
Journal of Ethnopharmacology 105 (2006) 286–293

Antibacterial activities of medicinal plants used for the treatment of
diarrhoea in Limpopo Province, South Africa

M.C. Mathabe a, R.V. Nikolova a, N. Lall b,∗, N.Z. Nyazema c

a Biodiversity Discipline, School of Molecular and Life Sciences, University of Limpopo, Private Bag X 1106, Sovenga 0727, South Africa
b Department of Botany, University of Pretoria, Pretoria 0002, South Africa

c Department of Pharmacology, Pharmacy programme, University of Limpopo, Private Bag X 1106, Sovenga 0727, South Africa

Received 30 May 2005; received in revised form 6 January 2006; accepted 25 January 2006

Abstract

The ethnobotanical survey conducted in this study showed that 21 plant species belonging to 14 families are used in traditional medical practice
in Limpopo Province, South Africa, for the treatment of diarrhoea. Methanol, ethanol, acetone and hot water extract from different plant parts
(leaves, roots, bark and stem rhizome), of several of these plants (Indigofera daleoides, Punica granatum, Syzygium cordatum, Gymnosporia
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enegalensis, Ozoroa insignis, Elephantorrhiza elephantina, Elephantorrhiza burkei, Ximenia caffra, Schotia brachypetala and Spirostachys
fricana), were screened for antibacterial activity against Vibro cholera, Escherichia coli and Staphylococcus aureus, Shigella spp., Salmonella
yphi. The antibacterial activity was determined by agar-well diffusion method and expressed as the average diameter of the zone of inhibition
f bacterial growth around the wells. The minimum inhibitory concentration (MIC) of active extracts was determined by using the micro-plate
ilution assay. Most of the extracts showed relatively high antibacterial activity against most of the tested microorganisms with the diameter of
nhibition zones ranging between 10 and 31 mm. Of the plants studied, the most active extracts were those obtained from Punica granatum and
ndigofera daleoides. All extracts from two plants, namely, Punica granatum and Ozoroa insignis, were active against all bacterial strains while
nly organic extracts of Indigofera daleoides inhibited the growth of all tested microorganisms. Water extract of Punica granatum were equally
ctive as organic extracts against bacteria such as Staphylococcus aureus, Shigella sonnei and Shigella flexneri. All extracts of Elephantorrhiza
lephantina, Elephantorrhiza burkei and Ximenia caffra and Schotia brachypetala were not active against Escherichia coli and Salmonella typhi.
he MIC values for active extracts ranged between 0.039 and 0.6 mg/ml. The results obtained appeared to confirm the antibacterial potential of

he plants investigated, and their usefulness in the treatment of diarrhoea.
2006 Elsevier Ireland Ltd. All rights reserved.
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. Introduction

Intestinal infection is the most common cause of diar-
hoea worldwide and is estimated to be responsible for the
eaths of 3–4 million individuals each year, particularly
nfants and young children (WHO, 1996). Acute watery diar-
hoea accounts for approximately 80% of such episodes, per-
istent diarrhoea for 10%, and dysentery for up to 10%
Bhan, 2000). The major burden of infection is due to food-
orne infections caused by Salmonella, Campylobacter jejuni
nd Escherichia coli, and water-borne infections particularly

∗ Corresponding author. Tel.: +27 12 420 2524; fax: +27 12 369 5099.
E-mail address: namrita.lall@up.ac.za (N. Lall).

as a result of contamination of domestic water supplies
with the cysts of Giardia intestinals and Cryptosporidium
parvum.

