REPUBLIC OF TURKEY
FIRAT UNIVERSITY
THE GRADUATE INSTITUTION OF NATURAL
AND APPLIED SCIENCES

DETERMINATION OF MINERAL AND TRACE ELEMENT IN
SOME MEDICINAL PLANTS IN NORTH REGION
OF IRAQ BY SPECTROSCOPIC METHOD

Mohammed Sadeeq RAMADHAN
(151117106)

Master Thesis
Department: Chemistry
First Supervisor: Prof. Dr. Ali OLCUCU
Second Supervisor: Assoc. Prof. Dr. Harun CIFTCI

ELAZIG-2017


https://www.googleadservices.com/pagead/aclk?sa=L&ai=DChcSEwi64bObr7jTAhXYh7IKHfaoAsYYABAIGgJscg&ohost=www.google.com&cid=CAASE-RoJdTwg0RLd3_mKsojbtBwmcQ&sig=AOD64_3DcB9flZQ3j0oDFavA3tD92vo5Nw&adurl=&q=&nb=0&res_url=http%3A%2F%2Fwww.plusnetwork.com%2F%3Fsp%3Dreim5%26q%3Danalytical%2520chemistry&rurl=https%3A%2F%2Fsecure-finder.org%2F&nm=20&nx=13&ny=4&is=575x364&clkt=118&bg=!wMOlw9tEQv_4IchmPbICAAABAVIAAAAWCgAFWN85AiiZASQxb1iuBe3trzXb5WKnmlzmMeO4hpOQ7CFjUZibaNJa_tvmvNdZcybRCfah_BaBDb6N18Trm5eQ566mHvoBjaStfqOsBBTF0ZuWuGQtEUiHJ2u5Mykq_eCvSDdJ-yTUQ-X0RSxhhlyvEdPhb0ynsqfW94H8TT0gVs39E0q8GGkpTQf49PFXcUzjRN90RvNA1xQILoZldx3GdlPzUQ4NPZGc_ahaan19Bf8ulvWvVN7ePaZjqBawLzzMJXSRv_fiipA-BTHlgfzAjqIERbQhay6lxpQgTXlHi-u1TU1zFKKB3sF_s7iQ76EKlU0-XRJqUitQ9Ft76oQpghkRQYBMlopYj-w7BGkgBKFwl1yDoY4G0vYD-mjDt7JH4z6Qp0C4ODkyNofY

REPUBLIC OF TURKEY
FIRAT UNIVERSITY
THE GRADUATE INSTITUTION OF NATURAL AND APPLIED SCIENCES

DETERMINATION OF MINERAL AND TRACE ELEMENT IN SOME MEDICINAL
PLANTS IN NORTH REGION OF IRAQ
BY SPECTROSCOPIC METHOD

Master Thesis

Mohammed Sadeeq RAMADHAN

(151117106 )

P ‘
First Supervisor: Prof. Dr. Ali OLCUCU 't/\/
Member: Prof. Dr. Habibe 0ZMEN
Member: Prof. Dr. Isil AYDIN

) C Y

May-2017



DECLARATION

| hereby declare that the titled “Determination of Mineral and Tace Element in
Some Medicinal Plants in North Region of Iraq by Spectroscopic Method” thesis is my
own research and prepared by myself. Except for the quoted lines, and single words that
are quoted. It is being submitted for the Degree of Master of Science in (Analytical

Chemistry) at the Firat University.


https://www.googleadservices.com/pagead/aclk?sa=L&ai=DChcSEwi64bObr7jTAhXYh7IKHfaoAsYYABAIGgJscg&ohost=www.google.com&cid=CAASE-RoJdTwg0RLd3_mKsojbtBwmcQ&sig=AOD64_3DcB9flZQ3j0oDFavA3tD92vo5Nw&adurl=&q=&nb=0&res_url=http%3A%2F%2Fwww.plusnetwork.com%2F%3Fsp%3Dreim5%26q%3Danalytical%2520chemistry&rurl=https%3A%2F%2Fsecure-finder.org%2F&nm=20&nx=13&ny=4&is=575x364&clkt=118&bg=!wMOlw9tEQv_4IchmPbICAAABAVIAAAAWCgAFWN85AiiZASQxb1iuBe3trzXb5WKnmlzmMeO4hpOQ7CFjUZibaNJa_tvmvNdZcybRCfah_BaBDb6N18Trm5eQ566mHvoBjaStfqOsBBTF0ZuWuGQtEUiHJ2u5Mykq_eCvSDdJ-yTUQ-X0RSxhhlyvEdPhb0ynsqfW94H8TT0gVs39E0q8GGkpTQf49PFXcUzjRN90RvNA1xQILoZldx3GdlPzUQ4NPZGc_ahaan19Bf8ulvWvVN7ePaZjqBawLzzMJXSRv_fiipA-BTHlgfzAjqIERbQhay6lxpQgTXlHi-u1TU1zFKKB3sF_s7iQ76EKlU0-XRJqUitQ9Ft76oQpghkRQYBMlopYj-w7BGkgBKFwl1yDoY4G0vYD-mjDt7JH4z6Qp0C4ODkyNofY
https://www.googleadservices.com/pagead/aclk?sa=L&ai=DChcSEwi64bObr7jTAhXYh7IKHfaoAsYYABAIGgJscg&ohost=www.google.com&cid=CAASE-RoJdTwg0RLd3_mKsojbtBwmcQ&sig=AOD64_3DcB9flZQ3j0oDFavA3tD92vo5Nw&adurl=&q=&nb=0&res_url=http%3A%2F%2Fwww.plusnetwork.com%2F%3Fsp%3Dreim5%26q%3Danalytical%2520chemistry&rurl=https%3A%2F%2Fsecure-finder.org%2F&nm=20&nx=13&ny=4&is=575x364&clkt=118&bg=!wMOlw9tEQv_4IchmPbICAAABAVIAAAAWCgAFWN85AiiZASQxb1iuBe3trzXb5WKnmlzmMeO4hpOQ7CFjUZibaNJa_tvmvNdZcybRCfah_BaBDb6N18Trm5eQ566mHvoBjaStfqOsBBTF0ZuWuGQtEUiHJ2u5Mykq_eCvSDdJ-yTUQ-X0RSxhhlyvEdPhb0ynsqfW94H8TT0gVs39E0q8GGkpTQf49PFXcUzjRN90RvNA1xQILoZldx3GdlPzUQ4NPZGc_ahaan19Bf8ulvWvVN7ePaZjqBawLzzMJXSRv_fiipA-BTHlgfzAjqIERbQhay6lxpQgTXlHi-u1TU1zFKKB3sF_s7iQ76EKlU0-XRJqUitQ9Ft76oQpghkRQYBMlopYj-w7BGkgBKFwl1yDoY4G0vYD-mjDt7JH4z6Qp0C4ODkyNofY

DEDICATION

This thesis is dedicated to my father, who taught me that the best kind of
knowledge to have is that which is learned for its own sake. It is also dedicated to my
mother, who raised and taught me that even the biggest task can be accomplished if it is
done patiently and one step at a time. | would like to thank the of my friend’s members for
their understanding, moral supports, encouragements, prayers, patience and all kind of

support.



ACKNOWLEDGEMENTS

First of all, we would like to express thanks to almighty God. Second, we would
also like to thank Firat University and faculty of the department of Chemistry Science.

I gratefully acknowledge the continuous and valuable guidance and input of my
principal first supervisor Prof. Dr. Ali OLCUCU, who gave me the golden opportunity to
do this wonderful project on the topic of industrial training, which also helped me in doing
a lot of Research and came to know about so many new things.

My grateful acknowledgement is extended to my second supervisor Assoc. Prof. Dr. Harun
CIFTCI for her great guidance.
I would like to thanks all laboratory technical staff, especially Mrs. Ayse

ERDOGAN and Emel. EKINCI who was always there to extend his hand in technical
training and help for the instruments.

Secondly | would also like to thank my parents and friends who helped me a lot in
finishing this project within the limited time.

I am making this project not only for marks but to also increase my knowledge.

Thanks again to all who helped me.

Mohammed RAMADHAN

ELAZIG-2017



TABLE OF CONTENTS

Page No
DECLARATION ..ottt sttt sttt ettt ene bt se bt enentennens I
D] = 1 L@ N 1 1 SRR 11
ACKNOWLEDGEMENTS .. .ottt nae e ]
TABLE OF CONTENTS ..ottt ettt v
ABSTRACT oottt ettt ettt s ettt ne et reene e ne e VI
L0 /7 D PP EPRPR T OTPPRRRPR VIl
LIST OF TABLE ... e e s VI
LIST OF FIGURES.......coo oottt ettt ettt et nn s IX
LIST OF APPENDIX ..ottt sttt st sne s X
LIST OF SYMBOLS AND ABBREVIATIONS .....cooooiiie e XI
L INTRODUCGTION ..ottt st e e sate e e st e e e sne e e s nneeeanaeeaneeeanes 1
2. LITERATURE OF REVIEW .....coi ittt 3
2.1 MEAICINAL PIANTS ......veiiiiiieiieeie ettt sttt ene e nee e 3
2.1.1. History of Medicinal PIantS............cociiiiiiiiie st 3
2.1.2. Definition of Medicinal PIants ..........cccoooiiiieieie e 3
2.1.3. Medicinal Plants @S DIUQS .....c.ciueeiuiiieiieiie sttt sre e snaesne s 4
2.1.3.1. Significances of Medicinal Plants to Human Being..........ccccccvveveiievieiieseece e 5
2.1.3.2. Characteristics of Medicinal PIaNtS ... 6
2.2. Minerals and Trace EIBMENLS ........c.coceiviieiiere e 13
2.2.1. Classification OF MELalS.........cccooiiiiiiiiie e 15
2.2.1.1. Minerals can be Further Sub Divided into two Groups, Macro (Major) and
IMICIO IMIINEIALS ...ttt ettt st enes 15
2.2.1.2. Definitions of Trace EIEMENTS.......cc.coiiiiiiiieeece e 16
2.2.2. Minerals and Trace Elements in Plant, Human and Animal Nutrition...................... 19
2.2.2.1. Minerals Elements Needed for Good Health............ccccccovvniiiiiiiiie i, 20
2.2.2.2. Essential Chemical Elements in Adult Diet .........cccccovveviieiiere e 21
2.2.2.3. Recommended Daily Intake Values as well as Toxic Values ............cccccvevvvrveennenn. 21
2.2.3. General Function of Trace elements and Minerals............cccooceverineniniinininieeen, 22
2.2.4. Roles of Heavy Metals in Human Health and TOXICItY..........ccccceviiiniinienicnieeen, 23
2.2.5. Deficiencies and ToxXiCity of MINErals .........cccocevveiiiiie i 23



2.3. Microwave DeCOMPOSITIONS ........cciiuiriiiiiieieiesie ettt 26

2.4. Analytical Instruments for Determination of Elements in Plant ..........ccccccooveiiiennenn. 26
2.4.1. Atomic Absorption SPectroSCOPY (AAS) ...cviiiiiiiiiiiiie e 26
2.4. 1.1, INSTFUMENTALION ...ttt ettt bbbt 28

