Ndhlovu et al., Afr J Tradit Complement Altern Med., (2017) 14 (2): 263-272
doi:10.21010/ajtcam.v14i2.28
IN VITRO EFFICACY OF EXTRACTS FROM PLANTS USED BY SMALL-HOLDER FARMERS IN
THE TREATMENT OF DERMATOPHILOSIS IN CATTLE

Daud N Ndhlovu®* Patrick J Masika?

! 2Department of Livestock and Pasture Science, University of Fort Hare, P. Bag X 1314, Alice, 5700 RSA.
YFaculty of Veterinary Science, University of Zimbabwe, MP 167 Mount Pleasant, Harare, Zimbabwe 2Fort
Cox College of Agriculture and Forestry, P.O. Box 2187, King Williams Town, 5600, Republic of South
Africa

“Corresponding author E-mail: ndhlovudn@gmail.com

Abstract

Background: Bovine dermatophilosis, an important skin disease of cattle caused by Dermatophilus congolensis,
negatively impacts the livelihoods of small-holder farmers in Zimbabwe. This impact is through, morbidity, loss of
draught animal power, costs incurred to manage the disease, losses associated with devalued damaged hides and the
resultant culling of some of the affected cattle. Due to the inaccessibility of conventional drugs to manage bovine
dermatophilosis, farmers have been reported to use local medicinal plants to manage the disease. The aim of the study
was to evaluate the in vitro antimicrobial activities of three plants that small-holder farmers in Zimbabwe used to
manage bovine dermatophilosis.

Methods: Dried plant materials were ground into powder and extracted individually using, water, 80 % acetone and 80
% methanol. The antimicrobial properties of the plants were evaluated against two Gram-negative (Escherichia coli
and Pseudomonas aeruginosa) and one Gram-positive (Staphylococcus aureus) reference bacterial strains. They were
further evaluated against a field isolate of Dermatophilus congolensis. The assays used were the disc diffusion,
minimum inhibitory concentration (MIC) and the minimum bactericidal concentration (MBC).

Results: Acetone and methanol extracts had superior inhibitory activities than did those of water. Pterocarpus
angolensis DC extracts had better inhibitory properties with absolute MIC values of 0.156 — 5 mg/ml, Cissus
Quadrangularis L had MIC values in the range 0.156 — 5 mg/ml while that of Catunaregam spinosa Thunb, Terveng
was 0.156 — 10 mg/ml. Dermatophilus congolensis was more sensitive to Pterocarpus angolensis DC average MIC =
0.63 mg/ml than to Cissus quadrangularis L average MIC = 1.25 mg/ml and Catunaregam. spinosa Thunb, Terveng
average MIC = 2.08 mg/ml.

Conclusion: These results suggest the potential antibacterial activities of extracts of the three plants and hence farmers
are, in a way, justified in using the plants. Better results (lower MIC) could be obtained by extracting and evaluating
pure active compounds of the plants.

Keywords: Zimbabwe, exudative, minimum inhibitory concentration, micro-dilution, p- iodonitrotetrazolium,
traditional, Cissus quadrangularis L.

Introduction

Dermatophilosis is a contagious exudative skin disease of cattle caused by a gram-positive actinomycete,
Dermatophilus congolensis (Dalis, 2009; Dalis et al. 2010). The disease affects a wide range of mammals including
man, cattle, sheep and goats (Woldemeskal and Mersha, 2010). The disease has been reported mainly from cattle in the
tropics; where it causes hide damage, prolonged suffering, high morbidity and associated economic losses (Koney,
1996; Chatikobo et al., 2004; Chatikobo et al., 2009; Woldemeskal and Mersha, 2010). In Zimbabwe, dermatophilosis
is of importance in small-holder farming communities and has steadily been spreading from its traditional foci to other
virgin areas (Chatikobo et al., 2004; Chatikobo et al., 2009).

Conventionally, the treatment for bovine dermatophilosis has been through the use of tetracyclines, penicillin
and dihydrostreptomycin, separately or in combination (Arowolo et al., 1987; van Tonder and Horner, 1996; Nath et
al., 2010). Gentamycin, given parenterally was more effective than the combination of penicillin and streptomycin
(Hamid and Musa, 2010). Topical applications of potassium aluminium hydroxide used with parenteral applications of
long acting tetracyclines provided treatment (Nath et al., 2010). Due to the association of bovine dermatophilosis with
Amblyomma variegatum ticks (Walker, 1996), tick control has been an important adjunct in the control of the disease
(Hadrill and Walker, 1996). Non-conventional or ethno-veterinary preparations have been used to manage bovine
dermatophilosis. Imam et al. (2008) indicated that the plant, Mitracarpus hirtus (L.) DC, had significant inhibitory
effects against Dermatophilus congolensis in vitro. Mitracarpus hirtus has also been used for the treatment of eczema
and other skin conditions in man (Imam et al., 2008). Use of alcoholic extracts of Senna alata (L) Roxb, Lantana
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camara L and Mitracarpus hirtus have resulted in the healing of dermatophilosis skin lesions in cattle (Ali-Emmanuel
et al., 2003). Dermatophilosis lesions resolved in 8 weeks after using a cream preparation of the plant Tephrosia vogelii
hook.f (Makoshi and Arowolo, 2011). Non-plant alternative remedies, such as quicklime, sulphur, soap, warm water,
oil-mixture of potash and torch battery contents have also been used by farmers to manage dermatophilosis (Stewart,
1972; Arowolo et al., 1987).

