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Article history: Objective: To determine the chemical compositions and evaluate the antimicrobial activity of
Received 5 Apr 2014 bush tea (Athrixia phylicoides DC.), special tea (Monsonia burkeana) and synergy (combination of
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Accepted 21 May 2014 Methods: Total polyphenols were determined using the methods reported by Singleton and

Available online 30 Jul 2014 Rossi (1965) and modified by Waterman and Mole (1994). Tannins were determined using vanillin

HCL methods described by Prince et al. (1978). Total antioxidants were determined using the
methods described by Awika et al. (2004). The micro dilution technique using 96—well micro—
plates, as described by Eloff (1998) was used to obtain the minimum inhibition concentration
(MIC) and minimum microbicidal concentration (MMC) values of the ethanol extracts against the
microorganisms under study. The microbes strain used was Gram negative bacteria such as
Escherichia coli, Klebsiella oxytoca, Proteus vulgaris, Serratia marcescens, Salmonella typhi,
Klebsiella pneumonia; Gram positive bacteria such as Bacillus cereus, Staphylococcus aureus and
a fungus Candida albicans.

Results: The results demonstrated that special tea contains significantly higher content of total
polyphenols (8.34 mg/100 g) and total antioxidant (0.83 mg/100 g) as compared to bush tea [total
polyphenols (6.41 mg/100g) and total antioxidant (0.63 mg/100g)] and combination of bush tea and
special tea [total polyphenols (6.42 mg/100 g) and total antioxidant (0.64 mg/100 g)]. There was
no significant difference in tannins between bush tea, special tea and synergy. The results of
antimicrobial activity (MIC and MMC) demonstrated that the ethanol extracts of bush tea, special
tea and synergy possessed antimicrobial activity against all microorganisms at different zones.
The MIC of bush tea ranged from 1.56 to 12.50 mg/mL while the MMC ranged from 0.78 to 12.50 mg/
mL. Special tea’s MIC ranged from 0.39 to 12.50 mg/mL while the MMC ranged from 0.01 to 12.50 mg/
mL. The MIC of synergy ranged from 3.13 to 12.50 mg/mL while the MMC ranged from 3.13 to 12.50
mg/mL without positive synergistic effect recorded.

Conclusions: Both bush and special tea contain total polyphenols, total antioxidants and
tannins with special tea containing a significantly higher total polyphenols and total antioxidant
as compared to bush tea and synergy. Bush tea, special tea and synergy possess antimicrobial
activity at various degrees.
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1. Introduction novel drug compoundslll. For centuries, medicinal plants
have been the main source for drug development and for

Plants have history in proving inspiration as source of  treatment of various human diseases(2.3l. Plant derived

medicines have been reported to have large contribution
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diverse compounds that have strong antioxidant activities
and display antimicrobial properties(6.7l. Medicinal plants
are an important source of phytochemicals that offer
traditional medicinal treatment of various ailments(sl.
Medicinal plants have been in use in one form or another,
under indigenous systems of medicinel9l. Herbal medicines
that are extracted from different plant parts such as
leaves, roots, bark seeds, and flowers contain a variety of
naturally—occurring bio—chemicals, which contribute to
the plant’s medicinal benefits[10l. The crude plant extracts
of herbal plant in the form of infusion, decoction, tincture
or herbal extract are traditionally used for the treatment of
diseases, including infectious diseases/3l.

An herb is described as a plant or parts of a plant valued
for its medicinal, aromatic, or savory qualities and are
eaten, swallowed, drunk, inhaled, or applied topically
to the skin(10l. The medicinal plants used as traditional
medicine are rich in secondary metabolites that serve
as the main indicators of the medicinal potentialll1.12].
Plants secondary metabolites have therapeutic effect and
pharmacological properties(2.13]. Herbal medicines are also
known as herbal remedies, herbal medicinal products,
phytopharmaceuticals, phytotherapeutic agents and
phytomedicinesl14l. In vitro studies showed that plants were
rich in a wide variety of secondary metabolites such as
tannins, terpenoids, alkaloids and flavonoids that possess
antimicrobial properties[sl. In addition the presence
of metabolites such as saponins, tannins, alkaloids,
flavanoids, steroids and cardiac glycosides in the
medicinal plants present pharmacological significancellsl.

Bush tea is used as a herbal tea and traditional
medicines[16.17], for treatment of various ailments such
as boils, acne, infected wounds, cuts, headaches, colds,
loss of voice and throat infection as a garglel18-20],
hypertension, heart disease and diabetes(17l. The Vhavenda
people are reported to use extracts from soaked roots and
leaves as antihelminthicl21]. Tt is also used for cleansing or
purifying the bloodi18.191. Special tea is also used to cure
various sexually transmitted diseases, for blood cleansing,
to improve erectile dysfunction and to enhance libido in
males|22.23].

