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Plants are used in different ways in Mali, among those as medicine and as food. The monitoring of
metals in the plants is of great importance for protecting the public from the hazards of possible toxic
effects and also for informing the population about the nutritional value of the plants. The concentrations
of some toxic and essential metal ions were surveyed in seven medicinal and edible plants from
Mali. Dry ashing of the plant material and subsequent use of atomic absorption spectrophotometry
were the analytical methodologies used. Iron, manganese, and zinc were found in high concentrations
in some of the plants, i.e., 1.4 and 1.5 mg/g iron in Cuminum cyminum and Bombax costatum,
respectively, 243 ug/g manganese in Hibiscus sabdariffa, and 62.8 and 67.1 ug/g zinc in Spilanthes
oleracaea and B. costatum, respectively, whereas cobalt and cadmium were not detected in any of
the plant material studied. The other ions detected, Cr, Ni, Pb, and Cu, were present in minor amounts,
in the ranges of 2.2—17.2 ug/g for Cr, 1.6—8.1 ug/g for Ni, 0.7—5.2 ug/g for Pb, and 2.4—17.1 ug/g
for Cu. From a toxicological point of view, none of these plants would be harmful for the user by
taking in the plant material in the traditional manner, which is preparing an infusion of the plant using
amounts not adding up to those necessary to reach a harmful level of the metal ions detected. The
plants B. costatum and C. cyminum could be of interest as sources for iron for humans in the case
of too low of a level of hemoglobin.
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INTRODUCTION Some metals are also essential nutrients (zinc, iron, copper,

The chemical constituents in plants, including metal ions, are chromium, and cobalt) and only become toxic at high concen-
partially responsible for their medicinal and nutritional properties trations, while others (lead and cadmium) have no known
as well as the toxic ones. The metals also play an important beneficial properties and are hence exclusively toxg. (
role in the plants themselves, e.g., for the formation of bioactive However, all elements in high concentrations may become
constituents in medicinal plants. As trace elements, they play detrimental to organisms. The nutritional role of elements and
an important role in the plant metabolism and biosynthesis asthe essentiality of trace elements as well as their biochemical
cofactors for enzymes. These trace elements are also importanand pathological significance to human and animals are well-
metabolic products for the plant cell§)( By accumulating known. There is a general agreement that metals may react
metals in both the root and the above-ground tissue, plants candirectly with DNA. The large number of nucleophilic centers
transfer heavy metal pollutants from soils into the food chain, in nucleic acids implies a high affinity for metals. The most
and this accumulation is one of the most serious environmental serious interaction between metals and DNA is, probably, cross-
concerns of the present day, not only because of the phyto-links between the DNA strands as was noticed after exposure
toxicity of many of these metals to the crops themselves but to Cl2*, Zn?*, Ce?*, and Mr#* (3). lons such as Nt and Cd~*
also because of the potential harmful effects that toxic metals can react with the phosphate groups as well as with the bases
could have on animals and human health. The monitoring of of DNA. Nickel has been reported to induce a variety of DNA
heavy metals in crops and other food is therefore of great |esions. These include both DNA strand damage, as well as
importance in protecting the public from the hazards of these pNA protein cross-links. Nickel has been shown to inhibit DNA
metal ions. synthesis following either in vitro or in vivo exposuré)(
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elevated circulating insulin concentrations, hyperglycemia, of manganese produce adverse effects primarily on the lungs
hypercholesterolemia, elevated body fat, decreased spermand on the braing). Manganese can stimulate several signal
counts, reduced fertility, and shortened life span. Hexavalent transduction pathways known to be responsible for apoptosis
chromium is a skin and mucous membrane irritant as well as a and also induces caspase-dependent apoptosis in PC128kglls (
powerful oxidizing agent. It is recognized by the International  Njckel. Nickel is an essential element for several animal,
Agency for Research on Cancer and by the U.S. Toxicology particularly for the regulation of lipid content in tissues and
Program as a pulmonary carcinogen. synthesis of phospholipids. On the basis of animals studies,
Cobalt. Cobalt is an essential element in humans necessarynickel is probably involved in the action of biotin, folate, and
for the formation of vitamin B12 (hydroxycobalamin), which  vitamin B12. Nickel-containing enzymes include carbon mon-
Catalyzes I’eaCtionS, such as the Synthethesis of methionine, th%x|de dehydrogenase’ methy| coenzyme M reductase, hydro_
metabolism of purines and folates, and the formation of genase, and urease. Nickel compounds bind a variety of
methylmalonic acid in succinic acid. However, excessive enzymes, including hepatic microsomal enzymes as well as
administration of this trace element may cause goiter and enzymes that catalyze carbohydrate metabolism and the transport
reduced thyroid activity. Exposure to cobalt has been associatedyf ions across membranes. Rii crosses cell membranes via
with the development of cardiomyopathy (5). calcium channels and competes with?Cdor specific intra-
Copper.Copper poses problems for all life forms. Itis needed cellular receptors (5).
fqr a number of essential enzymes including superoxide Zinc. Zinc is an integral component of a wide variety of
dismutase (SOD), cytochrome-oxidase, lysyloxidase, and itrarent enzymes in which it plays catalytic, structural, and/or