In Zimbabwe, farmers reported that they used; Cissus Quadrangularis L, Catunaregam spinosa Thunb,
Terveng and Pterocarpus angolensis DC for the management of bovine dermatophilosis (Ndhlovu and Masika 2013).
Cissus quadrangularis is a fleshy succulent vine occurring in Asia and Africa including Zimbabwe (Mishra et al.,
2009; Mullins, 2006). Mishra et al. (2009) reported in vitro antibacterial effectiveness against Staphylococcus aureus
and Staphylococcus cerivisiae. Fungicidal, antihelmintic, wound healing and antiinflamatory properties of C.
quadrangularis have also been reported (Mohanty et al., 2010; Vijay and Vijayvergia, 2010). Pterocarpus angolensis is
a small to medium sized deciduous tree (Ali et al., 2008), Namibian traditional healers, have used it to manage
bleeding, coughs and leg pains (Cheikhyousef et al., 2011) while antibacterial and antiprotozoal activities have also
been reported (Samie et al., 2009). Catunaregam spinosa has been used for the management of skeletal disorders and
was found to be effective against gram positive bacteria (Rajakaruna et al., 2002; Rout et al., 2009). To our knowledge
no studies have been conducted to determine the antibacterial activities of the three plants against D. congolensis. This
study was carried out as a follow up to a field survey (Ndhlovu and Masika 2013) and to investigate antibacterial
activities of these plants against D. congolensis and selected reference bacterial strains.

Methods
Plant collection

Fresh stems of C. quadrangularis were collected from the bush in Chegutu while fresh bark and leaves of P.
angolensis and C. spinosa were collected from Zhombe communal lands. VVoucher specimens were authenticated at
the National Herbarium and Botanical Gardens, Harare, Zimbabwe and stored at the Faculty of Veterinary Science
Toxicology laboratory. The voucher specimens were allocated the following voucher specimen numbers: DNNO1-
2012, DNNO02-2012 and DNNO03-2012 representing Cissus Quadrangularis, C. spinosa and P. angolensis
respectively.

Plant storage and preparation.

The plant specimens (stems and barks) were air dried at room temperature at the Faculty of Veterinary Science
Toxicology laboratory and later ground to fine powder using an electric grinding mill (Fritsch Pulverisette, Germany).
The resultant powders were stored in air-tight bottles and kept in a dark cool place until further processing.

Extraction procedure

Powdered plant samples were crudely extracted individually using sterile distilled water, 80 % acetone and
80% methanol. The extractions with acetone and methanol were performed using methods described by Shale et al.
(2005; Mathabe et al. (2008); Konate et al. (2011). Twenty grams of the respective powders were mixed with 200 ml of
solvent. The extracts were left overnight on a Variomag magnetic stirrer. The extracts were then filtered through
Whatman no.1 filter paper and the filtrate centrifuged in a Centaur 2 centrifuge at 3000 rpm for 10 min. The resultant
supernatant was concentrated using a rotary evaporator at 40 °C and later the samples were freeze-dried using a HETO
FD3 freeze dryer and kept at 4 °C until use. The water extract was prepared as follows; 20 grams of powder were
soaked in 200 ml sterile distilled water for 24 hr. The extract was then filtered using Whatman no. 1 filter paper and
later, the filtrate was freeze-dried and stored at 4 °C until use. All the extracts were weighed after freeze drying using a
Sartorius electronic balance.

Bacterial strains

Three reference bacterial strains, provided by the Zimbabwe National Quality Assurance Programme
(ZINQAP) were used: Gram negative Pseudomonas aeruginosa (ATCC 25619) and Escherichia coli (ATCC 25922),
together with Gram-positive Staphylococcus aureus (ATCC 25923). These bacteria were chosen due to their
availability and because they cause disease in livestock. Pseudomonas aeruginosa is an opportunistic human pathogen
which also causes chronic mastitis in cattle, fleece rot in sheep and suppurative otitis externa in dogs (Kingsford and
Raadma, 1997; Tron et al., 2004). Escherichia coli is an economically important inhabitant of the gastrointestinal tract
of ruminants (Henton and Hunter, 1996) causing diarrhoea in calves and is associated with abscessation. Hides are the
most important source of carcass contamination (Arthur et al., 2007; Arthur et al., 2010). Certain strains of E. coli, such
as the O157:H7 strain, are of zoonotic importance (Fairbrother and Nadeau, 2006). Staphylococcus aureus is a
pyogenic pathogen of economic importance in livestock, associated with mastitis in cattle and small ruminants (Lowly,
2000; Fitzgerald, 2012); infected quarters and the skin of the udder and teats are the main reservoirs of infection

264



Ndhlovu et al., Afr J Tradit Complement Altern Med., (2017) 14 (2): 263-272
doi:10.21010/ajtcam.v14i2.28

(Larsen et al., 2000). Staphylococcus aureus has been reported to be a leading cause of mastitis in cattle (Klein et al.,
2012).

Field isolates of D. congolensis were prepared from fresh skin scabs collected from naturally infected cattle from
Chegutu. The D. congolensis bacteria were identified by direct microscopy, culturing on blood agar and biochemical
tests as described elsewhere (Awad et al., 2008; Mannan et al., 2009).

All the bacteria were maintained on blood agar plates until use, at which time, three colonies of each were
transferred into universal bottles containing Brain Heart infusion broth and grown overnight at 37 °C. Before use of
broth cultures, their turbidity was adjusted with sterile saline to match 0.5 MacFaland solution; at this turbidity,
bacterial count was estimated at 1 - 2 x 108 CFU (Clinical and Laboratory Standards Institute (CLSI), 2006).

Antibacterial assays

The antibacterial activities of the extracts were determined using three methods; agar disc diffusion, minimum
inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) assays. Before use, the methanol and
acetone extract residues were re-dissolved in 80 % acetone while the water extract residue was re-dissolved in sterile
distilled water, each to a final concentration of 10 mg/ml.

Agar disc diffusion assay

The agar disc diffusion method as described elsewhere (Tadeg et al., 2005; Mathabe et al., 2006; Ghalem and
Mohamed, 2009 Rout et al., 2009) was used. The inocula of the different bacterial strains were evenly streaked on
Mueller-Hinton (M-H) agar using a sterile swab. Sterile Whatman filter paper discs (6 mm diameter); three for each
plant extract, were impregnated with reconstituted extracts (10 mg/ml) by soaking them for 15 min. Gentamycin (10
pg) was used as a positive control and discs soaked in distilled water and 80 % acetone, were used as negative controls.
Discs were applied on the surface of the dry M-H agar plates and incubated for 18 h at 37 °C. Plates streaked with D.
congolensis were placed in a candle jar and incubated as for the other bacteria. The plates were observed for zones of
inhibition which were measured in millimetres. Absence of a zone of inhibition was interpreted as absence of
antibacterial activity. Each extract was tested in triplicate.

