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A B S T R A C T

Species of the family Meliaceae in traditional medicine are well documented. This study evaluated the anti-
microbial efficacy and toxicity of aqueous, methanolic and dichloromethane leaf and bark extracts of South
African Meliaceae against selected pathogens. The species sampled represent four of the seven indigenous
genera and seven of the 14 indigenous species. Antimicrobial activity was evaluated using the micro-plate
dilution assay and the toxicity potential was determined using the brine shrimp lethality assay. About 69% of
the extracts investigated showed moderate (0.25— 0.50 mg/ml) activities against the oral pathogens (Strepto-
coccus mutans ATCC 25,175 and Fusobacterium nucleatum ATCC 25,586) tested. Pseudomonas aeruginosa and
S. mutans was recorded as the most susceptible pathogens to the extracts. The antimicrobial activity of the
extracts from Ekebergia pterophylla, Nymania capensis and Turraea obtusifolia (here documented for the first
time) demonstrated varied activity depending on the pathogen. The aqueous extracts showed no antimicro-
bial activity with some exceptions against Streptococcus mutans (ATCC 25,175), where Ekebergia capensis and
Trichilia dregeana exhibited noteworthy activity (0.13 mg/ml). In the brine shrimp assay, all DCM extracts of
the studied parts of the plant species demonstrated minimal to no toxicity levels. The results obtained have
lent credence to folkloric usage of some of the South African species of Meliaceae for anti-infective purposes
including traditional uses against oral pathogens.

© 2020 SAAB. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Traditional medicinal plant species are rich sources of affordable
and novel biologically active compounds which are of great interest,
hence studies have been directed toward traditionally used medicinal
plants (Hostettmann et al., 2000). Several researchers have reported
the antimicrobial efficacy of South African plant species in order to
validate the traditional use of medicinal plants in the treatment of
infections (Van Vuuren 2008; Van Vuuren and Holl, 2017).

The traditional and contemporary uses of indigenous South Afri-
can species of the Meliaceae family as medicine are well documented
(Watt and Breyer-Brandwijk, 1962; Hutchings et al., 1996; Rabe and
Van Staden, 1997; Neuwinger, 2000; Kokwaro, 2009; Van Wyk et al.,
2009; Komane et al., 2011; Mabona et al., 2013). In addition to medic-
inal uses, the plants are also used in horticulture (for ornamental pur-
poses and shade), as food, for magical purposes, and for making
wooden items and implements. Some uses are recurrent for various
species and also for the same species in different parts of Africa. The
main recorded medicinal uses of Meliaceae species are as anthelmin-
tics and antimicrobials. They are further used to treat a wide range of
medical conditions including cardiovascular and respiratory systems,
infections of the urinary and gastrointestinal tract, dermatological
conditions and even oral infections (Watt and Breyer-Brand-
wijk, 1962; Neuwinger, 2000).

Gastrointestinal disorders (GIT) are one of the most frequently
recorded infections treated using Meliaceae. Disorders of the GIT
are caused by various micro-organisms such as Pseudomonas aer-
uginosa, Bacillus cereus, E. coli and various Salmonella and Shigella
species. Common GIT disorders include dysentery, constipation,
vomiting, stomach/abdominal pain, diarrhoea and gastroenteritis
(WHO, 2008). They have been reported especially in the develop-
ing world where lack of sanitation contribute to morbidity and
even mortality (Pawlowski et al., 2009). Contaminated drinking
water has claimed millions of lives worldwide, mainly of infants
and children due to outbreaks of diarrhoea, dysentery, or cholera
(Curtis et al., 2000; Bartlett, 2003). Traditional medicine has been
used in developing countries to treat various gastrointestinal
problems such as diarrhoea (Lin et al., 2002) and South Africa is
no exception. Medicinal plants have been reported for the treat-
ment of various GIT disorders from simple types such as vomiting
and peptic ulcers. The traditional treatment of gastrointestinal
tract infections using Ekebergia capensis Sparrm., Nymania capen-
sis (Thunb.) Lindb., Trichilia dregeana Sond., Trichilia emetica Vahl
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subsp. emetica, Turraea floribunda Hochst. and Turraea obtusifolia
Hochst. have been documented (Van Wyk et al., 1997; Neu-
winger, 2000; Kokwaro, 2009;Van Wyk and Gericke, 2018).

