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In order to promote Congolese folk medicine, which has been proven to be a viable alternative for our
population confronted with health problems due especially to the lack of easy access to primary care
and considering the multiplicity of diseases which daily torment them, a survey of the antibacterial
activity of three medicinal plants used in herbal medicine by the healers in the city of Lubumbashi has
been carried out. Tests of sensitivity of the microbes towards the plant extracts have been achieved in
order to search for their therapeutic efficiency since according to the ethnobotanical information, they
are used against many diseases. After analysis, the results showed that, as far as their inhibitory
capacity on the microbes is concerned, the three plants (Terminalia mollis, Diospyros batocana and
Antidesma venosum) were bioactive. Proteus mirabilis is the microbe more sensitive to the extracts of
T. mollis whereas Salmonella typhii showed greater sensitivity to extracts of D. batocana and A.
venosum. Concerning Klebsiella pneumoniae pneumoniae, no sensitivity was observed towards

extracts of A. venosum.
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INTRODUCTION

No one can minimize the important role played by the
healers in the improvement of the health’s system in
many African countries (Barakat et al., 2013; Samy et al.,
2013; Steenkamp et al., 2013). Recently, a lot of
countries throughout the world have succeeded in
integrating their traditional medicine into their health
system in order to satisfy with efficiency the health needs
expressed by their population. Indeed, modern medicine
has showed its limits in some cases. This is the reason
why, in a research on the healers and the medicinal
plants in Lubumbashi published in 2004, Petit and

Vakyanakazi (2004), indicated the importance of folk
medicine and the fact that WHO have encouraged the
Democratic Republic of Congo (DRC) to promote its
herbal medicine as is the case in China, India, Argentina,
Nigeria and Senegal which are now considered as
examples of a succeeded cohabitation between the
modern and the traditional medicines. In the DRC, the
effort of integration of the traditional medicine into our
health policy has been concretized in 2002 by the
recognition of the Congolese Healers Association by the
Ministry of Heath.
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It is true that folk medicine remains as an alternative for
our population greatly impoverished and preoccupied by
the problem of access to primary health care. To support
this statement especially in the case of the city of
Lubumbashi, one can note with bitterness, as Petit and
Vakyanakazi ( 2004) did after their investigation, that the
healers practice their professions successfully in the poor
media of our city, that means the areas without hospitals
and where the greatest part of our fellow citizens lives.
Indeed, in our city the majority of inhabitants are
confronted with serious heath problems. This is indicated
when one consider the analysis of a small sample of sick
persons which led to the identification of enterobacteria
pathogens and their cure in the University Of Lubumbashi
clinics (Cliniques Universitaires de Lubumbashi 2006).
These statistics had revealed that, among the patients
sampled, about 25% cases of gastro-enteritis, 25% of
sharp enteritis, 15% of septicemia and 5% of cystitis,
have been observed, respectively. Besides, these
pathologies were generally observed during the rainy
seasons.