Minimum Inhibitory Concentration and Minimum bactericidal concentration

The 96-well micro-plate method for minimum inhibitory concentration (MIC), as described by (Eloff et al.,
1998; Masoko et al., 2005; Mathabe et al., 2006; CLSI, 2006) and the minimum bactericidal concentration (MBC) as
described by (Moulari et al., 2006) were used. Each reconstituted plant extract; acetone, methanol and water, were two-
fold serially diluted starting at a concentration of 10 mg/ml to a final concentration of 0.078 mg/ml. A similar two-fold
dilution of gentamycin starting at a concentration of 10 mg/ml was used as a positive control. The negative controls
were acetone, methanol and distilled water. An equal volume of 100 ul fresh bacterial cultures were added to the wells.
The plates were covered and incubated at 37 °C for 24 h after which, 40 pl of 0.2 mg/ml of p-iodonitrotetrazolium
violet were added to each well as an indicator and incubated for 30 min. Presence of bacterial growth was indicated by
a purple colour whereas non-development of colour indicated inhibition of growth. Each test was replicated three times.
Absolute lowest MIC and average MIC values were computed.
For the determination of MBC, a portion of liquid (collected using a sterile loop) from each well that showed no colour
change; was plated on blood agar and incubated at 37 °C for 24 h. The lowest concentration that yielded no growth
after this sub-culturing was taken as the MBC (Kuete et al., 2008).

Statistical analysis

For the agar disc diffusion assays, the effect of extract and bacteria on zone of inhibition was measured by the
General Linear Model (GLM) in the Statistical Package for Social Sciences (SPSS) (SPSS, 2007). Extractant had 3
coded categories; (1-water; 2-acetone, 3-methanol), bacteria had four categories (1- D. congolensis, 2-E. coli, 3-P.
aeruginosa, 4-S. aureus) and plant had three categories (1- C. quadrangularis, 2- C. spinosa, 3- P. angolensis). Least
Significant Differences (LSD) was used as the post-hoc test to measure variances in categories. Values of P < 0.05
were considered as significant.

Results
Extraction yields

The quantities of plant materials extracted by the different solvents are as indicated in Table 1. The largest
quantity was extracted using methanol from C. spinosa (2417 mg) with water extracting the minimum quantity (333
mg) from the same plant. Methanol consistently extracted more material from all the plants while water extracted the
least.
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Table 1: Quantities in grams of materials extracted from plants

Plant Methanol (% of original)®*  Acetone (% of original) Water (% of original)
Cissus quadrangularis 1.739 (8.7%) 1.306 (7.5) 0.730 (3)
Catunaregam spinosa 2.417 (12) 2.055 (10.3) 0.333 (1.7)
Pterocarpus angolensis 2.048 (10.4) 1.733 (8.7) 1.084 (5.4)

aCalculated using original plant material of 20 gram
Agar disc diffusion assay

Table 2 suggested that extracts from the three plants had some antibacterial activities against mainly Gram-
positive bacteria, with diameters of zones of inhibition ranging between 8 and 15 mm. Dermatophilus congolensis and
S. aureus exhibited apparent resistance to the acetone extracts of C. quadrangularis and water extracts of C. spinosa
respectively. Apparent resistance to, mainly water extracts of C. quadrangularis L and C. spinosa, were seen in the
two Gram-negative bacteria, E. coli and P. aeruginosa. In fact, E. coli exhibited resistance to all of the water extracts.
Extracts from P. angolensis displayed activity against all the bacteria with the exception of E. coli. There were
significant differences (P < 0.05) between the antibacterial activities of the water and methanol extracts of C.
quadrangularis against D. congolensis. Water and acetone extracts of P. angolensis exhibited significantly better (P <
0.05), activity than methanol extracts against D. congolensis. All extracts of C. spinosa did not show significant
differences (P > 0.05), in their activity against D. congolensis. There were no significant differences (P > 0.05) in
activity between acetone and methanol extracts of C. quadrangularis against E. coli and P. aeruginosa. Water and
organic extracts of P. angolensis did not differ significantly (P > 0.05) in their activity against P aeruginosa; whilst the
activity differed significantly against S. aureus. All bacteria in the study were sensitive to gentamycin with D.
congolensis and E coli being more sensitive than P. aeruginosa and S. aureus.

Table 2: Antibacterial activities of water, acetone and methanol extracts from plants used by small-holder farmers.

Sample Bacteria® tested zone of inhibition (mm)
De Ec Ps Sa
Cissus quadrangularis
Water extract 10.52 R R 9.52
Acetone R 8.52 11.58 9.52
Methanol 13.5° 112 122 8.5"
Catunaregam spinosa
Water extract 10.52 R R R
Acetone 11.58 9.52 R 8.52
Methanol 12.52 7° 7° 10.5°
Pterocarpus angolensis
Water extract 12.52 R 82 92
Acetone 132 10 92 15°
Methanol 11.5° R 72 11°
Gentamycin 25.59 24.58 15¢ 14.59

2 Bacteria: De, Dermatophilus congolensis; Ec, Escherichia coli; Ps, Pseudomonas aeruginosa; Sa, Staphylococcus
aureus; R, resistant

Minimum inhibitory concentration and minimimum bactericidal concentration

Absolute and average MIC values of all the extracts are as shown in Table 3. Organic solvent extracts of P. angolensis
exhibited the lowest absolute MIC of 0.625 mg/ml, against D. congolensis whilst the water extract of C. quadrangularis had the
highest MIC of 5 mg/ml against the same organism. Acetone and methanol extracts of C. quadrangularis and C. spinosa had the
lowest absolute MIC of 0.156 mg/ml against S. aureus. The highest MIC of 10 mg/ml was exhibited by the water extract of C.
spinosa against P. aeruginosa. The lowest average MIC over the triplicates was 0.21 mg/ml exhibited by the acetone extract of C.
quadrangularis against S. aureus, the water extract of C. spinosa, had the highest MIC of 10 mg/ml against P. aeruginosa (Table 3).
Overall, the MIC values, both absolute and average, of all plants indicated that D. congolensis and S. aureus had higher sensitivity to
all the extracts than the gram negative E. coli and P. aeruginosa. All organisms were sensitive to gentamycin which exhibited the
lowest absolute and average MIC of 0.078 mg/ml. There was bacterial growth in the acetone and distilled water negative control
while there was none in the methanol control wells.