Urinary tract infection (UTIs) are clinical conditions ranging from
the asymptomatic presence of bacteria, in the urine to severe UTIs
with resultant sepsis (Tanagho and Mcaninch, 2004). About 150 mil-
lion people, mostly women, develop a urinary tract infection yearly
(Salvatore et al., 2011; Flores-Mireles et al., 2015). Women are more
susceptible to UTIs because of their anatomy and reproductive physi-
ology (Vasudevan, 2014). In childhood, UTIs are common in uncir-
cumcised males less than three months of age and in females less
than one year (Bagshaw, and Laupland, 2006). Many bacterial genera
are associated with UTIs. Members of the Enterobacteriaceae are the
most common organisms isolated from uncomplicated UTIs and
Escherichia coli has been reportedly known to be the most frequent
uropathogen, constituting about 80�85% of UTIs (Amdekar et al.,
2011; Chen et al., 2011). Pseudomonas aeruginosa and Enterococcus
species have also been reported to be associated with these infections
(Hameed et al., 2017). Medicinal plants play an important role in the
treatment of various diseases including UTIs as they act as disinfec-
tants, analgesics, diuretics or as pain relievers. Traditional treatments
of UTIs by N. capensis, T. dregeana, T. emetica, T. floribunda, and Turraea
nilotica have been documented (Mabogo, 1990; Pujol, 1990; Bhat and
Jacobs, 1995; Hutchings et al., 1996; Neuwinger, 2000;
Von Koenen, 2001; Coates-Palgrave, 2002; Van Wyk, 2011).

Oral diseases are major health problems globally (Torwane et al.,
2014). High prevalence, severity, and cost of oral healthcare makes it
a huge public health problem in South Africa (Singh, 2011). In a
review by Van Wyk and Van Wyk (2010), there is an increase in the
percentage untreated caries in children between the ages of 12 and
15 and more than 70% of these cases go untreated. Various bacteria
are involved in oral infection, including Streptococcus mutans and
Fusobacterium nucleatum (Takarada et al., 2004; Gupti, 2012).

Increased resistance by pathogenic bacteria to currently used
antibiotics and other chemotherapeutics, opportunistic infections
in immune-compromised individuals, financial considerations
and rise in disease incidence particularly in developing countries
leads to the need for alternative prevention, treatment options
and products for oral diseases that are safe, effective, and eco-
nomical (Badria and Zidan, 2004; Bidault et al., 2007). Antibiotics
used for the treatment of oral diseases have been reported to
reduce oral microbiota and have adverse side effects such as
vomiting, tooth staining, and diarrhoea (Park et al., 2003). Trichi-
lia emetica and Turraea nilotica have been reported for the tradi-
tional treatment of oral infections (Mathias, 1982; Burkill, 1998;
Neuwinger, 2000).

Skin diseases are health problems commonly affecting all ages
(Marks and Miller, 2013). It presents a major health burden in
both developed and underdeveloped countries. Most bacterial
infections of the skin are caused by Staphylococcus aureus and
Staphylococcus epidermidis because they are nearly always present
on the skin (Alipour and Khanmohammadi, 2011). Due to
increased resistance to antibiotics, plant extracts are of interest
as antiseptics and antimicrobial agents. Plants and plant extracts
have been reported for the treatment of skin disorders for centu-
ries (Alipour and Khanmohammadi, 2011). Ekebergia capensis, T.
dregeana, T. emetica, T. floribunda and T. nilotica. have been
reported as being used in traditional treatments for skin diseases
(Komane et al., 2011; Van Wyk, 2011; Mabona and Van Vuu-
ren, 2013; Van Wyk and Gericke, 2018).

Due to the reliance of the African population on plants as sources
of medicines, there is a need to evaluate the efficacy and safety of tra-
ditional remedies. Hence, this study aimed to determine the antimi-
crobial efficacy and potential toxicity of aqueous, methanolic and
dichloromethane leaf and bark extracts of seven South African indig-
enous Meliaceae plants against selected pathogens.
2. Materials and methods

2.1. Plant collection and identification

Leaves and bark of seven indigenous species of the Meliaceae fam-
ily were collected mainly from private gardens in autumn. Plants
were identified by experienced taxonomists and botanists (Ben-Erik
van Wyk and Geoff Nichols) and voucher specimens are housed at
the Herbarium of the University of Johannesburg (JRAU). The species,
voucher specimens and site of collection were Ekebergia capensis
Sparrm. [KK 161�17; Umtentweni, KwaZulu-Natal (KZN)]; Ekebergia
pterophylla (C.DC.) Hofmeyr [KK 158�17; near Izingolweni, KZN];
Nymania capensis (Thunb.) Lindb. [IMH & BEVW 29�16; near Van-
wyksdorp, Little Karoo]; Trichilia dregeana Sond. [KK 155�17;
Renishaw Farm, Scottburgh, KZN]; Trichilia emetica Vahl [KK 156�17;
St Lucia, KZN]; Turraea floribunda Hochst. [KK 154�17; Renishaw
Farm, Scottburgh, KZN]; Turraea obtusifolia Hochst. [KK 162�17;
Southport Village, KZN].