The increasing number of diseases, challenges to access
to modern healthcare and high cost associated with the
use of modern healthcare providing a need to investigate
the antimicrobial activities of indigenous plants. Data that
describe the chemical compositions of bush tea and special
tea have been well documented, however, the synergistic
effect of bush tea and special tea as well as microbial

activities is lacking. Therefore, the objectives of this study
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were to determine the chemical composition, antimicrobial
activities of bush tea, special tea and synergistic effect of

bush tea and special tea.

2. Materials and methods
2.1. Plant material

The plant materials were collected from Limpopo
Province of South Africa. Bush tea was collected from
Haenerstburg (23°56” S; 29°54” E; 890 m.a.s.l.) while special
tea plant was collected from Lebowakgomo (—24.9” S; 29.29
E; 1206 m.a.s.l) during May 2013.

2.2. Preparation of samples for phenolics, tannins and

antioxidants

The 4 g of dried samples of bush tea leaves, special tea
and bush and special tea (50:50, 4 g) were weighed and
transferred to a warring commercial blender (Instrulab,
Johannesburg, South Africa) containing 100 mL of methanol,
and then blended at a high speed for 2 min (stopping
occasionally to avoid accumulation of fumes). The mixture
was removed and let to stand in the beaker to achieve
separation. After 6—8 min, the supernatant was collected,
centrifuged at 6000 r/min (SS34 rotor) for 10 min and stored.
The residues were blended again with 50 mL methanol,
supernatant collected as above, combined with the first
one, filtered with MN—615 (240 mm) filter papers (Bethlehem,
USA) and stored at —4 °C until analysis.

2.3. Determinations of total polyphenols, tannins and

antioxidants

Total polyphenols were determined using the methods
reported by Singleton VL et al.l24] and modified by
Waterman PG et all25]. Tannins were determined using
vanillin HCL methods[26], and total antioxidants were
determined using the methods described by Awika JM et
al27].

2.4. Preparation of extracts for antimicrobial activity

The plant materials were air dried at room temperature
for two weeks and then ground to a fine powder. The 50 g
powder of each plant was then separately soaked in 40 mL
of ethanol and shaken at room temperature for 48 h. The

extract was filtered and the solvent was evaporated on a
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rotary—evaporator under reduced pressure at 370 °C. The
extract was stored in the cold room at 5 °C after which they

were subjected to antimicrobial tests.

2.5. Determination of minimum inhibitory concentration

(MIC) and minimum microbial concentration (MMC)

The in vitro antimicrobial activity of bush tea and
special tea ethanol extracts was conducted against various
microbes. The micro dilution technique using 96—well
micro—plates, as described by Eloff JN was used to obtain
the MIC and MMC values of the ethanol extracts against
the microorganisms under studyl28l. Extracts were serially
diluted in the 96—well plate. The final concentration of
extracts and positive control ranged from 0.196 mg/mL to
12.5 mg/mL. Microorganisms that were 48 h old were added
into the 96—well plates and incubated for 24 h at 37 °C.
The MIC was determined by adding 40 uL of (0.2 mg/mlL)
p—iodonitrotetrazolium violet (Sigma—Aldrich, South Africa)
to micro—plate wells and incubated at 37 °C for 24 h. mMIC
is defined as the highest dilution or least concentration of
the extracts that inhibit growth of organismsi3l. The MMC
was determined by adding 50 uL of the suspensions from
the wells, which did not show any growth after incubation
during MIC assays, to 150 uL of fresh broth. These
suspensions were re—incubated at 37 °C for another 24 h.
The MMC was determined by adding 40 uL of (0.2 mg/mL)
p—iodonitrotetrazolium violet (Sigma—Aldrich, South Africa)
to micro—plate wells and incubated at 37 °C for 24 h. The
MMC was determined as the lowest concentration of extract

which inhibited 100% growth of microorganisms[291.
2.6. Microbial species

The microbes strains used were the Gram negative
bacteria such as Escherichia coli (E. coli), Klebsiella
oxytoca (K. oxytoca), Proteus vulgaris (P. vulgaris), Serratia
marcescens (S. marcescens), Salmonella typhi (S. typhi),
Klebsiella pneumontia (K. pneumonia); Gram positive
bacteria such as Bacillus cereus (B. cereus), Staphylococcus
aureus (S. aureus) and fungus such as Candida albicans (C.
albicans). All organisms were grown in casein—peptone soy
agar medium [Merck (Pty) Ltd.]. The bacterial concentration
(4x10") was determined by using McFarland standard (1).

