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ABSTRACT

Coffee is the one of the most consumed beverage across the world. Therefore, it
has enormous commercial value and social importance. Coffee consumption continues to
increase due to its physiological effects, its pleasant taste, aroma and many health benefits.
Robusta and Arabica are two basic types of coffee beans. Turkish coffee is a method of
preparation, not a kind of coffee bean grown in Turkey. The coffee beans used for Turkish
coffee is generally Arabica type coffee beans.

This study was aimed to determine the concentrations of some major, minor and
trace elements in six different coffee samples from six different origins (Brazil, Colombia,
Ethiopia, Guatemala, Kenya, and Yemen) where the coffee plants grown. The coffee
samples were analyzed for seventeen elements (Al, As, Ba, Ca, Cr, Cu, Fe, K, Mn, Na, Ni,
P, Se, Sn, Sr, Zn, and Mg) by using inductively coupled plasma optical emission
spectroscopy (ICP-OES). Prior to the analysis by ICP-OES, all coffee samples were
completely digested in aqua regia. According to the obtained results, the determined
elements were classified into three groups (macro, micro, and trace) elements according to
their concentration in different coffee samples; among the macro elements potassium (K)
showed the highest levels in all coffee samples whereas the concentration of calcium (Ca)
were found to be lowest in the group of macro elements. Micro elements showed the
concentration order of: Sr > Mn > Fe > Al > Ba > Cu > Zn in all coffee samples.
Concentrations of nickel (Ni) were higher than all other elements in the group of trace
elements. The results obtained in present study showed good agreement with previously
reported studies for most of the elements especially micro and trace elements while the

results for macro elements were generally lower than reported values.

Statistical analysis of the results showed significant differences in the

concentration of each element in different coffee samples of different origins.

Key Words: Coffee, Trace element, elements, analysis, Inductively Coupled Plasma

Optical Emission Spectroscopy (ICP-OES).
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OZET
FARKLI ULKELERDE YETISEN KAHVE ORNKLERININ METAL
ICERIKLERININ ICP-OES ILE KARSILASTIRILMASI
Kahve diinya ¢apinda en fazla igilen igegeckelrden biridir. Bu yiizden, ¢ok biiyiik
ticari ve sosyal Oneme sahiptir. Kavhe, hos kokusu ve aromasi, icenler (zerindeki
fizyolojik etkileri, gibi sagladigi faydalar1 sebebi ile, kullanimi giinden giine gittikge
artmaktadir. Kahve genel itibari ile ikiye ayrilmaktadir; Robusta ve Arabika olmak iizere.
Tirk kahvesi, Tiirkiye’de yetisen bir kahve tiirii olmay1p, kahve hazirlama yontemini ifade

etmektedir. Tilrk kahvesi, genellikle Arabica tiirii kahve ¢ekirdeklerinden hazirlanir.

Bu calismada, alt1 farkli iilkede (Birezilya, Colombiya, Etiyopya, Gutemala,
Kenya ve Yemen) alt1 farkli kahve 6rneklerinde, onyedi elementin analizi (Al, As, Ba, Ca,
Cr, Cu, Fe, K, Mn, Na, Ni, P, Se, Sn, Sr, Zn, and Mg) Inductively Coupled Plasma Optical
Emission Spectroscopy (ICP-OES) teknigi ile yapildi. Bu amagla biitiin kahve 6rnekleri
kral suyunda c¢oziniirlestirildi. Elde adilen sonuglardan, analiz edilen elementler
konsantrasyonlarina gore iic ana gruba ayrildi, makro, mikro ve eser olmak f{izere.
Bunlarda potasyum (K) elementi biitiin 6rneklerde makro element olarak ortaya ¢ikarken,
kalsiyum elementi ise, makro elementlerin i¢inde en diisiik konsantrasyona sahip oldugu
gbzlendi. Biitiin kahve 6rneklerindeki mikro elementlerin siras1 Sr > Mn > Fe > Al > Ba >
Cu > Zn seklinde tespit edilmistir. Nikel (Ni) elementi ise, eser elementler grubundaki
elementlerden konsantrasyonu en fazla element olarak bulunmustur. Elde edilen sonuglarin
daha onceden yapilmis olan benzer ¢alismalardaki sonuglar ile genel itibar1 uyum halinde
oldugu 6zellikle mikrno ve eser elementlerde gézelenmektedir. Diger taraftan ise, makro
elementlerin genel itibar1 ile daha Onceki yapilan ¢aligmalardan daha diisiik seviyede

oldugu gozlenmektedir.

Sonuglarin istatistiki degerlendirilmesinden ¢ikan sonug ise, kahve drneklerin
orijinlerine gore element konsantrasyonlarmin Onemli derecede farklilik gdsterdigi

bulunmustur.