2.2. Extract preparation

2.2.1. Preparation of organic (dichloromethane, methanol) solvent
extracts

Leaves and barks were air-dried and pulverized and then milled
using a Waring commercial blender to yield a fine powder. Extraction
for each plant was carried out by immersing the dried, powdered
material (60 g) in 500 ml dichloromethane or methanol. Samples
were left in a platform shaker incubator (Labcon) for 24 h. Samples
were filtered using a Buchner funnel and Whatman No. 1 filter paper.
The residues were re-extracted with fresh solvent for another 24 h.
The filtrates were left in a fume hood for the solvent to evaporate.
The dried organic extracts were stored in sealed, sterile glass bottles
at room temperature for further analysis.

2.2.2. Preparation of aqueous extracts
Aqueous extracts were prepared by immersing 60 g of the pow-

dered plant material in sterile distilled water and left in the platform
shaker incubator for 24 h at 25 °C. The liquid extracts were filtered
and kept at �80 °C prior to lyophilisation. Lyophilisation was
achieved using a freeze dryer (Virtis) for a minimum of 48 h. Prior to
use, extracts were left overnight under UV light to eliminate micro-
bial contaminants. All dried aqueous extracts were stored in sealed
bottles at room temperature until further use. The final weight of
extract obtained for each sample was divided by the weight of the
plant material used to prepare each extract (biomass) and then multi-
plied by hundred to calculate the percentage yield of each extract
(Table 2).

2.3. Screening of medicinal plants for antimicrobial activity

Samples were prepared by weighing out the crude extracts and
adding a calculated volume of solvent for a final starting concentra-
tion of 32 mg/ml for the minimum inhibitoryconcentration (MIC)
assays. Acetone was used as a solvent of choice for DCM and metha-
nol extracts as it has been reported to have minimal antimicrobial
effects (Eloff, 1998) while sterile, distilled water was used for aque-
ous extracts. Culture and media preparation were performed accord-
ing to the Clinical and Laboratory Standards Institute (CLSI)
guidelines (2012). The choice of test organisms was based on
recorded ethnobotanical uses. American Type Culture Collection
(ATCC) microbial strains used in this study include Bacillus cereus
(ATCC 11,175), Pseudomonas aeruginosa (ATCC 27,853), Enterococcus
faecalis (ATCC 29,212), Escherichia coli (ATCC 8739), Staphylococcus
aureus (ATCC 25,923),Moraxella catarrhalis (ATCC 23,246), Streptococ-
cus mutans (ATCC 25,175) and Fusobacterium nucleatum sub nuclea-
tum (ATCC 25,586) (Table 1).



Table 1
Micro-organisms used in this study.

Pathogen Agar plate for purity assessment Media for MIC Analysis Incubation Conditions Infection

Bacillus cereus (ATCC 11,175) Mueller-Hinton agar Tryptone Soya broth 37 °C for 18�24 h Gastrointestinal
Pseudomonas aeruginosa (ATCC
27,853)

Mueller-Hinton agar Tryptone Soya broth 37 °C for 18�24 h Gastrointestinal

Enterococcus faecalis (ATCC
29,212)

Mueller-Hinton agar Tryptone Soya broth 37 °C for 18�24 h Urinary tract

Escherichia coli (ATCC 8739) Mueller-Hinton agar Tryptone Soya broth 37 °C for 18�24 h Urinary tract
Staphylococcus aureus (ATCC
25,923)

Mueller-Hinton agar Tryptone Soya broth 37 °C for 18�24 h Skin and Gastrointestinal

Moraxella catarrhalis (ATCC
23,246)

Mueller-Hinton agar Tryptone Soya broth 37 °C for 18�24 h Respiratory

Streptococcus mutans (ATCC
25,175)

Mueller-Hinton agar with 5%
blood

Mueller Hinton broth with 5%
blood

37°C for 48 h under CO2

conditions
Dental Caries

Fusobacterium nucleatum sub
nucleatum (ATCC 25,586)

Blood agar Mueller Hinton broth with 5%
blood

37°C for 4 days under strict
anaerobic conditions

Periodontal Diseases

Table 2
Percentage yield of different solvent extracts of seven indigenous species of South
African Meliaceae.