FAAS) ettt Re R e Re et et e benteereeneereeneeneens 29
2.4. 1.3, LIGNT SOUICTE ...ttt bbbt b ettt 29
o AN (o] 1] 4 ST PRSPPI 30
2.4.1.5. LIGNE DELECTION ...ttt 30
2.4.1.6. Principle Underlining AAS ...t 30
3. EXPERIMENTAL WORK .....ciiiiiiiitieesesee ettt 33
3.1, SAMPIE COHEBCTION ...t bbb 33
3.2. Reagents and STANGAITS .......c.oveieiiiiii ettt 33
R I T: 1001 0] Lo o =] o= =1 1o o USSR 33
3.3.1. Digestion and Analysis ProCEAUIE...........civeiiiiieiiece et 33
3.4, INSTIUMENTALION ... ettt et e ste e e sneesteeneeeneenneeneeneennees 34
4. DISCUSSION AND RESULTS ..ottt 40
5. CONCLUSION .....ooiiiietct ettt sttt st e neene e ene e 50
B. REFERENGCES ........cotiiiitct ettt sttt st ens 52
CURRICULUM VITAE (CV) oottt 64



ABSTRACT

DETERMINATION OF MINERAL AND TRACE ELEMENT IN
SOME MEDICINAL PLANTS IN NORTH REGION
OF IRAQ BY SPECTROSCOPIC METHOD

The aim of this study, to determine the concentrations of some important minerals
and trace elements, such as macro mineral; magnesium (Mg), calcium (Ca), trace elements;
zinc (Zn), copper (Cu), iron (Fe), ultra-trace elements; manganese (Mn), lead (Pb), nickel
(Ni), aluminum (Al), in some of medicinal plants such as dill (Anethum graveolens L),
clove (Syzygium aromaticum), cardamom (Elettaria cardamomum), black mulberry
(Morus nigra), oak galls (Dyer’s Oak) (Quercus infectoria), basil (Ocimum basilicum L),
chamomile (Matricaria chamomilla L), thyme (Thymus vulgaris L), peppermint (Mentha x
piperita L), ginger (Zingiber officinale), purslane (Portulaca oleracea L), coriander
(Coriandrum sativum L), cinnamon (Cinnamomum zeylanicum), some of these plants
which naturally grown in the Northern Region Irag. For this purpose, during 2016 these
plants were harvested from around Erbil.

Microwave digestion procedure was applied under optimized conditions for
digesting sample of plants. Concentrations of minerals and trace elements in sample of
plants were determined by using High Resolution Continuum Source Flame Atomic
Absorption Spectrometry (HR CS-FAAS).

Calcium and magnesium observed with the highest concentration in all the
medicinal plants studied as compared to other trace elements recorded. The studied
medicinal plants were found calcium in basil ( 5.63 = 0.36 mg/g) and magnesium in
purslane ( 1.37 + 0.12 mg/g ) respectively, Also copper ( 0.38 + 0.03 pg/g ) in Cinnamon
was found to be the lowest concentration in all the medicinal plants studied as compared to
other trace elements recorded.

Decreasing sequence of the mean concentrations of the minerals and trace elements
levels in medicinal plants studied were found in this orders: Ca > Mg > Zn > Fe > Al > Pb
> Ni > Mn > Cu.

Keywords: HR CS-FAAS, medicinal plants, microwave digestion, mineral and

trace elements.
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OZET

IRAK’IN KUZEYINDEKI BAZI TIBBi BITKILERDEKI MINERAL VE ESER
ELEMENTLERIN SPEKTROSKOPIK YONTEMLE ILE TAYINI

Bu calismanin amaci, Irak’in kuzey bolgesinde dogal olarak yetisen dereotu
(Anethum graveolens L), karanfil (Syzygium aromaticum), kakule (Elettaria
cardamomum), karadut (Morus nigra), maz1 (Dyer’s 0ak) (Quercus infectoria), feslegen
(Ocimum basilicum L), kekik (Matricaria chamomilla L), nane (Thymus vulgaris L),
zencefil (Mentha x piperita L), semizotu (Zingiber officinale), kisnis (Portulaca oleracea
L), tar¢in (Coriandrum sativum L), papatya (Cinnamomum zeylanicum) gibi on ii¢ tibbi
bitkideki makro mineral; magnezyum (Mg), kalsiyum (Ca), eser elementler; ¢inko (Zn ),
bakir (Cu), demir (Fe), ultra eser elementler; mangan (Mn), kursun (Pb), nikel (Ni),
aliminyum (Al) gibi bazi 6nemli mineral ve eser elementlerin konsantrosyonunu
belirlemektir. Bu amagla 2016 yillar1 arasinda bu bitkiler Erbil ve ¢evresinden hasat edildi.

Bitki orneklerini pargalamak icin optimize edilen sartlar altinda mikrodalga
pargalama yontemi uygulandi. Bitki orneklerindeki mineral ve eser elementlerin
konsantrasyonlar1 Yiiksek Coziiniirliikli Stirekli Isin Kaynakli Alevli Atomik Absorpsiyon
Spektrometresi (HR CS-FAAS) kullanilarak tayin edildi.

Incelenen tiim tibbi bitkilerdeki kalsiyum ve magnezyumun konsantrasyonu tayin
edilen diger elementlerin konsantrasyonundan daha yiiksek oldugu gozlendi. Calisilan tibbi
bitkilerde kalsiyumun sirasiyla en yiiksek feslegen de (5.63 + 0.36 mg/g) ve magnezyum
semizotunda ( 1.37 + 0.12 mg/g) oldugu, ayrica bitkilerdeki konsantrasyonu en diisiik olan
eser elementin targinde bakirin (0.38 + 0.03 pg/g) oldugu bulundu.

Incelenen tibbi bitkilerdeki element seviyelerinin ortalama konsantrasyonlarmin

azalan siras1 bu sekilde bulundu: Ca > Mg > Zn > Fe > Al > Pb > Ni > Mn > Cu.

Anahtar Kelimeler: HR CS-FAAS, tibbi bitkiler, mikrodalga pargalama, mineral

ve eser elementler.
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1. INTRODUCTION

Determination of trace elements and minerals in some medicinal plants from north
region Irag such as dill (Anethum graveolens L), clove (Syzygium aromaticum), cardamom
(Elettaria cardamomum), black mulberry (Morus nigra), oak galls (Dyer’s Oak) (Quercus
infectoria), basil (Ocimum basilicum L), chamomile (Matricaria chamomilla L), thyme
(Thymus vulgaris L), peppermint (Mentha x piperita L), ginger (Zingiber officinale), purslane
(Portulaca oleracea L), coriander (Coriandrum sativum L), cinnamon (Cinnamomum
zeylanicum). The concentrations of some essential and non-essential heavy metals, namely;
(Cu, Ca, Zn, Mn, Fe, Mg, Al, Pb, Ni), have been analyzed. The sampling was conducted from
Ahi Evran University, Kirsehir, Turkey were analyzed by High Resolution-Continuum Source
Flame Atomic Absorption Spectrometer (HR-CS FAAS). The method is rapid, accurate,
precise and sensitive. The samples were digested with concentrated nitric acid in a microwave
system provides a better, safer and cleaner method of sample preparation. Using a nitric acid
(HNOQ) digestion mixture in conjunction with microwave ovens in closed teflon vessels [1, 2,
3, 4]. Digest analyte concentrations can be determined by atomic absorption spectrometry
(AAS) [5].

Medicinal herbs are widely used for treatment of diseases around the World.
According to the World Health Organization (WHO) report about 80% of the world
populations are taking interest in indigenous medicinal plants remedies. Herbal drugs or
medicines have typically been used in the form of vegetables and fruit, drugs or their extract
for the treatment of the diseases or protection and for maintenance health [6, 7]. Important
minor or trace dietary minerals are required and essential nutrients for humans’ health (Cu, Zn,
Fe) and only become harmful at high concentrations, while others (Pb, Al) can present a health
risk [8-9]. prepared from different parts of medicinal plants, i.e. herbs, flowers, fruits, leaves,
seeds, barks and roots, medicinal plant formulation play an important preventive role in
treating free radical mediated disorders and supporting medicinal therapy of different chronic
diseases. Their consumption is recognized to exhibit numerous health benefits and therapeutic
activities, including antioxidant, hepatoprotective, choleretic, diuretic, inflammatory and even
anticancer properties, anti-anemic, hypoglycemic and neuroprotective effects. All this is
associated with a relatively high content of a variety of biologically active organic constituents

and phytochemicals such as vitamins, flavonoids, phenolic acids and coumarines, as well as



minerals (macro, micro and trace elements) [10]. Determination of minerals and trace
elements in medicinal herbs is a part of quality control to establish their purity, safety and
efficacy according to the, (WHO) [11]. It is important not only to establish a method for
determining the levels of some minerals or elements major; magnesium (Mg), calcium (Ca),
trace elements; zinc (Zn), copper (Cu), iron (Fe), ultra-trace minerals; manganese (Mn), lead
(Pb), nickel (Ni), aluminum (Al), in medicinal plants and their infusions that are widely and
habitually consumed and used in Iraq for medical purposes, but also to found a reliable
analytical procedure on mineral elements analysis for example, simply employing a closed
pressurized digestion system without optimizing the type and amount of reagents or heating
temperature and program will not provide accurate and precise results [13].

A number of techniques such as inductively coupled plasma-atomic emission
spectrometry (ICP-AES), inductively coupled plasma-mass spectrometry (ICP-MS), atomic
absorption spectrometry (AAS), electro-chemical methods, instrumental neutron activation
analysis (INAA), and total reflection X-ray fluorescence, are widely used to determine mineral
and trace elements [12,13,14].



2. LITERATURE OF REVIEW

2.1. Medicinal Plants
2.1.1. History of Medicinal Plants

Medicinal herbs have the ability to synthesize a variety of chemical compounds that
are used to carry out important biological vital functions [15]. The use about therapeutic plants
need been a vital part from human health care in many cultures for centuries. It was found in
Irag on the first cultural significance plant waste record of about 60,000 a year ago in 1960 at
the Neanderthal human burial site [16]. Medicinal herbs have a promising future because there
are about half a million herbs worldwide, and many of them have not investigate yet their
medical activities, and their medical activities could be decisive in the treatment of current or
future studies [17, 18].

2.1.2. Definition of Medicinal Plants

The plants or herbs having therapeutic or medicinal effects are called medicinal plants.
The term “medicine” can be referred to a preparation or as compound containing one or more
drugs or therapeutic agents which are used in the treatment, cure or mitigation of various
diseases and external or internal injuries of man and other animals [19, 20].

Accordingly, the World Health Organization (WHQO) advisory group on medicinal
plants has developed a definition of medicinal herbs as follows: A medicinal herb or plant is
any plant containing, in one or more of its organs, substances that can be used for medicinal
purposes or which are precursors for chemo-pharmaceutical semisynthesis or which are a
precursor for the synthesis of useful medicinal products or drugs [20].

Medicinal plants are different kinds of herbs that some believe to have medicinal or
therapeutic properties, but some herbs or their ingredients phytochemical have been proven by
rigorous science or approved by regulatory agencies such as the European food safety

authority to have medical effects or drug administration and United States (US) food [21, 22].