ceruloplasmin, but ftk}e lon 'g. pc:téentcl:ally toxml becausel LIS & requlatory roles. Zinc also appears to have an important role in
potent generattlar 0 lree ﬁt'lca ) hoppe;l phays a’rodg N biomembrane structure and function. The earliest detectable
common neurological conaitions such as AIZNEIMEr'S dIS€aSE, o 4y,ra of zine deficiency in infants is usually a decline in growth

th? I:“?n d|s%ase, \ivltlsginﬁs idlseasr(iat; a:jn? atr;:yl?rt]:jom::cr:at?ralvelocity. Appetite may be impaired. With more severe depletion,
sclerosis ). Copper toxicity is ascribed to the induction o changes in mood are marked with irritability and lethargy.

reactive oxygen species in the Fenton type reactions causing mpairment of the immune system, especially T-cell function

bmrifg(l;(r?o%f dlz:?nstrands, as well as damage to membranes an as been linked to increased susceptibility to infectiaf) (Zinc
Lead and C d. iumLead and cadmi idely di q intoxication can produce either lung or intestinal tract manifesta-
€ad and LadmiunLead and cadmium aré widely GISPErsed  tjqns 7inc also plays an important role in various cell processes

In ';]he enV|r(X;trlr11ent.hTthe_sgtelenéetr;ts havelt_no ?heneft"t:'a:]effeCtSincluding DNA synthesis, normal growth, brain development,
'r? llthnanfs. OUQt oxicl ytan efresu Ing re::‘l ot_umar; behavioral response, reproduction, fetal development, bone
ealth of any contaminant are, of course, a function of o\ von and wound healing (15).

concentration, it is well-known that chronic exposure to Cd and L o L
Zinc is a neurotoxin in vitro when present in high concentra-

Pb (9,10) can cause adverse effects. i )
tions. Cultured mouse cortical neurons became swollen and

Lead is known to induce a broad range of physiological, - ) .
biochemical, and behavioral dysfunctions in laboratory animals granular within 15 min of exposure to 36600.M zinc, and
the cells were completely destroyed after 24L6)( Using cell

and humans (8). Lead alters antioxidant activities by inhibitin : o . .
u (8) oxi Wil y Inhibiting cultures, Kim et al. observed zinc-induced swelling of cell bodies

the functional SH group in several enzymes such as ALAD, ; i oo g .
SOD, catalase, glutathione peroxidase, and glucose-6-des-and mitochondria. Zinc-induced cytotoxicity has been linked
! ' ' to an inhibition of DNA and RNA, synthesis, compromised

hydrogenase. Lead-induced oxidative stress contributes to the il ) i & ; ihel
pathogenesis of lead poisoning by disrupting the delicate pro- Cellular protein metabolism, and €zantagonism (17). Wilhelm

oxidant/antioxidant balance that exists within mammalian cells €t @l- (18) found that inhibition of GSSH reductase is an early
9, 10). event after cellular zinc exposure. Inhibition occurs about-@.5

