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Abstract Imbiza is a herbal tonic, which has gained popularity amongst South Africans as an
immune booster and for the treatment of many minor and chronic illnesses. Main ingredients of
Imbiza are extracts from two medicinal plants namely Cyrtanthus obliquus and Lippia javanica.
The concentrations of various elements in these two plants are examined. The total and water
extractable elemental concentrations were determined in both the plants. The elemental concentra-
tions in the water extracts more closely represent concentrations in the herbal tonic. Concentrations

of selected elements in C. obliquus bulbs collected from eight market sites around the KwaZulu-
Natal province were investigated. The levels of the elements in decreasing order were Ca > Mg >

Fe > 7Zn > Mn > Cu=xSe > Pb > Cr for total

concentrations; and Ca > Mg >

Fe > Zn > Mn for water extractable forms. Elemental levels in C. obliquus bulbs were dependent
on the source, which suggested the importance of collection sites on elemental levels. A high per-
centage of Zn (77.5-91.5%) was found in water extracts.

The levels of selected elements in L. javanica leaves collected from ten different locations around
the KwaZulu-Natal province were also investigated. The levels of the elements were found to be in
the decreasing order of Ca > Mg > Fe > Zn > Mn > Cu > Se > Cr > Pb > Co > Cd for total
concentrations and Ca > Mg > Fe > Zn > Cu > Cr > Pb for water extractable forms. It was evi-
dent from the study that the herbal tonic was a good source of Ca and Mg, thus accredited as a viable
immune booster and toxic metals were below the recommended levels in the investigated samples.
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1. Introduction

Traditional, complementary and alternative medicines are
quite prevalent, and herbal and traditional medicines such
as Ayurveda (India), Siddha (South Asia), Unani (Arabic),
traditional Chinese medicine, homoeopathy, acupuncture,
chiropractic etc. are practiced and utilized by millions across
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Figure A.1 Map of eight chosen market sites in KwaZulu-Natal, South Africa, from which C. obliquus bulbs were purchased. Sites:

Al-Durban, A2-Umzinto, A3-Eshowe, A4-Verulam, A5-Stanger, A6-

the globe (Boedeker et al., 2005). China and India have stan-
dardized their own indigenous medicine and pharmacopoeia
yet countries in Africa, despite the pressures of disease and
the abundance of plant species, have not followed suit. Most
of the existing texts on traditional medicine in Africa deal only
with medicinal plants and their uses, ignoring chemical and
pharmacological studies (Sofowora, 1993). Studies indicate
that almost 80% of Africans utilize and rely on traditional
medicine for their healthcare needs (Gqaleni et al., 2007;
Goggin et al., 2009). Many South Africans regard traditional
medicine as a safe, cheaper and desirable alternative to treating
their health problems (Mander et al., 2007). Studies in South
Africa have shown a link between traditional medicine and dis-
eases such as AIDS (Green et al., 1995; King et al., 2009;
Richter, 2003; UNAIDS, 2002). This is because a variety of
herbal tonics that are purported to treat and cure these ail-
ments are prepared by traditional healers. One such well-
known herbal tonic is Imbiza. Imbiza is a decoction prepared
from a variety of medicinal plants that are collected from wild
populations or bought from informal plant traders or tradi-
tional healers (Mander, 1998). Imbiza has been used to treat
ailments such as colds, chest infections, skin infections, diabe-
tes, tuberculosis, cancer and symptoms of HIV and AIDS

Tongaat, A7-KwaNkalokazi and A8-Ixopo.

(UNAIDS, 2006; Ndhlala et al., 2009). Although this decoc-
tion has claimed medicinal value, it is also known to cause poi-
soning if the administered dosage is too high (Zikulu et al.,
2012).

Cyrtanthus obliquus (Umathunga), of the plant family Ama-
ryllidaceae, is found mostly in the Eastern Cape, South Africa.
The bulbs of C. obliguus are used to treat diseases such as
scrofula, leprosy and chronic coughs (Watt and Breyer-
Brandwijk, 1962). Lippia javanica (uMsuzwane) of the plant
family Verbenaceae is found in grasslands and woodlands,
throughout the eastern and central parts of Southern Africa
(Roberts, 1990; van Wyk et al., 2009). The leaves of L. javanica
are commonly used to fight colds and flu and they are also
used to make a caffeine-free tea (Shikanga et al., 2010). A
study done by Palgrave et al. (2003) reported that the tea infu-
sions of the leaves are used by patients in KwaZulu-Natal to
treat common symptoms associated with HIV and AIDS
including the treatment of lung infections and diarrhoea. C.
obliquus and L. javanica are two of the five medicinal plants
used to prepare the herbal tonic, Imbiza.