Based on inquiries by Petit and Vakyanakazi (2004), it
is established that these pathogens found among the
population in the city of Lubumbashi are cured by modern
physicians but also by the herbal medicine of the healers.
However, it is true that an expert, involved in the health
sector or its related field, will wonder about the rationality
of the curative scheme and the efficiency of the
therapeutic choice that the healer uses in their medicine.
Here is the fundamental question to which this study
would like to give answer. The present survey aims at
evaluating the antibacterial activity of three medicinal
plants used in the Congolese herbal medicine in view to
check the therapeutic validity of the medicinal practices
that the healers use in the city of Lubumbashi. It is based
on a preliminary research consisting in tests of the
sensitivity of three reference pathogenic microbes
(Klebsiella pneumoniae pneumoniae, Salmonella typhii
and Proteus mirabilis) towards extracts of Terminalia
mollis, Diospyros batocana and Antidesma venosum
since they are extensively used by the healers in the
herbal medicine (Petit and Vakyanakazi, 2004). Indeed,
based on the literature and the results from
ethnobotanical investigations (Kitwa, 2002; Kruger, 2004;
Petit and Vakyanakazi, 2004; Tshibangu, 1997), T. mollis
is a plant of interest from a medical point of view because
it acts against intestinal worms, diarrhea, tuberculosis,
malaria, cholera, cancer and dysentery (Mustopha et al.,
2000; Sanin et al., 2003; Sumesh et al., 1999). Literature
also indicates the use of another plant species in the family,
Terminalia sericea, against human immunodeficiency virus/
acquired immunodeficiency syndrome (HIV/AIDS), diarrhea,
coughing and cutaneous infections (Bessong et al., 2004).
Concerning D. batocana, it is in a family whose species have
innumerable usages in phytomedecine (Borsub et al.,
1976; Hostettmann et al., 2000; Khang and Timi, 1999(a-
c¢); Khang et al., 1987; Mallavadhani et al., 1998; Moody
and Roberts, 2002; Xing-Cong et al., 1998).
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It is used to cure gonorrhea and infertility, particularly
the azospermia. Talking about the medicinal use of A.
venosum, as with other species of its family, it is a plant
of great pharmacological interest (Buske et al., 2001,
Bringmann et al., 2000, 2001) owing to its efficient action
against gonorrhea, tooth decay, abdominal pains,
gastritis, infertility, precocious abortion, threats of abortion
and sexual impotence.

MATERIALS AND METHODS

Based on the ethnobotanical investigations, three plants used in
Congolese phytomedicine were harvested and studied: T. mollis
(Chrysobalanceae), D. batocana (Ebenaceae) and A. venosum
(Euphorbiaceae). They have been selected in order to determine
their antibacterial activity towards a group of well identified
pathogenic microbes. The bioactivity tests of these plants have
been achieved as described below:

Plant identification

Botanical identification and harvest of the studied plants was carried
out by the Geomorphology and Botany laboratory, the Unit of
Ecology and Environment (Department of Geography, Faculty of
the Sciences) at the University of Lubumbashi (DRC). They come
from the forest of the FIKUPA locality found in the mining hinterland
of Katanga (DRC) and were identified under the following herbarium
numbers: N° 4367 — T. mollis Lacus (Combretaceae), N° 4368 — D.
batocana Hiern. (Ebenaceae), N° 4369 — A. venosum E.mey.ex
Hoffn. (Euphorbiaceae).

Choice of the microbes of interest

The microbes that we used for the antibacterial tests were identified
by their ATCC codes as described below and are usually used as
reference for microbial testing in the Clinical Biology laboratory at
the University of Lubumbashi Clinic. P. mirabilis: ATCC 35659; K.
pneumoniae pneumoniae: ATCC 35657; S. typhimurium: ATCC
14028.

The preparation of the excerpts

For the preparation of the plant extracts, 50 g of plant material
constituted of stem peels were dried, ground using an agate mortar
and submitted to steeping for 72 h with 750 ml of methanol as
solvent in view of extracting the bioactive molecules. The obtained
alcoholic solution undergone filtration prior to the solvent removal
by vacuum evaporation (40°C) using a BIBBY RE200B rotavapor
connected to a KNF Neuberger LABOPORT vacuum pump. The
preparation of the plant's extracts was done using 50 g of plant
material and the following outputs were obtained: T. mollis (9.0%),
D. batocana (15.6%) and A. venosum (8.1%). These plants’
extracts were sampled and resuspended in distilled water to
prepare solutions to be tested with bacterial strains of our choice.

Isolation of bacteria and inoculation of the plants extracts

The bacteria were cultured in liquid Mueller Hincton medium with a
concentration equal to 2 units of Mac Farland (BioMérieux, 1996).
This bacterial concentration corresponds to an optical density of
0.250 which was measured spectrophotometrically using the 550
nm wavelength (Spectrophotometer Genesis 20); 2 ml of this
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Table 1. Result of microbe sensitivity tests towards T. mollis extracts.