Species Plant part Extract yield (% dry wt)
Aqueous Dichloromethane Methanol

Ekebergia capensis Leaf 8.3 3.3 9.3
Bark 5.0 3.3 6.7

Ekebergia pterophylla Leaf 13.0 8.3 19.7
Bark 6.7 5.0 8.3

Nymania capensis Leaf 11.0 3.3 18.3
Bark 6.7 6.7 10

Trichilia dregeana Leaf 3.3 3.3 4.7
Bark 3.3 1.7 3.3

Trichilia emetica Leaf 3.3 1.7 6.0
Bark 3.3 1.7 3.3

Turraea floribunda Leaf 6.2 3.3 9.0
Bark 3.3 1.7 5.0

Turraea obtusifolia Leaf 6.3 3.3 10.3
Bark 5.0 3.3 6.7
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The MICs were determined using the micro-plate dilution assay
with tetrazolium violet reduction as an indicator for growth
(Eloff, 1998; CLSI, 2012). Sterilized Mueller Hinton broth (100 ml)
was aseptically added to each well of a 96 well micro-titre plate.
Then, 100 ml of the respective plant extract (32 mg/ml) was added to
the first row. Ciprofloxacin (0.01 mg/ml) was used as the positive
control while acetone and water were used as negative controls. The
mixture of the extract and broth in the first row was serially diluted
down the column (16 to 0.0625 mg/ml). To each well of the micro-
titre plate, 100 ml of a 0.5 McFarland’s standardized culture suspen-
sion (1 £ 108 colony forming units -CFU/ml) was added. The plates
were then sealed with a sterile adhesive sealing film (AEC Amer-
sham) to prevent evaporation of the test sample, and then incubated
at 37 °C for 24 h while the oral pathogens were incubated in a CO2

enriched environment (Table 1). After incubation, 40 ml of 0.4 mg/ml
p-iodonitrotetrazolium (INT) was added to each well, the plates were
left at room temperature for 1�6 h before reading. In the case of
Streptococcus mutans and Fusobacterium nucleatum, the plates reincu-
bated anaerobically before reading. Development of the pink/red col-
ouration indicated growth of the bacterial cells while clear wells
confirmed inhibition. Each strain responds to INT in a different man-
ner. Hence the use of a culture control having only pathogen and INT
which was used as a reference point. When the control column
turned pink, the remainder of the plate could be read. The culture
control also serves as a reference point of culture viability. The exper-
iment was carried out in duplicate and on consecutive days for repro-
ducibility. The lowest concentration at which the plant extract
inhibited bacterial growth was considered the MIC.

2.4. Toxicity testing

The brine shrimp lethality assay (BSLA) was used for the toxicity
screening in this study (Sarah et al., 2017). Tropic Marine� Sea Salt
(16 g) was dissolved in 1 ml of deionised water to make artificial sea-
water. A sealed bottomless plastic bottle was inversely placed in a
glass beaker. The saltwater and brine shrimp (Artemia franciscana)
eggs (Ocean NutritionTM) (0.5 g) were then added. The saltwater was
aerated with a rotary pump (Kiho) and a constant source of light for
warmth (220�240 V) to ensure a high hatch rate. Brine shrimp eggs
were incubated at 25 °C for 18�24 h. After incubation, the saltwater
with brine shrimp was transferred to a shallow plastic container, at
an angle, and a light source was placed over for approximately
30 min. This was done so that the brine shrimp move towards the
light to increase the sample size of brine shrimp during collection.
After 30 min, 48-well micro-titre plates were prepared by adding
400 ml saltwater containing 38�68 live brine shrimp to each well.
Plant sample (400 ml of 1 mg/ml) was then added to the wells. Potas-
sium dichromate (1.6 mg/ml) was used as the positive control while
saltwater (32 mg/ml) was used as the negative control. Experiments
were performed in triplicate. Dead brine shrimp were counted after
24 and 48 h by viewing plates under a light microscope (Olympus) at
40 £ magnification. After counting at 48 h a lethal dose of acetic acid
(Saarchem; 100% (v/v); 50 ml) was added to each well, and after
30 min, a final count was undertaken, and percentage mortality was
evaluated. A mortality percentage of 50% and above was considered
toxic (Bussmann et al., 2011).
2.5. Statistical analysis

Data were expressed as means of two replicates and were statisti-
cally analyzed using one way analysis of variance (ANOVA). Means
were separated by the Duncan multiple test using SPSS. Values were
considered significant at P < 0.05.
3. Results and discussion

3.1. Percentage yield of different solvent extracts

Highest yield was recorded for methanol, followed by aqueous
extracts for both leaf and bark of each sample (Table 2). This result
infers that methanol which is both polar and non-polar extracted
both the polar and non-polar component in the plant material, water
which is a polar solvent was able to extract the polar component
while DCM which is fairly polar and strongly non-polar extracted the
non-polar component of the plant materials hence the increase in
yield from Aqueous to DCM to Methanol.
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3.2. Antimicrobial activity