2.1.3. Medicinal Plants as Drugs

Medicinal plants are herbs that have similar properties to traditional pharmaceutical
medicines. It has been used by humans throughout history either to treat or reduce the
symptoms of the disease. Pharmaceutical drugs are usually modeled after compounds found in
medicinal herbs [23].

Useful plants that have healing and therapeutic properties or have positive effects
pharmacological beneficial to the animal and human body are commonly defined as a
medicinal plant [19]. Some of the important chemical intermediates needed for the production
of modern drugs obtained from herbs or plants for example (diosgenin, solasodine, b-ionone).
These drugs are derived from plants provides a stable worldwide market as well as plants
remain a major source of new drugs [17, 24]. Medicinal herbs include a various kinds of herbs
used in herbalism and some of these herbs have a medical treatment (medicinal activities).
Also these medicinal herbs are derivatives consider as a rich source of active ingredients that
can be used in the development and synthesis of “drugs in aspirin, and toothpaste. In addition,
these herbs play an important role in the development of human culture all over the world.
Besides, some herbs considered as an essential source of nutrition and therefore of the
suggested herbs for their therapeutic values. These herbs include walnuts green tea, ginger,
and some others herbs [17].

These days became the term “Alternative Medicine” is very common in culture
western, it centers on the idea of using the plants for purpose medicinal. But the current belief
that the drugs which come in capsules or tablets that medications we can trust and use.
However, many of these tablets and capsules we make and use during our daily lives came
from herbs or plants. Medicinal herbs are often used as raw materials for the extraction of
active ingredients which are used in the synthesis of various drugs. Such as blood thinners,
laxatives, antimalaria drugs and antibiotics, contain plant ingredients. In addition, the active
ingredients of taxol, vincristine, and morphine isolated from foxglove, periwinkle, yew, and
opium poppy, respectively [17].

The search for new herbs or plant derive medicinal products has accelerated in recent
years. Botanists, ethno pharmacologists, microbiologists and natural products chemists work
on the phytochemicals that lead to the evolution of new bioactive compounds in the treatment

of infectious diseases [24].



The World Health Organization (WHO); definition medicinal plant or herb is any plant
that contains in one or more of its organ a substance that can be used for purpose medicinal or
as a precursor for drugs useful and synthesis [25]. Medicinal plants are widely used for healing
or treatment of diseases around the world. According to the report of World Health
Organization (WHO), about 80% of the world population are taking interest in indigenous the
treatment of medicinal herbs remedies. Herbal medicines have generally been used in the form
of vegetable and fruit, drugs or their extract for the healing of the maintain health and illness
[6, 7].

2.1.3.1. Significances of Medicinal Plants to Human Being

1— Many of the modern drugs are produced indirectly from medicinal plants, for example

aspirin comes from willow bark.

Figure 2.1. Willow bark

2 — The use of plants as drugs directly by a majority of cultures worldwide for example,

Indian medicine and Chinese medicine.

3 — Some food crops have medicinal effects, such as garlic.

4— Studying medicinal herbs helps to understand plant toxicity and protect human and
animals from natural poisons.

5— Medicinal herbs are resources of new drugs. It is estimated there are more than 250, 000

flower herbs species.



6— Cultivation and preservation of medicinal herbs protect biological diversity, for example

metabolic engineering of herbs [26, 27, 28, 29].

2.1.3.2. Characteristics of Medicinal Plants

Medicinal plants have many characteristics when used as a treatment, as follows:

1. Synergic medicine — the ingredients of herbs all interact at the same time, so that their
use can supplement or harm others or neutralize their possible negative effects.

2. Support of official medicine — these are used to deal with the complex cases such as
cancer diseases.

3. Preventive medicine — it has been proven that the component of the plants is also
characterized by their ability to prevent the appearance of some diseases. This will help
to reduce the use of the chemical remedies which will be used when the disease is
already present for example, reduce the side effect of synthetic treatment [17, 18, 19,
30, 31].



Table 2.1. List of the nomenclature of medicinal plants in northern region Iraq and therapeutic uses

) o Part of the
English Scientific o ) Refe-
No plant Medicinal uses (Therapeutic uses)
name name rence
analyzed
Actions as an aromatic, carminative, mildly
diuretic, galactagogue, stimulant, stomachic,
. oill Anethum Leaves, |appetite stimulant and digestive herb, 105
[
graveolens L seeds stimulates milk flow in a lactating mother
,reduce blood cholesterol and lipid levels,
menstrual bleeding and dysmenorrhea.
Vomiting and diarrhea due to spleen and
Syzygium stomach coldness, skin disorders like acne,
2 Clove ) Seed i . ) . 106
aromaticum anti-oxidant, antiseptic for viral conditions,
digestive aid.
_ Against cramps, rheumatic pain, | 106,
Elettaria . ) o
3 | Cardamom Seed inflammations, stomach-aches, constipation, | 107,
cardamomum
dysentery. 108
Anti-fever, as a laxative, anthelmetic, and
Black expectorant, arthritis and anemia, treatment
ac
4 Ib Morus nigra Seed of liver hypertension, diabetes, treat oral and | 109
mulberry :
dental diseases, gall bladder and heart
infections.
Skin diseases, eczema, menorrhagia, asthma,
intestinal hemorrhage , antidote, phthisis,
hemorrhages, Coughs, dysentery, impetigo,
Oak galls, Quercus ) i )
5 ) ) Seed spermatorrhea intertrigo, febrifuge, | 110
Dyer’s oak infectoria ) ) o
ophthalmic, ointments and suppositories,
haemostatic agent, chronic diarrhea and tri-
chomoniasis.
. Matricaria It is provided in conditions such as anger,
6 | Chamomile Flowers 111

Chamomilla L

mumps, pain, teething, neuralgia, irritability,




night sweats, rheumatism, numbness, ulcers,

whooping  cough, hysteria, influenza,

peritonitis,  gout, miscarriage, = mastitis,

hernia, jaundice, headache, asthma (with a

psychological  basis), fever, diarrhea,

convulsions, fainting, dyspepsia, colic,

earache, dysmenorrhea, congestion, cramp,
flatulence, pregnancy problems, over-
sensitivity due to abuse of coffee and

narcotics, sciatica, etc.

Lowers cholesterol, protects against radiation,

Leaves, | eliminates toxins, improves digestion and
. Basil Ocimum seeds, provides a rich supply of antioxidants
asi
basilicum L flowers | prevents gastric ulcers, relieves inflammation, | 106
and lowers fevers.
) Mentha x Antimicrobial, antibiotics, synthetic drugs,
8 | Peppermint o Leaves 112
piperita L headache.
o Dry Stomach, to avoid heat cramps, diabetic,
) Zingiber _ ) )
9 Ginger o (rhizomes) | cough, inflammation. 106
officinale
roots
Purslane source of omega-3 fatty acids treat
stomachache and antioxidants. Such as
Portulaca Seeds, o ] ) ]
10 Purslane arthritis, diabetes, heart disease, essential | 115
oleracea L leaves ) ]
fatty acids may help prevent inflammatory
conditions.
Anti-diabetic, anti-inflammatory, chest pains,
) antispasmodic, appetizer and dyspeptic and to
) Coriandrum ) ) 113,
11 | Coriander ) Seeds |treat abdominal discomforts, cholesterol
sativum L ) 114
lowering effects, treat coughs, as an

aphrodisiac and bladder complaints.




Th Anti-bacterial and anti-oxidant activities,
mus
12 Thyme Iy - Leaves | whooping cough, diarrhea, and digestive | 116
vulgaris
J disorders, improve respiratory function.
_ Diarrhea and digestive disorders, diabetes,
] Cinnamomu- ) o
13 | Cinnamon ] Inner bark | toothache and fight bad breath, oxidative | 106
m zeylanicum )
stress related illness.
Medicinal
plants of , :
No ) Figure of some plants like (Fresh, dry, powder)
north region
Iraq
1 Dill
2 Clove




Cardamom

Black
Mulberry

Oak Galls,
(Dyers Oak)

Chamomile

10




7 Basil

8 | Peppermint
9 Ginger
10 Purslane

11




11 Coriander
12 Thyme
13 Cinnamon

Figure 2.2. Images of some medicinal plants of north region Iraq
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Figure 2.3. Map of showing locality of Erbil in northern region Iraq

2.2. Minerals and Trace Elements

Minerals are inorganic a source of many important nutrients, usually in small
quantities of less than (1 to 2500) mg per day are needed, depending on the mineral [32].
Minerals that also play a_vital role in ensuring healthiness and wellbeing. They include the
trace elements Cu, I, Fe, Mn, Se and Zn together with the macro elements Ca, Mg, K and Na.
Also minerals and vitamins they are obtained from a wide diversity of foods and usually found
in small amounts within the body [33]. In biological activity, some macro minerals and trace
minerals play an important role and essential in the early life growth and improvement of
children. Early growth rates are rapid and highest also help and activity in the development of
organ systems in period of infancy or childhood, when the concentrations of these minerals
and trace elements are vital importance and require a balanced diet rich in minerals and
nutrients. Trace elements are essential in many important bodily functions, such as bone
mineralization, enzymatic reactions, and in biological membranes defense and protection of
lipids and cells. Trace elements may lead to lack of decreased bioavailability, which may in
turn reason weakness of body functions [34, 35]. Also some chemical elements, such as P, Ca,

Mg, Na, K, P and CI, are found in many foods and comparatively large quantities in human
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foods needed for normal body function and are necessary to maintain body electrolytes and
tissue homeostatics. The body needs calcium and phosphorus to maintain strong bones and
used in the formation of bones, teeth and also connective tissues in human. Other chemical
elements, like include Mn, F, I, Cr, Co, Ni, Cd, Se, Si, As, V, Fe, Zn, and Cu, are needed in
small quantities for suitable body development and for general mend of body tissues and are
considered essential elements [36]. That locates green leaves plants as good sources of trace
elements and minerals essential for our diet. In both animal and human, studies initially
showed that optimum intake of chemical elements like, Na, K, Mn, Mg, Ca, Cu, Zn, |, to
reduce individual hazard factors, including those associated to heart disease and blood vessels
[37, 38, 39, 40, 41]. There is growing interest in the importance of dietetic elements in the
prevention of various diseases of all over the world. Elements are of vital importance in the
nutrition, although they only represent 4-6% of the human body. Major elements are those
needed in large quantities more than 100 mg per day and they comprise 1% or less of body
weight. These include phosphorus (P), magnesium (Mg), sodium (Na), calcium (Ca),
potassium (K), chlorine (ClI), sulfur (S). Trace elements are necessary in much smaller
quantities, less than 100 mg per day, and make up less than 0.01% of body weight. Essential
trace elements are manganese (Mn), iron (Fe), zinc (Zn), fluoride (F), silicon (Si), chromium
(Cr), copper (Cu), and iodine (I). The main major metals are used such as H-O, acid-base
balance and formation of bone and membrane or structural components of tissues, and

function in cellular and basal metabolism [42, 43, 44].