Plant’s extracts dilution K. pneumopiae S. typhi P. mirabilis Number of Proportion (%)
(mg/ml) pneumoniae positive tests

50 + + 3/3 100

25 + + 3/3 100

12.5 + + 3/3 100

6.25 - + 1/3 33.3
Number of positive tests 3/4 3/4 4/4 10/12 83.3

Proportion (%) 75 75 100

+, Inhibition of the bacterial activity; —, failure or resistance to the extract action.

preparation were placed in tests tubes containing 2 ml distilled
water containing the medicinal plant’'s extracts. These extracts were
diluted with distilled water progressively in half of a mother solution
with a concentration equal to 50 mg/ml to give extracts successively
to concentrations equal to 50, 25, 12.5 and 6.25 mg/ml. For each
test, three replicates were done per plant extract and concentration
per bacterial strain. Incubation of the tests tubes was carried out for
24 h between 35 and 37°C in a stream room.

The reading of the sensitivity of the microbes towards the plant
extracts was achieved by visual observation of the turbidity
development in the test tubes (Figure 1) and the obtained result
validated using the Petri dishes technique for the numbering of the
bacteria colonies (Ayres and Mara, 1996). The observation of the
turbidity developed in the tests tubes has enabled us determine the
minimum inhibitory concentration (MIC). As for the minimum
bactericidal concentrations (MBC) in view establishing whether the
studied extracts are bacteriostatics or bactericidal, it was
determined through the seeding of bacteria, contained in the
precipitate recovered from the test tubes, in the Petri dishes using
the Mueller Hincton Agar.

RESULTS AND DISCUSSION

The concerned results are related to the determination of
sensitivity of K. pneumoniae pneumoniae, S. typhii and P.
mirabilis towards the extracts of T. mollis, D. batocana
and A. venosum. The active dilutions of the extracts
which ranged from 50 to 6.25 mg/ml were incubated for
24 h at between 35 and 37°C.

Bioactivity of T. mollis

The sensitivity of the studied bacterial strains towards the
extracts of T. mollis is shown in Table 1. It is obvious that
T. mollis extracts have a substantial inhibitory action on
all three microbes because about 83.3% of tests were
successful. As a matter of fact, the bacterial activity was
inhibited for all dilutions in 75 to 100% of the achieved
bioassays. The sensitivity of P. mirabilis towards these
extracts was the largest of all because the MIC of 6.25
mg/ml which corresponds to the greatest dilution of the
extract. Concerning the sensitivities of K. pneumoniae
pneumoniae and S. typhii towards the extracts, they
seemed to be similar. The total inhibition of microbes was
gotten at a dilution of 12.5mg/ml. It is to this concen-
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Figure 1. Tests of the sensitivity of P. mirabilis towards
the extracts of A. venosum.

tration that the microbes begin to resist the extracts
inhibitory action. Additionally, the bioassays reveal the
broadening of the antibacterial spectrum of the extracts of
T. mollis when the concentration increases or surpasses
the MIC which is below 6.25 mg/ml for P. mirabilis.
Concerning K. pneumoniae pneumoniae and S. typhii,
the MIC was 6.25 mg/ml of the extracts. As for the MBC,
it is nil because the bacterial developed on the Mueller
Hincton agar.

Bioactivity of D. batocana

The tests of sensitivity of the microbes towards the
extracts of D. batocana led to the results in Table 2.



Table 2. Result of microbe sensitivity tests towards D. batocana extracts.

Shengo et al.