Cadmium is a potent cell poison, which causes different types h after the beginning of the exposure; therefore, it precedes GSH

of damage, including cell death or increase in cell proliferation. depletion or GSSR |n.cr'ease. .
Oral exposure to cadmium may result in adverse effects on a  Although some individuals are primarily exposed to metal
number of tissues1(l). Cadmium also affects the nervous i0ns in the work place, for most people, the main route of
system, and neurogical disorders such as learning disabilities€Xposure to these toxic and nutritional elements is through the
and hyperactivity in children may occur. In neuronal cells, diet. Dietary intake is important as shown above, to obtain
cadmium induces oxidative stress, which produces protein sufficient minerals of benefit to human health. Herbs are used
damage and subsequently neurodegeneration. It is also knowrfor many purposes, and the ultimate objective of their use is a
to enhance the production of free radicals in the brain and to positive interaction with the biochemistry of the body. The herbs
interfere with the cellular defense mechanism against oxidation. may be used in various forms as food, medicines, and cosmetics
Iron. Iron is vital for almost all living organisms, participating O & aromatics, and their active constituents must be absorbed
in a wide variety of metabolic processes, including oxygen bY the body for giving the required benefits. Once they are
transport, DNA Synthesis’ and electron transport. H|gh concen- absorbed in the blood stream, they circulate and influence our
trations of iron may lead to tissue damage, as a result of the Whole system; included in these compounds are the metal ions.
formation of free radicals. Disorders of iron metabolism are  There are numerous published procedures for the determi-
among the most common diseases of humans, encompassing aation of the mineral content in plant$9). In most of them,
broad spectrum of diseases with diverse clinical manifestationsthe inorganic ions are first converted to a soluble form either
ranging from anemia to iron overload and, possibly, to neuro- by extracting the plant tissue with a suitable solvent or by
degenerative conditions (12). removing the organic fraction by oxidation, leaving the inorganic
ManganeseManganese is present in metalloproteins, such ions for subsequent analysis. Oxidation of the organic fractions
as pyruvate carboxylase, and in the cytoplasmic glial enzyme, is achieved either by heating the tissue to a high temperature in
glutamine synthetase. Deficiencies of manganese produce severair and dissolving the remaining mineral ash in dilute acid or
skeletal and reproductive abnormalities in mammals. High dosesby digestion in strong oxidizing acids, leaving the organic ions
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in solution. The ions can then be determined by the usual petals are white with a reddish center at the base of the staminal
analytical procedures, e.g., atomic absorption spectrophotometrycolumn, the calyx enlarges at maturity, and the fruit is fleshy
(AAS). and bright red. It is called roselle in English and I'Oiselle in

In the present study, the mineral contents of some plants French. The calyces are used to make cold and hot beverages
frequently used both for eating and as medicinal plants in Mali in many of the tropical and subtropical countries.
are determined. To understand the importance of the plants In folk medicine, it is reported that. sabdariffahas the
studied, their use, possible medicinal effect, and the contentsfollowing properties: antiseptic, aphrodisiac, astringent, resol-
responsible for these are described, as this is also relevant forvent, cholagogue, digestive, and stomacRi&)( Roselle is also

the plants used in Mali. a folk remedy for abscesses, heart ailments, and hypertension.
Description of the Plants Studied and Their Uses in Hibiscus tea has been shown to lower the blood pressure in
Traditional Medicine and as Food. Bixa orellana L. (Bix-  patients with essential hypertensi@). The bitter root is used