The MBC assay exhibited a negative response. The response was characterised by regrowth of bacteria after sub-culturing
of all the samples, as a result, no MBC values were computed in this study.
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Table 3: Average (and absolute)* Minimum inhibitory Concentrations (mg/ml) of three plant species after 24 hour incubation at 37°C
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Cissus quadrangularis

Catunaregam spinosa

Pterocarpus angolensis

Gentamycin

Dermatophilus congolensis
Escherichia coli
Pseudomonas aeruginosa

Staphylococcus aureus

Water
5.0

(5)*
5.0
)
5.0
(%)
2.08.
(1.25)

Acetone
1.25
(1.25)
2.5
(2.5)
1.25
(1.25)
0.21
(0.156)

Methanol
2.5

(1.25)

417

(2.5)

3.33

(2.5)

0.42 (0.313)

Water
3.33
(2.5)

5

5)

10

(10)
0.63
(0.625)

Acetone
2.5

(2.5)

2.08 (1.25)

0.31
(0.313)
0.42
(0.313)

Methanol
2.08

(1.25)

3.33

(2.5)

0.63 (0.625)

0.26 (0.156)

Water
2.08
(1.25)
417
(2.5)
5.0

(5)
25
(2.5)

Acetone
0.63
(0.625)
0.83
(0.625)
1.04
(0.625)
0.37
(0.156)

Methanol

1.04
(0.625)
0.63
(0.625)
1.67
(1.25)
0.52
(0.313)

0.078 (0.078)
0.078 (0.078)
0.078 (0.078)

0.078 (0.078)

*Absolute MICs are in brackets
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Discussion

Of the three extractants used, methanol was the best compared to acetone and water. Results obtained on the
extraction yields of the solvents used in this study seem to agree with those of other researchers (Masoko et al., 2005)
who reported that methanol extracted more material from Terminalia spp. than did acetone, hexane or dichloromethane.
Comparable results have been reported, where methanol was shown to extract the most material from seven plants,
with the highest yield being from Loxostylis alata A. Spreng (Suleiman et al., 2010). The quantities extracted by
acetone were greater than those extracted by water from all the plants, this contrasted findings by Abdillahi et al.
(2008), who reported that water was a better extractant than acetone. This difference could be as a result of the different
extraction procedures used in the two studies. In this study there was no use of sonication and filteration under a
vacuum during extraction as was the case with the other study. The other reason for the different results could be that
other workers (Abdillahi et al., 2008) studied different plant species which belonged to the Podocarpus genus. As water
yielded the least amount of material from all the plants in this study, this could have negative implications for farmers,
since they frequently use water as an important ingredient when preparing remedies from medicinal plants (Mathabe et
al., 2006; Suleiman et al., 2010). Masoko et al. (2005) reported that water was unable to extract non-polar components
of plants, as such, for this study, it was possible that the three plants investigated had fewer polar compounds in their
structures, hence the reduced yield associated with water extraction. On the other hand, despite methanol having been a
better extractant in this study, it is not readily accessible to the small-holder farmers. In a previous study Rios and
Recio (2005), it was stressed that it was important, during in vitro trials, to utilise extractants which the farmers
themselves use when they prepared medicinal plants. The agar disc diffusion assay results generally exhibited a similar
trend to those of the MIC although there were certain areas where the results were not in agreement. Extracts that did
not exhibit activity in the agar disc diffusion assay were still included in the MIC assay. This was done since there was
no knowledge on the diffusion characteristics of the extracts through the M-H agar. It has been reported that zones of
inhibition may not be exhibited because discs may lack potency due to storage and preparation (Becton and Company,
2006). Methanol and acetone extracts exhibited better inhibitory activities than water extracts with acetone extracts
having lower average MICs than those of methanol, this was in agreement with Masoko et al., (2005) who reported
acetone extracts having the lowest average MIC compared to methanol. Hamza et al. (2006); Mulaudzi et al. (2011)
described a classification of inhibitory activity of extracts according to MIC as follows: strong inhibitor; < 0.5 mg/ml,
moderate inhibitor; 0.5 — 1.5 mg/ml and weak inhibitor: > 1.5 mg/ml. According to this classification, methanol and
acetone extracts from all the plants suggested potential inhibitory activity against S. aureus while water extracts were
weakly inhibitory, this was in agreement with findings by Steenkamp et al. (2004); Mathabe et al. (2006); Suleiman et
al., (2010) who reported that S. aureus was susceptible to most plant extracts. Moderate inhibitory activity was
exhibited by the acetone extracts of C. quadrangularis against C. congolensis and P. aeruginosa. There was variance
between the results of the agar disc diffusion and the MIC assays with regards to the activity of the acetone extract of
C. quadrangularis against D. congolensis. Dermatophilus congolensis exhibited resistance to extracts, in the agar disc
diffusion assay, while in the MIC moderate activity against it was exhibited. The discrepancy between the results of the
two assays could be due to failure, by the disc-adsorbed C. quadrangularis to diffuse into the agar hence a negative
result. Several researchers have reported problems associated with the use of the agar disc diffusion assay. Deviations
from the recommended media pH of 7.2 — 7.4 and/or depth of 5 mm, which occur during preparation of the M-H agar
media, can negatively affect results of the assay. Murray and Zeitinger (2011) stated that the disc diffusion assay was of
limited use in hydrophobic plant extracts since these did not uniformly diffuse through the agar medium. Water soluble
constituents of extracts easily diffuse through agar while the more viscous constituents do not (Hood et al., 2003).
Despite these disadvantages, currently, several researchers still use the assay (Bharti et al., 2013; Firuzi et al., 2013;
Martins et al, 2014). Acetone and methanol extracts of P. angolensis performed better (MIC range of 0.63 — 1.04
mg/ml) against D. congolensis compared to the other plant extracts. The agar disc diffusion assay results of P.
angolensis against D. congolensis were consistent with those of the MIC, with the micro-organism exhibiting
sensitivity. Steenkamp et al. (2004) reported poor inhibitory effects of P. angolensis against both Gram-positive and -
negative bacteria with an MIC > 4 mg/ml. The difference in activity of P. angolensis between the two studies could be
due to the different extract preparation methods. Steenkamp et al. (2004) used maceration and heat drying to prepare
the extract, which was not the case in the current study. Heat drying might deactivate some antibacterial constituents in
the plant as has been reported elsewhere (Lau et al., 2013) where cold and hot extracted preparations of Lignosus
rhinocerotis (Cooke) Ryvarden had different chemical constituents and bioactivity. The difference could also be due to
the fact that the P. angolensis plants used were collected from different localities and hence could have different active
compounds (Shale et al., 2005). In the current study P. angolensis had some inhibitory activities against all organisms
with MIC that ranged between 0.37 — 1.67 mg/ml. In general, water extracts from all the plants had weak inhibitory
activity (MIC > 1.6) against all bacterial strains. The water extract of C. spinosa could be considered to have no
inhibitory activity against P. aeruginosa since its MIC was 10 mg/ml. Mulaudzi et al. (2011) considered extracts with
MIC > 8 mg/ml as having no inhibitory potential. Farmers are therefore faced with two constraints when they use water
as an ingredient; (1) poor extraction capacity and (2) weak to very poor inhibitory effects of the resultant extracts.