2.2.1. Classification of Metals

2.2.1.1. Minerals can be Further Sub Divided into two Groups, Macro (Major) and
Micro Minerals

e Macro minerals: are usually defined as minerals that are needed by adults in
quantities generally more than 100 mg/day or are present in the body
represent 1% or less of body weight. Major (macro) minerals include magnesium

(Mg), calcium (Ca), sodium (Na), chloride (CI), potassium (K) and phosphorus (P).
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e Micro minerals:

- Trace elements (or trace minerals) are usually defined as minerals that are needed in
quantities generally between 1 to 100 mg/day by adults or are present in the body in
quantities less than 0.01% of body weight. Trace mineral group includes zinc (Zn),
copper (Cu), and iron (Fe).

- Ultra-trace minerals are defined as minerals that are needed in quantities generally
(£1) mg/day. They include manganese (Mn), fluoride (F), chromium (Cr),
selenium(Se), cobalt(Co), silicon (Si), iodide (1), boron (B), molybdenum (Mo), nickel
(N1), lithium (Li), cadmium (Cd), arsenic (As), lead (Pb), and vanadium (V) [45, 46,
47, 48, 49, 50, 51].

Nutritionally essential minerals, which are usually regarded as necessary for
humans. Some minerals are having beneficial effects at low levels of exposure but
some minerals have not known to be important to health of human. These include V,
B, Ni, and Si; these elements are toxic at higher levels. Some elements, and their
inorganic compounds, are probably the most potentially toxic elements in the
environment. They have no known beneficial effects or nutritional on health of human
but are ubiquitous in nature and present in soil, water, air, so that some level of
exposure is not readily preventable. Table 2.2. Below, list the elements identified in the
environmental chemistry paper as elements of concern; it also lists Mg and Fe, which

are essential nutritionally [52].

Table 2.2. Classification of elements based on characteristics of health effects [52].

Nutritionally Essential Metals Metals \.Nith Possible Metals W.it.h No Known
Beneficial Effects Beneficial Effects

Cu Ni Pb
Zn B Al
Fe Vv As
Cr Si Sh
Mn Cd
Mo Ba
Se Be
Co TI

Ag

Hg

Sr
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2.2.1.2. Definitions of Trace Elements

1- Trace elements bear different name and they can also be described by various definitions
which can be determined by the mode of its study, also they are generally known as likely
toxic elements, heavy metals, trace metals, minor elements, and micronutrients. The term
“toxic elements’’ is a recent word use to explain that some of these elements are toxic to both
plant and animals, and just a few are poisonous in a certain amount of concentrations. Iron are
needed for survival in little quantity [53].

Definition of trace element depends on the disciplines and field of application. For example, in
chemistry define transition metals or trace elements, as like periodic table between (Group
I11A) and (Group I1A) those elements which fall in the center and exhibit partial d-orbital
filling. Also chemistry definitions of “trace elements” are have metallic properties and based
on atomic weight (larger than that of sodium), density (larger than 5 g/cm?®). Soil fertility
experts’ trace elements define as those minerals that are “toxic” to medicinal herbs at highest
concentrations level, but essential to medicinal herb growth in little quantities. Toxicologists
consider minerals those trace elements distributed into the environment by industrial processes
that are harmful to the environment or human health [54].

Trace elements are very important for body of human to maintain normal yet complex
physiological functions related to body’s development and growth. These elements are called
trace owing to their concentration in the body which is few milligrams per kilogram or less
[55].

Trace elements including heavy metals may be categorized into two classes depending on
whether or not the biological processes keep them in the correct level in our bodies. They are
called essential or non-essential based on their biological effect, diseases that occur because of
their deficiency and toxicity due to overdose. Cu, Se, Fe, Cr, Mn, Zn, Co, F, I, Mo, are called
essential trace elements. The border line or probably essential are Ni, Ti, V, Si and B.
Elements such as Al, As, Ba, Bi, Br, Cd, Au, Pb, Li, Hg, Rb, Ag, Sr, Ti and Zr are called non-
essential. An element is considered essential when its reduction below the required
concentration affect the physiological state of an organism’s body. Non-essential elements
show adverse health effects to organisms irrespective of their concentration level [56].
2-Heavy metals as likely arsenic (As), mercury (Hg), cadmium (Cd) and Lead (Pb) are widely

dispersed in the environment. These elements have no useful property in humans, and there is
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no known homeostasis or equilibrium mechanism for them [57, 58]. They are commonly
considered the most toxic to animals and humans; the influence or harmful effects on human
health associated with exposure to them, even at low concentrations, are various and include,
but are not limited to, actions carcinogenic and neurotoxic [24,25,26,27,28,29,30].

Heavy metals, as part of trace elements, are of great concern owing to their persistence and
potential toxicity to human health. The long-term effect of heavy metals on human health is
based upon their non-biodegradability and long biological half-lives for elimination. Although
heavy metals occur naturally in various concentrations in the ecosystem, anthropogenic
activities have contributed to their elevated concentrations beyond the required limit. Some of
these heavy metals (e.g. Zn, Cu, Fe, Se, Co, Mo, I, Cr) are nutritionally essential and required
in minute quantities for the normal functioning of the body, however, at elevated
concentrations, they may be toxic [59,60] further substantiated that the large amounts of these
metals may cause acute or chronic toxicity. A wide variety of toxic effects including
neurological, hepatitic renal and hematopoietic ones may be exerted by heavy metals. Children

and the elderly people are more susceptible to the direct effect of heavy metals [61, 62].
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Table 2.3. Some commonly accepted functionally descriptive terms used to classify metals in

bioenvironmental studies [63].

Description Comments
Metals may be defined by the physical properties of the elemental state, but are
Metal better identified by consideration of their chemical properties. The term is used
indiscriminately to refer to both the element and compounds.
A hopelessly imprecise and thoroughly objectionable term! It originates from a
Heavy categorisation by density—hardly biologically significant. The term is now often
Metal used to mean any metal with atomic number >20, but there is no general
concurrence.
Broadly, one which is required for the complete life cycle of the organism and
whose absence produces specific deficiency symptoms relieved only by that metal
Essential | and whose effect is shown by a dose-response curve. The term is often used
Metal misleadingly since it should be accompanied by a statement of which organisms
show a requirement for the element. New members. e.g. Ni, have recently been
added to the group.
Beneficial | An older term, now largely disused, this implied that a non-essential metal could
Metal improve vigour.
Toxic All metals are toxic, but the degree of toxicity varies greatly from metal to metal
Metal and from organism to organism. Toxicity, like essentiality, may be defined by a
dose-response curve.
Abundant | Usually refers to the proportion of the element in the earth's crust, though may be
Metal defined in terms of other regions, e.g. oceans, 'fresh water.
Available | One which is found in a form which is easily assimilated by living organisms.
Metal
A metal found in low concentration, perhaps ppm or less, in some specified
;\r/lr:;i source, e.g. soil, plant, tissue, ground water, etc. Sometimes this term has
confining overtones of low nutritional requirement (by a specified organism).
Micro- More recent term to describe the second of the meanings of trace metal, above.
nutrient

18




2.2.2. Trace Elements and Minerals in Plant, Human and Animal Nutrition

1-Historically, soil scientists have studied trace elements and minerals for their effect on
medicinal herb or plant nutrition and toxicity. A majority of this research was conducted in the
1950’s and 1960’s. In this case nutrients, the minerals and trace elements usually studied were
those which are important for function and normal herb growth. Macronutrients (those
nutrients required in large quantities by all herbs) group include Ca, C, S, H, K, Mg, N, O, and
P, although O, H, C, are not typically considered mineral nutrients. Micronutrients (those
nutrients required in relatively smaller quantities by all herbs) group include Zn, Cu, Mn, Mo,
Cl, B and Fe. Additionally; a number of micronutrients are required by only certain herbs,
including Ni, Si, V, Co, and Na. A lot of the research conducted by soil scientists for fertility
purposes has been centered around deficiencies that limit herb growth and the essentiality of
minerals and trace elements in the herb life cycle. A wide variation in soil content has been
noted in soil fertility research. Certain minerals and trace elements at elevated concentrations
are toxic to animals and humans. However, some minerals and trace elements are necessary by
animals and humans for function of the body and healthy [54].

Essential trace elements and mineral are chemical elements which are necessary for the
growth and reproduction of herbs. Synonyms for this term are nutrients, plant nutrients,
mineral nutrients, or essential elements [64].

Macronutrients are nutrients that supply energy or calories. Nutrients are substances
required for evolution, metabolism, and for other body functions. Because “macro” means

large, macronutrients are nutrient necessary in large quantities.

There are macronutrients:

1. A type of food (e.g. fat, protein, carbohydrate) required in large amounts in the diet.

2. A chemical element (e.g. potassium, magnesium, calcium) required in large amounts for
plant growth.

Micronutrients, as antonym or difference of macronutrients (fat, carbohydrates and
protein), are include of minerals and vitamins which are needed in little amounts to guarantee
normal metabolism, growth and physical wellbeing [33, 65].

2- The trace elements and minerals in medicinal plants get into the plants or herbs by

absorption from soils or nutrient solutions through roots, foliar or translocation [66]. Mg, Mn,
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Ca, Fe, Zn, and other trace elements or mineral are necessary components for human health.
The lack of any one of these elements can lead to harmful health problems. Dietary iron (Fe),
zinc (Zn), calcium (Ca), and other elements are taken from both plant and meats or herb foods.
Due to a variety of reasons, element deficiencies, mainly iron (Fe), zinc (Zn), calcium (Ca),
deficiencies, are the big problems health in the human and developing countries, especially for
children and infants. iron (Fe), zinc (Zn), deficiency causes delayed mental development,
impaired immune function, and poor growth. Although numerous mineral supplements or
mineral-containing nutraceuticals are available on the market, poor absorption of iron (Fe),
zinc (Zn), calcium (Ca), by the humans significantly limits effectiveness of these supplements.
Many reasons, mineral-mineral interactions during absorption, can influence their absorption,
as well as health status of individual, or such as dietary vitamin, lipids and habits cofactors.
Nevertheless, increasing dietary iron (Fe), zinc (Zn), calcium (Ca), in plant or herb foods is a

vital significant strategy to enhance element nutrition [67].

2.2.2.1. Minerals Elements Needed for Good Health

Minerals or trace elements play important functions of humans and animals in physiological
functions and the normal metabolism:

1. Bone and membrane formation: fluoride (F), calcium (Ca), magnesium (Mg), phosphorus
(P).

2. Some elements are needed for the maintenance of H2O and electrolyte balance in cells: Na,
K, and CI.

3. Metabolic catalysis: selenium (Se), copper (Cu), molybdenum (Mo), zinc (Zn), magnesium
(Mg).

4. Oxygen binding: iron (Fe).

5. Impacts of hormone: I, Cr [68].
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2.2.2.2. Essential Chemical Elements in Adult Diet

Recommended Dietary Allowances (RDA) for minerals and trace elements (mg) [69,
70,71,72,73, 74].

Minerals (RDA), (mg/day)
Cu 15-3.0
Mg 300 - 350
Fe 10-20
Ca 800 - 1200
Zn 15
Mn 2.0-5.0

2.2.2.3. Recommended Daily Intake Values as well as Toxic Values

The World Health Organization (WHO) report of the Food Drug Administration
(FDA), and a variety of other governmental and private agencies in the UK and the USA have
come up with recommended daily intake values of some metals as well as their toxic values
are shown in table 2.4 and table 2.5 [75,76].

Table 2.4. Intake of some metals and their effects [75].