The World Health Organization (WHO) recommends the use
of oral rehydration therapy, breast and complimentary feeding in
children as the cornerstone of managing diarrhoea. Antimicro-
bial chemotherapeutic agents are also used in the treatment of
some bacterial infections which result in diarrhoea. The South
African Essential Drugs Programme (1998) has adopted WHO
recommendations for the drugs to be used to treat and manage
diarrhoea. Be that as it may, people still seek help from tra-
ditional healers. They provide alternative health care services
including use of medicines derived from plants because they are
easily available and cheaper than modern medicine (Otshudi et
al., 2000).
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Ethnophamacological studies have been conducted to eval-
uate the effectiveness of traditional medicines used in treat-
ing diarrhoea (Ahsan et al., 1996; Menezes and Rao,
1998; Mukherjee et al., 1998; Offiah and Chikwendu, 1999;
Chikwendu, 1999; Tona et al., 1999; Rahman et al., 2003;
Tangpu and Yadav, 2004). In South Africa, similar studies have
been carried out in KwaZulu Natal Province on plants used
by Zulu speaking (Lin et al., 2002) traditional healers and in
Limpopo Province on plants used by Vhenda speaking tradi-
tional healers (Ngobeli, 2002). These studies showed that tra-
ditional healers from different localities use different medicinal
plants for the treatment of diarrhoea. No studies on plants used
by North Sotho speaking traditional healers have been reported.
The present study was carried out to document medicinal plants
used by North Sotho traditional healers for the treatment of diar-
rhoea and to investigate their activity against selected diarrhoea
causative microorganisms.

2. Materials and methods

2.1. Ethnobotanical survey

An ethnobotanical survey was conducted in three locali-
ties, Mentz, Botlokwa and Seshego of the Capricon District in
Limpopo Province, South Africa (SA). The selection of this dis-
t
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collection of plant material; mode of preparation and adminis-
tration.

2.2. Plant material

Different plant parts (roots, leaves and bark) or whole plants
from selected plants: Indigofera daleoides Benth. ex Harv. &
Sond. (Fabaceae), Punica granatum (L.) (Punicaceae), Syzy-
gium cordatum Hochst. ex C. Krauss. (Myrtaceae), Gymnospo-
ria senegalensis Loes. (Celastraceae), Ozoroa insignis Delile.
(Anacardiaceae), Elephantorrhiza elephantine (Burch.) Skeels
(Fabaceae), Elephantorrhiza burkei Benth. (Fabaceae), Ximenia
caffra Sond. var. caffra (Olacaceae), Schotia brachypetala Sond.
(Caesalpinaceae) and Spirostachys africana Sond. (Euphor-
biacea) were collected from the selected localities with the help
of the traditional healers. The Herbarium at the University of
Limpopo was used as reference point for identification of plants
and deposition of voucher specimens (Table 1). Collected plant
materials were air-dried under shade at room temperature and
then ground with an electric grinder into fine powders which
were stored into airtight containers at room temperature.

2.3. Plant extracts

Dried powdered plant materials were extracted with different
solvent (methanol, acetone, ethanol and boiling water) for com-
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rict was based on reports by the Limpopo Health Department
n 2002, which indicated diarrhoea outbreaks in the district. The
urvey was conducted by interviewing four traditional healers
two men and two women) in each locality using the local lan-
uage. Each interview followed a semi-structured questionnaire
esigned to obtain the following information: plants used for the
reatment of diarrhoea; vernacular plant names; plant parts used;

able 1
thnomedicinal plants used for the treatment of diarrhoea

pecies, family, voucher number

loe greatheadii Schönl. (Selmar Schönlud) (Liliaceae) MATHABE 12 UNIN
sparagus cooperi Bak. (Asparagaceae) MATHABE 16 UNIN
idens pilosa L. (Asteraceae) MATHABE 5 UNIN
ulbine natalensis Bak. cf. roowortel (Asphodelaceae) MATHABE 14 UNIN
arpobrotus edulis (L.) N. E. Br (Aizoaceae) MATHABE 13 UNIN
ombretum imberbe Wawra. (Combretaceae) MATHABE 10 UNIN
lephantorrhiza burkei Benth. (Fabaceae) MATHABE 11 UNIN
lephantorrhiza elephantina (Burch.) Skeels (Fabaceae) MATHABE 15 UNIN
uilleminea densa Moq. (Amaranthaceae) MATHABE 8 UNIN
ymnosporia senegalensis Loes. (Celastraceae) MATHABE 3 UNIN

lex mitis L. Radlk. (Aquifoliaceae) MATHABE 1 UNIN
ndigofera daleoides Benth. ex Harv. & Sond. (Fabaceae) MATHABE 7 UNIN
zoroa insignis Delile. (Anacardiaceae) MATHABE 20 UNIN
unica granatum L. (Punicaceae) MATHABE 19 UNIN
chotia brachypetala Sond. (Caesalpinaceae) MATHABE 2 UNIN
clerocarya birrea (A. Rich) (Anacardardiaceae) MATHABE 4 UNIN
olanum supinum Dun. (Solanaceae) MATHABE 21 UNIN
pirostachys africana Sond. (Euphorbiacea) MATHABE 18 UNIN
yzygium cordatum Hochst. ex C. Krauss. (Myrtaceae) MATHABE 17 UNIN
altheria indica L. (Sterculiaceae) MATHABE 6 UNIN
imenia caffra Sond. Var. caffra (Olacaceae) MATHABE 9 UNIN