aceae)This is an abundantly branched shrub or small tree about &s an aperitif and a toni@8). The flowers are also used as an
5 m high, with showy pink or white flowers and brown, bristly ~herbal tea in Mali.
bivalved fruit in pods bearing numerous red seeds within. The Moringa oleifera Lam (Moringaceae) is indigenous to
fruit pulp is used in West Africa as a febrifuge and an astringent northwestern India and has been introduced into Mali. The tree
for dysentery and against kidney diseases. A decoction of theis valued mainly for the tender pods, which are esteemed as a
leaves is taken to stop vomiting and as a gargle for sore throat.vegetable. Flowers and young leaves are also eaten as veg-
The most interesting aspect of the plant lies in the use as a dyeetables. A paste of the leaves is used as an external application
The plant has been entered in commercial cultivation for the for wounds. The leaves are a rich source of essential amino
production of a dye, which is used mainly in the food industry acids. Decoctions and extracts made from the leaves are used
and for coloring dairy products such as butter, cheese, margarinejn native medicine (29). Pal et al. (30) have reported that the
edible oils, etc.20). The seeds studied in this paper are chewed. methanol fraction oMoringa leaf extract possesses antiulcer
Bombax costatum Pellegr. (Bombacaceae). B. costagan activity against induced gastric lesions in rats. The pressed juice
common tree in West Africa. The bark and the roots are Of the fresh leaves shows strong antibacterial activity. The
recognized as having diuretic properties. The leaves haveflowers of M. oleiferaare also considered to possess medicinal
emollient properties, and a warm bath in a decoction of the Value as a stimulant, aphrodisiac, diuretic, and cholagogue, and
leaves may be taken for feverish patients, especially children. they have also been reported to contain flavonoid pigments such
They are also prescribed with other plants for blenorrh@gp ( as quercetin, caempferol, rhamnetin, isoquercitin, and caempfer-

In Mali, the sepal of the flower is used to make a sauce used in itrin (29). Ghasi et al. 1) have found that administration of
food. the crude leaf extract d¥l. oleiferaalong with a high-fat diet

Corchorus tridens Lam (Tiliaceae). C. trideiis a woody decreased the high-fat diet-induced increase in serum, liver, and

herb or a low shrub of the grassy savanna from Senegal tokidney cholestgrol levels. Esttrella.et aB2( reported thaM.
Nigeria and is widespread in tropical Africa, India, and Australia. Cl€iferaleaves increased breast milk production day from the
The leaves are commonly used to make soup in the whole third postpartum day to the fifth among mothers who delivered

region, including Mali. The leaves are ground and made into a Préterm infants. Siddhuraju et Becker (29) found that the
sauce (20), and the plant is also thought to be an importantmetham' and ethanol extracts of the leaves showed the highest

source of iron (21). antioxidant activities in thg-carotene-inoleic system. Various
types of antioxidant compounds such as ascorbic acid, caro-
are one of the most important spices in the world, including tenoids, gnd ph_enollc substances (quercetin and kaempferpl) are
Mali (22, 23). In indigenous medicine, cumin seeds have since prese_nt In moringa leaves. They are used as food in Mali,

long been considered as a stimulant and a carminativum and Spilanthes oleracedacg. (CompositaeBpilanthes acme_lla

are used for various therapeutic purposes. They are also used Var- oleraceaClarke), also called the toothache plant, is an

in veterinary medicines2@). The essential oil of cumin seeds annual herb belonging to the family Compositae, the tribe of
prevents butter from deterioration and improves its acid value. Heliantheae, and the subtribe Ecliptinate. It has yellow flower

It has an antihydrolytic value and is better than conventional heads. Spllanthol is considered one of the most active constitu-
synthetic antioxidants. The oil of cumin also possesses antimi- €NtS and was isolated fro. oleracealacq. in 1903; other

crobial effects 24) and has been shown to induce antiinflam- N-isobutylamides have also been isolated fr@pilanthes
matory activities in rats (25). species (33). The hexane extractfacmellavar. oleraceais

Detarium microcarpum Guill. & Perr. (Cesalpiniaceae). able to induce generalized convulsion in ré8d)( S. oleracea