Since Imbiza is widely consumed by the South African pop-
ulation, the elemental distribution in these two plants was
examined to assess their benefits and potential elemental toxic-
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Figure A.2

Map of ten chosen sites in KwaZulu-Natal, South Africa, from which L. javanica leaves and soil samples were collected.

Sites: Bl-Amandawe, B2-Eshowe, B3-Ntumeni, B4-Mangeti, B5S-Maphumulo, B6-Stanger, B7-Ndwedwe, B8-Ixopo, B9-KwaNkalokazi

and B10-Highflats.

ities. The study considered site location as a potential variable
in elemental distribution in the plants. Since preparation of the
herbal tonic, Imbiza involves boiling of the plant parts in
water, the water extractable concentrations of the elements
were also determined. Eleven elements were analysed which
include Ca, Cd, Co, Cr, Cu, Fe, Mg, Mn, Pb, Se and Zn.

2. Materials and methods

2.1. Sample collection

C. obliquus bulbs were purchased from traders at eight differ-
ent market sites in KwaZulu-Natal. The chosen market sites
were Al-Durban, A2-Umzinto, A3-Eshowe, Ad4-Verulam,
AS-Stanger, A6-Tongaat, A7-KwaNkalokazi and AS8-Ixopo
(Fig. A.1). L. javanica leaves were collected from ten different
sites in KwaZulu-Natal. The chosen sites were Bl-Amand-
awe, B2-Eshowe, B3-Ntumeni, B4-Mangeti, B5-Maphumulo,
B6-Stanger, B7-Ndwedwe, B8-Ixopo, B9-KwaNkalokazi and
B10-Highflats (Fig. A.2). Plant and soil samples were

collected at the beginning of April 2012; the average temper-
ature of the five day sampling period was 27 °C with no rain
or wind but sunshine during this time. All plant samples were
washed with double distilled water. Bulb samples were cut
into smaller pieces with a stainless steel knife. All samples
(both plant and soil) were then dried in an oven at 50 °C,
overnight. Dried samples were crushed into a fine powder
using a food processor and stored in labelled polyethylene
bags until analysed.

2.2. Reagents and chemicals

All chemicals used were supplied by Merck and Sigma Chem-
ical Companies and were of analytical-reagent grade. Double
distilled water was used throughout the experiments. Working
standards were made up with double distilled water and 10 mL
of 70% HNOj; to match the sample matrix. To minimize the
risk of contamination all glassware and other equipment were
cleaned with 6.0 M HNOj; and rinsed off with double distilled
water.
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Figure A.3 Total (T) concentration of Ca, Mg, Fe, Mn and Zn in bulbs compared to concentration in water extract (E) Sites™:
Al-Durban, A2-Umzinto, A3-Eshowe, A4-Verulam, A5-Stanger, A6-Tongaat, A7-KwaNkalokazi and A8-Ixopo.

2.3. Extraction of water soluble metals

In accordance with the conventional method provided by the
traditional healers, C. obliquus bulbs (0.375 g) were placed into
a 200 mL beaker containing 50 mL of deionised water and
brought to a boil (at medium heat) for 10 min on a hotplate.
The resulting solution was filtered by gravity into a 50 mL vol-
umetric flask and made up to the mark with distilled water.
The solution was then transferred into polyethylene bottles.
L. javanica leaves (0.200 g) were prepared in a similar manner
and the resultant solution was stored in polyethylene bottles.
All extractions were done in quintuplicate (n = 5).