a Parts: WP, whole plant; SBK, stem bark; RT, roots; RBK, root bark; L, leav
arative analyses. Ten grams of each plant sample was mixed
ith 150 ml of each solvent. The mixtures were left overnight
n a mechanical shaker at 150 rpm for 24 h at room temperature
nd then filtered through Whatman No. 1 filter using Büchner
unnel. The extracts were further concentrated to dryness under
educed pressure at 37 ◦C, using a Büchi rotary evaporator. The
ields from the different extracts were weighed, recorded and

Vernacular name Partsa Preparation/oral administration

Sekgopha L Decoction drunk
Lefatšhana WP Decoction drunk
Moshitji WP Decoction drunk

L Decoction drunk
L Decoction drunk
RT Decoction used to prepare soft porridge

Lešhitšana SR Decoction used to prepare soft porridge
Lešhitšana SR Decoction used to prepare soft porridge

WP Decoction drunk
Sephatho RT Decoction drunk
Monamane RBK Decoction drunk

WP Decoction drunk
Monoko SBK Decoction drunk
Mokgaranata RT Decoction used to prepare soft porridge
Molope SBK Decoction drunk
Morula SBK Decoction drunk
Thola RT Decoction drunk
Morekhure SBK Decoction drunk
Montlho SBK Decoction drunk

WP Decoction drunk
Motšhidi SBK Decoction used to prepare soft porridge

, stem rhizome; BLB, bulb.
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dissolved in dimethyl sulphoxide (DMSO) to a final concen-
tration of 100 mg/ml. The samples were then stored at 4 ◦C and
further used for antibacterial tests. The yields from water extract
of Indigofera daleoides obtained by using both, rotary evapo-
rator and freeze drier, were insoluble in DMSO and in water,
and therefore, it was not possible to test them for antibacterial
activity.

2.4. Antibacterial assays

2.4.1. Bacterial strains
Microorganisms used in the determination of antibacterial

activities of different plant extracts were as follows—Gram-
positive: Staphylococcus aureus ATCC 25923; Gram-negative:
Salmonella typhy ATCC 0232, Vibro cholera, Escherichia coli
ATCC 35218 and Shigella spp. batch 0.57 (Shigella dysentery,
Shigella flexneri, Shigella sonnei, Shihella boydii). All bacte-
rial strains were obtained from the National Health Laboratory
Services (NHLS) Polokwane Provincial Hospital. Different bac-
terial strains were maintained on nutrient agar (Collee and Marr,
1989) and subcultures were freshly prepared before use. Bacte-
rial cultures were prepared by transferring two to three colonies
into a tube containing 20 ml nutrient broth and grown overnight
at 37 ◦C. The turbidity of the culture was adjusted with sterile
saline solution to match 0.5 Mc Farland standard.
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serially diluted to obtain 2.5 mg/ml starting concentration in the
first well. Similar serial dilution was performed for nalidixic acid
(1 mg/l), a positive control obtained from Sigma. The starting
concentration in the first well after the dilution was 0.25 mg/ml.
An equal volume of 100 �l fresh bacterial cultures were added to
the wells. Micro-plates were covered with lids and incubated at
37 ◦C overnight. P-Iodonitrotetrazolium violet (Sigma) reagent
(0.2 mg/ml) was used to indicate the presence of uninhibited bac-
terial growth (a pink/purple colour) or inhibition (colourless) of
bacterial growth in each well. The lowest concentration of the
extract that inhibited the bacterial growth after incubation was
taken as the MIC of a crude extract. Only extracts that showed
antibacterial activity from agar-well diffusion assay were tested
for MIC.

2.5. Statistical analysis

For data on agar diffusion assays, ANOVA was used to test
the effects of bacteria within extracts on zone of inhibition using
general linear model (GLM) procedure of Statistical Analysis
System (SAS, 1998) for randomised complete block design. If
significant P-values occurred, then comparison of means was
done using probability of difference (P-diff) facility of SAS.