According to Burkill (20),D. microcarpurmis a shrub or a tree is one of the ingredients of Malarial, an improved traditional
up to 10 m high with a twisted stem and spreading crooked medicine of Mali used for th.e treatment of malaria. -
branches, growing in the dry savannah woodland from Senegal AS Seen, th_ese plants are important f_or food and as me(_j|cma|
across the region in the sub-Sahara zone to Nigeria, and into@gents in Mali, and _forthls_reason! Itis Important to investigate
Sudan. The wood is dark brown, tough, and hard. The Ieavesthe contents of various minerals in these plants. The purpose
are eaten as a vegetable. The fruit is edible and frequently eaterPf this .communlc.atmr) IS to Qetermlne the amoynts of certain
in Mali. The plant enters into local pharmacopoeias for treating €SSe€ntial and toxic minerals in the plants described above that
numerous ailments, and different parts (bark, roots, and Ieaves)are _ffrer?uently u_sed by Ithe pc_)pulat|on In 'xla“ in ?(;dber to f'n.d
are used for diarrhea, dysenteries, hemorrhoids, leprosy, syphilis,ohu'[I they lcgntaln metg f|on;s, |ndamoun';s_t lat could be toxic In
blenorrhoea, rheumatism, impotence, sterility, fungal infection, the normal doses used for food or medical purposes.
and biliousness.

Hibiscus sabdariffaL. (Malvaceae) is an annual herb that MATERIALS AND METHODS
may be 2 m ohigher, the stems are globorous, and the lowers  Materials. B. orellana Linn. (Bixaceae),B. costatumPellegr.
leaves are ovate with the upper leaves beirgh almately (Bombacaceae). tridensLam. (Tiliaceae)C. cyminumLinn. (Um-
lobed. The flowers are auxiliary or in terminal racemes, the belliferae), D. microcarpum Guill. & Perr. (Cesalpiniaceae)H.

Cuminum cyminum L. (Umbelliferaejhe seeds of cumin
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Table 1. Ash Content in 100 g of Plant Materials (g)? 1600 MiNSrala INMAtICInaM pims:of Mas
plant material average + SD 1400
B. costatum sepals 75+04 1200 : g:
B. orellana flowers 4.35+0.04 & 1000 e
C. cyminum fruit 13.7+0.3 ?
C. tricens leaves 93+0.1 800 5 i
D. microcarpum fruit with epicarp 2.35+0.01 E = Ni
D. microcarpum fruit without epicarp 2.32+0.01 oo0 @ Po
H. sabadariffa flowers 9406 400 | Zn
M. oleifera leaves 7.40 £0.04
S. oleracea flower heads 9.0+0.2 200 ”‘ ”L. J-l‘ J
0 LB [he /O R m h o n
@ The results are given as an average of three replicates. SD, standard deviation. @‘5\ é@ S a@& &«,\Q ) ﬁQ {g@' _.@Se'

Cp@@ & ‘,,é‘é & & & 5 &L P k f
sabdariffaL. (Malvaceae)M. oleifera Lam. (Moringaceae), an8. & & \)«S‘o & 4':‘\‘\0& S & ‘éf
oleracealacq. (Compositaep( acmella.. var.oleraceaClarke) were @o@ & . @:;\éo oF \Xd\ \,@
all collected in Mali in December 2002. The plants were identified by o > P R
Prof. Drissa Diallo at the Department of Traditional Medicine where F Plants

specimens of all the plants are deposited in the herbarium accordingFigure 1. Comparison of the minerals present in different medicinal and
to an alphabetical system. The plant materials were air-dried at room edible plants of Mali.
temperature and then ground prior to extraction.

Decomposition Procedure.The dry ashing of the plant material  of losses during ashing, due to volatilization or insolubilization
was carried out using a programable electrical furnace (Naberterm). of mineral elements. In preliminary studjdsg ofeach sample
One gram of material was accurately weighed in a silica crucible and \y45 incinerated at 560 and 73C for 3 h. At 560 °C, the
placed in thle furnace e;t room rt}emr:jeraturs. I‘ghe tehmperature was rfaiseqecovery was lower than at 75.
continuously to 750C for 2.5 h and was held at that temperature for o . .