Plant’s extracts dilution K. pneumopiae S. typhi P. mirabilis Number of Proportion (%)
(mg/ml) pneumoniae positive tests
50 + + + 3/3 100
25 + + + 3/3 100
12.5 - + - 1/3 33.3
6.25 - + - 1/3 33.3
Number of positive tests 2/4 4/4 2/4 8/12 66.7
Proportion (%) 50 100 50
+, Inhibition of the bacterial activity; —failure or resistance to the extract action.
Table 3. Results of microbe sensitivity tests towards A. venosum extracts.
Plant's e()r(:ga/;t; dilution Kbr?gs;nggg:e S. typhii P. mirabilis pglsljiiri]vbee’[ec')sfts Proportion (%)
50 - + 2/3 66.7
25 - + 2/3 66.7
12.5 - + 2/3 66.7
6.25 - - 1/3 33.3
Number of positive tests 0/4 4/4 3/4 7/12 58.3
Proportion (%) 0 100 75

+, Inhibition of the bacterial activity; —, failure or resistance to the extract action.

These results indicate that S. typhii showed a very great
sensitivity (100%) towards the excerpt of D. batocana
because the minimal inhibitory concentration is the lowest
possible for this microbe since it resists even at the
greatest used dilution. For the other microbes, K.
pneumoniae pneumoniae and P. mirabilis, displayed a
similar behavior (50%) towards these extracts to which
they resisted for dilutions below 25 mg/ml. Their MIC is
equal to 12.5 mg/ml of the extracts of D. batocana.
Globally, the inhibitory action of the extracts on the
microbes is 50%. However, it is worth mentioning that the
MBC is also nil in this case.

Bioactivity of A. venosum

The test of sensitivity of the microbes on A. venosum
extracts is shown in Table 3. These results show that S.
typhii is more sensitive to the extracts of A. venosum
because for this microbe, the proportion of positive tests
is equal to 100% whatever may be the dilution. As far as
the sensitivity of the other microbes towards the extract is
concerned, one can notice that P. mirabilis (Figure 1),
with 75% of positive tests, came second in position. On
the other hand, the resistance shown by K. pneumoniae
pneumoniae to the plant extract was the largest noted
while analyzing the bioassay results. Nevertheless, the
inhibitory action on the microbes shown by the extracts of
A. venosum is smaller than for T. mollis and D. batocana

because only 58.3% positive tests were recorded. The
MIC for S. typhii is below 6.25 mg/ml of the extracts of A.
venosum contrarily to P. mirabilis. However, the MBC is
nil due to the growth of bacteria on the Mueller Hincton
Agar.

Globally, it was deduced from the results that the three
plants, according to their inhibitory action on the
microbes, may be classified as follows: T. mollis, D.
batocana and A. venosum. On the other hand, one can
see that P. mirabilis is more sensitive to the extracts of T.
mollis whereas S. typhii showed a bigger sensitivity
towards D. batocana and A. venosum. With regard to K.
pneumoniae pneumoniae , it did not have any sensitivity
to the extracts of A. venosum. Its sensitivity to those of T.
mollis was more pronounced than it demonstrated
towards the extracts of D. batocana. To all dilutions and
whatever may be the excerpt, the sensitivities of the
microbes were classified in the following order: S. typhii
with 91.7% of the positive tests, P. mirabilis with 75% and
K. pneumoniae pneumoniae with 41.7%, respectively.
Considering that the MBC is nil in all the cases, it can
concluded that the plants’ extracts tested against the
bacterial strains of our interest are bacteriostatics. Based
on the sensitivity shown, at different dilutions, by the
studied bacterial strains towards the plants’ extracts, only
the result related to the action of the extracts of A.
venosum against K. pneumoniae pneumoniae shows a
difference statistically significant (p = 0.021). No signi-
ficant difference is observed with regard to the results
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given by the sensitivity of bacterial strains towards the
remaining plants’ extracts (p > 0.05).