Anahtar Kelimeler: Kahve, eser element, element, analiz, spektroskopi, Emisyon
spektroskopisi, (ICP-OES).
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1. INTRODUCTION

1.1. General Introduction

Food samples are commonly analyzed for determining different elements to estimate
probable toxicological or nutritional indication and also to assure conformity with government
supervisions or quality of the product [1-3] in addition to determination of authenticity or
geographical source [4]. Amount of a specific element fluctuates enormously among different
types of food but commonly it is invariable for specific type food. Elements that satisfy the
nutrient requirement or that considered as safe at specific concentration can be toxic at higher
concentration [5-8]. A number of elements are generally observed in analyzed food samples
but they have not been identified as nutrients and they are not toxic at the concentration that
ordinarily present in food samples. Ranges of the mass fractions of the elements in food
samples are conveniently described by the term listed in Table 1.1.

One of the sources of exposing to toxic elements is contaminated food. Thus it is so crucial
to perceive the dangers to human well-being and take proper measures as soon as possible [9].
People are encouraged for more consumption of food materials like fruits and vegetables that
are good sources of some minerals that useful for human health and vitamins. [10]. Trace
quantity of some elements like zinc (Zn), manganese (Mn), cobalt (Co), selenium (Se), iron
(Fe), and copper (Cu) are considered as essential micro-nutrients which they have different
biochemical action in all living organisms. Although they are essential, if taken in excess they
may be toxic. Some other elements like cadmium (Cd) lead (Pb), and arsenic (As), are non-
essential elements, these elements even in traces amount are toxic. [11]. throughout the
environment elements like cadmium (Cd), aluminum (Al), and lead (Pb) are present and these
elements are virtually found in most of the food samples in very low concentration [12].

Trace elements can enter our foods from different sources such as: (i) from the soil, (ii)
from irrigation and water that used in cooking or food processing, (iii) pesticides and the
chemicals that used to farmlands, (iv) from the equipment, utensils, and containers that used in
the processing of the food; and also (v) from storing, packing, and cooking. One of the
essential problems in most of the countries around the world is the presence of toxic elements
or even nontoxic elements that present at higher concentration than allowed level in the

environment and foodstuff. The danger related to exposing to the toxic trace elements in that



found in different foodstuffs has raised widespread concern in human health. Some acute and
chronic symptoms such as, diarrhea, vomiting, nausea, dizziness, reduced conception rate,
sleeping disorders, and appetite loss are some symptoms of the toxicity of heavy metals,
Heavy metals are defined as elements in the periodic table having densities more than 5.0
g/mL; generally excluding alkali metals and alkaline earth metals [97]. Heavy metals are
individual metals and also metal compounds, which can affect human health. Generally,
humans are exposed to heavy metals by the way of ingestion (drinking or eating) or inhalation
(breathing) [98]. Some other health problems such as cardiovascular disease, nervous and
immune system disorders, impaired fertility, depressed growth, elevated death rate among

infants, and increased spontaneous abortions are also connected to trace metals [13].

TABLE 1.1. Ranges of mass fraction of elements found in most food stuff [115].

Term Mass Fraction Mass Fraction (%)
Major 1-1000 g/kg 0.1-100

Minor 10-1000 mg/kg 0.001-0.1

Trace 0.01-10 mg/kg 0.000001-0.001
Ultratrace 10 pg/kg 0.000001

The steady increase in the contamination of food products requires the investigation and
determining amount of toxic elements that can turn out to be a serious potential hazard if not
controlled. In recent years many researches have been carried out at different countries on the
kind, source, quantity, and precaution of toxic elements in the contaminated food samples
[14].

Concentrations of a number of trace elements in food samples from Nigeria have been
determined by Onianwa et al. [15]. Voegborlo et al. investigated amount of lead (Pb), mercury
(Hg), and cadmium (Cd) in some canned Tuna fish [16]. Sample preparation procedures were
examined by Doner and Akman for the determining concentration of zinc (Zn) and iron (Fe) in
bulgur (boiled pounded) wheat samples using graphite furnace atomic absorption spectrometry
[17]. Aluminum content of fish samples were investigated by Ranau et al. [18]. Fernandez et

al. determined some trace elements in tea beverages from Spain by using inductively coupled



plasma atomic emission spectrometry [19]. Racz et al. determined concentration of some trace
element in culture mushrooms [20]. The contents of some heavy metals in fish samples were
determined by Tuzen [21]. Table 1.2 shows the elements that most generally monitored in
different food samples, the normal range of interest, and the usual purpose for their monitoring
[22].

TABLE 1.2. Elements commonly monitored in different food samples [115].