3. Results
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.4.2. Antibacterial screening

.4.2.1. Agar-well diffusion assay. The antibacterial tests were
erformed using agar-well diffusion assay (Perez et al., 1990).
gar plates were prepared using sterile Mueller–Hinton (MH)

gar (Biolab). Bacterial strains of standardised cultures were
venly spread onto the surface of the agar plates using sterile
wab sticks. Four wells (5 mm diameter) were made in each
late with sterile Pasteur pipettes. Ten microliters of methanol,
thanol, acetone and water extract (100 mg/ml) were added in
ach well. Ten microliters of DMSO per well was used as a neg-
tive control. Discs (5 mm diameter) of nalidixic acid (30 �g),
rythromycin (15 �g) and cotrimoxazole (25 �g) were used as
ositive controls. Diffusion of the extracts and DMSO was
llowed at room temperature for 1 h in a laminar flow cabinet.
he agar plates were then covered with lids and incubated at
7 ◦C for 24 h.

The plates were observed for the presence of inhibition of
acterial growth that was indicated by a clear zone around the
ells. The size of the zones of inhibition was measured and the

ntibacterial activity expressed in terms of the average diameter
f the zone inhibition in millimeters. The absence of a zone
nhibition was interpreted as the absence of activity. Each extract
as tested in triplicate and each experiment was repeated twice.

.4.2.2. Serial dilution assay for determination of the min-
mal inhibitory concentration (MIC). A micro-dilution tech-
ique using 96 well micro-plates, as described by Eloff (1998)
as used to obtain MIC values of the crude extracts against the

ollowing bacteria: Staphylococcus aureus, Salmonella typhy,
scherichia coli, Shigella spp. and Vibro cholera. Each plant
xtract acetone, methanol, ethanol and water (10 mg/ml), was
.1. Ethnobotanical survey

According to traditional healers who took part in the study, the
orthern Sotho name for diarrhoea was reported to be letšhologo

acute and watery diarrhoea) or Tenghwibidu (dysentery). Con-
aminated water, food, utensils, breast feeding and/or teething is
onsidered by traditional healers to be the reasons for diarrhoea
utbreaks in the studied localities.

The ethnobotanical survey revealed that 21 plant species
elonging to 14 families were used as traditional remedies for
he treatment of diarrhoea by different communities in a dis-
rict of the Limpopo Province (Table 1). From these plants, 13
pecies are trees and shrubs, 6 species are herbs and 1 species
s a climber. It appears that not all plants used by traditional
ealers have local vernacular names, for example, Waltheria
ndica (Table 1). Elephantorrhiza elephantina, Elephantorrhiza
urkei, Sclerocarya birrea and Schotia brachypetala were found
o be commonly used by traditional healers in three localities
hile Indigofera daleoides, Punica granatum and Asparagus

ooperi were only used in Mentz, Botlakwa and Seshego, respec-
ively. Traditional healers use whole plant or different plant parts
leaves, bark, roots, stem bark and bulbs) for the preparation of
emedies for the treatment of diarrhoea with stem bark being
he most commonly used plant material. Plants are collected at
nytime of the year, depending on their seasonal availability and
referably in the morning.

It appears that plant remedies were prepared using a single
lant or occasionally a mixture of plants, for example, Indigofera
aleoides and Gymnosporia senegalensis or Indigofera dale-
ides and Waltheria indica as mentioned by one of the traditional
ealer from Mentz. Hot water is usually used by traditional
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Table 2
Antibacterial activities of methanol, ethanol, acetone and water extracts (100 mg/ml) from medicinal plants used traditionally in Limpopo Province

Sample Bacteriaa tested zone of inhibition (mm)

Sa Ec St Vc Sd Ss Sf Sb

Elephantorrhiza burkei
Methanol extract 22.0e R R 14.6d 16.3e R 15.0d 10.0g

Ethanol extract 21.3f R R 13.3f 15.3f R 22.3b 10.3f

Acetone extract 21.3g R R 14.0f 14.7d R 23.3b 10.3f

Water extract 22.0e R R 19.3b 19.3c 14.3b 17.3e 11.0e

Elephantorrhiza elephantine
Methanol extract 23.3d R R 17.7c 18.3d 15.7a 20.0c 14.0f