2.4. Elemental analysis

The bulb and leaf samples were digested prior to analysis using
the microwave-assisted closed vessel technique. Digestions
were performed using the CEM MARS (CEM Corporation,
USA) microwave reaction system with patented Xpress tech-
nology. Five replicates of each sample were digested to
improve accuracy and precision. Plant samples (0.5 g) were
accurately weighed into 50 mL liners to which 10 mL of 70%
HNOj; was added. For digestion, the power was set at 100%
at 1600 W and the temperature was ramped to 180 °C (ramp
time 15 min) where it was held for 15 min. Digested samples
were removed from the liners, transferred into 50 mL volumet-
ric flasks, diluted to the mark with double distilled water and
stored in polyethylene bottles for elemental analysis.

All plant and soil samples were analysed for the following
elements As, Ca, Cd, Co, Cr, Cu, Fe, Mg, Mn, Ni, Pb, Se
and Zn. Elemental analysis was carried out by Inductively
Coupled Plasma-Optical Emission Spectrometry (ICP-OES)
using the Perkin Elmer Optima 5300 DV. The analysis of a
sample was done in triplicate. The accuracy of the elemental
determination was measured by the use of the certified refer-
ence material (CRM), lyophilized brown bread (BCR 191),
from the Community Bureau of Reference of the Commission
of the European Communities. All samples were analysed in
quintuplicate (n = 5).

3. Results and discussion

3.1. Elemental composition of C. obliquus bulbs

The accuracy of the method for elemental analysis was mea-
sured by comparing results obtained with certified results
(Table B.1). Values for Cu, Fe, Mn and Zn are certified and
those for Ca and Mg are indicative so no standard deviations
were provided. Measured values compared well with certified
results.

Fig. A.3 shows the total and the water extractable concen-
trations of the elements detected in C. obliguus bulbs. High
concentrations of Ca and Mg were found in the bulbs. Both
these elements are said to be amongst the most abundant in
plants (Broadley et al., 2008; Sedaghathoor et al., 2009). Cal-

cium in C. obliquus bulbs ranged from 3022 to 4617 pg g™,
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Figure A.4 Total (T) concentration of Ca, Mg, Cr, Cu, Fe, Pb and Zn in leaves compared to concentration in water extract (E). Sites":

Bl-Amandawe, B2-Eshowe, B3-Ntumeni, B4-Mangeti, B5-Maphumulo, B6-Stanger, B7-Ndwedwe, B8-Ixopo, B9-KwaNkalokazi and
B10-Highflats.

Table B.1 Comparison of measured and certified values in the CRM (lyophilized brown bread: BCR 191).

Element Wavelength/nm Concentration”
Certified” Measured

Cu 324.76 26+ 01pgg ! 28 +02pugg"
Fe 259.93 40.7 £ 23 pgg! 40.6 + 1.9 pgg™!
Mn 257.61 203 + 0.7 pgg " 20.1 = 0.6 pg g’
Zn 260.20 195+ 0.7 pg g™ 19.0 £ 0.5 pg g ™!
Ca 317.93 0.4l mg g~ 0.41 = 0.02mg g
Mg 279.07 0.5mgg ! 0.5+ 0.0lmgg’

* Based on dry mass.
* Mean =+ S.D., at 95% confidence interval, n = 5.

which is comparable to typical Ca concentrations in plants Al had the highest concentration of Ca and those from site
(5000 pg g~ ') (Epstein, 1994). Magnesium concentrations in A6 had the highest total concentration of Mg. The exact loca-
the bulbs ranged from 506 to 1316 pgg~'. Bulbs from site tion from which the bulbs were obtained in the Eastern Cape is
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Table B.2 Extraction percentages of selected elements in C.
obliquus bulbs [B] and water extracts [WE] in different market
sites.

Element Site® [WE]/[B] %
Ca Al 9.9
A2 31.4
A3 15.8
A4 9.2
AS 13.3
A6 18.8
A7 17.0
A8 13.4
Fe Al 45.6
A2 35.8
A3 44.6
A4 81.4
AS 72.9
A6 58.5
AT 61.5
A8 60.8
Mg Al 17.8
A2 77.6
A3 37.8
A4 19.2
AS 33.1
A6 38.8
A7 39.3
A8 36.0
Mn Al 11.0
A2 49.3
A3 32.8
A4 35.0
AS 18.7
A6 36.8
A7 28.1
A8 21.3
Zn Al 51.1
A2 89.9
A3 55.9
A4 30.9
AS 77.5
A6 47.6
A7 91.5
A8 85.2

& Sites: Al-Durban, A2-Umzinto, A3-Eshowe, A4-Verulam, A5-
Stanger, A6-Tongaat, A7-KwaNkalokazi and A8-Ixopo.

not known, as these were purchased from traders who
obtained them from suppliers. However, the variance in con-
centrations in the bulbs from diverse market sites suggests that
the bulbs were obtained from sites with differing soil
properties.