These two constraints may partly explain the apparent lack of efficacy of plant remedies prepared using water.
The lack of efficacy may not be intrinsic to the plant remedy, but attributable to the use of water in the preparation
process. To overcome these constraints, farmers steeped the plant material in cold water for longer periods or boiled
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and used the resultant diffusion and decoctions respectively. Alternatively, some farmers prepared and used the plant in
the form of a paste as was observed for the management of bovine dermatophilosis in the northern parts of Zimbabwe
(Ndhlovu and Masika, 2013).

Gram-positive organisms particularly S. aureus were more sensitive to the extracts than were the Gram-
negative bacteria. These findings were in agreement with those of Steenkamp et al. (2004); Mathabe et al. (2006);
Suleiman et al. (2010) in which S. aureus was reported to be highly sensitive to extracts of Terminalia sericea Burch.
ex DC, Indigofera daleioides Benth. ex Harv. var. daleoides and Khaya anthotheca (Welw.) C. DC respectively. The
Gram-negative E. coli was not sensitive to extracts of C. quadrangularis and C. spinosa whereas P. aeruginosa was
sensitive to the acetone and methanol extracts of C. spinosa. Acetone and methanol extracts of P. angolensis had
moderate to weak inhibitory effects on both Gram-positive and Gram-negative bacteria with an average MIC < 2
mg/ml. This was in agreement with Shale et al. (2005) who reported that some forms of Malva parviflora L were
inhibitory against both Gram-negative and Gram-positive bacteria as did Podocarpus species (Abdillahi et al., 2008).
Luseba et al. (2007) reported that P. angolensis was highly effective against the Gram-positive S. aureus and the Gram-
negative E. coli; this was in agreement with the current study. Gram-positive bacteria are reportedly more sensitive to
antibiotics due to the lipophilic components of their cell membrane, compared to the Gram-negative bacteria which
have hydrophilic components (Abdelkader et al., 2010). Gentamycin had better inhibitory activities than all the plant
extracts. Generally, conventional drugs have been reported to exhibit superior antimicrobial properties than traditional
medicinal plants (Mabona et al., 2013). Acetone and water negative controls exhibited no inhibitory activities, this was
consistent with findings that acetone is non-toxic to microorganisms (Eloff, 1998). The 80 % methanol negative control
inhibited growth of all bacteria. In our study, this activity of methanol did not affect the results of the assay since we
did not use it for reconstitution. None of the plant extracts, in this study, exhibited MIC values of less than 0.1 mg/ml, it
is however, noteworthy, that some authors (Firuzi et al., 2013) regarded plants with MIC ranging from 0.3 — 5 mg/ml as
potential candidates for further analysis of their antimicrobial constituents.

The plant extracts had bacteriostatic rather than bactericidal activity as there was re-growth of organisms for
all the ranges of MIC when the minimum bactericidal concentration assay was performed. This means that farmers
need to repeatedly apply the remedies, daily or every other day until the animal is “cured”.

Conclusion

This study suggests that C. quadrangularis, C. spinosa and P. angolensis could have antibacterial activity
against D. congolensis and the other tested micro-organisms. The inhibitory effects ranged from moderate to weak with
acetone extracts performing better than the other extracts. The extracts would probably perform better if they were
extracted in pure form as proposed by Suleiman et al. (2010). Other methods such as pounding the fresh plant material
and squeezing out the fluid could lead to the production of a more concentrated test material. Since, in terms of the
yield and antibacterial activities, water performed poorly when compared to acetone and methanol, more effective
methods for the delivery of plant remedies should be devised and investigated. Such systems should be acceptable and
affordable to the farmers. Due to the potential antibacterial activity of the studied plants, it is proposed that further
elaborate studies be conducted, to validate these effects. Such studies should include among others, identification and
isolation of the active biological compounds that are potentially responsible for the antibacterial activity and toxicity
determination assays. The current study could be viewed as a preliminary validation of the ethno-veterinary practises
that the farmers used to manage bovine dermatophilosis.

Competing interests: We declare that there are no financial or non-financial competing interests.
Acknowledgements

The authors wish to thank the Govan Mbeki Research and Development Centre at the University of Fort Hare
for funding the project. The University of Zimbabwe for providing some start up funding. Mrs Pawandiwa laboratory
scientist, Mr Isaiah Mujakwi and Mr Bhariri for assisting in preparing the plants and extracts. Mr M Muzhandu and
Miss S.K Munakandafa who were helpful in the conduct of the assays. The Harare Herbarium and Botanical staff are
thanked for plant identification.