Conclusion

On the antibacterial efficacy standpoint, the three plants
used in the Congolese folk medicine can be classified as
follows: T. mollis, D. batocana and A. venosum. Their use
by the healers against illnesses such as diarrhea,
gastroenteritis, urinary infections, typhoid fever and
dysentery is well justified. P. mirabilis is the microbe most
sensitive to the extracts of T. mollis whereas S. typhii
showed more sensitivity to D. batocana and A. venosum.
However, K. pneumoniae pneumoniae showed a strong
resistance to the extracts of A. venosum. The sensitivity
of the germs to the extracts of T. mollis was bigger than
the one shown towards those of D. batocana. To all
dilutions of the extracts, sensitivity of the microbes was
classified as follows: S. typhii, P. mirabilis and Klebsiella
pneumoniae pneumonia. Only the extracts from T. mollis
and D. batocana possess antibacterial activities enabling
them to be used as sources of new drugs. The plants
extracts tested against the reference bacteria of our
interest are bacteriostatic.

ACKNOWLEDGMENTS

We are grateful to the technicians Emile KISIMBA
KIBUYE (the Geomorphology and Botany Laboratory -
Department of Geography) and Jean-Pierre KAPONGO
MAYEBA (The bio-organic chemistry laboratory -
Department of Chemistry) for their technical support and
collaboration during the identification and harvesting of
the studied medicinal plants and the preparation of the
extracts used for bioassays.

ABBREVIATIONS

DRC, Democratic Republic of Congo; HIV/AIDS, human
immunodeficiency virus/ acquired immunodeficiency
syndrome; MIC, minimum inhibitory concentration; MBC,
minimum bactericidal concentrations.

REFERENCES

Ayres RM, Duncan MD (1996). Analysis of Wastewater for Use in
Agriculture - A Laboratory Manual of Parasitological and
Bacteriological Techniques, World Health Organization, Geneva,
pp.24-26.

Barakat BB, Muahmmad |, Niaz A, Naveed M, Rehmanullah (2013).
Antispasmodic potential of leaves, barks and fruits of Zanthoxylum
armatum DC. Afr. J. Pharm. Pharmacol. 7(13):685-693.

Bessong PO, Obi CL, Igumbor E, Andreola M-L, Litvak S (2004). In vitro
activity of three selected South African medicinal plants against
human immunodeficiency virus type 1 reverse transcriptase, Afr. J.
Biotechnol. 3(10):555-559.

BioMérieux (1996). Livret technique, Identification et antibiogrammes,
Méthodes manuelles, Marcy-Etoile-France, pp. 193.

Borsub L, Thebtaranoth Y, Ruchirawat S, Sadavongvivad C (1976). A
new diglycoside from the anthelmintic berries of Diospyros mollis,
Tetrahedron letters, (2):105-108.

Bringmann G, Rischer H, Wohlfarth M, Schlauer J (2000). Biosynthesis
of Antidesmone in Cell Cultures of Antidesma membranaceum
(Euphorbiaceae): An Unprecedented Class of Glycine-Derived
Alkaloids Institute of Organic Chemistry, University of Wuerzburg,
Wuerzburg, Germany. J. Am. Chem. Soc. 122(41):9905- 9910.

Bringmann G, Schlauer S, Rischer H, Wohlfahrt M, Haller R, Bar S,
Brun R (2001). Antidesmone, a novel antitrypanosomal Alkaloid,
Institut fur Organische Chemie, Universitdt Wurzburg, Wurzburg,
Germany. Pharmaceut. Pharmacol. Lett. 11(2):47-48.

Buske A, Schmidt J, Porzel A, Adam G (2001). Alkaloidal,
megastigmane and  lignan  glucosides  from  Antidesma
membranaceum (Euphorbiaceae), Department of Natural Products
Chemistry, Leibniz-Institute of Plant Biochemistry, Halie/Saale,
Germany. Eur. J. Organ. Chem. 18:3537-3543.

Cliniques Universitaires de Lubumbashi (CUL), Archives and reports
from the Internal Medicine Department (2006).

Hostettmann K, Marston A, Ndjoko K, Wolfender J-L (2000): Potential of
African plants as source of drugs, Cur. Organ. Chem. 4:973-1010.

Khang MR, Timi D (1999a). Constituents of Diospyros lolin, D. maritima
and D. novoguinensis, Fitoterapia, 70(2):194-196.