The minor elements that were investigated were Cr, Cu, Fe,
Mn, Pb, Se and Zn. Of the minor elements studied, Fe concen-
trations were high in the bulbs. Iron in plants is reportedly
stored by a specialized protein, ferritin which helps plants cope
with high levels of the element (Connolly and Guerinot, 2002;
Briat et al., 2010). Sites A3, A4 and A8 had high concentra-
tions of Fe in the bulbs, while sites A5 and A6 had lower con-
centrations (Fig. A.3). The distribution of Cr, Cu, Se and Pb
(Table B.4) in the bulbs was somewhat similar at all sites
except for sites A5, A6 and Al, where no Cr or Pb was

Table B.3 Extraction percentages of selected elements in L.

Javanica leaves [L] and water extracts [WE].

Element Site* [WE]/[L] %
Ca B 1 23.4
B2 18.8
B3 16.2
B 4 18.9
BS5 12.9
B 6 21.5
B7 19.5
B8 14.9
B9 17.9
B 10 16.4
B 1 42.1
Cr B2 59.4
B3 71.8
B 4 93.9
BS -
B6 -
B7 12.6
B8 -
B9 -
B 10 -
Cu B 1 57.4
B2 21.5
B3 15.5
B4 24.1
BS 3.1
B 6 37.9
B7 —
B8 -
B9 43.8
B 10 -
Fe B 1 27.9
B2 28.7
B3 23.0
B 4 29.6
BS 23.1
B 6 23.1
B7 4.1
B8 27.5
B9 11.7
B 10 31.7
Mg B 1 426
B2 50.2
B3 19.4
B4 37.3
BS 31.4
B 6 49.1
B7 37.3
B8 34.1
B9 41.3
B 10 30.2
Pb B 1 37.0
B2 15.8
B3 80.0
B4 55.6
BS 11.4
B6 -
B7 5.1
B8 6.7
B9 68.8
B 10 47.5

(contined on next page)
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Table B.3 (continued)

Zn B1 34.6
B2 429

B3 32.5

B4 49.6

BS5 34.7

B6 29.1

B7 67.9

B8 89.1

B9 43.8

B 10 26.8

4 Sites: Bl-Amandawe, B2-Eshowe, B3-Ntumeni, B4-Mangeti,

B5-Maphumulo, B6-Stanger, B7-Ndwedwe,
KwaNkalokazi and B10-Highflats.

B8-Ixopo, B9-

detected. The concentrations of Mn and Zn varied at the dif-
ferent sites. Manganese concentrations were highest at site
Al and lowest at site A5. The variation in Mn concentration
was not as significant as that in Zn where Zn concentrations
at the different sites ranged from 8.2 to 42.2 pg g~". Site A3
had the highest concentration of Zn. The concentrations of
the elements in C. obliquus bulbs were, typically, in the decreas-
ing order of Ca > Mg > Fe > Zn > Mn > Cu = Se > Pb
> Cr.

Concentrations of elements Ca, Fe, Mg, Mn and Zn in C.
obliquus bulbs were compared to concentrations of these ele-
ments in the water extracts which more closely represents con-
centrations in the herbal tonic, Imbiza (Fig. A.3). The
extraction percentages of the elements were also determined
to ascertain what fraction of the elements from the bulbs
was extracted into solution. If present in the water extracts,
Cr, Cu, Pb and Se were below the instrument detection limits.
Calcium concentrations extracted from the bulbs at all sites
were relatively low. The extraction percentages ranged from
9.2% to 31.4% (Table B.2). The extraction percentage for
Mg ranged from 17.7% to 77.6% with relatively high extrac-
tion percentages at most sites. Although the extraction per-
centages for Mg were high, the concentration of Mg in the
solution was still lower than Ca. The concentrations of Ca
and Mg extracted are within acceptable limits for human con-
sumption. Extraction percentages of Fe at all sites ranged from
35.8% to 81.4% with more Fe being extracted from bulbs
obtained at sites A4 and A8. The percentage of Mn extracted
was between 11.0% and 49.3%. The percentage of Zn
extracted was relatively high compared to the other elements
with extraction percentages ranging from 30.9% to 91.5%.
For most sites, extracted Zn more closely resembled bulb con-
centrations (Fig. A.3). The concentrations of extracted Zn are
within acceptable limits for human consumption.