References

1. Abdelkader, H.B., Salah, K.B.H., Liouane, K., Boussaada, O., Gafsi, K., Mahjoub, M., Aouni, A., Hellal, M.A.N.
and Mighri, Z. (2010). Antimicrobial activity of Rhaponticum acaule and Scorzonera undulata growing wild in
Tunisia. African Journal of Microbiology Research., 4: 1954-1958.

2. Abdillahi, H.S., Stafford, G.1., Finnie, J.F. and Van Staden, J. (2008). Antimicrobial activity of South African
Podocarpus species. J. Ethnopharmacol., 119: 191 - 194,

3. Ali, A.C,, Uetime, Jr E., lhate, I.A., Terziev, N. (2008). Anatomical characteristics, properties and uses of
traditionally used and lesser-known wood species from Mozambique: a literature review. Wood Science
Technology., 42: 453-472.

269



doi
4.

10.

11.

12.

13.

14,

15.
16.
17.
18.

19.

20.
21.
22.
23.

24,

25.

26.

217.

270

Ndhlovu et al., Afr J Tradit Complement Altern Med., (2017) 14 (2): 263-272

:10.21010/ajtcam.v14i2.28

Ali-Emmanuel, N., Moudachirou, M., Akakpo, J.A. and Quentin-Leclercq, J. (2003). Treatment of bovine
dermatophilosis with Sanna alata, Lantana camara and Mitracarpus scaber leaf extracts. J. Ethnopharmacol., 86:
167 - 171.

Arowolo, R.O.A., Amakiri, S.F. and Nwufoh, K.J. (1987): Chemotherapeutic agents used in the treatment of
dermatophilosis. Bulletin of Animal Health and Production in Africa., 35: 5 - 10.

Arthur, T.M., Bosilevac, J.M., Britcha-Harhay, D.M., Guerini, M.N., Kalchayanand, N., Shackleford, S.D.,
Wheeler, T.L. and Koohmaraie, M. (2007). Transportation and Lairage environment Effects on Prevalence,
Numbers, and Diversity of Escherichia coli O157:H7 on Hides and Carcasses of Beef cattle at Processing. Journal
of Food Protection., 70: 280 - 286.

Arthur, T.M., Bosilevac, J.M., Britcha-Harhay, D.M., Kalchayanand, N., Shackleford, S.D., Wheeler, T.L. and
Koohmaraie, M. (2010). Super shedding of Escherichia coli O157:H7 by cattle and the impact on beef carcass
contamination. Meat Science., 86: 32 - 37.

Awad, W.S., Nadra-Elwgoud, M.I. and El-Sayed, A.A. (2008). Diagnosis and treatment of bovine, ovine and
equine dermatophilosis. Journal of Applied Sciences Research., 4: 367 - 374.

Becton, Dickinson and Company. (2006). BBL™ Muellar Hinton Agar with 5 % Sheep Blood. L007394. REV.03
April 2006. Sparks.

Bharti, V., Vasudeva, N., Dhuhan, J.S. (2013). Combination studies of Oreganum Vulgare Extract Fractions and
Volatile Oil along with Ciprofloxacin and Fluconazole against Fish Pathogens. Advanced Pharmaceutical
Bulletin., 3: 239 - 246.

Chatikobo, P., Kusina, N.T., Hamudikuwanda, H. and Nyoni, O. (2004). A Monitoring Study on Dermatophilosis
and Parafilariosis in Cattle in a Smallholder Semi-Arid Farming area in Zimbabwe. Trop. Anim. Health. Pro., 36:
207 - 215.

Chatikobo, P., Choga, T., Ncube, C., Muzenda-Mutambara, J. (2009): Bovine dermatophilosis, A re-emerging
pandemic in Zimbabwe. Trop. Anim. Health. Pro., 41: 1289 - 1297.

Cheikhyoussef, A., Shapi, M., Matengu, K. and Ashekele, H.M. (2011). Ethnobotanical study of indigenous
knowledge on medicinal plant use by traditional healers in Oshikoto region, Namibia. J. Ethnobiol. Ethnomed., 7:
10-20.

Clinical and Laboratory Standards Institute. (2006): Methods for Dilution Antimicrobial Susceptibility Tests for
Bacteria that grow Aerobically; Approved Standards-Seventh Edition, Clinical and Laboratory Standards Institute
document M7-A7 [ISBN 1- 56238-587-9]. PA.

Dalis, J.S., Kazeem, H.M., Makinde, A.A. and Fatihu, M.Y. (2009). Distribution of Lesions of Dermatophilosis
in Cattle Sheep and Goats in Zaria and Jos, Nigeria. J. Anim. Vet. Adv, 8: 4 - 8.

Dalis, J.S., Kazeem, H.M., Makinde, A.A., Fatihu, M.Y. and Dashe G.Y. (2010). Bacteria associated with
Pathology of Bovine Dermatophilosis in North Central Nigeria. Vet. Res., 3: 4 - 8.

Eloff, J.N. (1998). A Sensitive and Quick Microplate Method to Determine the Minimal Inhibitory Concentration
of Plant Extracts for Bacteria. Planta. Med., 64: 711 - 713.

Fairbrother, J.M. and Nadeau, E. (2006). Escherichia coli: on-farm contamination of animals. Rev. Sci. Tech., 25:
555 - 569.

Firuzi, O., Miri, R., Asadollahi, M., Eslami, S. and Jassbi, A.R. (2013). Cytotoxic, Antioxidant and Antimicrobial
Activities and Phenolic Contents of Eleven Salvia species from Iran. Iranian Journal of Pharmaceutical Research.,
12: 801 - 810.

Fitzgerald, J.R. (2012). Livestock associated Staphylococcus aureus: origin, evolution and public health threat.
Trends. Microbiol., 20: 192 - 198.

Ghalem, B.R. and Mohamed, B. (2009). Antimicrobial activity evaluation of the oleoresin oil of Pistacia vera L.
African Journal of Pharmacy and Pharmacology., 3: 092 - 096.