Ethanol extract 23.7d R R 15.3d 17.7e R 20.0c 14.0e

Acetone extract 24.0d R R 18.0c 19.3c R 21.7c 14.0e

Water extract 25.0c R R 15.7d 18.3d 14.7b 19.7c 15.7d

Gymnosporia senegalensis
Methanol extract 23.7d 13.3b 12.3b 14.7d 20.3c 14.0b 15.3d 17.0d

Ethanol extract 24.3c 14.0b 12.3b 17.3c 21.3b 14.3b 15.0f 15.7d

Acetone extract 24.3c 12.3b 12.3b 14.3e 21.7b 14.3b 14.7h 18.0c

Water extract 19.3f R R 13.5f 13.0f R R R

Indigofera daleoides
Methanol extract 28.7b 17.4a 17.7a 18.3b 24.3a 14.7b 23.7b 19.3b

Ethanol extract 29.0a 17.0a 17.7a 20.2a 27.0a 16.0a 17.3e 19.7a

Acetone extract 28.0b 16.0a 15.7a 19.6b 25.0a 14.3b 20.0d 19.7b

Ozoroa insignis
Methanol extract 21.7e 12.0b 11.3b 14.3d 14.7f 13.0c 13.0f 15.0e

Ethanol extract 25.3b 11.0d 11.3b 14.2e 20.3c 12.7c 15.3f 17.7b

Acetone extract 22.0f 12.0b 12.3b 17.3d 21.3b 15.7a 16.7g 18.3c

Water extract 25.3b 15.0b 16.3a 18.7c 20.3b 15.3a 18.3d 19.7b

Punica granatum
Methanol extract 29.3a 13.0b 13.3b 20.0a 21.7b 13.3c 25.3a 18.7c

Ethanol extract 29.3a 13.0c 13.3b 18.9b 19.7d 13.0c 30.0a 16.3c

Acetone extract 29.3a 11.7b 16.0a 21.3a 21.0b 13.0c 30.7a 21.0a

Water extract 27.0a 18.0a 16.6a 21.3a 22.3a 12.7c 30.7a 21.3a

Spirostachys africana
Methanol extract 23.3e 11.3c 10.0c 14.3f 21.0b R 18.3e 14.3f

Ethanol extract 23.0d R R 18.7c 18.7d R 15.3f 15.3d

Acetone extract 22.3e 11.3c 10.0c 14.3f 21.0b R 18.3f 14.7d

Water extract 23.0d R R 18.7c 18.7d R 15.7f 15.3d

Schotia brachypetala
Methanol extract 23.3e R R 14.0f 13.3g R 13.3f R
Ethanol extract 19.7e R R 14.7e 14.7g R R R
Acetone extract 23.3e R R 14.7e 14.3d R 13.3i R
Water extract 19.7e R R 14.3f 14.0e R R R

Syzygium cordatum
Methanol extract 19.3h R 12.0b 15.0c 20.7c R 18.3e 20.7a

Ethanol extract 25.0b 13.0b 11.7b 19.3b 18.7d 13.0d 19.3d 18.3b

Acetone extract 19.3h R 12.0b 14.7e 14.7d R 18.0f 17.7c

Water extract 25.0b 12.9c 11.7b 19.3b 18.7d 12.7c 20.3b 18.3c

Ximenia caffra
Methanol extract 25.0c R R 14.0e 12.0h R 15.0d 14.3f

Ethanol extract 25.3b R R 13.3f 12.7h R 15.0f R
Acetone extract 23.0e R R 13.0g 13.0e R 19.0e R
Water extract 20.7e R R 13.0g 12.0g R 12.0g R
Nalidixic acid (10 �g) 35.0 21.3 21.7 22.3 30.0 23.3 22.3 29.0
Erythromycin (15 �g) 23.7 R R 19.7 14.7 R 14.3 14.0
Contrimoxazole (25 �g) 17.7 11.3 13.0 R R 27.0 R 17.3

Column means with same superscripts (a–i) of same plants do not differ significantly (P < 0.05).
a Bacteria: Sa, Staphylococcus aureus; Ec, Escherichia coli; St, Salmonella typhi; Vc, Vibro cholera; Sd, Shigella dysentery; Ss, Shigella sonnei; Sf, Shigella flexneri;