3 h. The crucible was removed from the furnace and cooled to room The 750°C ashes were dissolved in 5.00 mL of HiD a
temperature. 150 mL beaker on a water bath (9500 mL) and compared

Analysis of the Ash by Flame Atomic Spectrometry.A 0.5 g with the same samples not heated. No difference was observed
amount of ash (accurately weighed) was dissolved in 5.0 mL of between the not heated and the heated samples. Consequently,
concentrated nitric acid until the evolution of gases had stopped. Thirty ashing at 750¢C for 3 h without dissolution by heating was
milliliters of water was added to this mixture, and the content was selected. A longer time will be required if the dry material
filtered through an acid-washed filter paper (Schleicher and Schill, weighs more than 2 g.

Rundfilter, Germany) into a 50 mL volumetric flask. The filter and Ash Content. The ash contents are shownTable 1. The
precipitate were washed with water and filled to volume. For some gsamples are measured in triplicate, and the results are presented
elements, i.e., for those that might be present in higher concentratlons,aS meanst SD. All results are less than 10%, which is well

further dilution might be necessary. . . __within the limit given for medicinal plants in various pharma-
The concentrations of the elements were determined using a Varian copoeias

AA 50B Atomic Absorption Spectrometer equipped with the appropriate . L

lamp for the respecti?/e elepment using a(rlw—aggetylene flamzr.J Tﬁe Minerals and Traces Elements.All determinations were

concentrations of the solutions were calculated and displayed by the Performed in triplicate, and data were reported on a dry material

instrument based on the measurements of four different concentrationsbasis as average valugs%RSD.Table 2 andFigure 1 show

of standard solutions of the element in question. The standard solutionsthe Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, and Zn contentgghg of

were made by appropriate dilutions of multielement standards contain- dry plant material.

ing 500ug/mL of Co**, Mn?*, Ni**, and Zri*; 1000ug/mL of PG+ Plants absorb metal ions from the soil through the roots. The

and Cd; 20Qug/mL of C*; 250 ug/mL of C#*; and 100Qug/mL of uptake of metals by plants is influenced by various factors,

Fe" supplied by Holger Teknologi (Norway). Each sample was jnc|yding type of plant, nature of soil, climate, and agriculture

analyzed in triplicate, and the results are givengrg dry plant material practices. The concentration of heavy metals is not uniformly

=+ relative standard deviation (RSD) (%) if not otherwise stated. o :

distributed throughout the plant. In general, the roots contain

the highest levels of heavy metals, followed by vegetative tissue,

which in turn has higher concentrations than seeds or grains
Mineralization. The mineralization method used to obtain (2). The monitoring of toxic metals is very important in

ashes has been shown to exert a significant influence on thedeveloping countries where plants are used as foods or as

determination of minerals from plant materials. There is a risk medicine and should probably also be monitored in the

RESULTS AND DISCUSSION

Table 2. Concentration Levels of Minerals in Raw Materials of Plants («g/g Materials Dry Plant + % RSD)

Cd Co Cr Cu Fed Mn Ni Pb Zn
B. costatum flowers ND ND 172+22 119+05 15+03 22412 45+04 52+26 67.1+0.7
B. orellana seeds ND ND 10+£1.2 7407 0.06+1.4 305+13 54+08 09+18 348+10
C. cyminum seeds ND ND 13.7+17 10.9+0.7 14+01 409+13 6.8+0.9 41+53 546+04
C. tridens leaves ND ND 112+12 13.0+0.7 04+09 744+08 3.7+08 46+39 55.7+0.9
D. microcarpum fruit without epicarp ND ND 0710 32x05 0.03+0.9 30.1+038 16+20 046£12 92+13
D. microcarpum fruit with epicarp ND ND 23+27 3509 0.08+24 39.4+05 18+0.2 0.70£3.9 13.9+0.8
H. sabdariffa flowers ND ND 59+46 56+04 04+10 2430+16 31+32 18+19 373+13
M. oleifera leaves ND ND 2271 24+06 0409 88.8+0.4 81+09 3710 296+11
S. oleracea flower heads ND ND 9.0+4.1 17.1+£0.6 03+1.0 107.7+£1.1 36+12 35+0.6 62.8+0.8