Hadrill, D.J. and Walker, A.R. (1996). Effect of acaricide control of Amblyomma variegatum ticks on bovine
dermatophilosis on Nevis. Trop. Anim. Health. Pro., 26: 28-34.

Hamid, M.E. and Musa, M.S. (2009). The treatment of bovine dermatophilosis and its effects on some
haematological and blood chemical parameters. Rev. Sci. Tech., 28: 1111 - 1118.

Hamza, 0.J.M., den Beukel. C.J.P., Matee, M.I.N., Moshi, M.J., Mikx, F.H.M., Selemani, H.O., Mbwambo, Z.H.,
Van der Ven, AJ.A.M. and Verweij, P.E. (2006). Antifungal activity of some Tanzanian plants used traditionally
for the treatment of fungal infections. J. Ethnopharmacol., 108: 124 - 132.

Henton, M.M. and Hunter, P. (1996). Escherichia coli infections. In Infectious diseases of livestock with special
reference to Southern Africa Volume 2. Edited by Coetzer JAW, Thompson GR, Tustin RC. Oxford University
Press, Cape Town;pp 1085-1099.

Hood, I.R., Wilkinson, J.M. and Cananagh, H.M.A. (2003). Evaluation of Common Antibacterial Screening
Methods Utilised in Essential Oil Research. Journal of Essential Oil Research., 15: 428 - 433.

Imam, J., Onyeanusi, B.l., Abdullahi, U.S., Salami, S.0O., Nzalak, J.0., Umar. M.B., Umosen, A.D., Maidawa,
S.M., Ali, M.N., Suleiman, M.M. and Byanet, O. (2008). The effects of crude extracts of Mitracarpus scaber on
Dermatophilus congolensis. Vet. Res., 2: 25 - 27.



Ndhlovu et al., Afr J Tradit Complement Altern Med., (2017) 14 (2): 263-272

doi:10.21010/ajtcam.v14i2.28

28. Klein, R.C., Fabres-Klein, M.R., Brito, M.A.VV.P., Fieto, L.G. and Ribon, A. de O.B. (2012). Staphylococcus
aureus of bovine origin: Genetic diversity, prevalence and expression of adhesion-encoding genes. Vet. Microbiol.,
160: 183 - 188.

29. Kingsford, M.N. and Raadsma, H.W. (1997). The occurrence of Pseudomonas aeruginosa in fleece washings from
sheep affected and unaffected with fleece rot. Vet. Microbiol., 54: 275 - 285.

30. Konate, K., Kiendrebeogo, M., Outtarra, M.B., Souza, A., Lamien-Meda, A., Nongasida, Y., Barro, N., Millogo-
Rasolodimby, J. and Nacoulma, O.G. (2011). Antibacterial potential of Acetone Extracts from Five Medicinal
Plants used traditionally to Treat Infectious diseases in Burkina Faso. Current Research Journal of Biological
Sciences., 3: 435 - 442.

31. Koney, E.B.M. (1996). Dermatophilosis in Ghana: Effect on the livestock Industry. Trop. Anim. Health. Pro., 8:
3S-8S.

32. Kuete, V., Ngameni, B., Simo, C.C.F.., Tankeu, R.K.K.P., Ngadiui, B.T.. Meyer, J.J.M., Lall, N. and Kuiate, J.R.
(2008). Antimicrobial activity of the crude extracts and compounds from Ficus chlamydocarpa and Ficus cordata
(Moraceae). J. Ethnophamarcol.., 120: 17 — 24.

33. Larsen, H.D., Sloth, K.H., Elsberg, C., Enevolden, C., Pedersen, L.H., Erikson, N.H.R., Aerestrup, F.M. and
Jensen, N.E. (2000). The dynamics of Staphylococcus aureus infection in nine Danish dairy herds. Vet. Microbiol.,
71: 89 - 101.

34. Lau, B.F., Abdullah, N., Aminudin, N., Lee, H.B.: (2013). Chemical composition and cellular toxicity of
ethnobotanical-based hot and cold aqueous preparations of the tiger’s milk mushroom (Lignosus rhinoceraotis). J.
Ethnopharmacol., 150: 252 - 262.

35. Lowy, F.D. (2000). Is Staphylococcus aureus an intracellular pathogen? Trends. Microbiol., 8: 341 - 343.

36. Luseba, D., Elgorashi, E.E., Ntloedibe, D.T.and Van Staden, J. (2007). Antibacterial, anti-inflamatory and
mutagenic effects of some medicinal plants used in South Africa for the treatment of wounds and retained placenta
in livestock. S. Afri. J. Bot., 73: 378 - 383.

37. Mabona, U., Viljoen, A, Shikanga, E., Marston, A. and van Vuuren, S. (2013). Antimicrobial activity of southern
African medicinal plants with dermatological relevance: From an ethnopharmacological screening approach, to
combination studies and the isolation of a bioactive compound. J. Ethnopharmacol., 148: 45 - 55.

38. Makoshi, M.S and Arowolo, R.O.A. (2011). Therapeutic effects of Tephrosia vogelli ointment in the treatment of
bovine dermatophilosis. Journal of Veterinary Medicine and Animal Health., 3: 51 — 55.

39. Mannan, M.A., Khan, M.S.R., Rahman, M.M., Begum, F. and Uddin, M.Z. (2009). Isolation and Identification of
dermatophilus bacteria from the skin lesions of cattle. Bangladesh Journal of Veterinary Medicine., 7: 342-347.

40. Martins, M. do R., Arantes, S., Candeias, F., Tinaco, M.T. and Cruz-Morais, J. (2014). Antioxidant, antimicrobial
and toxicological properties of Schinus molle L. essential oils. J. Ethnopharmacol., 15: 485-492.

41. Masoko, P., Picard, J. and Eloff, J.N. (2005). Antifungal activities of six South African Terminalia species
(Combretaceae). J. Ethnopharmacol., 99: 301 - 308.

42. Mathabe, M.C., Nikolova, R.V., Lall, N. and Nyazema, N.Z. (2006). Antibacterial activities of medicinal plants
used for the treatment of diarrhea in Limpopo Province, South Africa. J. Ethnopharmacol., 105: 286 - 293.