Elements Range Primary Purpose

Aluminum Trace Toxicity
Arsenic Trace/ultratrace Toxicity

Boron Trace Nutrition
Cadmium Trace/ultratrace Toxicity

Calcium Major/minor Nutrition
Chromium Trace/ultratrace Nutrition/toxicity
Copper Minor/trace Nutrition
Fluorine Trace Nutrition/toxicity
lodine Trace Nutrition/toxicity
Iron Minor/trace Nutrition

Lead Trace/ultratrace Toxicity
Magnesium Minor/trace Nutrition
Manganese Minor/trace Nutrition
Mercury Trace/ultratrace Toxicity
Molybdenum Trace/ultratrace Nutrition

Nickel Trace/ultratrace Toxicity
Phosphorus Major/minor Nutrition
Potassium Major/minor Nutrition
Selenium Trace/ultratrace Nutrition/toxicity
Sodium Major/minor Nutrition
Tin Minor/trace Toxicity
Zinc Minor/trace Nutrition




1.2. Coffee

Coffee beverage is one of the most consumed drinks in world and it is ranked after
petroleum as the second most traded global commodity [53] and it is exporting to more
than 167 different countries with more than 9.0 million ton annual consumption in recent
years [63]. Coffee is an agricultural product that plays an important role in the
international trade [54]. Arabic word Quahweh is the word in which the word Coffee has
originated from. Nowadays its popularity is identified by different terms in many
countries like caffe (ltalian), kaffee (German), café (French), koffie (Dutch) and coffee
[55].

Coffee beverage prepared from soluble (instant) powder or brewed from ground
roasted coffee beans is one of the most extensively and habitually consumed non-
alcoholic drinks over the world. Its growing popularity is mainly owing to its unique
flavor, taste, and aroma as well as recognized health effects [62]. It is suggested by recent
researches that drinking two to four cups of coffee per day provides a number of health
benefits like decrease of mortality risk [101], colorectal cancer development [111], liver
cancer [112, 113], hepatic injury and cirrhosis [108, 109, 110], degenerative, progressive
and chronic diseases such as Alzheimer’s [99, 100] Parkinson’s disease [105, 106, 107],
type 2 diabetes [102, 103, 104] coronary heart disease and stroke [114, 66].

Coffee is an important plantation crop which belongs to the Rubiaceae and genera
Coffea family, they are shrubs or small trees (Figure 1.1). Usually the coffee plant is a
woody perennial tree that is growing at region of higher altitudes [57]. Food industry uses
fruits (berries) parts of coffee plants for the coffee production [58]. after collecting green
coffee beans from dried and hulled barries, the coffee beans will be roasted at high
temperature of about 100-230 °C, for achieving full aroma of the coffee. Roasting caused
the color of the coffee beans to change significantly from the light brown into the dark
brown, and chemical composition of beans also changed, particularly the amount of
volatile compounds [61]. Coffea Arabica (Arabica coffee) and Coffea canephora (Robusta
coffee) are two most important types among 70 different species of genera Coffea that

have been reported. There is difference in caffeine contents, taste, and appearance



between these two varieties. Arabica coffee is favored by a hedonic trend of consumers as
compared to Robusta coffee [57].

Figure 1.1. Arabica coffee plants [57].

Turkish coffee is not a type of coffee plant grown in Turkey; it is a different method
of preparation of coffee than other type of coffee. Thus, there are no different kinds of
coffee beans. For the preparation of Turkish coffee, coffea Arabica is used. For preparing
Turkish coffee, the coffee Beans will be ground or pounded in order to get the finest
possible powder as compared to other preparation method. The coffee bean is grinded by
either pounding it in a mortar in which this method is the original way or by the burr mill.
Except traditional Turkish hand grinders, most of the domestic coffee grinders are unable
to grind coffee beans finely enough. After roasting and grinding, the coffee beans will be
boiled usually in a pot (cezve), frequently with sugar, then it will be served in a cup in
which the grounds will be allowed to settle (called telve). For achieving the best results,
cold water is better to be used. Therefore, in case when addition of sugar is preferred you
should choose the form of sugar which dissolved easily. The cups used for serving the

coffee, can also be used to measure the quantity of necessary water.

For preparing each cup of coffee between one and two Turkish teaspoons of the
coffee are used. The best Turkish coffee as any other type of coffee is prepared from
freshly roasted beans ground just before brewing. Like other types of coffee, you can buy

and store Turkish-ground coffee, although its flavor will be lost with the time. This way



of coffee preparation is found in the Middle East, North Africa, the Caucasus, and also
some other different locations within Eastern Europe [59].