The antimicrobial activity of plant extracts (bark and leaf of each
plant) were studied against eight pathogens (Table 1). MIC average
results of the DCM, methanol and aqueous extracts are represented
in Table 3. MIC values (�0.16 mg/ml) considered to be noteworthy
are marked in bold while MIC values (> 0.16 -�1.00 mg/ml) consid-
ered to be moderate are in italics as shown in Table 3 (Van Vuuren
and Holl, 2017). An MIC value of � 8.00 mg/ml was given to plant
extracts where no end point was observed as this was the highest
concentration tested. The MIC values varied between test pathogens
for the positive control (ciprofloxacin), with a range of 0.08�0.63 ug
/ml, hence showing that the conventional antimicrobial was respon-
sive. On the other hand, the negative controls (acetone and water)
did not inhibit the growth of any of the test pathogens. The DCM leaf
extracts of all samples showed best activity against all pathogens
tested with noteworthy (MIC value of 0.13 mg/ml) activity against P.
aeruginosa and mostly moderate activity (MIC value range of
0.25�0.50 mg/ml) against the two oral pathogens tested (S. mutans
and F. nucleatum). Most of the DCM leaf extracts had moderate activ-
ity against B. cereus. The DCM bark extracts also showed noteworthy
(MIC value of 0.13 mg/ml) activity against P. aeruginosa and moderate
activity against S. mutans and F. nucleatum. The methanol leaf extracts
had moderate activity (MIC value range of 0.25 - 0.50 mg/ml) against
S. mutans, P. aeruginosa, and F. nucleatum. The methanol bark extracts
had moderate activity against S. mutans and P. aeruginosa. The aque-
ous extracts showed no activity (MIC value � 8.00) against all patho-
gens tested except against S. mutans, where E. capensis and E.
pterophylla had noteworthy (0.13 mg/ml) activity (Table 3).
Bagla et al. (2012), reported the antimicrobial activity of DCM leaf
extracts of E. capensis against S. aureus (0.13 mg/ml), E. coli (0.16 mg/
ml), E. faecalis (0.32 mg/ml), and P. aeruginosa (0.32 mg/ml).
Mabona et al. (2013), also reported MIC of 0.50 mg/ml of DCM leaf
extracts of E. capensis against S. aureus and MIC of 1 mg/ml against P.
aeruginosa. Both studies reported negligible activity for the aqueous
leaf extracts of E. capensis. These are congruent with the current
study except that this study recorded weak activity against E. faecalis
(Table 3). The DCM bark extract of E. capensis had noteworthy activity
(Table 3) against P. aeruginosa (0.13 mg/ml), and moderate activity
against B. cereus (0.50 mg/ml) and S. mutans (0.50 mg/ml) in this
study. The activity of DCM extracts in this study (Table 3) agrees with
the report of Mabona et al. (2013), where MIC values of 0.38�2 mg/
ml were reported for the DCM extract of E. capensis against different
strains of S. aureus. The methanol leaf extract of E. capensishad mod-
erate antimicrobial activity with MIC of 0.50 mg/ml against the two
oral pathogens (S. mutans and F. nucleatum) and were moderately
active against B. cereus, E. coli, M. catarrhalis and P. aeruginosa at an
MIC value of 1.00 mg/ml. (Table 3). Bagla et al. (2012), recorded note-
worthy activity (MIC of 0.16 mg/ml) for the methanol leaf extract of
E. capensis against S. aureus, E. coli, E. faecalis and P. aeruginosa. This
activity is not supported in this study as the MIC value of 1.00 mg/ml
was recorded against E. coli and P. aeruginosa, and an MIC of 2.00 mg/
ml was recorded against S. aureus and E. faecalis (Table 3).This varia-
tion could be due to plant locality and the different strains of patho-
gens used in each study. The methanol bark extract had moderate
activity (MIC of 0.50 mg/ml) against B. cereus, M. catarrhalis, and S.
mutans, and an MIC value of 1.00 mg/ml against E. faecalis, S. aureus,
E. coli, P. aeruginosa and F. nucleatum (Table 3). Rabe and Van Sta-
den (1997) and Ngeny et al. (2013) reported weak activity (MIC of
2.00�4.00 mg/ml) against S. aureus, E. coli, and P. aeruginosa. Ekeber-
gia capensis has been reported to be used in the treatment of various
diseases of the gastrointestinal tract, the urinary tract and the skin
(Van Wyk et al., 1997; Neuwinger, 2000; Kokwaro, 2009; Van Wyk
and Gericke, 2018). Hence, this study confirms some traditional uses
of E. capensis. Moreover, this study reports for the first time the anti-
microbial activity of Ekebergia species against oral pathogens.
Moderate activity of the DCM leaf extract of E. pterophylla was
recorded against B. cereus, P. aeruginosa, S. mutans, and F. nucleatum.
The DCM bark extract also had noteworthy activity against P. aerugi-
nosa and moderate activity against B. cereus, S. aureus, M. catarrhalis,
S. mutans and F. nucleatum (Table 3). Methanol extracts of E. ptero-
phylla (leaf and bark) had weak activity (MIC of 1.00�2.00 mg/ml)
against all test pathogens except P. aeruginosa and S. mutans where
moderate activity was noted (Table 3). The aqueous extract had no
activity (� 8.00) against all test pathogens except S. mutans where
the aqueous leaf extract of E. pterophylla showed noteworthy activity
(Table 3). This study recorded the antimicrobial activity of E. ptero-
phylla for the first time and its strong activity against oral pathogens
was noted.