Sb, Shihella boydii; R, resistant.
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Table 3
Minimum inhibitory concentrations from selected medicinal plants used for the treatment of diarrhoea in Limpopo Province

Plant species Extracts and bacteriaa tested (MIC in mg/ml)

Sa Ec St Vc Sd Ss Sf Sb Sa Ec St Vc Sd Ss Sf Sb

Methanol Ethanol
Elephantorrhiza burkei 0.156 – – 0.312 0.156 – 0.156 0.625 0.156 – – 0.312 0.312 – 0.078 0.625
Elephantorrhiza elephantina 0.156 – – 0.312 0.156 0.625 0.156 0.625 0.156 – – 0.312 0.312 – 0.078 0.625
Gymnosporia senegalensis 0.156 0.312 0.312 0.156 0.078 – 0.156 0.312 0.156 0.156 0.156 0.156 0.156 – 0.156 0.312
Indigofera daleoides 0.078 0.078 0.156 0.078 0.078 0.312 0.078 0.156 0.039 0.078 0.078 0.039 0.039 0.312 0.156 0.156
Ozoroa insignis 0.156 0.078 0.312 0.156 0.078 0.625 0.156 0.312 0.156 0.156 0.156 0.156 0.156 0.312 0.156 0.312
Punica granatum 0.078 0.078 0.156 0.078 0.078 0.312 0.078 0.156 0.078 0.078 0.156 0.078 0.039 0.312 0.039 0.156
Spirostachys africana 0.156 – 0.625 0.156 0.156 – 0.312 – 0.156 0.156 – 0.156 0.312 – 0.312 0.625
Schotia brachypetala 0.156 – – 0.312 0.156 – 0.312 – 0.156 – – 0.312 0.312 – 0.312 –
Syzygium cordatum 0.312 0.312 0.312 0.156 0.156 – 0.156 0.156 0.156 0.156 0.156 0.156 0.156 – 0.156 0.156
Ximenia caffra 0.156 – – 0.312 0.156 0.312 – – 0.312 – – 0.156 0.156 – 0.156 –

Acetone Water
Elephantorrhiza burkei 0.312 – – 0.156 0.156 – 0.078 0.312 0.156 – – 0.156 0.625 – 0.156 0.312
Elephantorrhiza elephantina 0.312 – – 0.156 0.156 – 0.078 0.312 0.156 – – 0.156 0.625 0.625 0.156 0.312
Gymnosporia senegalensis 0.312 0.156 0.156 0.312 0.156 – 0.156 0.156 0.312 0.156 – 0.312 0.312 – – –
Indigofera daleoides 0.078 0.156 0.156 0.078 0.078 0.312 0.156 0.156 – – – – – – – –
Ozoroa insignis 0.156 0.156 0.156 0.078 0.078 0.312 0.156 0.156 0.156 0.625 0.625 0.156 0.312 0.312 0.156 0.625
Punica granatum 0.078 0.156 0.156 0.039 0.078 0.312 0.039 0.078 0.078 0.156 0.156 0.156 0.312 0.156 0.156 0.156
Spirostachys africana 0.312 – 0.156 0.156 0.312 – 0.156 0.156 0.156 0.625 – 0.156 0.312 – 0.312 0.312
Schotia brachypetala 0.312 – – 0.156 0.156 – 0.156 0.312 – – 0.156 0.625 – 0.312 –
Syzygium cordatum 0.312 – – 0.156 0.156 – 0.156 0.156 0.078 0.625 0.156 0.156 0.312 – 0.312 0.625
Ximenia caffra 0.312 – – 0.156 0.625 – 0.156 – 0.312 – – 0.156 0.625 – 0.312 –

+Control (nalidixic acid) 0.001 0.007 0.007 0.007 0.003 0.007 0.007 0.001 – – – – – – – –

a Bacteria: Sa, Staphylococcus aureus; Ec, Escherichia coli; St, Salmonella typhi; Vc, Vibro cholera; Sd, Shigella dysentery; Ss, Shigella sonnei; Sf, Shigella flexneri; Sb, Shihella boydii; R, resistant; positive; (–),
not performed.
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healers to prepare their remedies. The dose given to the patient
depends on age, and it ranged from three teaspoons of decoc-
tion per day for children to one cup (three times) per day for
adults. In some cases, the decoction was mixed with maize meal
to prepare soft porridge and is given to patients once a day.