Recommended
_ Result of _ )
Metal Daily Dose o Toxic Level Toxic Effects
Deficiency
(U.S))
Bone . ..
Ca 1g o > 2.5 g day? Magnesium deficiency
deterioration
) Liver cirrhosis,
Fe 10-15mg Anemia >60 mg kg* _
vascular congestion
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Cu

Brain disease,
2 mg anemia, heart 7.5 g (death) Hemolytic anemia

disease

Zn

Growth

15 mg retardation, skin | > 500 mg day™ Heavy vomiting

changes

Table 2.5. Recommended daily intake values of some metals and their toxic values [76].

Metal Recommended Daily Intake Toxic Intake
(mg)
Mn 5 >5
Mg 350 400mg
Pb 1 10g
Ni <1 >1mg

2.2.3. General Function of Trace Elements and Minerals

The general function of trace elements and minerals in human health can be summarized as

follows:

Some elements such as Ca, P, are necessary components of skeletal structures like
builds teeth and bones or maintaining bone strength.

Some minerals such as Na, K, Cl, play a key role in the maintenance of osmotic
pressure, and regulates bodily fluids and exchange of solutes and H.O within the
animal body.

Elements serve as structural constituents of soft tissues.

Elements are necessary for the communication and contraction of muscle and nerve
function.

Elements play a critical function in the maintenance of H>O and electrolyte balance in
cells and acid-base equilibrium of the body, and thus pH regulate of the blood and
other body fluids.

Elements serve as necessary components or mechanism in some enzymes that assist

biochemical reactions, hormones, vitamins, and as cofactors in metabolism, or
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respiratory pigments and minerals are required for the catalytic activity of enzymes
[77].

2.2.4. Roles of Heavy Metals in Human Health and Toxicity

Environmental pollution by heavy metals has led to numerous adverse influences on
human health [78]. Heavy metals are problematic due to their non-degradability and
persistence in the environment [79]. They are also harmful because they tend to
bioaccumulate. Bioaccumulation implies a greater amount of a chemical in a biological
organism with time, compared to the amount of chemical in the environment. Interests in
metals like copper, zinc, manganese and iron that are essential for metabolic functions in
organisms rely on their nutritional value as well as their toxicity. Metals such as lead and
chromium may exhibit extreme toxicity even at low concentrations under certain conditions
[78].

The minerals as likely nickel, lead are supposed to be “toxic” in nature and their
presence in little quantity in assorted medicinal herb sample analyzed is due to the pollution
arising from industrial activities and automobile [79].

Nickel; no biochemical function for nickel has been clearly defined for higher animals
or humans. Nickel may, however, function as a cofactor or structural component in specific
metalloenzymes in higher organisms, because such enzymes have been identified in
invertebrates, plants, bacteria, and fungi. These nickel-containing enzymes include carbon
monoxide dehydrogenase, hydrogenase, methyl coenzyme M reductase, and urease [80, 81].

Lead; is not an essential mineral for human and it is very “toxic” for the kidneys and
for the nervous system, Pb has no physiological or biochemical importance and is considered
as a “toxic” pollutant. It may be causes a rise in blood pressure, decline fertility of men
through sperm damage, brain damage, kidney damage, subtle abortion and miscarriages,

disruption of nervous systems and diminishing abilities of children [82].

2.2.5. Deficiencies and Toxicity of Minerals

A well-balanced diet is very important for healthy human generally guarantees an

adequate supply with all essential minerals. Imbalanced diets (dietetic) and consumption of a
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high degree of processed food can cause deficiencies of essential elements with subsequent
development of diseases. Excessive load with essential elements causing symptoms of toxicity
can occur, if food plants grow on the soil containing high concentrations of such minerals,
either naturally or by contamination [83, 84]. Deficiencies of elements, particularly of Ca, Zn
Fe, are a major public problem in developing countries and influence or harmful effects on
animals and human health. Wheat or Grain crops and legumes are of worldwide importance in
nutrition and provide high quantities of a variety of elements [85, 86]. Food of herb source is
mainly important for supply with trace metals and minerals; though, it can also be an origin of
toxic minerals, such as As, Tl, Th, U, Hg, Pb, Po, or Cd. These minerals have no known
biological functions, but can harmfully interfere with biological reactions. Organisms
generally have defense mechanisms against the toxicity of such minerals, and tolerate certain
quantities in the diet [87]. The fact that an herb grows on volcanic soil does hence not
guarantee high concentrations of essential elements and minerals. Tobacco herbs are known to
accumulate cadmium and other toxic minerals in the leaves [88]. The heavy metal content of
medicinal plant products is generally studied from the point of view of bioavailability and
toxicity. Heavy metals such as As, Pb, Hg, Cd, Could be introduced into herbs in a variety of
ways, including such as pollution during cultivation or contamination during cultivation,
processing, and storage [89]. The analysis of heavy elements in herbal products is widely
interested in many countries around the world (Australia, India, China, Turkey, Germany,
Poland ...), where the herbal products have been used as (drugs scientific). The inorganic
accompanied and compositions organic, minerals in many herbal products have been well
identified using various advanced techniques of analytical chemistry [90, 91].
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Table 2.6. Functions, deficiency and toxicity of some minerals in human [92, 75, 93].

Functions

Minerals Deficiency Diseases Toxicity
c Bone formation, nervous Bone deformities, Cataract; gall stones;
a
system tetany atherosclerosis
Bone formation, Metabolic
Mg catalysis, electrochemical Convulsions Anaesthesia
regulation
Decreased immune
2 Metabolic catalysis, protein function, skin rashes, | Depressed immune function,
n
formation development and Poor | decreased copper absorption.
growth.
) ] Anemia, poor growth, .
Cu Metabolic catalysis '\ Vomiting
bone abnormalities
anemia: fatigue,
c Transportation of oxygen with | weakness, small pale | Gastrointestinal upset, liver
e
blood red blood cells, low damage
hemoglobin
) ) Impaired growth,
Mn Metabolic catalysis - Nerve damage
skeletal abnormalities
_ o Depressed growth,
Non-essential, non-beneficial ) o
Al incoordination, Encephalopathy
elements o
weakness in hind legs
Coma, renal failure, anaemia,
_ o gastrointestinal disturbances,
Non-essential, non-beneficial )
Pb Non peripheral neuropathy,
elements _
encephalopathy, decrease in
learning ability in children.
Redox regulation, antioxidant
) ) ) Depressed growth,
Ni protection, enzyme catalysis, Non

anti-tumorigenic metabolites

dermatitis
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2.3. Microwave Decompositions

The use of microwave ovens for the decomposition of both inorganic and organic
samples was first proposed in the mid-1970s and by now has become an important method for
sample preparation. Microwave digestions can be carried out in either closed or open vessels,
but closed vessels are more popular because of the higher pressures and higher temperatures
that can be achieved [94].

One of the main advantages of microwave decompositions compared with
conventional methods using a hot plate or flame (regardless of whether an open or a closed
container is used) is speed. Typically, microwave decompositions of even difficult samples
can be accomplished in five to ten minutes. In contrast, the same results require several hours
when carried out by heating over a flame or hot plate. The difference is due to the different

mechanism by which energy is transferred to the molecules of the solution [95].

2.4. Analytical Instruments for Determination of Elements in Plant

1. Atomic Absorption Spectrometry (AAS)

2. Inductively Coupled Plasma Mass Spectrometry (ICP-MS)

3. Inductively Coupled Plasma Atomic Emission Spectrometry (ICP-AES)
4. Neutron Activation Analysis (NAA)

5. X-ray fluorescence (XRF) [117].

2.4.1. Atomic Absorption Spectroscopy (AAS)

Atomic absorption spectroscopy (AAS) determines the presence of metals in liquid and
solid samples. Allen Walsh has introduced it in 1950. Flame technique first described by
Bunsen and Kirchhoff in (1806) for quantitative and qualitative analysis of metals [96,
97,100]. AAS is now one of the most versatile and popular methods for the trace elements
researches. In atomic absorption there are two methods of adding thermal energy to the
sample. A graphite furnace AAS uses graphite tube with strong electric current to heat the
sample. In flame AAS we use the air acetyl flame or nitrous oxide - acetylene. The atoms
vaporized in a flame, which absorb electronic energy levels (excitation). Spraying a solution

of the substance into flame and the concentration of the element is determined from the
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intensity of the special design as a fine uniform spray. An atomizer using air or oxygen forms
the drops. Then the analyte concentration is determined by the amount of absorption.
Concentration measurements are made from working curve after calibrating the instrument
with standards of known concentration. Air acetylene is the preferred flame for the
determination of 35 elements by AAS, the temperature of the air acetylene flame is about the
2300 °C.

The main components of an (AAS) instrument are:

(1) Radiant energy detector system.

(2) Nebulizer and burner system.

(3) Hollow cathode or electrodeless discharge lamps containing the element of interest.

The two types of hollow cathode lamps are the multielement and the single

element [98].
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Appendix 2.1: Schematic diagram of GFAAS, FAAS [98].
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2.4.1.1. Instrumentation

Schematic diagram of atomic absorption spectrometry system is shown in appendix
2.2. It consists of light source, an atomizer, detection device and data processor [99,100,101].

lens detector
e ) y 3
— mmms ] e --ik-r-- g
e W monochromator
hollow atomized

cathode lamp  sample -
readout —| amplifier

©1996 B. M. Tissue

UV Detector

"

Burner Head Assem bly

Appendix 2.2: Schematic diagram of atomic absorption spectrometry system. [99,100,101].

Beam sources used in atomic absorption measuring;

1. Hollow Cathode Lamps (HCL)

2. Electrodeless discharge lambs (EDL)

3. Steam discharge lambs

4. Flame

5. Continuum Sources

Since the device used in this study is High Resolution Continuum Source Flame AAS (HR-CS

FAAS) where single lamb is used, detail information is given only on continuum source [138].
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2.4.1.2. Continuum Sources or High Resolution Continuum Source Flame AAS (HR-CS
FAAS)

In recent years, High Resolution Continuum Source Flame AAS (HR-CS FAAS)
devices, as an option to AAS (LS FAAS) with hollow cathode lamp (Line Source), have been
developed. All wavelengths required for all possible analytical determinations are provided by
a single lamp, thus reducing lamp cost. As a continuum source, a xenon arc lamp emitting a
strong beam between 185-900 nm is used. With this device, single lamp, it is possible to
analyze multiple elements in a flammable and hydride system. With the detector system it has,
periphery of analytical line within 0.3nm area in absorbance spectrum against
wavelength/pixel is monitored and thus spectral interferences can be detected during method
developing [137]. Since hollow cathode lamps of some radioactive elements that are formed
and decomposed in a very short time cannot be produced, such elements can also be identified
with HR-CS FAAS. It is also possible to analyze isotope elements at characteristic
wavelengths. Using some equipment, the non-metallic molecules such as phosphorus, sulfur
and halogens can be identified from molecular absorption spectra between 185 and 900 nm.
The most important problem for element identification in continuum sources is that the
emission line coming from the source is wider than the absorption line of analyte, resulting in
absorption of only a fraction of the incoming light of the analyte ions. Today, this problem is
solved with the development of high-resolution double-echelle monochromators. Since this
monochromator has a resolution of 2 picometers at 200 nm, it can clearly distinguish the
absorption line of the analyte and transfer it to a high UV sensitive CCD (charge coupled
device) detector with a photodiode series. In HR-CS FAAS, by acquiring less floor signal and
more high analyte signal comapred to LS-FAAS, identification limit for elements to be
identified are decreased by 5-7 times [138].