Khang MR, Timi D (1999b). Constituents of Root and Stem Barks of
Diospyros hallieri, Fitoterapia, 70(3):320-321.

Khang MR, Timi D (1999c). Constituents of Root and Stem Barks of
Diospyros villosiuscula, Fitoterapia, 70(2):209-211.

Khang MR, Kishimba MA, Locksley LD (1987). Naphthoquinones and
triterpenoids from Diospyros zombensis, D. Consolatae, D.
Squarrisa, Fitoterapia, 58(6):424-425.

Kitwa K (2002). A survey on dyes from vegetable species, The case of
the violet dye from Diospyros batocana, Research report, Department
of Chemistry, Faculty of the Sciences, University OF Lubumbashi,
The Democratic Republic of Congo, p.13.

Kruger J (2004). Isolation and characterization of antibacterial
compounds from three Terminalia spp, Ph. D., Department of
Paraclinical Sciences — Phytomedicine, Faculty of Veterinary
Science, University of Pretoria, Pretoria.

Mallavadhani UV, Panda AK, Rao YR (1998). Pharmacology and
chemotaxonomy of Diospyros, Phytochemistry 49(4): 901-951.

Moody JO, Roberts VA (2002). Antiviral effect of selected medicinal
plants 1: effect of Diospyros bateri, Diospyros monbutensis and
Sphenocentrum jollyanum on polio viruses, Niger. J. Natl. Prod. Med.
6:4-6.

Mustopha VA, Benoit-Vical F, Pelessier Y, Kone-Bamba D, Mallu M
(2000). Antiplasmodial activity of plant extracts in West African
traditional medicine, J. Ethnopharmacol. 73(1-2):145-151.

Petit P, Vakyanakazi M (2004). «Bunganga bwa mici », The Healers
and medicinal Elants in Lubumbashi, Report of researches carried out
during the 12" work session (October, 2003-March, 2004) of the
Urban Change Observatory financed by the Belgian Unversitary
Development Cooperation (UDC), Lubumbashi, The Democratic
Republic of Congo, p.7, 12, 17-19, 98, 108.

Samy AS, Mohamed HAA, Mona SM, Mona FW (2013). Antibacterial
activities, chemical constitutes and acute toxicity of Egyptian
Origanum majorana L., Peganum harmala L. and Salvia officinalis L.
essential oils, Afr. J. Pharm. Pharmacol. 7(13):725-735.

Sanin S, Ollivier E, Azas N, Mathieu V, Gasquet M, Outtara CT, Nebie
I, Traore AS, Esposito F, Bolanserd G, Timin-David P, Fumaux F
(2003). Ethnobotanical survey and in vitro antiplasmodial activity of
plants in traditional medicine in BURKINA FASO, J. Ethnopharmacol.
86(2-3): 143-147.

Steenkamp V, Nkwane O, van Tonder J, Dinsmore A, Gulumian M
(2013). Evaluation of the phenolic and flavonoid contents and radical
scavenging activity of three southern African medicinal plants, Afr. J.
Pharm. Pharmacol. 7(13):703-709.

Sumesh CC, Caroline C (1999). Kenyan and Tanzanian traditional
medicines for treatment of malaria, First international meeting of the
Research Initiative on traditional Anti- Malarials (RITAM), Moshi,
Tanzania, 8-11 December 1999, p.41.

Tshibangu K (1997). Contribution to ethnobotanical knowledges and
determination of the antibacterial activities of some vegetable species



Shengo et al. 1875

used in the folk medicine in the city of Lubumbashi, A research
report, The Department of Chemistry and biology, the Pedagogic
High School of Lubumbashi, The Democratic republic of Congo, pp.
1-48.

Xing-Cong P, Van Der B, Wu DC (1998); Binaphtalenone glycoside
from African Chewing Sticks, Diospyros lycioides, J. Nat. Prod.
61(6):817-820.