The extraction percentages give an indication of what frac-
tion of the elements from the bulbs is transferred to the solu-
tion used to make the herbal tonic, Imbiza. For the detected
elements, the concentrations of elements in the water extracts
were, generally, in the decreasing order of Ca > Mg > Fe >
Zn > Mn.

3.2. Elemental composition of L. javanica leaves

Total concentrations of selected elements in L. javanica leaves
and water extracts from ten different sites in KZN are shown

Table B.4 Concentration of other elements in the bulbs of C.
obliquus (mean + standard deviation, 95% confidence interval,
n=>5).

Elements Sites® Concentration/pg g~
Cr Al 0.202 £ 0.005
A2 0.340 + 0.055
A3 0.640 £+ 0.055
A4 0.140 + 0.055
AS ND
A6 ND
A7 0.360 £ 0.055
A8 0.110 + 0.022
Cu Al 4.06 = 0.09
A2 2.68 £ 0.29
A3 3.84 £+ 0.11
A4 2.16 £ 0.21
A5 2.26 + 0.15
A6 1.76 + 0.27
AT 1.30 + 0.07
A8 3.62 + 0.15
Mn Al 16.12 + 0.41
A2 10.44 + 0.48
A3 5.24 £ 0.21
A4 5.80 £+ 0.22
AS 2.46 + 0.44
A6 6.14 + 0.11
A7 7.96 + 0.09
A8 8.06 + 0.45
Pb Al ND
A2 0.54 £ 0.05
A3 0.66 + 0.09
A4 0.42 + 0.08
A5 0.42 + 0.08
A6 0.46 + 0.05
A7 0.56 + 0.05
A8 0.36 + 0.05
Se Al 2.68 + 0.24
A2 3.24 + 0.24
A3 1.06 + 0.21
A4 4.18 £ 0.18
AS 242 + 0.26
A6 1.90 + 0.27
A7 0.90 + 0.07
A8 3.90 + 0.34

ND: not determinable.
@ Sites: Al-Durban, A2-Umzinto, A3-Eshowe, Ad4-Verulam,
AS-Stanger, A6-Tongaat, A7-KwaNkalokazi and A8-Ixopo.

in Fig. A.4. The plant was located in the forest edges, where it
is known to grow abundantly. The climate was humid and sub-
tropical. The soil was generally sandy or loamy in texture. The
total concentration of Ca in the leaves ranged from 2856 to
9225 ug g~' and Mg ranged from 1598 to 5619 ugg~'. The
ratio of Ca to Mg in the leaves at most sites was 1:3. According
to Sedaghathoor et al. (2009), Ca and Mg are amongst the
most abundant elements in tea plants.

Concentrations of the minor elements were dependant on
site location. Iron in the leaves at Site B7 was relatively high
compared to the other sites. Lead in the leaves from different
sites was within a small range of variation and between 0.38
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Table B.5 Concentration of other elements in the leaves of L.
Jjavanica (mean + standard deviation, 95% confidence interval,
n=>5).

Elements Sites® Concentration/pg g~
Cd B 1 0.39 + 0.03
B2 0.64 = 0.06
B3 0.56 + 0.06
B4 ND
BS5 ND
B6 ND
B7 ND
B8 ND
B9 ND
B 10 ND
Co B 1 0.20 = 0
B2 0.10 £ 0
B3 0.20 = 0
B 4 0.20 £ 0
BS5 ND
B6 0.26 + 0.02
B7 0.19 + 0.01
B8 ND
B9 ND
B 10 ND
Mn B 1 18.9 + 0.9
B2 15.1 = 1.0
B3 45.1 £ 1.0
B 4 58.4 + 1.6
BS5 13.6 = 0.3
B6 60.4 + 0.4
B 7 341 £ 14
B 8 57.4 + 3.1
B9 642 £ 1.4
B 10 33.7 £ 0.5
Se B 1 3.34 £ 0.37
B2 4.96 + 0.30
B3 1.68 + 0.17
B 4 1.58 £ 0.11
BS5 3.40 + 0.16
B6 2.20 + 0.16
B7 0.86 + 0.09
B8 ND
B9 ND
B 10 ND

ND: not determinable.