2.4.1.3. Light Source

The light source is typically a hollow cathode lamp of the element that being measured
lasers is also used in research instrument. The disadvantage of these narrow- band sources is
that only one element is measurable at a time. The structure of hollow cathode lamp is

schematically shown in appendix 2.2. [104].
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Appendix 2.3: Schematic diagram of hollow cathode lamp [104].

2.4.1.4. Atomizer

AAS require that the analyte atoms be in the gas phase. Atoms or ion in a Sample must
undergo desolation and vaporization in a high temperature source such as flame or graphite
furnace. Flame AAS can only analyze Solution, while graphite furnace AAS can analyze
solutions, slurries and solid samples. Sample solution is aspirated with the gas flow into a

nebulizing mixing chamber to form small droplets before entering the flame [104].

2.4.1.5. Light Detection

AAS uses monochromator and detectors for visible light and UV, the main purpose of
the monochromator is to isolate the absorption line from background light due to interference.
Simple detected AAS instruments often replace the monochromator with a band pass

interference filter. Photomultiplier tubes are the most common detectors for AAS [100,102].

2.4.1.6. Principle Underlining AAS

In their elemental forms, minerals absorb ultraviolet light when they are excited by
heat; each mineral has a characteristic wavelength that will be absorbed. Through a flame and
into a detector, the sample of interest is aspirated into the flame; if that mineral is present in
the sample it will absorb some of the light, thus reducing its intensity. The instrument
measures the change in intensity. A computer data system converts the change in intensity into
absorbency. The intensity of the transmitted radiation can be represented by Beer- Lambert's

law (fundamental equation for calorimetry and spectroscopy) as follows [102].
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Absorprion of ficht by a sample

_ absorbing sample of
I concentrati on c I

Where

I: Light intensity after passing through the sample.

L,: The initial light intensity.

c: concentration of absorbing atoms.

b: The length of the optical path in cm.

The basic mathematical relationship between change in intensity or energy of the radiation
passing through absorbing medium, the length of the optical path, and the concentration of the
absorbing molecular species is commonly quoted Bear- Lambert law or the Bouguer- beer
law, formulated as an exponential absorption law in which concentration and length appear as
symmetrical variables. Beer's law may be expressed simply as the absorption of a medium is
directly proportional to the number of absorption centers. It would be in place to recall that the
Lambert's law is a credit for investigating the change of absorption of light with the thickness
of the medium; whereas the Beer's law is applied similar experiment to solutions of different
concentrations. In the combined form they referred to as the Beer - Lambert's law as written
above [103].

The combined formula holds rigorously only when:

(i) The incident radiation is monochromatic or homogenous that is the radiant energy of a
single frequency.

(if) Absorbing centers (molecules and ions) act independently of one another regardless the
medium is homogeneous, isotropic or nonmetallic.

(iti) The absorption is limited to a volume of uniform cross-section that is to rectilinear

transmission through a medium having smooth, parallel surface.
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(iv) The colored substances or pigments do not react with the solvent or undergo
disassociation or other change on dilution or do not exhibit dichorism and don't absorb light
differentially [102, 70,100].
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3. EXPERIMENTAL WORK
3.1. Sample Collection

Thirteen medicinal plants were collected from local market in Erbil North Region Irag.
The parts of the plants were collected Such as stem barks, Seeds, root barks, inner bark,
flowers and leaves. some medicinal plants were collected from local market such as dill
(Anethum graveolens L), clove (Syzygium aromaticum), cardamom (Elettaria cardamomum),
black mulberry (Morus nigra), oak galls (Dyer’s Oak) (Quercus infectoria), basil (Ocimum
basilicum L), chamomile (Matricaria chamomilla L), thyme (Thymus vulgaris L), peppermint
(Mentha x piperita L), ginger (Zingiber officinale), purslane (Portulaca oleracea L), coriander
(Coriandrum sativum L), cinnamon (Cinnamomum zeylanicum) after washing by water while
still fresh and cut into small pieces and then dried at shade temperature between (32 °C - 40
°C) for one week and powdered for different periods of time depending on the succulence of
the plant materials. The powdered plant materials were kept at room temperature away from
direct sunlight in closed dry plastic bags. And we brought samples in Turkey to directly
subject to analysis [118].

3.2. Reagents and Standards

All solutions were prepared using ultra-pure water (specific resistance 18 MQ cm)
from a Milli-Q purification system (Millipore Corporation, Massachusetts, USA). Standard
solutions of analytes were prepared from their 1000 mg L™ stock solutions (Merck). All
glassware was cleaned using ultra-pure water, kept in nitric acid for 24 h, and washed again

with ultra-pure water.

3.3. Sample preparation
3.3.1. Digestion and Analysis Procedure
The sampling was conducted from Ahi Evran University, Kirsehir of Turkey in

December of 2016. The medicinal plants were transferred to the laboratory. The method
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prepared for sample plants for the quantitative determination of the concentration of
magnesium (Mg), copper (Cu), calcium (Ca), iron (Fe), manganese (Mn), lead (Pb), aluminum
(A, nickle (Ni) and zinc (Zn), using a nitric acid (HNOz3) digestion mixture in conjunction
with microwave heating in closed Teflon vessels [47,48,49,50]. The thirteen medicinal plants
samples were brought in to solution by digestion in Teflon (PTFE). For this purpose, a 5 mL
of concentrated 60% HNOs nitric acid was added to each of the 0.2 g medicinal plants samples
in polytetrafluoroethylene (PTFE) bombs. The mixtures were agitated well and kept standing
overnight at room temperature for pre-digestion. Then, the PTFE-bombs with the mixtures
were tightly closed and put in a microwave oven.

In a tightly closed system, the five-step microwave digestion program (200 W, 5 min;
0 W, 5 min; 400 W, 5 min; 0 W, 5 min and 800 W, 5 min) was applied. PTFE bomb was left
to cool for an hour and then carefully opened. Colorless solution was transferred into a beaker
and evaporated to dryness with a hot plate. Afterwards final volume was diluted to 10 mL with
1 % HNO3 solutions. The clear solutions were analyzed by High Resolution-Continuum
Source Flame Atomic Absorption Spectrometer (HR-CS FAAS) for the determination of
minerals and trace elements. In addition, blank samples were prepared and analyzed using

same method. Results of medicinal plants analysis were given in table 4.1, table 4.2.

3.4. Instrumentation

The analysis was performed by ContrAA 300 a High Resolution-Continuum Source
Flame Atomic Absorption Spectrometer (HR-CS AAS) (Germany, Berlin, GLE) equipped
with a 50 mm burner head. All absorption lines of an element in the spectral range of 185-900
nm can be analytically evaluated by using a Xe short-arc lamp as a continuum lamp source.
The spectral background of the sample in the HR-CS FAAS is always corrected directly on the
analysis line simultaneously and independently. All measurements were carried out under

optimum conditions in three replicates.
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Figure (3.1 to 3.9) shows the calibration curves for (Cu, Pb, Zn, Al, Mn, Ni, Fe, Ca,
Mg) respectively and (table 3.1) show the characteristics data of the calibration curves of

elements using (HR-CS FAAS).
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Figure 3.1. Calibration graph of Copper
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Figure 3.2. Calibration graph of Lead
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Figure 3.3. Calibration graph of Zinc
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Figure 3.4 Calibration graph of Aluminum
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Figure 3.5. Calibration graph of Manganese
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Figure 3.6. Calibration graph of Nickel
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Figure 3.7. Calibration graph of Iron
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Figure 3.8. Calibration graph of Calcium
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Figure 3.9. Calibration graph of Magnesium

Table 3.1. Characteristics data of the calibration curves of elements using (HR-CS FAAS)

. _ Correlation ]
Calibration o Dynamic range
Metal ) coefficient Wave length (nm)
equation (mg L) (mg L?)
(R%)
Cu y =0.1187x + 0.0042 0.9999 0.2-2 324.754
Pb y = 0.0294x + 0.0049 0.9971 0.2-10 217.0005
7n y=0.1782x + 0.1166 0.9916 0.2-1 213.856
Al y = 0.01x + 0.0007 0.9979 0.2-10 396.152
Mn |y =0.1826x + 0.0175 0.9999 0.2-1 257.611
Ni y = 0.0804x + 0.0008 0.9999 0.2-2 231.604
Fe y =0.0614x + 0.0084 0.9974 0.2-20 259.941
ca |Yy=0.2128x-0.0013 0.9999 02-5 422.673
Mg |Y=0.3922x +0.1635 0.9972 02-2 279.079
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4. DISCUSSION AND RESULTS

Thirteen medicinal plants were determined by ContrAA 300 a High Resolution-
Continuum Source Flame Atomic Absorption Spectrometer (HR-CS AAS), the different
concentrations of elements in the thirteen medical herbs are shown in table 4.1, table
4.2.

The variation in elemental concentration is mainly attributed to the differences in
botanical structure, as well as in the mineral composition of the soil in which the plants
are cultivated. Other factors responsible for a variation in elemental content is
preferential absorbability of the plant use of fertilizers, irrigation water and
climatologica conditions [119].

The trace elements and minerals in medicinal plants get into the plant or herb by
absorption from soils or nutrient solutions through roots, foliar or translocation [120].

Trace elements are both non-essential and essential in an organism. Essential
trace elements are those elements that are necessary for the correct functioning and
equilibrium of the organism. Non-essential trace elements are elements that may be toxic
to the organism. They occur in little quantities in terrestrial and aquatic ecosystems [66].
Both non-essential and essential trace elements become toxic when the levels are
elevated. However, some of the elements are beneficial to humans at low levels as they
can boost the human immune system. Knowledge of trace element content in crops is
significant for the identification of adequate, sub adequate and marginal intake levels for
humans, so that diseases related to trace element deficiency can be overcome. The trace
elements considered in this study and their roles in the human body are briefly
discussed in the following subsections [121].

The levels of trace elements and minerals in the medicinal plants studies were
determined and the results shown in table 4.1 and table 4.2.

Analysis of the present data revealed that calcium (Ca) and magnesium (Mg) content

were observed in table 4.2 observed with the highest concentration in all the medicinal plants



studied as compared to other trace elements recorded. The highest concentration of the
calcium (Ca) and magnesium (Mg) among the studied medicinal plants were found calcium
(Ca) in basil (Ocimum basilicum L) and magnesium (Mg) in purslane (Portulaca oleracea L)
(5.63, 1.37 mg g1) respectively, but smallest concentrations of calcium (Ca) and magnesium
(Mg) in oak galls (0.18, 0.06 mg g%) respectively.

Also (0.01 pg/g) Cu in clove was found to be the lowest concentration in all the
medicinal plants studied as compared to other trace elements recorded.

Table 4.1 lists the concentrations of (ug/g) and table 4.2 (mg/g) (mean + standard
deviation) of levels of mineral and trace elements in the medicinal plants. Table 4.3 shows a
comparison of results concentrations of elements in literature published reports of medicinal
plants.