43. Mishra, G., Srivastava, S., Nagori, B.P. (2006). Extraction and evaluation of antimicrobial activity of Cissus
quadrangularis Linneaus. Biological Forum- An International Journal., 1: 103-108.

44. Mohanty, A., Sahu PK, Das, C. and Mohanty, A. (2010). Wound healing activity of methanolic extract of Cissus
quadrangularis on Albino rat: A Research. International Journal of Drug Formulation and Research., 1: 176 - 184.

45. Moulari, B., Pellequer, Y., Lboutounne, H., Girard, C., Chaumont, J-P., Millet, J. and Muyard, F. (2006). Isolation
and in vitro antibacterial activity of astilbin, the bioactive flavone from leaves of Harungana madagascariensis
Lam, ex Poir. (Hypericeae). J. Ethnopharmaccol., 106: 272 — 278.

46. Mulaudzi, R.B., Ndhala, A.R., Kulkarni, M.G., Finnie, J.F. and Van Staden, J. (2011). Antimicrobial properties
and phenolic contents of medicinal plants used by the Venda people for conditions related to venereal diseases. J.
Ethnopharmacol., 135: 330 - 337.

47. Mullins, L.J. (2006). A new Zimbabwean Botanical checklist of English and African names. Pagoda Press, Bath
UK.

48. Murray, P.R. and Zeitinger, J.R. (1983). Evaluation of Muellar-Hinton Agar for disk diffusion Susceptibility
Tests. J. Clin. Microbiol., 18: 1269 - 1271.

49. Nath, B.D., Ahasan, S., Rahman, S. and Huque, A.K.M.F. (2010). Prevalence and therapeutic management of
bovine dermatophilosis. Bangladesh Research Publications Journal., 4: 198-207.

50. Ndhlovu, D.N. and Masika, P.J. (2013). Ethno-veterinary control of bovine dermatophilosis and ticks in Zhombe,
Njelele and Shamrock resettlement in Zimbabwe. Trop. Anim. Health. Prod., 45: 525 — 532.

51. Rajakaruna, N., Harris, C.S. and  Towers, C.H.N. (2002). Antimicrobial activity of plants collected from
Serpentine Outcrops in Sri Lanka. Pharmaceutical Biology., 40: 235 - 244,

52. Rios, J.L. and Recio, M.C. (2005). Medicinal plants and antimicrobial activity. J. Ethnopharmacol., 100: 80 - 84.

53. Rout, S.D., Panda, T., Mishra N. (2009). Ethno-medicinal Plants Used to Cure Different Diseases by Tribals of
Mayurbhanj Districts of North Orissa. Ethno-medicine., 3: 27 - 32.

271



doi
54.

55.

56.

57.
58.

59.

60.

61.
62.

63.

64.
65.

66.

272

Ndhlovu et al., Afr J Tradit Complement Altern Med., (2017) 14 (2): 263-272

:10.21010/ajtcam.v14i2.28

Samie, A., Housein, A., Lall, N. anf Meyer, J.J.M. (2009). Crude extracts of, and purified components from,
Pterocarpus angolensis, and the essential oil of Lippia javanica: their in-vitro cytotoxicities and activities against
selected bacteria and Entamoeba hystolytica. Ann Trop Med Parasitol., 103: 427 - 439.

Shale, T.L., Stirk, W.A.,van Staden, J. (2005). Variation in antibacterial and anti-inflamatory activity of different
growth forms of Malva parviflora and evidence of synergism of the anti-inflamatory compounds. J.
Ethnopharmacol., 96: 325-330.

Steenkamp, V., Mathivha, E., Gouws, M.C., van Rensburg, C.E.J. (2004). Studies on antibacterial, antioxidant and
fibroblast growth stimulation of wound healing remedies from South Africa. J. Ethnopharmacol., 95: 353 - 357.
Stewart, G.E. (1972). Dermatophilosis: A Skin Disease of Animals and Man. Part Il. Vet. Rec., 91: 555-561.
Suleiman, M.M., McGaw, L.J., Naidoo, V. and Eloff, J.N. (2010). Evaluation of several tree species for activity
against the animal fungal pathogen Aspergillus fumigatus. S. Afr. J. Bot.,  76: 64 - 71.

Tadeg, H., Mohammed, E., Asres, K. and Gebre-Mariam, T. (2005). Antimicrobial activities of some selected
traditional Ethiopian medicinal plants used in the treatment of skin disorders. J. Ethnopharmacol., 100: 168 — 175.
Tekwu, E.M., Pirne, A.C., Beng, V.P. (2012). Investigation of antimicrobial activity of some Cameroonian
medicinal plant extracts against bacteria and yeast with gastro-intestinal relevance. J. Ethnopharmacol., 142:265 -
273.

The Statistical Package for Social Sciences (SPSS). (2007). SPSS Base 10.0 for Windows Users Guide, SPSS Inc.
Chicago.

Tron, E.A.M., Wilke, H.L., Peterman, S.R. and Rust, L. (2004). Pseudomonas aeruginosa from canine otitis
externa exhibit quorum sensing deficiency. Vet. Microbiol., 99: 121 - 129.

Van Tonder, E.M. and Horner, R.F. (1996). Dermatophilosis. In Infectious diseases of livestock with special
reference to Southern Africa Volume 2. Edited by Coetzer JAW, Thompson GR, Tustin, R.C. Cape Town, Oxford
University Press; 1472-1481.

Vijay, P. and Vijayvergia, R. (2010). Analgesic, anti-inflamatory and antipyretic activity of Cissus quadrangularis.
Journal of Pharmaceutical Science and Technology., 2: 111 - 118.

Walker, A.R. (1996). Amblyomma tick feeding in relation to host health. Trop. Anim. Health. Prod., 28: 26S -
28S.

Woldemeskal, M and Mersha, G. (2010). Study on caprine and ovine dermatophilosis in Wollo, Northeast
Ethiopia. Trop. Anim. Health. Pro., 42: 41 - 44,