@Values for iron are in mg/g. ND, not detected.
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developing countries as well. The heavy metal contents of our contamination of crops and its effects on growth of plants are
study were in the descending order of #eMn > Zn > Cu > also a great threat. On the basis of this, it was a positive result
Ni > Pb. Cd and Co were not detected at all. that none of the plants growing in Mali that were investigated
A total of nine elements (Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, in this study contained high levels of toxic metals.

and Zn) were analyzed for the powdered medicinal and edible
plants samples by AASTable 2 gives the mean concentration
of various metal ions in the plants. The metal concentrations We are indebted to the healers that provided information on
were based on the dry weight of the plant. From the study, it the plants used.

was revealed that except for Cd and Co, all of the metals are
accumulated to greater or lesser extents by all of the plants.
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High levels of iron, manganese, and zinc were detected in all
samples.

The levels of iron are very high in some of the plants, e.g.,
1.5 mg/g inB. costatunflowers, 1.5 mg/g irC. cyminunseeds,
0.4 mg/g inC. tridensleaves, 0.4 mg/g ifl. sabdarriffaflowers,

0.4 mg/g inM. oleiferaleaves, and 0.3 mg/g i8. oleraceae
flower heads. The iron levels vary totally between 0.03 mg/g
in D. microcarpumfruit and 1.5 mg/g inB. costatunflowers.
The tolerable upper limit of iron is 45 mg corresponding to 30
g of Bombaxflowers per day (35).

The level of manganese is highth sabdariffaflowers, 0.2
mg/g; S. oleracedlower heads, 0.1 mg/gyl. oleiferaleaves,
0.08 mg/gC. tridensleaves, 0.07 mg/d;. cyminundruits, 0.04
mg/g; andD. microcarpuntruits, 0.04 mg/g. The recommended
dietary allowance of 25 mg Mr#+ per day is 10-fold the upper
levels found per gram in these plants.

High levels of zinc as well were found B. costatunflowers
(0.07 mg/g),S. oleracedlower heads (0.06 mg/g};. tridens
leaves (0.06 mg/g), an@. cyminumfruits (0.05 mg/g). The
WHO permissible limit of zinc in foods of 6 mg/100 g is well
above these values.

Lead, nickel, and chromium were all present in low amounts
in the plants studied as compared to the other metals in all of
the plants. The level of lead is between Q./g in D.
microcarpumfruits and 5xg/g in B. costatunflowers. These
values were below the WHO permissible limit in foods, which
is 10 ug/g (36).

The level of chromium is betweenw@/g in M. oleiferaleaves
and 0.17ug/g in B. costatunflowers. These values were well
below the FDA recommended daily intake of chromium for
foods and feeds, which is 0.12 mg/86].

The copper level is between@/g in M. oleiferaleaves and
17 ugl/g in S. oleracedflower heads. These levels are below
the WHO permissible limits in foods, which is 4 mg/1003y}.

According to Barceloux), nickel is a compound generally

recognized as safe when used as a direct ingredient in human

food and also is not a cumulative toxin in animals and in
humans. The level of nickel in our study<{8 «g/g) is below
the average breast-fed infant consumable amounf fbug/g
Ni/day in the milk (5)].

Itis evident from the data that the medicinal and edible plants
of Mali included in the present study could be a source of
essential elements (Fe, Zn Cu, Ni, and Mn) as well as heavy
toxic metals (Pb), but no studies related to this aspect were
known when the project started. In our study, all of the values
are below the WHO permissible levels and may not constitute
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