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Abstract

Many Moroccan plants are known to be of potenti@dminal value and are used in herbal medicine.
Wormwood Artemisia herba alba), Lavander [(avandula dentata.), Rosemary Rosmarinus tournefortii),
Thyme {Thymus vulgaris) used as plant material in this study. The goahisfwork was to analyse minor and
major mineral contents of seven sample of medicarad aromatic plants collected from two Moroccan
regions and the soils in which they grew in 200Feyl were established by inductively coupled plasma
atomic emission spectrometry (ICP-AES). The sampie® composed of Al, Ca, Fe, K, Mg, Mn, P, Ba, Cd,
Pb and Zn. The highest mineral concentration wezasured between 2.74-7.91 Al, 16.31-37.25 Ca, 0.36-
2.70 Fe, 17.72 K, 3.09-6.83 Mg and 0.39-1.84 HB& heavy metal Cd and Pb contents in samplesctetie
from a traffic area may be due to automobile funfdtese results may be useful for the evaluatiothef
guality of consumat aromatic pants.
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I ntroduction

The more technology develops, the more people coagrocessed foods. As a result health probleme hav
increased.

In recent years, with enhanced awareness of thertance of trace elements on health, an increasingpber

of reports on the role of trace elements in traddi medicines have been published in Infiz2],
Ching3,4], Nigeria[5,6], Greecd7] and Egyp{8,9].

Mixtures of medicinal plants are prescribed by thaditional healers for diseases ranging from
common colds to malaria, arthritis, ulcers, e{d0]. Minor elements have very important functions ard
believed a key component of proteins such as haet@p and haemoglobin which play role in biocheahic
functions and essential enzyme system even in logesl Bsgel & Erdemglu [11] reported the daily
mineral intakes by consuming herbal tea for a 7@dagon and the reported amounts of minerals peada
500 mg Ca, 300 mg Mg, 15mg Fe, 5mg Al, 2.8 mg MBmg Zn, 2.5 mg Cu, 1.6 mg Sr, 1.1 mg Ba,
0.025 mg Ni, 0.05-0.2 mg Cr, 0.04 mg Co, 0.415 inguid 0.057 mg Cd.
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Studies originally showed that optimal intakes lgihents such as sodium, potassium, magnesiumyugalci
manganese, copper, zinc and iodine could reducesidodl risk factors, including those related to
cardiovascular disease for both human beings aintbis{12-14].

Ca is the main component of bones and teeth. Témsent functions on cell membranes and on musbies,
regulating endo- exoenzymes and blood pregdie

Na and K are of great importance for many regufaigstems in the body. Na is excreted in sweathby t
body. Diarrhoea and vomiting causes the loss caibK. Tea, fruits, vegetables and coffee are gmodces
of K and Na. The minimum daily intake of Na andi€ 2.4 g and 3.5 [1.6].

Throughout the world, there is increasing inteieghe importance of dietary minerals in the preignof
several diseases. Minerals are of critical imparain the diet, even though they comprise only 4-é6%e
human body. Major minerals are those required iouwts greater than 100 mg per day and they represen
1% or less of bodyweight. These include calciunggporus, magnesium, sulphur, potassium, chlomde a
sodium. Trace minerals are essential in much smafteunts, less than 100 mg per day, and makessp le
than 0.01% of bodyweight. Essential trace elemargsinc, iron, silicon, manganese, copper, fligriddine
and chromium.

The major minerals serve as structural compongitissues and function in cellular and basal maltaim
and water and acid-base balafite-19].

Trace metals constitute significant health hazésdsnan and have become an area of particular corared
high priorityin environmental resear¢B0]. Trace elements can be directly taken up by thaede of plants or
they are accumulated in the soil and reach thegptanough their rootf21].

Several studies have been carried out on edibt:plaintg22-28]

But, limited studies on mineral contents of conditsevere madg27;29-31]

The aim of this study was to determine the mineogitents of several condiments used for severggses
in eastern Morocco and the soils in which they gréhese plants could potentially be either dangemu
useful for humans who are consuming medicinal planto animals feeding on these economically it@mbr
plants.

Materials and methods

Plant and soil materials: The plant and the surrounding soil were collectedhf Tafouralt (sub humid) and
Jrada (semiarid) in May-June (2007). Identificatminthe species was confirmed in scientific ins&tin
Rabat. A voucher specimen was deposited at theatiarb in this institute. The common, scientificdan
family names of the plants are given in Tablel.

