results were also obtained on the

antioxidant capacity of the stem bark, root, leaf and fruit extracts of K. africana (Akintunde et al.,
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2016; Anaduaka et al., 2014; Olaleye and Rocha, 2007; Olubunmi et al., 2009). The methanol and
aqueous extracts of E. elephantina displayed DPPH scavenging ability with percentage inhibition
between 40-72% (Mpofu et al., 2014). These previous antioxidant studies on the selected plants
corroborate the findings of the current research. Of the solvents (methanol and acetone) utilized in
extracting the powdered sample of the plants, methanol may be a better extracting solvent of
antioxidant substances. This follows the lower ICso values recorded for the methanol extracts,
particularly in the DPPH assay (Table 7).

The correlation between antioxidant-rich plants and their corresponding antibiofilm activity has
been established (Zhang et al., 2014; Gonzalez-Ortiz et al., 2014; Kazemian et al., 2015; Datta et
al., 2016; Husain et al., 2017; Liu et al., 2017a; Nouni et al., 2017). Previous reports allude to
oxidative stress being one mechanism for the transition of microorganisms from their planktonic
stage to their biofilm-sessile stage. Chemical substances, like antioxidants that could inhibit
oxidative stress regulators, may be used to treat infections associated with biofilm (Ong et al.,
2018). The accumulation of reactive oxygen species (ROS) has been adduced to the development
of oxidative stress (Gabrani et al., 2015). Other factors like the exposure of the microorganisms to
antimicrobial agents and environmental stresses (change in pH, temperature, salinity and nutrient
deprivation) could also be responsible for oxidative stress (Liu et al., 2017b; Mitchel et al., 2017,
Wang et al., 2017). However, the inhibitory property of antioxidants against ROS may prevent
biofilm formation as the antioxidants interfere with the ROS, which serve as signaling molecules
(quorum sensing) for several bacteria in their biofilm establishment (Ong et al., 2018). In the
current study, the antioxidant capacity of the plant extracts could be correlated to their ability to

inhibit the formation of biofilm by the microorganisms (Tables 6 and 7).
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4.6. Cytotoxicity evaluation of the crude extracts of the six selected plants against Vero African
green monkey kidney cells

Interestingly, all six extracts may be described as relatively safe to cells (LCso > 0.02 mg/ml).
According to Zirihi et al. (2002), extracts with LCso values greater than 0.02 mg/ml are relatively
safe or have weak cytotoxicity. The safety level of the extracts was also measured using selectivity
index values. In a previous report by Makhafola et al. (2012), extracts withselectivity index (SI)
values greater than one were regarded to have the potential to offer safer therapy. Of the eleven
leaf extracts from the selected six plants, the acetone extracts of C. edulis and C. xanthophloea
with SI values of 17.07 and 14.96 had the best potential to offer the safest treatment against F.
cloacae (Table 9). In other words, the extracts were much more toxic to the bacterial cells than

they were to the Vero cells.

5. Conclusions

Most of the plant species presented in this study are reported to inhibit bacterial biofilm formation
for the first time. Of all the extracts from the six South African medicinal plants, the acetone extract
of V. xanthophloea had the best antibiofilm activity. The study established that the leaf extracts of
these selected South African medicinal plants have antimicrobial, antibiofilm and antioxidant
potential and are relatively safe in vitro. The pharmacological activities of the different plants were
at varying degrees in the different assays used in determining their biological activities. It should
be noted that the acetone extracts of V. xanthophloea and C. edulis were observed to have the best
activities in all the assays and may be further investigated for therapeutic use in the treatment of
diseases associated with foodborne diseases. Further work should include determining exact MIC

values for those lower than 0.02 mg/ml and pinpointing the mechanism of action of active purified
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compounds from the most promising extracts. Thus, a synergistic approach to assess the activity
of the screened leaf extracts of the plants in various combinations with each other and with
currently used antibiotics is highly recommended for further studies in efforts to develop novel
and environmentally friendly anti-biofilm agents against foodborne pathogens. Isolation and

identification of the active constituents of these plant extracts is also a worthwhile endeavour.
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