& Sites: Bl-Amandawe, B2-Eshowe, B3-Ntumeni, B4-Mangeti,
B5-Maphumulo, B6-Stanger, B7-Ndwedwe, B8-Ixopo, B9-
KwaNkalokazi and B10-Highflats.

and 1.18 ug g~'. Selenium was detected in leaves at seven sites
with concentrations ranging from 0.86 to 4.96pugg !
(Table B.5). Zinc in the leaves ranged from 15.6 to 27.3 pg g~ "
For the detected elements, the concentrations of elements in L.
javanica leaves were typically in the decreasing order of
Ca > Mg >Fe >Zn > Mn > Cu>Se >Cr >Pb>Co
> Cd.

The elements extracted into water from L. javanica leaves
were Ca, Cr, Cu, Fe, Mg, Pb and Zn. If present in solution,
Cd, Co, Mn, and Se were below the instrument’s detection lim-
its. Calcium concentrations in L. javanica leaves were high, but

the amount extracted was considerably lower. The extraction
percentage was between 16.2% and 23.4% (Table B.3), which
was similar to that obtained for C. obliquus bulbs. Even though
the extraction percentages are similar, the concentrations of
the element in the plants differ significantly with higher Ca
concentrations in L. javanica leaves than C. obliquus bulbs.
The extraction percentage for Mg was between 31.4% and
37.3% in the leaves which was also similar to that obtained
for C. obliquus bulbs. Again, the concentrations of the element
in the plants differ significantly with higher Mg concentrations
in L. javanica leaves than C. obliquus bulbs.

The extraction percentage for Cr ranged from 71.8% to
93.9%, which is relatively high. This indicates that more than
70% of Cr from the leaves will be extracted into solution and
consumed. However, Cr is considered a safe nutrient as there
are no observed adverse effects even with intakes 300 times
the acceptable limit and vomiting is likely to expel Cr before
any toxicity damage can occur (Dourson, 1994). Copper con-
centrations in the leaves were relatively low and for the very
low concentrations Cu was not extracted by water (Fig. A.4).
When Cu was extracted, the percentage ranged from 21.5%
to 48.8%.

The extraction percentage for Fe from L. javanica leaves
was between 23.1% and 28.7% which was lower than that
obtained for C. obliquus bulbs (44.6% to 61.5%). The extrac-
tion percentage estimated for Pb was 37.0% to 68.8%; a very
wide range was obtained probably due to the extremely low
concentrations in the leaves. For most sites, Zn in leaves was
more than double the extracted amount and the extracted per-
centage for Zn ranged from 29.1% to §9.1%.

For the detected elements, the concentrations of elements in
the water extracts were, generally, in the decreasing order of
Ca > Mg > Fe > Zn > Cu > Cr > Pb.

4. Conclusion

The elemental composition of C. obliqguus bulbs was deter-
mined. The study revealed that the concentration of elements
Ca, Cr, Cu, Fe, Mg, Mn, Pb, Se, and Zn was controlled and
variations according to site location were moderate. A high
concentration of Ca and Mg as well as high percentage of
Zn was extracted into water from the bulbs.

Concentrations of elements in L. javanica leaves and
growth soil were determined. Concentrations of elements,
Cd, Cr, Co, Cu, Fe, Mn, Pb, and Zn present in leaves were
moderate. A high concentration of Ca and Mg, similar to C.
obliquus bulbs, and a high percentage of Cr were extracted into
water from the leaves.

This study shows that a fair amount of essential elements
are extracted into the herbal tonic, Imbiza from C. obliquus
bulbs and L. javanica leaves. Those concentrations are accept-
able, when consumed can contribute positively to human
health. Furthermore, only low levels of toxic metals were
found in the herbal tonic.
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Appendix A

See Figs. A.1-A.4.

Appendix B
See Tables B.1-B.5.
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