As can be seen from table 4.1 and table 4.2 the levels value of mineral and trace
elements in the medicinal plants samples obtained:

Calcium:

The concentrations of Ca in samples studied that range between (0.18 — 5.63 mg/qg).
The higher quantity of Ca in all samples was determined in basil (5.63 mg/g), but small
concentration of calcium (Ca) in oak galls (0.18 mg/g).

The plants of purslane, dill, thyme, basil are rich in Ca (3.64, 4.09, 4.14, 5.63 mg/g)
respectively and are recommended for use in ayurvedic medicine in calcium deficient cases.

The concentration of Ca in samples studied that thyme, cinnamon, peppermint,
chamomile, (4.14, 1.64, 2.33, 1.85 mg/g) (table 4.2). These values were comparable to (table
4.3) those reported for thyme, cinnamon, peppermint, (13.81, 9.60, 11.94 mg/g) respectively
from Turkey, while Ca in thyme the highest concentrations in all the medicinal plants [124],

also Ca in chamomile the smallest concentrations (0.189 mg/g) from Poland (table 4.3) [130].

Magnesium:

Magnesium is important to all the cells in humans. It is present in many enzymes
involved in proteins, lipids, and carbohydrate metabolism. In plants, Magnesium is present in
chlorophylls [132].
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Table 4.2 shows the concentration of magnesium was found to be highest in purslane
(Portulaca oleracea L) (1.37 mg/g). The concentration of magnesium was found to be lowest
concentrations of magnesium (Mg) in oak galls dyer’s oak (Quercus infectoria) (0.06 mg/g).

Purslanes, dill, basil, thyme, were the richest sources of magnesium with concentration
values of 1.37 mg/g, 0.98 mg/g, 0.94 mg/g, and 0.64 mg/g, respectively. The concentration of
Mg in samples studied that clove, cinnamon, cardamom, coriander, chamomile (0.63, 0.28,
0.55, 0.36, 0.35 mg/g) respectively (table 4.2). These values were comparable to those
reported for clove, cinnamon, cardamom, coriander, (2.483, 0.4292, 3.87, 2.67 mg/g) from
Pakistan, while Mg in cardamom the highest concentrations in all the medicinal plants [127],
also Mg in chamomile the smallest concentrations (0.218 mg/g) from Poland (table 4.3) [130].

Zinc:

The element as Zn necessary minerals (micro nutrients) for living organisms. Zn is
relatively non-toxic. Zn, deficiency is a public health problem associated with pregnancy
complications and birth results, severity of diarrhea in children and increased duration, and
impaired immune function [133].

Table 4.1 shows the concentrations of zinc in all the medicinal plants samples studies
that range between (2.84-79.48 pg/g). The smaller quantity was determined in black mulberry
(2.84 pg/g) and the maximum in dill (79.48 pg/g).

The concentration of Zn in samples studied that chamomile, cinnamon, peppermint,
(8.39, 3.33, 5.84 ng/g) respectively (table 4.1). These values were comparable to those
reported for chamomile, Peppermint, (88.8, 75.3 ug/g) from Poland, while Zn in chamomile
the highest concentrations [130], also Zn in cinnamon the smallest concentrations (0.216 ug/g)
from Iraq (table 4.3) [131].

lron:

Fe is an important trace element for animals and human beings and is an essential
component of haemoglobin [134].
In various medicinal herbs samples analyzed, the iron content was observed in (table

4.1) that the maximum in ginger (74.38 ng/g), and minimum in oak galls shows the values
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(2.77 ng/g). Hence the use of ginger in general tonic preparation may be advised to
compensate for (Fe) deficiency.

The concentration of Fe in samples studied that peppermint, cinnamon, basil, ginger,
chamomile, dill (27.65, 6.01, 31.81, 74.38, 13.61, 49.76 ng/g) respectively (table 4.1). These
values were comparable to those reported for peppermint, cinnamon, basil, ginger, chamomile,
dill, (546, 108, 769, 345, 716, 220 pg/g) respectively from Turkey, while Fe in basil the
highest concentrations [125], also Fe in cinnamon, basil the smallest concentrations (0.470
ug/g) from Iraq (table 4.3) [131].

Copper:

Cu is one of many elements that are essential to life, despite being as inherently toxic
as nonessential heavy metals [135].

Table 4.1 for analyzed samples copper in oak galls has the highest content
concentration (5.97 pg/g), but (0.01 ug/g) Cu in clove was found to be the lowest
concentration in all the medicinal plants studied as compared to other trace elements recorded.

The concentration of Cu in samples studied that chamomile, cinnamon, dill, basil,
coriander, (1.41, 0.38, 1.76, 2.30, 0.96 ng/g) respectively (table 4.2). These values were
comparable to those reported for chamomile, cinnamon, dill, basil, (0.140, 0.068, 0.051, 0.077
ug/g) respectively from Iraq, while Cu in dill the smallest concentrations [131], also Cu in

coriander, the highest concentrations (74.41 pg/g) from India (table 4.3) [129].

Manganese:

Table 4.1 shows the concentrations of manganese in samples studies that range
between (0.04 -50.51 pg/g). The smaller quantity was determined for oak galls (0.04 pg/g) and
the higher for ginger (50.51 ug/g).

The concentration of Mn in samples studied that cinnamon, coriander, clove,
cardamom, (37.22, 3.13, 32.12, 16.30, ug/g) respectively (table 4.1). These values were
comparable to those reported for cinnamon, coriander, clove, cardamom, (879.8, 48.74, 649.9,

758.1, ng/g) from Pakistan, while Mn in cinnamon the highest concentrations [123], also Mn
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in coriander, the smallest concentrations (11.9 pg/g) from Saudi Arabia (table 4.3) [128].

Nickel:

No biochemical function for nickel has been clearly defined for higher animals or
humans. Nickel may, however, function as a cofactor or structural component in specific
metalloenzymes in higher organisms [80, 81].

Table 4.1 for analyzed samples, cardamom has the highest content in nickel (0.54
ng/g), followed by cinnamon shows values has the smallest concentration (0.13 pg/g).

Dill, purslane, shows the similar values of Ni (0.52 ug/g), also ginger, black mulberry
content (0.32 pg/g).

The concentration of Ni in samples studied that dill; (0.52mg/g) (table 4.1). These
values were comparable to those reported for Dill, (7.59 pg/g) from Turkey, while Ni in Dill
the highest concentrations [125], also Ni in dill, the smallest concentrations (0.023ug/g) from
Iraq (table 4.3) [131].

Lead:

Lead, is not an essential mineral for human and it is very “toxic” for the kidneys and
for the nervous system, and Pb has no physiological or biochemical importance and is
considered as a “toxic” pollutant [82].

Table 4.1 dill has the great content in Lead (113. 01 pg/g). Thyme has the smallest
content in Lead (0.41 pg/g).

The concentration of Pb in samples studied that cinnamon (0.61 mg/g) (table 4.1).
These (level values) were comparable to those reported for cinnamon, (27ug/g) from Saudi
Arabia, while Pb in cinnamon the highest concentrations [128], also Pb in cinnamon the

smallest concentrations (0.042 pg/g) from Iraq (table 4.3) [131].

Aluminum:
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Dill, ginger, thyme, have the similar values of Al (0.03 ug/g) this the highest values of
Al, while the clove, cardamom, oak galls, peppermint, chamomile, coriander, cinnamon, black
mulberry, shows the similar values of Al (0.01 ug/g) this the smallest values of Al, and basil,
purslane, have the same concentration content in Al (0.02 mg/g) (table 4.2).

The concentration of Al in samples studied that chamomile (0.01 mg/g) (table 4.2).
These (level values) were comparable to those reported for chamomile (0.356 ug/g) from
Turkey, while Al in chamomile the highest concentrations [90], also Al in chamomile the
smallest concentrations (0.122 ug/g) from Poland (table 4.3) [130].

In this study, we can observe that the minerals and trace elements contents in the
medicinal plants were found at different levels. Therefore, these medicinal plants are rich in
some essential elements, particularly Ca, Mg and Fe which are important for human health.
Medicinal plants also contain toxic elements; if not taken care of or consumed in wrong
dosages may cause serious problems.

Some minerals are essential for a healthy diet (e.g., Ca, Mg, Zn, Fe, Al, Pb, Ni, Mn,
Cu.) whereas, others can be toxic (e.g., Al, Pb, Ni). It is often important to know the mineral
content of product during processing because this affects the physicochemical properties of the
product.

Basil (Ocimum basilicum L) shows the high concentration of Ca macro mineral
recorded in all samples. The plants of purslane, dill, thyme, basil are rich in Ca and Mg, are
recommended for use in ayurvedic medicine in calcium and magnesium deficient cases.

The plants are rich of ginger in Fe, Mn, Al (74.38 ug/g), (50.51 ng/g), (0.03 mg/g)
respectively and also dill in Zn, Pb, Al (79.48 ng/g), (113.01 pg/g), (0.03 mg/g) respectively,
basil in Ca (5.63) oak galls in Cu (5.97 pg/g). While the oak galls show recorded the low
concentrations of Ca, Al, Mg, Mn and Fe.

The concentrations of analyzed minerals were found to be dependent on the identity of
the medicinal plants. This trend has been in the table 4.1, table 4.2 concentrations that range of
Ca (0.18- 5.63 mg/g) and Mg (0.06-1.37 mg/g) were the highest, followed by Pb (0.41 —
113.01 pg/g), Zn (2.84-79.48 ng/g), Fe (2.77-74.38ug/g), and Mn (0.04 —50.51 ng/g), Al
(0.01 — 0.03 mg/g), Cu (0.01-5.97 pg/g), Ni (0.13 —0.54pg/g), Ca >Mg >Pb >Zn >Fe >Mn
>Al >Cu >Ni.
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Table 4.1. Concentrations (pg/g) of elements in medicinal plants samples analyzed by (HR CS-FAAS)

Name of the Cu Zn Fe Pb Mn Ni
herbs
Dill 1.76+0.09 79.48+3.65 49.76+2.82 113.01+4.55 0.39+0.04 0.52+0.05
Clove 0.01+0.001 3.41+0.03 18.80+3.78 4.39+0.38 32.12+2.30 0.30+0.02
Cardamom 0.28+0.05 5.75%0.45 2.81+0.24 4.23+0.36 16.30+2.15 0.54+0.09
Black
0.49+0.03 2.84+0.26 9.65+0.97 2.63+0.02 1.89+0.17 0.32+0.02
mulberry
Oak Galls 5.97+0.56 12.92+1.18 2.77+0.21 2.31+0.22 0.04+0.01 0.29+0.02
Chamomile 1.41+0.12 8.39+0.75 13.61+1.12 3.22+0.31 6.90+0.53 0.35+0.03
Basil 2.30+0.21 8.84+0.78 31.81+3.52 3.01+0.22 7.57+0.64 0.48+0.04
Peppermint 0.81+0.07 5.84+0.42 27.65%+2.45 1.12+0.10 8.15+0.73 0.37+0.02
Ginger 0.20+0.01 5.47+0.52 74.38+5.33 0.87+0.07 50.51+4.25 0.32+0.03
Purslane 0.18+0.01 4.62+0.33 42.85+2.92 1.08+0.12 12.72+1.91 0.52+0.04
Coriander 0.96%0.08 5.43+0.51 4.66+0.42 1.00+0.09 3.131+0.32 0.21+0.15
Thyme 0.61+0.05 5.44+0.52 57.57+3.83 0.41+0.03 6.33+0.55 0.34+0.28
Cinnamon 0.38+0.03 3.33+0.32 6.01+0.45 0.61+0.05 37.22+3.12 0.13+0.01

* (Means £ SD).