1.3. Elemental Coffee Analysis

In order to guarantee the safety and the quality of the final products of coffee and also
to protect the health and well-being of coffee consumers, suitable analytical techniques
have to be used to measure different parameters that detect wholesomeness of the green,
and roasted coffee beans, and also prepared coffees and their infusions. As an example, in
the analysis of organoleptic in green beans, the taste, and odor of the green beans and also
some information about their color, size, cross-section and the shape are confirmed as a
part of assessment of their quality [61]. Important characteristics for finding the best
roasting degree of green coffee beans are Color and flavor [61].

For the evaluating the coffee infusions quality, the taste of the prepared beverages is
generally termed under some standardized situations [69]. All the different notes are
collected from each coffee sample and then their unique profile will be evaluated.
However, it is notable that evaluations of the coffee testers on the aroma and taste of the
coffee might be subjective [70]. Chemical methods that used for analysis coffee are
similar to the methods that used in the assessment and quality control of food samples
[71]. They depend on the determining of various compounds, such as caffeine, tannins,
polyphenols, lipids, and volatile compounds, different carbohydrates such as glucose,
galactose, fructose, sucrose, arabinose, and some poly-saccharides such as cellulose,
vitamins Bz, amino acids, chlorogenic acid, trigonelline, and minerals [72]. These
chemical compounds are measured generally for the identification of brands and varieties
of the coffee or for the determination of the origin of the coffee [72]. However, it must be
noted that the composition of the final coffee product may be changed in all steps
involved in the coffee production, from harvesting to roasting of the coffee beans [73].
Among different substances that present in the coffee, only amount of caffeine will be
stable to the high roasting temperature [74]. Other chemical compounds present in coffee

may be degraded during the production and conditions of storage [73].



1.4. Element Contents of Coffee

It is recognized that the coffee beverage is a rich source of elements, including those
that are essential for the human health, in addition to non-essential elements and even
toxic to human take up from a polluted soil. [54]. Coffee contains various elements such
as Na, B, Mg, Fe, Ca, K and many other elements. These elements have various effects on
human health such as Na helps to regulate the body's water balance. [55, 64]. Mg is a
cofactor of enzyme systems [65]. Fe is an important for normal human physiology and
for most life forms [67]. Therefore, the determination of total concentrations of elements
in coffee enables to assess its nutritive quality and also helps to judge its possible ill-effect
that may cause to the human health [54]

1.5. Literature Review

Information available in literature about the levels of the trace elements present in
coffee beans from different origins is limited, different analytical techniques in a number
of studies have been used for determination the amount of some elements (major, minor
and toxic element) in different types of roasted, and green coffee beans in different
countries around the world (like India, Nigeria, Brazil, etc.) [58].

There are various studies about element contents of coffees. Concentration of 14
elements (Ca, Cd, Pb, Mn, Fe, Na, K, P, Mg, Cr, Ni, Co, Cu, Zn) in coffee were
determined by Grembecka et al. [62]. Oliveira et al. determined amount of 9 elements
(Mg, Na, Fe, Ca, K, P, Cr, Ni, and Mn) in soluble powdered instant coffees [56]. The
levels of some bioactive amines, five elements (K Na, Mg, Zn, and Mn), total ash content,
pH values, and total dry matter content in ground coffee and brewed Turkish coffees were
investigated by Ozdestan [75]. Krejcova and Cernohorsky determined Boron (B) in coffee
and tea by ICP-AES [76]. Stelmach, Pohl and Szymczycha-Madeja measured total
concentrations of Mn, Cu, Mg, Fe, and Ca, in the green coffee infusions by using high
resolution-continuum source flame atomic absorption spectrometry [93]. Oleszczuk, Nédio, et
al. determined concentration of copper, manganese, and cobalt in samples of green coffee by

using direct solid sampling electrothermal atomic absorption spectrometry (SS-ET AAS) [84].



green Arabica coffee species produced in crop year 1987/88 in Costa Rica, Colombia, El
Salvador, Cuba, Panama, Mexico, Papua New Guinea, and Nicaragua were analyzed by
Krivan et al. 1993 for determination of concentration of (Mg, Na, K, C, Mn, Cr, H, Co, Br, Ba,
Ca, Fe, Rb, Cs, Sc, N, Cu, Zn, La, and Sr) using different techniques like flame and graphite
furnace atomic absorption spectrometry, and instrumental neutron activation analysis
(INAA), [70].