3.2. Antibacterial screening

3.2.1. Agar-well diffusion assay
As shown in Table 2, the extracts from different plant species

studied showed some antibacterial activity against all/or some of
the tested diarrhoea causative microorganisms, with the diame-
ters of zone of inhibition ranging between 10 and 31 mm. There
were significant differences (P < 0.05) in the antibacterial activ-
ity of methanol, ethanol, acetone and water extract from Syzy-
gium cordatum, Gymnosporia senegalensis, Ozoroa insignis,
Elephantorrhiza elephantina, Elephantorrhiza burkei, Ximenia
caffra, Schotia brachypetala and Spirostachys africana. Of the
plants studied, the most active extracts were those obtained from
Punica granatum and Indigofera daleoides. All organic solvent
(methanol, ethanol, acetone) and water extract from two plants,
namely, Punica granatum and Ozoroa insignis showed posi-
tive antibacterial activity against all bacterial strains. There were
no significant differences (P < 0.05) in activity between organic
solvents and water extract of Punica granatum against Staphy-
lococcus aureus, Shigella sonnei and Shihella boydii. Methanol,
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as a positive control, had MIC values ranging from 0.001 to
0.007 mg/ml. Staphylococcus aureus, Vibro cholera, Shigella
dysentery and Shigella flexneri with high sensitivity to some
extracts, were also sensitive to nalidixic acid at a concentration
three times lower than crude extracts.

4. Discussion and conclusions

As seen from the results obtained from the ethnobotanical
survey part of the present study, there were 21 plant species
used by North Sotho traditional healers in selected areas in
the Capricon District Limpopo Province. The high diversity of
medicinal plants used in the treatment of diarrhoea in the Capri-
con District could be attributed to different interpretations on
what caused diarrhoea and the abundance of a particular plant
in that specific locality. Different plants from those found in
this study, were reported to be used for diarrhoeal treatment by
Vhenda (Ngobeli, 2002) and Zulu (Lin et al., 2002) speaking
traditional healers. Punica granatum, Syzygium cordatum and
Spirostachys africana have also been reported to be used for
diarrhoeal treatment in other parts of the world (Chinemana et
al., 1985; Bandeira et al., 2000; Tabuti et al., 2003; Vidal et al.,
2003). The fact that these plants are used in other parts of the
world may suggest their pharmacological potential in diarrhoeal
treatment.

Most of the plants used by traditional healers in the Capricon
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thanol and acetone extracts of Indigofera daleoides inhibited
he growth of all tested microorganisms. There were no signifi-
ant differences (P < 0.05) between the antibacterial activity of
ethanol, ethanol and acetone extracts of Indigofera daleoides

gainst Escherichia coli, Salmonella typhy and Shigella dysen-
ery. All extracts of Elephantorrhiza elephantina, Elephantor-
hiza burkei and Ximenia caffra and Schotia brachypetala were
ot active against Escherichia coli and Salmonella typhy.

All the bacteria in the study were sensitive to nalidixic
cid with Staphylococcus aureus, Shigella dysentery and Shi-
ella boydii being the most sensitive (inhibition zone values of
5, 30 and 29 mm, respectively). Escherichia coli, Salmonella
yphy and Shigella sonnei were resistant to erythromycin. Vibro
holera, Shigella dysentery and Shigella flexneri were found to
e resistant to contrimoxazole.

.2.2. Minimum inhibitory concentration
Table 3 shows MIC values of the active extracts on all tested

icroorganisms. The MIC values obtained in this study from
ll plant extracts tested ranged from 0.625 to 0.039 mg/ml. The
ighest MIC value of 0.625 was observed for methanol, ethanol
nd water extract from Elephantorrhiza elephantina and Ele-
hantorrhiza burkei, depending on the bacterial strains. Ethanol
nd acetone crude extracts of Indigofera daleoides and Punica
ranatum had the lowest MIC value of 0.039 mg/ml against
ost tested diarrhoea causative microorganisms. MIC values