Table 1. Medicinal and aromatic plants used in experiment

Plant Botanical name Family Used parts

Lavender | Lavandula dentata Lamiaceae | Leaves + flowers

Rosemary | Rosmarinustournofortii | Lamiaceae | Leaves

Thyme Thymus vulgaris Lamiaceae | Flowers + leaves

Wormwood| Artemisia herba alb Compositae | Leaves

The sample was collected from different sites addrand Tafouralt. Wormwood of Jrada (traffic arf&ide
1); Thyme of Jrada (non polluted area) (Site Il)oiwood of Jrada (Chakhar) (non polluted area)k (i}
as far lavender of Tafouralt (traffic area) (S¥8;Ithyme and wormwood of Tafouralt were colletia a
deep forest area (site V).

Sample preparation and measurement: 150 mg of the plant sample was ashed with 2 ml HNGE (70%)

mixture in a Teflon beaker. The sample was incitgelaat 110 °C. 0.5 ml of Hydrofluoric ac{tHF) was
added and the covered beaker placed on a sandlib&tlsample mixture was heated until a clear smutias
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obtained. After removing the cover, the mixture waaporated until drying. 2 ml of HCI acid was adldEhe
residue was extracted by 25 ml 2M HCI. Concentratiozvere determined with an ICP-AES. The instrument
was in radial configuration. Working conditionstbé ICP-AES were:
ICPAES ((ULTIMA 2 Jobin Yvon)). Power: 1150 watilasma gas flow rate (Ar): 12 L/min. .

Results and discussion

Mineral contents of 7 samples of medicinal and atixnplants consumed as spices, herbal tea and

condiments in Morocco were established by usidgictively coupled plasma atomic emission specttgme
(ICP-AES). Eleven minerals were determined in athples. Mineral contents vary widely dependindghen

different species and locations of plants. Tableshdws that medicinal and aromatic plants content
considerably Al, Ca, Fe, K, Mg and P. These elemamire found in all studied plants.

Table 2: Mineral contents of plants

Mineral | Wormwood of | Wormwood Thyme of Lavender of | Wormwood of Thyme of Rosmary of
(mg kg Jrada of Chakhar Jrada Tafouralt Taforalt Taforalt Taforalt
Samplel Sample2 Sample 3 Sample 4 Sample SampleSample 7
Al 24529 64085 79152 27470 12265 35768 44361
Ca 170802 163147 200511 349865 193500 313044 372527
Fe 8882 22053 27095 8447 3617 11684 12200
K 468703 393593 177265 270475 447249 279491 406844
Mg 3395 36576 53873 49765 30914 37803 68382
Ba 207.12 336.81 610.78 187.51 89.99 583.63 1294159
Cd 20.58 3.79 1.04 6.15 1.11 0.45 6.25
Mn 501.59 1255.87 731.41 367.43 583.89 388.74 934.52
P 17348.69 8412.14 3968.43 7198.26 18497.5 612116 897.86
Pb 1036.11 188.97 88.88 68.04 26.71 30.91 285.32
Zn 798.21 377.89 359.46 480.39 682.00 415.38 1016.73

The concentrations of macro nutrients vary from6Q@ 46.87 %. Among the macro nutrients, the
concentration of K ranges from77265mg kg—1 in T.wulgaris of Jrada and68703mg kg—lin A herba alba of
Jrada. BothA.herba alba of Tafouralt andA.herba alba of Jrada recorded high accumulation value of
potassiumPotassium has highest concentration in the leatgniads than other nutrients as it is an activator
of some enzymes. One main feature 6fikthe high rate at which it is taken up by plasgues. Usually the
absorption of K depends on the soil type. Howethas, study showed that the K content in the sait llow
than that found in the plant studied (Tables 22nd
All the studied plants showed high K contef®8]. The daily adult goat requirements are 1800-25¢&kgr
DM in their diets B3]. It seems that foliage from shrubs that grow imiseid regions contains K as much as
10 times the required level84,35] This fact may become a problem because high Kemrations can
interfere with Na retention, absorption and Mgizdition[36].
Calcium contents of spices were found in similduilgh percentages in all the species analyzed, mgrighm
163147372527mg kql (Table 2). A dietary level of 430Gg kqlcalcium is required for feeding animals
[37]. The maximum level is 2000®g kg—lof diet dry mattef36]. It seems that foliage from browse plants
that grow in semiaridi35] and tropical39] regions have enough Ca. It is abundant in most.Benerally
the concentration of soil solution is about 10 snhégher than that of K The uptake rate of &ahowever, is
usually lower than that of K This low C&" uptake potential occurs becaus€'Gan be absorbed only by
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young root tips in which the cell walls of the eddamis are still unsupervis¢diO]. However, our data reveal
that medicinal plants are not deficient in Ca.