Ashu and Chandravanshi determined the concentrations of 11 elements (Cd, Cu, Co,
Ca, Mn, K, Fe, Pb, Na, Zn, Mg) in three different brands of roasted coffee powders from
Ethiopia and their infusions by flame atomic absorption spectrometry (FAAS) [58]. Habte,
Girum, et al. determined 45 elements in the 129 different coffee samples by using inductively
coupled plasma mass spectrometry (ICP-MS), inductively coupled plasma optical emission
spectroscopy (ICP-OES), and direct mercury analyzer (DMA) [94]. Szymczycha-Madeja,
Welna and Pohl, compared six procedures for sample preparation, for determining the amount
of (Ca, Pb, Mg, Ba, Ni, Fe, Cd, Mn, P, Cr, Sr, Zn and Cu) in slim instant coffees by
inductively coupled plasma optical emission spectrometry (ICP-OES), they established that
the extraction with aqua regia provides better results as compared to other digestion
procedures [95]. Concentration of 27 elements (K, Ni, P, Mg, Sb, Ca, Li, Al, Be, Mn, Sr, Cr,
B, Se, Co, Hg, Zn, Mo, Cu, As, Sn, Pb, Ba, U, Bi, Cd, and Th) in green coffee samples and
their infusions were determined by Semen, Sevcan, et al. by inductively coupled plasma-mass

spectrometry (ICP-MS) [96].

1.6. Spectroscopy

In analytical chemistry measurements that based on light and other forms of
electromagnetic radiation are widely used. Spectroscopic science is dealing with the
interaction of radiation with matter. Spectroscopic analytical methods are based on measuring
the quantity of radiation formed or absorbed by atomic or molecular species of interest, We
can classify spectroscopic methods according to the region electromagnetic spectrum that
involved in the measurement, The regions of the spectrum that have been used include y-ray,
X-ray, ultraviolet (UV), visible, infrared (IR), microwave, and radio-frequency (RF). Actually,

the meaning of spectroscopy have been extended further by the current usage to include the
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techniques that do not even involve electromagnetic radiation, like electron, acoustic, and

mass spectroscopy [68].

Spectroscopy played significant role in the development of modern atomic theory. In
addition, spectrochemical methods have provided as one of the most widely used tools for the
explanation of molecular structure as well as the quantitative and qualitative determination of

both inorganic and organic compounds [68].

Spectroscopy can be divided into two main groups of techniques. In the first techniques
group, the energy transfers between the photon and the sample. In absorption spectroscopy the
atom or molecule absorb a photon, by which it will transit from a lower to a higher energy
state (excited state) (Figure 1.2). The kind of transition depends on the photon’s energy. For
example, when an atom or a molecule absorbed a photon of the visible light, one of their
electrons promotes to a higher energy level, on the other hand, when infrared radiation

absorbed by a molecule, vibrational energy of one of its chemical bonds will be changed [37].

By absorbing an electromagnetic radiation by the sample, the number of the photons that
passing through it will be decreased. Measurement of this decrease in the number of photons
passing is called absorbance, and it is a useful analytical signal. Absorption occurs only when
the energy of the photon, hv, matches the energy difference, AE, between the two energy
levels [37].

When the atom or molecule in the excited state returns back to the lower energy state,
excess of the energy is frequently released as photon, this process is called emission (Figure
1.2). Atom or molecule might end up in the excited by a number of ways, such as absorption
of a photon, chemical reaction, or by thermal energy. Emission following photon absorption
called photoluminescence, and emission following the chemical reaction is called

chemiluminescence [37].
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Figure 1.2. Energy level diagram showing the absorption and emission processes [37].

In the second techniques group, the amplitude, phase angle, polarization, or direction of
propagation of the electromagnetic radiation will be changed when it is refracted, reflected,

scattered, diffracted, or dispersed by the sample [37].
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2. ANALYTICAL TECHNIQUES USED FOR TRACE ELEMENT DETERMINATION
IN VARIOUS FOOD SAMPLES

2.1. Atomic Absorption Spectrometry

Atomic Absorption Spectrometry is one of the oldest techniques that are still used for
determining amount different elements in food samples, even though it’s using is decreased as
compared to other simultaneous multielement techniques. AAS techniques are used for
determining concentration elements in different food samples in many laboratories by using
flame or electro thermal atomization atomic absorption spectroscopy ((FAAS or ETA-AAS);
Pb and Cd determined in food by ETA-AAS; mercury (Hg) determined in food by using CV-
AAS; determination of Se and As in food sample using HG-AAS or ETA-AAS. A proficiency
testing report on analysis of the food samples for determination of As, Sn, Pb, Hg, and Cd
showed that the results from the techniques related to AAS like (ETA-AAS and FAAS) were
not good as compared to the results obtained from the techniques related to inductively
coupled plasma such as (ICP-MS and ICP-OES). However, they caution that the staff
specialization that used ICP techniques might be the cause of the better performance, not the

difficulty or ease of the techniques [23].