2.7. Statistical analysis

Data were subjected to analysis of variance using general

linear model of statistical analyses system version 9.4.
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3. Results

Table 1 indicates the chemical composition of bush tea,
special tea and synergy. The results showed that special tea
contains significantly higher content of total polyphenols
(8.34 mg/100 g) compared to bush tea (6.41 mg/100 g) and
synergy (6.42 mg/100 g). Total antioxidant content in special
tea (0.83 pumol/g) was significantly higher than in bush tea
(0.63 pmol/g) and synergy (0.64 pmol/g). The results also
showed that there was no significant difference in tannin
content of bush tea, special tea and synergy. However,
tannins concentration on bush tea, special tea and synergy

was less than total polyphenols and total antioxidant.

Table 1

Chemical composition of bush tea, special tea and the synergy.

Total polyphenols Total antioxidants Tannin contents

Herbal tea types

content (mg/100 g) (umol/g) (mg/100 g)
Bush tea 6.41" 0.63" 0.34"
Special tea 8.34" 0.83" 0.34"
Bush and special tea 6.42" 0.64" 0.34°
Significant level 0.0001 0.0001 0.5038

Means with different letters along the same column are significantly
different (P<0.01).

The results of MIC illustrated in Table 2 show the selective
zones of bush tea (1.56 to 12.50 mg/mL), special tea (0.39 to
12.50 mg/mL) and synergy (3.13 to 12.50 mg/ml) against the
microbes tested. Special tea was found to be significantly
more effective than bush tea on E. coli, K. oxytoca, P.
vulgaris, B. cereus, S. marcescens, K. pneumonia and S.
aureus. There was no significant difference shown on the
effectiveness of microbial inhibition by the two tea types on
S. typhi and C. albicans. The results also showed that there
was no positive synergistic effect found between bush tea

and special tea on microbial inhibition (Table 2).

Table 2

MIC of bush tea, special tea and synergy against selected

microorganisms.

Microbes Minimum inhibition concentration (mg/mL)
Bush tea Special tea Synergy

E. coli 3.13" 0.78" 3.13"

K. oxytoca 1.56" 0.39° 3.13"

P. vulgaris 6.25" 1.56° 313"

B. cereus 6.25" 3.13° 12.50°

S. marcescens 12.50° 6.25" 12.50°

S. typhi 12.50" 12.50" 12.50"

S. aureus 12.50° 6.25" 12.50°

K. pneumonia 12.50° 3.13" 12.50°

C. albicans 12.50° 12.50° 12.50"

Means with different letters along the same row are significantly
different (P<0.01).
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The results of MMC illustrated in Table 3 show that bush
tea, special tea and synergy possess antimicrobial activity at
selective zones against the microbes tested. The MMC values
ranged from 0.78 to 12.50 mg/mL, 0.01 to 12.50 mg/mL and
3.13 to 12.50 mg/mL respectively for bush tea, special tea
and synergy. Bush tea was found to be significantly effective
than special tea on S. typhi, S. marcescens and C. albicans
whilst special tea was more effective on E. coli, K. oxytoca,
P. vulgaris, B. cereus and S. aureus. There was no significant
difference shown on the effectiveness of microbicidal effect
by the two tea types on K. pneumonia. There was no positive
microbicidal synergistic effect found between bush tea and

special tea.

Table 3
MMC of bush tea, special tea and synergy against selected

microorganisms.
Microbes Minimum microbicidal concentration (mg/ml)
Bush tea Special tea Synergy

E. coli 0.78" 0.01° 3.13°
K. oxytoca 0.78" 0.39° 3.13°
P. vulgaris 6.25" 1.56° 3.13°
B. cereus 12.50" 3.13" 12.50"
S. marcescens 1.56" 6.25" 12.50"
S. typhi 0.78" 12.50° 12.50°
S. aureus 12.50" 6.25" 12.50°
K. pneumonia 3.13" 3.13" 12.50°
C. albicans 3.13" 12.50° 12.50°

Means with different letters along the same row are significantly
different (P<0.01).