Nymania capensis is applied traditionally for wound healing
(Von Koenen, 2001; Mabona and Van Vuuren, 2013). The leaf infusion
is also reported to be used in treating influenza (Arnold et al., 2002).
In this study, the DCM leaf extract of N. capensis had moderate activ-
ity against B. cereus, S. mutans and F. nucleatum while the DCM bark
extract had noteworthy activity (Table 3) against P. aeruginosa and
moderate activity against S. mutans and F. nucleatum. Both leaf and
bark methanol extracts had weak activity (MIC of 2.00�4.00 mg/ml)
against all the pathogens tested except for P. aeruginosa, S. mutans
and F. nucleatum (Table 3). Aqueous extracts had no activity (�
8.00 mg/ml) against all pathogens tested except S. mutans, where
both leaf and bark extracts of N. capensis had weak (MIC of 4.00 mg/
ml) activity (Table 3). This study supports the traditional uses of N.
capensis in treating skin diseases and GIT infections. The antimicro-
bial activity of N. capensis is here reported for the first time, including
the moderate activity against oral pathogens.

Bark infusions of T. dregeana were reported to be drunk or used as
an enema for diarrhoea, stomach complaints, kidney pain, bronchial
inflammation and for skincare (Arnold and Gulumian, 1984;
Mabogo, 1990; Hutchings et al., 1996; Coates-Palgrave, 2002;
Van Wyk, 2011). The DCM leaf extract of T. dregeana had moderate
activity against B. cereus, S. mutans, and F. nucleatum (Table 3). The
bark extract showed moderate activity against B. cereus and F. nuclea-
tum (Table 3). In a study by Mthethwa (2009), methanol extracts of T.
dregeana had weak activity (> 6.25 mg/ml) against E. coli, and S.
aureus. This is congruent with this study, except that the methanol
leaf extract had moderate to weak activity against E. coli and S. aureus
respectively (Table 3). Methanol leaf extract had moderate activity
against M. catarrhalis, P. aeruginosa and F. nucleatum, with S. mutans
having the highest antimicrobial activity (Table 3). In line with other
studies (Eldeen et al., 2005; Mthethwa, 2009; Naidoo et al., 2013),
aqueous extracts of T. dregeana had no antimicrobial activity except
against S. mutans where moderate activities were observed for both
aqueous leaf and bark extract of T. dregeana (Table 3). Also, moderate
inhibition against oral pathogens was observed.

The DCM leaf extract of T. emetica showed noteworthy activity
against P. aeruginosa and moderate activity against S. aureus, S.
mutans and F. nucleatum. The DCM bark extract of T. emetica had
moderate activity only against F. nucleatum (Table 3). The methanol
extract showed moderate activity against B. cereus, E. faecalis and S.
mutans (Table 3). This study is in line with previous antimicrobial
reports on T. emetica (Germano et al., 2005; Shai et al., 2008;
Mabona et al., 2013; Konate’ et al., 2015; Van Vuuren et al., 2015;
Kouitcheu Mabeku et al., 2017). The activity observed against S.
mutans and F. nucleatum supports the traditional use of T. emetica as
chewing sticks for dental care (Neuwinger, 2000). This study also
supports traditional uses of T. emetica in treating various GIT and
UTIs (Watt and Breyer-Brandwijk, 1962; Pujol, 1990; Hutchings et al.,
1996; Van Wyk et al., 2009; Komane et al., 2011).

Kuglerova et al. (2011) reported the antimicrobial activity of etha-
nol extract of Turraea floribunda with MIC values of 0.256 mg/ml and
0.5 mg/ml. Traditionally, the bark of T. floribunda is boiled in water
and drunk to treat urinary tract infections or used as an emetic or



Table 3
Minimum inhibitory concentration (mg/ml) of extracts from seven indigenous species of South African Meliaceae against selected pathogens.

Mean MIC value (mg/ml) n = 2

Plant samples Extracts Bacillus cereus ATCC
11,175

Enterococcus faecalis
ATCC 29,212

Staphylococcus
aureus ATCC 25,923

Escherichia coli ATCC
8739

Moraxella catarrhalis
ATCC 23,246

Pseudomonas
aeruginosa ATCC
27,853

Streptococcus
mutans ATCC 25,175

Fusobacterium
nucleatum ATCC
25,586

Ekebergia capensis
leaf

DCM* 0.50b,c 2.00e 1.00c 1.00b 1.00b,c 0.19b 0.25c 0.50c

Methanol 1.00d 2.00e 2.00e 1.00b 1.00a,b 1.00f 0.50d 0.50c

Aqueous >8.00 g >8.00 g >8.00 g >8.00f >8.00f >8.00h 0.13a,b >8.00 g
Ekebergia capensis
bark

DCM 0.50b,c 4.00f 1.00c 2.00c 2.00d 0.13a,b 0.50d 1.00d

Methanol 0.50b,c 1.00b,c 1.00c 1.00b 0.50a,b 1.00f 0.50d 1.00d

Aqueous >8.00 g >8.00 g >8.00 g >8.00f >8.00f >8.00h 0.50d >8.00 g
Ekebergia ptero-
phylla leaf