2.1.1. Flame Atomic Absorption Spectroscopy (FAAS)

Flame atomic absorption spectroscopy (FAAS) can be used for determining many
nutritional and toxic elements at different levels in different food samples. In flame atomic
absorption spectroscopy, flame is used as atomizer in which the sample will be aspirated into
the flame in the form of solutions and converted to free atom by high temperature of the flame
that may reaches up to 2300 °C with air-acetylene flame and up to 2700 °C with nitrous
dioxide system (N.O)-acetylene flame. Dry ashing or wet digestion methods are used for
digesting the samples and preparing analytical solutions. For determining the low
concentration of some elements in food samples, enriching the analytical solutions with
chelation-solvent extraction might be required. Operating the FAAS instrument is simple as
compared to other techniques, and in the case when concentration of only one or two elements

are required to be determined FAAS technique might be faster than other multielement
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techniques [25]. Some of the standard methods that are used FAAS are determination of Cd in
the food sample [26]; Fe, Zn, and Cu in different food samples [24]; determination of Zn in
food [27], determination of Fe in vegetables and fruits [28]; determination of Zn contents of
milk [29], and determination of amount of Mn, Fe, Ca, Mg, Cu, Zn, K, and Na in infant
formula [38]. Rains determined concentration of (Cr, K, V, Se, Ca, Mn, Al, Fe, Na, Co, Zn,
Ni, Cd, As, Sn, Mo, Cu, and Mg) in food sample by using flame atomic absorption
spectroscopy (FAAS) with hydride generator [28]. Ability of FAAS for the analysis food was
established by Miller-1hli for the determination of (Mn, Fe, Mg, Zn, Cr, Ca, and Cu) by either
wet digestion or dry-ashing procedures [30].

Flame atomic absorption spectrometry (FAAS) is one the techniques that quite often used
for determining the major (Na, K, Mg, Ca,), minor (Zn, Fe, Mn, Cu) and trace (Ni, Co, Pb, Cr,
Cd) elements in different coffee samples [70]. High-resolution continuum source flame atomic
absorption spectrometry (HR-CS-FAAS) is also used for determining concentration of (Na,
Mn, Fe, Mg, Ca, and K) in coffee samples [56]. Concentrations of Na and K are determined by

using flame atomic emission spectrometry (FAES) [80].

Unfortunately, FAAS do not have enough sensitivity for quantification some important
elements that exist traces in amount [62] therefore for determining such elements like (Pb, Ni,
Cr, and Cd) using more sensitive technique such as inductively coupled plasm optical

emission spectrometry (ICP-OES) is preferred [83].

Simple standard solutions are usually used for calibrating FAAS [80]. As an exception, in
the determination of sodium (Na), and potassium (K) we can add a chemical suppressor such
as cesium chloride (CsCl3) as an ionization buffer to the samples and standard solutions [56].
By the same way, lanthanum (La) salts such as lanthanum nitrate La(NO3);[58] or a solution
of lanthanum chloride LaCl;[62], will be added to the sample and standard solutions to

minimize the effect of chemical interferences in the case of determination of Mg and Ca.
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2.1.2. Electrothermal Atomization Atomic Absorption Spectroscopy (ETA-AAS)

ETA (generally called graphite furnace) AAS is also used for determining many
nutritional and toxic elements at different levels in different food samples. A small amount of
the sample will be added to the graphite tube, and then it is electrically heated in three steps, in
the first step the solution will be dried, secondly the sample residues will be ashed or
pyrolyzed, and finally the analyte will be atomized. a chemical matrix modifier is Usually
added to the analytical to retain the analyte while removing the matrices at the time of ashing
step. Different matrix modifiers can be used depending on the element that determined [25,
31].

Electrothermal atomic absorption spectrometry (ETA-AAS) is less frequently used
compared to other multielement techniques. High-resolution continuum source graphite
furnace atomic absorption spectrometry (HR-CS-GFAAS) can be used as an alternative [56].
Both aforementioned techniques are primarily used for the determining trace and minor
elements like Cu, Al, Cr, Mn, Co, Ni, Sr, and Fe in coffee samples. Similarly to FAAS
technique coffee samples to be analyzed must be digested first [56]. An interesting approach
for determining concentration of the elements by using ETAAS without the initial sample
digestion have been reported in which the solid samples analyzed directly [84] direct
measurement of solid samples without digestion offer higher sensitivity, as compared to
analyzing the solution of the digested sample, because there is no sample dilution in direct
analysis and also the risk of error (lower blanks) and losses of the elements is minimum
because lower amount of reagent is used for sample preparation. External calibration curves
are commonly used with simple standard water solutions in ETAAS measurements [56]. In the
direct measurement of the solid sample or their slurries, the calibration will be done by using
an agueous solution as in the case of Mn and Co or by addition of a solid certified reference
material (CRM) as in the case of Cu [84]. Chemical modifier is necessary for stabilizing the
element species and modifying the matrices of the coffee samples at high pyrolysis
temperature, i.e., a mixtures of Mg(NOgs);, Pd(NOs3),, and the Triton X-100 in the
measurement of manganese (Mn) [84], Mg(NOs), in the measurements of Ni and Cr [56] or in

the measurement of Al [85].
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2.1.3. Hydride Generation Atomic Absorption Spectroscopy (HG-AAS)