Table 3: Concentration of major and trace elements in soils

Minerals (mg kg) Site | Site I Site Ill | Site IV Site V
Al 21698 35348 | 47041 | 69374 | 10935
Ca 254189 72595 15057  2234Q 15991
Fe 19520 43910 42443 41171 4482
K 9632 20591 25183 61673 4278
Mg 8120 17403 7718 61673 40052
Ba 235.94 430.65| 511.71 111.26  80.72
Mn 364.50 | 1384.28 | 223.92| 338.78  223.92
P 460.75 | 436.03 94.80 | 274.48 94.80
Cd 0.46 0.61 0.92 0.41 0.92
Pb 35.46 5.31 8.16 29.96 8.16
Zn 48.87 117.69 12.83 74.84 12.83

Phosphorus ranges frorg968.43 to 18497.55 mg kg—l. Wormwood (A.herba alba) contains highest
concentration of P, whereas Thyrflevulgaris of Jrada contains lowest concentration of P. Plant roots are
capable of absorbing very low phosphate conceatratirom soil solutions. The results show thatehsra
correlation between soil content of potassium dadtg@ccumulation (Table 2 and 3).

The concentration of Mg ranges fra30914 mg kgl (Wormwood of TaforaltA.herba alba) to 68382 mg
kg—l (Rtournofortii). Generally, the concentrations Miig* in soil is higher than that of ‘KTable 3) but the
uptake of Mg" by root cells is much lower thahe uptake of K [41]. The level of Mg in plants depends to a
large extent on soil type. A magnesium concentnatio2000mg kqlin plants is commonly regarded as the
minimum “safe” dietary concentration for adequaaimal health42;37] This provides that all studied
plants can be used to compensate magnesium deficieranimals. The high content of Mg in the stddie
plants could be related to temperatji4¥].

The content of zinc ranged betwegsp.46mg/kg inT. vulgaris and1016.73mg/kgin R. tournofortii (Table
2). Plants absorb Zn as ZnZn is widely distributed in soils.

The lowest content of Zn was in the soil in whidlermwood of Tafouralt was growing and the higheasw
in the Jrada soil in which.herba alba andT.vulgaris were growing.The content of Zn in the other soils
studied ranged between 74.84 (kug") in L. dentata and 126.05 (m@ig™) in A.herba alba of Jrada
(Table 3). The physiological activities of the glanfluence Zn absorption and the interactions witany
elements like Fe, Mn and Cu also affect Zn up{dké The concentration of zinc in TulgD¢imum sanctum)
and NeemAzadirachta indica) leaves, which are widely used in Indian Ayurveaiedicine, were 140 and 10
mg ¢, respectively[45].The maximum tolerable zinc level has been set0ét mp.m. for cattle and 300
p.p.m. for sheefB8]. It seems that goats require about 40-50 mgRiyl of Zn in their diet§46]. Khanna et
al. [47] observed that the high concentration of Zn in iTldaves and the anti-fertility effect caused by
drinking an infusion of its extract may be corretht The role of Zn in spermatogenesis is well dcnted
[48].

Aluminium contents were high in most cases andedrfgpm12265mg/kg Wormwood of Tafouralt t89152
mg kql in Thyme (T.vulgaris) of Jrada. Aluminum toxicity is a major factor lting crop performance on
acid soils that predominate under tropical climatbe primary toxicity symptom observed in plants is
inhibition of root growth49,50], followed by less nutrient and water absorpti@sutting in poor growth and
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production. Aluminum interferes with the uptakensport, and utilization of essential nutrientduding Ca,
Mg, K, P, Cu, Fe, Mn, and Z51-55].

Manganese concentration ranged between 388.74gmin T.vulgaris of tafouralt and 934.52 mg
kg™ in R. tournofortii. However, the range of Mn in the rest of the exwdiplants was 367.43—
731.41 mg kgReddy & Reddy[41] reported that the range of Mn in their study w&s5481.6 mg
kg ™.While the range in the soil was 223.92-1384.28kaig. Mn is absorbed by the plant as ¥from soils.
Mn activates some respiratory enzymes and photesyaotenzymes and soil are usually not deficieriim
The rate of uptake by plant is depressed by Mge fEsults show that there is a correlation of Mntenot
between soil and plant species (Tables 2 and 8ngtthat the plants are selective in accumulatifgy
T.vulgaris of Jrada exhibited higher Fe concentration than dther plants (Table 2). The level of Fe of
A.herba alba of Tafouralt found to be small than those of ather