DCM 0.50b,c 4.00f 2.00e 4.00e 2.00d 0.50e 0.25c 0.50c

Methanol 2.00f 2.00e 2.00e 1.00b 2.00d 2.00 g 0.25c 1.00d

Aqueous >8.00 g >8.00 g >8.00 g >8.00f >8.00f >8.00h 0.13a,b >8.00
Ekebergia ptero-
phylla bark

DCM 0.25a,b 1.00b,c 0.50b 2.00c 0.50a,b 0.13a,b 0.25c 0.50c

Methanol 2.00f 2.00e 1.00c 1.00b 1.00a,b 0.25c 0.25c 1.00d

Aqueous >8.00 g >8.00 g >8.00 g >8.00f >8.00f >8.00h 1.00e >8.00 g
Nymania capensis
leaf

DCM 0.50b,c 2.00e 1.00c >8.00f 1.50c,d 1.00f 0.25c 0.25b

Methanol 2.00f 2.00e 2.00e 8.00f 2.00d 0.50e 0.25c 1.00d

Aqueous >8.00 g >8.00 g >8.00 g >8.00f >8.00f >8.00h 4.00 g >8.00 g
Nymania capensis
bark

DCM 1.00d >8.00 g 2.00e >8.00f 1.50c,d 0.13a,b 0.50d 0.50c

Methanol 2.00f 2.00e 2.00e 4.00e 2.00d 0.50e 0.25c 0.50c

Aqueous >8.00 g >8.00 g >8.00 g >8.00f >8.00f >8.00h 4.00 g >8.00 g
Trichilia dregeana
leaf

DCM 0.50b,c 4.00f 2.00e >8.00f 2.00d 1.00f 0.50d 0.50c

Methanol 8.00d 1.50d 2.00e 1.00b 0.50a,b 0.50e 0.25c 0.50c

Aqueous >8.00 g >8.00 g >8.00 g >8.00f >8.00f >8.00h 0.50d >8.00 g
Trichilia dregeana
bark

DCM 0.50b,c 2.00e 1.00c 2.00c 1.00a,b >8.00h 1.00e 0.50c

Methanol 1.00 g 4.00f 8.00 g 4.00e 2.00d 1.00f 1.00e 2.00e

Aqueous >8.00 g >8.00 g >8.00 g >8.00f >8.00f >8.00h 0.50d >8.00 g
Trichilia emetica leaf DCM 1.00d 2.00e 0.50b >8.00f 1.00a,b 0.13a,b 0.50d 0.50c

Methanol 1.00e 0.50a 2.00e 1.00b 1.50c,d 1.00f 0.50d 4.00f

Aqueous >8.00 g >8.00 g >8.00 g >8.00f >8.00f >8.00h 0.25c >8.00 g
Trichilia emetica
bark

DCM 2.00f >8.00 g 2.00e >8.00f 2.00d >8.00h 1.00e 0.25b

Methanol 0.50b,c 2.00c,d 4.00f 2.00c 2.00d 1.00f 0.50d 1.00d

Aqueous >8.00 g >8.00 g >8.00 g >8.00f >8.00f >8.00h 8.00h >8.00 g
Turraea floribunda
leaf

DCM 0.75c,d 2.00e 1.00c 4.00e 1.00a,b 0.13a,b 0.25c 0.50c

Methanol 2.00f 2.00e 2.00e 4.00e 2.00d 0.50e 0.25c 0.50c

Aqueous >8.00 g >8.00 g >8.00 g >8.00f >8.00f >8.00h 2.00f >8.00 g
Turraea floribunda
bark

DCM 1.00d 4.00f 2.00e >8.00f 2.00d 0.13a,b 0.50d 0.25b

Methanol 2.00f 2.00e 2.00e 2.00c 2.00d 0.50e 0.25c 4.00f

Aqueous >8.00 g >8.00 g >8.00 g >8.00f >8.00f >8.00h 2.00f >8.00 g
Turraea obtusifolia
leaf

DCM 0.75c,d 2.00e 2.00e 4.00e 1.00a,b 0.13a,b 0.25c 0.25b

Methanol 2.00f 2.00e 2.00e 2.00c 2.00d 1.00f 0.25c 1.00d
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purgative (Watt and Breyer-Brandwijk 1962; Bryant 1966; Bhat and
Jacobs, 1995; Kokwaro, 2009). Although water is used for extraction
traditionally, this study reports no antimicrobial activity of the aque-
ous extracts of T. floribunda against all test pathogens except for S.
mutans (MIC of 2.00 mg/ml), where weak activity was observed
(Table 3). Both DCM leaf and bark extract of T. floribunda had note-
worthy activity against P. aeruginosa and moderate activity against S.
mutans and F. nucleatum (Table 3). Turraea obtusifolia was reported to
be taken with porridge as an enema, traditionally for treating stom-
ach and intestinal complaints (Bryant 1966; Hutchings et al., 1996).
In this study, the DCM leaf extract of T. obtusifolia had noteworthy
activity against P. aeruginosa and moderate activity against S. mutans
and F. nucleatum. These activities support the traditional uses of T.
obtusifolia and apparently represent the first record of antimicrobial
activity in this species.