Hydride generation atomic absorption spectrometry (HG-AAS) is generally used for
determining the concentration of selenium (Se) and arsenic (As) in various food samples. Food
samples should be digested rigorously for oxidizing organometallic compounds, particularly
organoarsenic compounds. Digestion of the samples are usually performed by using H,SO4s—
HCIO,—HNO; or it will be dry ashed with magnesium oxide (MgO), and magnesium nitrate
(Mg (NOs),) and analytical solutions are prepared with hydrochloric (HCI) solution [32]. As
an alternative only HNO3 can be used for digesting the sample, but it must be accomplished at
high temperature for accurate measurement of arsenic (As) [33]. Analytical solutions must be
warmed for prereducing Se from Se(V1) to Se(1V), and prereducing As from As(V) to As(lll),
generally with Nal or KI before generation of their hydrides by addition of sodium
borohydride, then these hydrides will be transported to the graphite furnace or quartz tube
where it will be heated for atomization to occur for atomic absorption. HG-AAS is used in
standard methods for determining concentration of Se and As in food samples [34].

2.1.4. Cold Vapor Atomic Absorption Spectroscopy (CV-AAS)

For determining the amount of mercury (Hg) in different samples, many analytical
techniques can be used but the technique that still being mainly used for determining
concentration of mercury (Hg) in different food samples is CV-AAS. Mercury vapor will be
formed from analytical solution by using either sodium borohydride (NaBH,4) or stannous
chloride (SnCl,) and then it will be transported to a cell for measuring its atomic absorption.
Usually, the cell will be maintained at temperature of the room, but the reliability of the tech-
nique can be enhanced by heating the cell [35]. Sometimes incorrectly “hydride generation”
term is used to describe the technique when for producing Hg vapor sodium borohydride is
used. Standard methods that available for determining amount of mercury (Hg) in vegetables

and fruits samples [36].
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2.2. Inductively Coupled Plasma Mass Spectrometry (ICP-MS)

Since its development in the early 1980s, ICP-MS became a well-known multielement
analytical technique for determination of trace elements. This technique is able to detect many
elements at very low levels (trace and ultratrace) with large dynamic range [46]. The
sensitivity of this technique has been improved by two to three orders of magnitude as
compared to ICP-AES. However, operation of the instrument is complicated and more costly,
and spectral interference is possible from other molecular species. A quadrupole ICP-MS used
to overcome the isobaric interferences, dynamic reaction cell [48] or collision and reaction
cells [47] are being used now. Double-focusing magnetic-sector ICP-MS is still the ultimate
means of suppression of the isobaric interference, but the price of the instrument is much
greater than other ICP-MS instruments [22].

Cubadda et al. determined 15 different elements in some food reference materials by
using micro wave-assisted digestion procedure and quadrupole ICP-MS [49]. ICP-MS and
ETA-AAS has been compared by Zhang et al. for determining amount of Pb and Cd in some
duplicate diets, they found that ICP-MS technique was much faster, and provides higher
accuracy and precision as compared with ETA-AAS, they concluded that ICP-MS technique
can be used as a routine method of analysis for analyzing different food samples [50]. Zbinden
and Andrey determined elements such as (As, Pb, Cd, Al, Se, and Hg) in the samples of food
by using high-pressure device for ashing the samples and ICP-MS technique. They added
isopropanol to the analytical solutions to overcome the residual carbon interference on Se, As,
and Pb [51]. D’Ilio et al. determined ten elements in rice sample by using double-focusing
magnetic-sector ICP-MS and they compared their results to the results obtained by the ICP-
AES and quadrupole ICP-MS [52].