Samudralwar and Gargl5] reported that the concentration of Fe in tulSci(num sanctum) and neem
(Azadirachta indica) leaves which are widely use in Indian Ayurvedieditine were 129 and 355 mg'g
respectively. The suggested Fe requirement for @simange between 30 and 100 p.p.m. and the maximum
tolerable level for cattle is suggested as 1000kaid. [56,57:38] Plants require more Fe than any other
macro nutrients, because Fe deficiency in leavas e the iron chlorosis. Iron chlorosis may refudtn an
absolute Fe deficiency in s¢40]. Our data indicate that medicinal leaves chosea tentain much Fe.
Barium was found to be high, ranging fra88.99 to 1294.59mg kg™ The results show that there is a
correlation of Ba content between soil and plaecsgs (Tables 2 and 3).

The concentrations of toxic trace metals such asv@am is from0.45- 20.5amg kg™*. Plomb content ranged
from 26.71-1036.11mg kg™.The higher concentrations of Cd and Pb in sangméiected from traffic area may
be due to automobile exhausts. Usually, automabiteaust and smelters are the main sources of Picdnd
respectivel\f58].

The concentration of Cd and Pb may depend on th®lgay location. In fact, the Thyme and
wormwood of Tafouralt were collected in deep $brarea, and so these two toxicants were presdatvin
guantities (Table 2).

As can be seen from the data in Table 2, spatradity is particularly high in elements whichah
different degrees of bioavailability depending @mgpling parameters. Pollutants may also show hogitizd
variability depending on the pattern of emissionrses and processes of transportation prevailinthén
atmosphere and in deposition. Among the toxicadPitsand Cd concentrations are high in samples tetlec
from traffic density dense areas (Site | and 1V).

The macro- and micro-element values of wild plantthe same study were lower than the present
study. Essential and trace element contents of @figal plants were determined in Niger. Elementhsas
K, Ca, Ti, V, Cr, Mn, Fe, Ni, Cu, Zn, Se, Br, Rb, & well as toxic heavy metals such as Cd, AsarRbHg
were detected in concentrations between 0.18 adf07ig kg'. Herb materials were found to contain any
heavy metals such as Cd, As, Pb and 1.

Some of our results of mineral contents of medicaral aromatic plants used in experiment show
minor differences when compared with literat{?6;29;59,60]. These differences might be due to growth
conditions, genetic factors, geographical variatiand analytical procedurfz/;59,61]

Most of these elements are essential activatorgriayme - catalyzing reactions. For example, Miypla
structural role in the chloroplast membrane sysé@ch may be responsible for colour, taste and siaedl,a
cofactor for fatty acids, DNA and RNA synthef2]. Iron is an essential activator for enzyme—catatys
reactions involving chlorophyll synthesis and ferrbdoxin nitrate reductagé3]. Potassium is an essential
nutrient and has an important role in the synthesiamino acids and proteirj§4]. Ca and Mg play a
significant role in photosynthesis, carbohydrateaielism, nucleic acids, and binding agents of e&llls
[65]. Calcium is also the major component of bone asists in teeth developmdbb].

Zn is an essential micronutrient and is associatd a number of enzymes, especially those for
synthesis of ribonucleic acidg7]. The contents of trace elements in plants arealogin terms of biological
activity they are critical. However, when they dneorporated into mineral complexes, their ability
enhanced68]. Other inorganic elements which may contributéimogical processes, but which have not
been established as essential, are barium, cadrfidin Cadmium is best known for its toxicological
properties [69]. Boron, chromium, manganese, nickel, tin, vanadiumolybdenum, arsenic, lithium,
aluminium, strontium, cesium and silicon are regdrds new trace elements in the sense that theydrdy
recently been considered essential in human iét3 3].
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Conclusion

The present study gives a new perspective abouprimgence of some major and trace elements in some
indigenous (Eastern Morocco) medicinal plants dredsoils they grow in. The highest mineral conteveise

Al, Ba, Ca, Fe, K, Mg, P and Mn. This work attemfuisenrich knowledge of the nutritional propertis
these plants as well as highlighting the importamsiceineral contents such as condiments. The coitigos

of plant is mainly dependent on the compositiorthef soil which influenced primarily by the naturitioe
rocks from which the soil is derived. The speclaivf temperature and humidity conditions of thelairer

right above the ground entail extreme fluctuatiohslement concentration as well as contaminatioblpms
which are not easy to assess.

This study indicates that some of these plants raatate certain elements, and this property is
exploited by the use of these plants for mediginaposes in addition to their bioactive secondaeyainolites
constituents. The elucidation of element specificain these plants helps interpret the therapeaticons
and may help in designing chemically pure medicatio
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