Very poor activity was observed for most of the aqueous extracts
against all the test pathogens except S. mutans, where 57.14% of the
leaf extracts exhibited noteworthy to moderate (MIC value range of
0.13�0.50 mg/ml) activity (Table 3). A few (28.57%) of the aqueous
bark extracts also showed moderate activity against S. mutans
(Table 3). This seems significant as aqueous extracts also exhibited a
level of activity against this oral pathogen (S. mutans).

3.3. Toxicity

All the plants and plant parts tested in this study were deemed
safe to use at a concentration of 1 mg/ml using the brine shrimp
lethality assay. Table 4 shows the average percentage of mortalities
(n = 3) of brine shrimp exposed to each plant extract. All percentage
mortality rates observed were below 50%, hence all the plant extracts
investigated were considered non-toxic according to
Bussmann et al. (2011).

Trichilia dregeana (leaf and bark) and T. floribunda were found to
have the least effect on the brine shrimp with zero percentage mor-
tality recorded at both 24 and 48 h (Table 4). Trichilia dregeana and T.
floribunda have been reported to be of importance in traditional med-
icine (Van Wyk, 2011; Van Wyk and Gericke, 2018) but this study
records for the first time the apparent absence of toxicity at 1 mg/ml.

Previous studies (Ngeny, 2012; Bagla et al., 2012; Irungu et al.,
2014) reported the toxicity of E. capensis using African monkey kid-
ney (Vero cells), renal cell line (CRFK cells), bovine dermis cell, liver
carcinoma cell line (Hep2 cells), and mouse breast cancer cells (4T1).
Ngeny (2012) reported relatively low toxicity for the leaf extract and
constituents using Vero cells, 4T1 and Hep2 cells. In this study, <10%
mortality of the brine shrimp at both 24 and 48 h was observed
(Table 4), thus confirming low toxicity. The leaf extract of E. ptero-
phylla had zero percentage mortality at 24 h and <10% at 48 h. There
seem to be no earlier reports on the toxicity of E. pterophylla. In previ-
ous studies, no toxicity was observed for different plant parts of T.
emetica (Germano et al., 2005; Traore et al., 2007; Bero et al., 2009).
These results are supported by our study, as no mortality of the brine
shrimp was observed for T. emetica bark at 24 h and <10% mortality
of the brine shrimp by the leaf both at 24 and 48 h (Table 4). This
study reported no toxicity (percentage mortality <10) for the leaf
and bark of T. obtusifolia at 24 and 48 h (Table 4). None of the plants
are listed in standard reviews of the poisonous plants of South Africa
(e.g., Van Wyk et al., 2002).

In this study, we noted the DCM extracts showed the best antimi-
crobial activity compared to other extracts studied which could sug-
gest that the active components in these plants are more non-polar
than polar.

4. Conclusion

The data presented in this study have lent credence to folkloric
usage of the evaluated South African species of the Meliaceae family



Table 4
Percentage mortality of brine shrimp after exposure to DCM extracts
(1 mg/ml) from seven indigenous species of South African Meliaceae.

Plant names and parts used Percentage mortality (n = 3)
24 h 48 h

Ekebergia capensis leaf 1.56 1.56
Ekebergia capensis bark 1.72 1.72
Ekebergia pterophylla leaf 0.00 6.79
Ekebergia pterophylla bark 1.59 1.63
Nymania capensis leaf 3.33 18.94
Nymania capensis bark 2.63 23.92
Trichilia dregeana leaf 0.00 0.00
Trichilia dregeana bark 0.00 0.00
Trichilia emetica leaf 2.38 2.38
Trichilia emetica bark 0.00 1.61
Turraea floribunda leaf 1.67 1.67
Turraea floribunda bark 0.00 0.00
Turraea obtusifolia leaf 2.22 2.22
Turraea obtusifolia bark 2.50 2.50
Potassium dichromate (1.6 mg/ml) 61.39 100
Dimethyl sulfoxide (DMSO) 2.94 2.94
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as antimicrobial agents. Our data also suggest the active component
of the studied species are more polar than non-polar. Of importance
is the moderate to noteworthy inhibition observed for selected
extracts against oral pathogens. Based on the brine shrimp toxicity
test, this study suggests a low risk for the indigenous applications of
these plant extracts and their uses in the local treatment of oral infec-
tion. Nevertheless, further research is essential to isolate and identify
the active constituents responsible for these activities.Cell line stud-
ies and in vivo toxicological assessments of the test extracts are also
needed to explore the full range of toxicity.
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