Table 4.2. Concentrations (mg/g) of elements in medicinal plants samples analyzed by (HR CS-FAAS)

Name of the herbs Mg Ca Al
bill 0.98+0.08 4.09+0.45 0.03+0.01
Clove 0.63+0.05 1.23+0.11 0.0120.001
Cardamom 0.55+0.04 0.94+0.08 0.010.002
Black mulberry 0.27+0.01 1.3840.12 0.0120.01
Oak Galls 0.06+0.01 0.18+0.01 0.01+0.001
Chamomile 0.35+0.03 1.85+0.16 0.0120.005
Basil 0.94+0.01 5.63+0.36 0.02+0.001
Peppermint 0.48+0.03 2.33+0.21 0.01+0.001
Ginger 0.35+0.02 0.31+0.03 0.03+0.01
Purslane 1.37+0.12 3.64+0.31 0.02+0.01
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Coriander

0.36+0.03 0.69:0.06 0.01::0.001
Thyme 0.64+0.05 4.14+0.37 0.03+0.01
Cinnamon 0.28+0.02 1.64+0.13 0.01:0.002

* (Means £ SD).
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Table 4.3. Investigation Compared of mineral concentrations (Cu, Zn, Fe, Pb, Mn, Ni, pg/g), and (Mg, Ca, Al, mg/g) of medicinal plants in

different countries and the method of analysis in present study published reports in the literature

Samples

Name of the countries | analyze FEl Cu Zn Fe Pb Mn Ni Mg Ca Al
plants by ence
FAAS,
Chamomile Turkey ICP- [90] 8.34+0.05 30.6+2.1 502.74£3.0 0.72+0.08 60.2+3.3 1.8+0.4 1.643+0.07 12.72+0.2 0.356+0.023
AES.
ICP-
Cinnamon Turkey OES, [122] 33 17.9 56.7 104 0.6 0.852 10.978
ICP-MS
ICP-
Thyme Turkey OES, [122] 6.1 22.4 440 116 15 2.115 7.759
ICP-MS
ICP-
Ginger Turkey OES, [122] 4.0 135 86.8 127 1.9 2.006 0.944
ICP-MS
ICP-
Chamomile | Turkey | Q&> | [122] 8.2 24.4 521 96.4 15 2.319 6.959
MS
ICP-
Peppermint Turkey OES, [122] 17.7 17.9 975 112 1.0 2.929 11.749
ICP-MS
. . 13.75+0.0 0.1627+ 0.94+0.0
Cinnamon Pakistan | ICP-MS [123] 2.83+0.01 6 000158 879.8+ 0.55 1
. . 37.85+0.0 0.2134+ 1.35+0.0
Coriander Pakistan | ICP-MS [123] 7.82+0.04 5 000045 48.74+0.05 o
Clove | Pakistan | ICP-MS | [123] | 2.35+003 | 1409200 036612020 | 649.9:046 | 10%:00
Cardamom | Pakistan | ICP-MS | [123] | 618+0.04 | OH1300 04511200005 1 758 12 054 | 19900
ICP- 12.17£0.5 234+
Thyme Turkey AES, [124] SV 204517 | 301£26 445+16 : 1.67 +0.06 13.81+0.60
2 0.09
ICP-MS
ICP- 0.32+0.0
Cinnamon Turkey AES, [124] 2.78+0.20 | 38.3+3.2 53+49 156.2 £12.6 ’ 5 ’ 0.40+0.02 9.60 £0.53
ICP-MS
ICP- 10.04+0.7 240+
Peppermint Turkey AES, [124] ’ ’ 23.6+£2.2 281+19 98.0+0.9 ) 3.63+£0.02.57 11.94+0
9 0.27
ICP-MS
Peppermint | Turkey | ICP-MS | [125] | 11.1+07 | 24314 | 546+23 0.36+0.03 140+2 4(')48()*
Cinnamon Turkey ICP-MS [125] 4.68+0.29 | 13.0£1.9 108 £7 0.31+0.06 264 +31 06702;
Basil Turkey ICP-MS [125] 30.2+4.3 347+2.8 769 + 68 0.49 +0.02 102 +7 1.53+0.0
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4

Ginger Turkey | ICP-MS | [125] | 17627 | 266+09 | 345+18 | 3.01+0.60 2559 | 22001
. 3.6840.0
Chamomile | Turkey | ICP-MS | [125] | 13.9+05 | 222408 | 716+65 0.06 +0.00 41.6+3.0 .
. 7.59+0.4
Dill Turkey ICP-MS [125] 147+05 | 22.8+0.6 220+ 1 0.46 +0.02 62.0+0.9 3
ICP-
Coriander Sudan OES, [126] | 11.3+02 | 393404 | 107+10 228416 3.455+0.0073
ICP-MS
Clove Pakistan :)CEPS [127] 623.2+9.5 2.483+0.02 6.778+0.038
Cinnamon Pakistan g:EPS [127] 46.12+1.01 0.4292+0.00683 8.323+0.044
Cardamom Pakistan ggs [127] 57.99+1.12 3.87+0.023 4.177+0.02
Coriander Pakistan Iggs [127] 71.31+1.04 2.67+0.003 6.577+0.034
Clove jf:k?i'a AAS [128] 3.2+0.1 6.3+0.9 90.4+6.0 0.740.01 490+14 1.840.1
Cinnamon jf:k?i'a AAS [128] 3.940.1 52403 65.651.4 2740.09 309418 1.6+0.1
Ginger :?:tﬂla AAS [128] 2.5£0.3 7.90.7 231241 0.8+0.06 97.9497 | 1.0£0.03
Coriander :?:tﬂla AAS [128] 8.4+0.1 169403 | 48.8+3.3 1403 11.943.1 | 2.120.05
Coriander ndia AAS [129] 74.4;13.6 16.9210.5 223.74914.0 5 872026 101.5(;&0.9 0.22235410.0001
Peppermint | Poland IC():EPS- [130] | 1.75£0.02 | 753%0.1 | 37.9+0.5 12.0+0.1 0.422+0.002 0.489+0.003 0.238+0.002
Chamomile | Poland 'c():gs' [130] | 1.38£0.01 | 88.840.5 | 15.7+0.2 13.840.1 0.218+0.001 0.189+0.002 | 0.122+0.001
Chamomile Iraq FAAS [131] 0.140 1.250 6.870 0.046 0.450
Cinnamon Iraq FAAS [131] 0.068 0.216 0.470 0.042 0.110
Dill Iraq FAAS [131] 0.051 0.990 1.280 0.110 0.023
Basil Iraq FAAS [131] 0.077 29.090 0.470 0.10 0.030

* (Means + SD).

In this (table 4.3) analysis of the present data revealed that calcium (Ca) and magnesium (Mg) content were observed the

highest concentrations in all the medicinal plants, studied as compared to other trace elements recorded. The highest concentrations
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of the calcium (Ca) and magnesium (Mg) among the studied medicinal plants were found calcium (Ca) in thyme from Turkey
(13.81) [124], and magnesium (Mg) in cardamom from Pakistan (3.87 mg g*) [127], but smallest concentrations of calcium (Ca)
and magnesium (Mg) in chamomile (0.189-0.218 mg g™) respectively from Poland [130].

Also Ni (0.023 pg/g) in dill from Irag the lowest concentration in all the medicinal plants studied as compared to other trace

elements recorded [131].
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5. CONCLUSION

1-To determine the concentrations of minerals and trace elements in some medicinal
plants in north region Iraq were found at different levels. Therefore, these medicinal
plants are rich in some essential minerals, especially Ca, Mg and Fe which are
essential for human health.
The concentration of some essential and non-essential heavy metals, namely; Cu, Ca, Zn,
Mn, Fe, Mg, Al, Pb and Ni, have been analyzed.
In this work, minerals and trace elements in some medicinal plants samples from Ahi
Evran University, Kirsehir, Turkey were determined by using ContrAA 300 a High
Resolution-Continuum Source Flame Atomic Absorption Spectrometer (HR-CS AAS)
after microwave digestion. The method is rapid, accurate, precise and sensitive. The use of
microwave digestion system in plant samples provides a better, safer and cleaner method
of sample preparation.
2- Determination of minerals and trace elements in plants is very important because the
quality of many medicines and foods depends upon the content and type of elements [136].
The minerals and trace elements content present in medicinal plants studied are a source of
biologically important elements, which may play part in the observed therapeutic
properties of these plants. Medicinal plants useful for healing as well as for curing of
human diseases and preparation of various drugs singly or in combination or even are used
as the source of raw material for the other medicines.
Concentrations of the minerals and trace elements levels in medicinal plants studied were
found in this order: Ca >Mg >Pb >Zn >Fe >Mn >Al >Cu >Ni.
Their concentrations were mostly within the range of the published literature and in
accordance to the critical guideline limits of RDA. The levels of Cu were relatively low in
all medicinal plants. In general, the concentrations of minerals confirmed a positive present
in all medicinal plants contribution.
The results of table 4.1, table 4.2 and table 4.3 comparative studied on elemental analysis
of medicinal plants:

e Table 4.1, table 4.2 calcium (Ca) and magnesium (Mg) observed with the highest

concentration in all the medicinal plants studied as compared to other trace

elements recorded. The highest concentration of calcium (Ca) and magnesium (Mg)



among the studied medicinal plants were found calcium (Ca) in basil (Ocimum
basilicum) and magnesium (Mg) in purslane (Portulaca oleracea L) (5.63, 1.37
mg/qg) respectively, but low concentrations of calcium (Ca) and magnesium (Mg) in
oak galls (0.18, 0.06 mg/g) respectively.

Also Cu (0.01 pg/g) in Cinnamon was found to be the lowest concentration in all
the medicinal plants studied as compared to other trace elements recorded.
Increasing sequence of the mean concentrations of the minerals and trace elements
levels in medicinal plants studied were found in this order: Ca >Mg >Pb >Zn >Fe
>Mn >Al >Cu >Ni.

Table 4.3 observed with the highest concentrations in all the medicinal plants and
countries, studied as compared to other trace elements recorded. The highest
concentrations of the calcium (Ca) and magnesium (Mg) among the studied
medicinal plants were found calcium (Ca) in thyme from Turkey (13.81 mg/g)
[124], and magnesium (Mg) in cardamom from Pakistan (3.87 mg/g) [127], but
smallest concentrations of calcium (Ca) and magnesium (Mg) in chamomile
(0.189-0.218 mg/q) respectively from Poland [130].

Also Ni (0.023 pg/g) in dill from Irag the lowest concentration in all the medicinal
plants studied as compared to other trace elements recorded [131].

Increasing sequence of the mean concentrations of the minerals and trace elements
levels in medicinal plants studied were found in this order: Ca > Mg > Mn> Fe> Al
> Zn > Cu>Pb> Ni.
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