f Indigofera daleoides ethanol extracts reflect high sensitivity
f Staphylococcus aureus, Vibro cholera and Shigella dysentery
o this extract. Vibro cholera, Shigella dysentery and Shigella
exneri were found to be susceptible to ethanol and acetone
xtracts of Punica granatum. Nalidixic acid, which was used
istrict were trees and the widely sought after plant part in the
reparation of remedies was the bark. The bark was harvested
t any time of the year. This removal of the bark from a tree
as been reported to accelerate the death of a tree (Grace et al.,
002). It was not surprising, therefore, that during the study it
as difficult to obtain bark from some trees such as Ximenia

affra and Spirostachys africana since some of the trees were
ead due to debarking. This may be a good reason to encourage
onservation among the communities and traditional healers by
omesticating some of these plants, an idea being promoted by
lot of other researchers (Kala, 2000; Heywood and Iriondo,

003; Shinwari and Gilani, 2003).
Of the plants studied, the most active extracts were those

btained from Punica granatum and Indigofera daleoides. Noth-
ng has been reported on Indigofera daleoides with regard to its
ntimicrobial activity. However, other species such as Indigofera
endroides, Indigofera longeraceae and Indigofera oblingifolia
ere found to have antimicrobial activity (Dahot, 1999; Esimone

t al., 1999; Thangadurai et al., 2002). Results obtained in this
tudy on antibacterial activity of Punica granatum, seem to agree
ith those obtained by Ahmad and Beg (2001) who reported that

lcohol extracts of Punica granatum fruits showed antibacterial
ctivity when tested against Staphylococcus aureus, Escherichia
oli and Shigella dysentery. Prashanth et al. (2001) also reported
he methanolic extracts of Punica granatum fruit rind to be active
gainst all tested microorganisms. The present study showed that
unica granatum organic extracts from roots have similar activ-

ty like that of fruits as reported by the two aforesaid authors.
The antibacterial activity shown by the water extract of

unica granatum in this study could be of interest since tradi-
ional healers use water generally as a way of preparing remedies
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from medicinal plants. This study showed that Punica grana-
tum water extract were equally active as organic extracts against
Gram-negative bacteria such as Shigella sonnei and Shihella
boydii. This is in contrast to the work done by other researchers
who have reported water extract to show low activities espe-
cially towards Gram-negative bacteria, as compared to organic
extracts (Shale et al., 1999; Lall and Meyer, 2000; Matu and Van
Staden, 2003). This seemed to confirm the antibacterial potential
of Punica granatum and its use in traditional medical practice.
Some researchers have attributed this type of activity to the pres-
ence of water soluble tannins which are well known to possess
antimicrobial properties (Djipa et al., 2000; Otshudi et al., 2000).
New gallotannins and ellagitannins isolated from Punica grana-
tum fruit rind have been reported to be the principal components
responsible for the antimicrobial action (Hussein et al., 1997;
Machado et al., 2003; Vidal et al., 2003).

In this study, Staphylococcus aureus, Vibro cholera and
Shigella dysentery, some of which showed resistance to contri-
moxazole, were found to be the most susceptible bacteria to all
tested extracts obtained from different plants. Our results agree
with those that have reported the susceptibility of Staphylococ-
cus aureus and Shigella dysentery to some plant extracts (Ilori et
al., 1996; Machado et al., 2003; Omer and Elnima, 2003). In the
present study, it was found that Escherichia coli and Salmonella
typhy, Gram-negative bacteria resistant to erythromycin, were
also resistant to all extracts of Elephantorrhiza elephantina, Ele-
phantorrhiza burkei, Ximenia caffra and Schotia brachypetala
except for water extract of Elephantorrhiza elephantina and Ele-
phantorrhiza burkei. This was in agreement with what has been
reported that Gram-negative bacteria are resistant to most plant
extracts (Lall and Meyer, 2000). From the MIC results obtained
in the present, it can be concluded that plants that showed low
MIC (0.039 mg/ml), in particular ethanol and acetone extracts
of Indigofera daleoides and Punica granatum, could be a good
source of bioactive components with antimicrobial potency.
According to Rios et al. (1988), plant extracts that are active
at concentration 100 �g/ml when using the micro-plate dilu-
tion method could be considered to have good an antimicrobial
potency level.

The results obtained in this study appear to confirm the
antibacterial potential of the plants investigated, and their use-
fulness in the treatment of diarrhoea that may be as a result of
infection.
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