4. Discussion

The results of this study presented concur with the study
of Mamphiswana ND et al.22] who reported that special
tea leaves contained total polyphenols (1.23 mg catechin
equivalents/100 g) and Maudu ME et al.130] who reported that
the wild bush tea contained total polyphenols 4.60 mg/100
g). Plant polyphenols are aromatic hydroxylated compounds
that are most potent and therapeutically useful bioactive
substancesi31]. The difference in the concentrations of total
polyphenols concurs with the results of Achakzai AK et
al.132] who reported that the secondary metabolites may vary
between plant of the same species and of different species.

Antioxidants play an important role in neutralizing
oxidative damage caused by free radicals in blood, cells, and
tissue fluids(33l. Our results suggest that special tea contains
a significantly higher content of antioxidant activities
compared to bush tea and synergy. It has been reported that

the primary source of total antioxidant activity on special
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tea was total polyphenolsi22l. Therefore, the significantly
higher antioxidant activity found in special tea could be
related with the significantly higher content of polyphenols
recorded.

The tannin contents of bush tea, special tea and synergy
was found to be 0.34 mg/100 g. Tannins are found in all
plants and are considered main indicators of medicinal
potential of a plant(3435]. They are plant polyphenols that
either bind and precipitate or shrink proteins[34]. Low
tannin content is considered advantageous for people with
digestive problems because tannins bind iron and reduce
the absorption of non-heme ironi36l. On the other hand,
high tannin content contributes to bitter, astringent taste of
teal30l. The astringency from the tannins causes the dry and
puckery feeling in the mouth after consumption of red wine,
strong tea, or an unripened fruit/341.

Results of the present study show that bush tea, special
tea and synergy possess antimicrobial activity on selected
zones. This implies that the antimicrobial activities of
the two types of herbal teas differ according to microbial
species tested. Similar results were reported by Albayrak S
et al.l37] on antimicrobial effectiveness of Mentha piperita,
Thymus vulgaris, Melissa officinalis, Octimum basilicum,
Rosmarinus officinalis and Salvia officinalis herbal plants.
Variation of antibacterial and antifungal activities has
also been reported to occur even within plants of the same
species|38l. Composition of active plant compounds has also
been reported to play a role in the antimicrobial activityl3l.
In addition, bacterial inhibition may also vary according
to plant extract; the solvent is used for extraction and
the organism tested39l. Polyphenols content are related
to the antibacterial activity of tea extractsl40l. Our results
indicated that special tea had significantly high polyphenols
content compared to bush tea. Therefore, the differences in
antimicrobial activity between bush tea and special tea may
be attributed to different concentration of polyphenols.

Synergistic effect occurs when the effect of two drugs
together is greater than the effect of either alone while
indifference occurs when the effect of two drugs together
is less than the effect of either alonel41l. The results of our
study revealed that the synergy of bush tea and special
did not yield positive synergistic effect on microorganism
tested. Similar results have been reported by Eja ME et
al.142] who reported that combination of herbal plant species
Allium sativum and Gongronema latifolium) may not always
yield the desired effect on both Gram positive and Gram
negative bacteria. The current results therefore suggest
that the combination of bush tea and special tea possesses

antimicrobial activity without positive synergistic effect. The
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results of synergy indicate an increased MIC and MMC zones
against the microbes tested as compared to individual plant.
Our results contrast those reported by Das S et al.l43] that
combinations of the species in several cases demonstrated
synergistic or additive effects on microorganisms. On the
other hand, our results concur with previous studies which
reported that the antimicrobial activity of synergy showed
selective degree of activity44.45]. Combinations of different
plants were found to inhibit the bacterial growth with
variation in their effectivenessf46l.

In conclusions, bush tea contains total polyphenols (6.41
mg/100 g), total antioxidants (0.63 mg/100 g), tannins (0.34
mg/100 g); Special tea contains total polyphenols (8.34 mg/100
g), total antioxidants (0.83 mg/100 g), tannins (0.34 mg/100 g)
and synergy of bush tea and special tea contains polyphenols
(6.42 mg/100 g), total antioxidants (0.64 mg/100 g) and tannins
(0.34 mg/100 g). The antimicrobial activity guided assay of
the two plant extracts revealing significant antimicrobial
activity against microbes tested. Results of synergy suggest
that combination of bush tea and special tea also possesses
antimicrobial activity without positive synergistic effect.
However, it is worthy to determine the effects of agricultural
practices on the antimicrobial activity of bush tea and
special tea. The antimicrobial activity of the two plants
evaluated suggests that they possess compounds with
antibacterial properties that can be used as antimicrobial
agents in the development of new drugs for treatment of
infectious diseases. Pharmacological evaluation such as the
cytotoxicity study of the bush tea, special tea and synergy of

bush tea and special tea should also be evaluated.
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