2.3. Inductively Coupled Plasma — Optical Emission Spectroscopy (ICP- OES)

Inductively coupled plasma optical emission spectroscopy is one of the most effective
techniques that can be used for determining the elements in different samples. in ICP-OES
technique, first step is injection of the sample solution into to the radiofrequency (RF) induced
argon plasma by a nebulizer or by techniques of sample introduction. The sample mists reach

into the plasma and then rapidly they will be dried, vaporized and finally energized by
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collisional excitation at high temperature. Then atomic emissions that originating from the
plasma are observed, collected by a mirror or lens, then they will be imaged into the entrance
slit of the monochromator (wavelength selector). Measurements of single element could be
done cost effectively by combining simple monochromator with a photomultiplier tube
(PMT), and determining multielements simultaneously are achieved for more than 70 different
elements by combining polychromator with an array detector. Performance of a system like
this is competitive with most of other techniques of analysis, particularly with respects to the
sensitivity and sample throughput [77]. ICP-OES technique can be used generally for
analyzing different food samples, mainly for major and minor levels of elements [39].
multielement capability of this technique makes it beneficial for the dietary studies. Some
improvements in the instrument such as axially viewed plasma and charge transfer device as a
two-dimensional detector have upgraded the efficiency of ICP-OES technique [40].

Some of the standard methods that used ICP-OES technique are, determination of Cu,
Mg, Ca, Fe, P, Na, Mn, Zn and K in sample of infant formula [43]; determination of amount of
Ca, K, B, P, Cu, Mn, Zn, and Mg in some plant samples [41]; and concentration of phosphorus
(P) were determined in some samples of animal and vegetable fat and oil [42]. The ability of
ICP-OES for the analysis of food were demonstrated by Miller-1hli for determining amoun of
Co, V, Ca, Mn, Cu, Mg, Ni, Fe, Cr, Zn, and P by either wet digestion or dry-ashing [30].
Dolan and Capar determined concentration of 20 elements in the food samples by using ICP-
OES [44]. ICP-OES used determining concentration of 13 elements in different animal and
plant samples by Carrilho et al. by using micro wave for digestion of the samples but they
dried and grinded the samples before digestion [45].

ICP-OES is one of the best techniques that can be used for determining elemental contents
of different samples of coffee. It is particularly attractive and useful for determining amount of
some elements at different levels, including major elements (Na, K, Ca, Mg, S, and P), minor
elements like (B, Cu, Al, Co, Mn, Zn, Fe, and Sn) and trace elements like (Ba, Cr, Se, Cd, Pb,
Ni, Sb, As, Sr, and Si) [73]. Some other benefits of ICP-OES technique over other techniques
of atomic spectrometry such as ETAAS and FAAS are that ICP-OES provides higher
sensitivities, Lower detection limits, faster measurements and wider linear dynamic ranges
[82]. Due to the absence of the ionization and spectral interferences, in the analysis with 1CP-

OES the calibration is generally performed with standard solutions [73]. Same quantity of
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HNO;3 that have been used for digestion of the samples will be added into the standard
solutions for controlling matrix effects [76]. Additionally, internal standard might be added
into the samples and standard solutions for controlling instabilities of signal throughout the

analysis [76].

2.3.1. Principle

ICP-OES technique is based on the sponteneous emission of photons by the atoms and the
ions exited in a radiofrequency discharges. Sample solutions can be directly inserted to the
instrument, but the samples in the solid form must be digested for extracting the analytes into
the solution. Then sample solutions will be transformed to an aerosol then it will be directed
into plasma. essentially inductively coupled plasma sustains temperature of about 10000 K.
there is an area called preheatng zone (PHZ) where removing the solvent from the sample
aerosol (desolvation) is performed at this zone and in which the sample is leaft as microscopic
salt particle. And also in this zone the salt particles will be decomposed into the individual gas
phase molecules (viporization), in which they are subsequently broken down into the single
atoms (atomization). After that desolvation, vaporization, and atomization of the sample
aerosols have been done, only one thing is left to be done by the plasma dicharge which is
excitation and ionization/excitation. The processes of ionization and excitation will be done
mainly in initial radiation zone (IRZ) and normal analytical zone (NAZ). Then both atomic
and the ionic species in the excited state are then relaxed back into the ground state by
emitting a photon. So, the wavelength of the photons could be used for identification of the
element from which the emission is originated. Concentration of the element from which the
emission is originated in the sample is directly proportional to the the amount of the emitted
photons. the amount of the emitted photons by the ICP will be collected by a concave mirror
or a lens. This focusing optic forms an image of the ICP on the entrance slit of the wavelength
selector (monochromator). photodetector will convert specific wavelength that exiting from
the wavelength selector to the electrical signals. improvement and processing of the signal is

performed by the detector, then it will be displayed and stored by the computer [60].
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2.3.2. Inductively Coupled Plasma Characteristics

The major benefits of the inductively coupled plasma over other different sources of
excitation, is the efficiency and reproducibility of the ICP source for vaporizing, atomizing,
exciting, and ionizing many elements in different samples. And this is chiefly due to its high
temperature of about, 7000 — 8000 K, in the zone of exitation of ICP source. Which is
considerably higher than the highest temperature of the furnaces and flames which is about
(3300 K). This high temperature make ICP to be able to excite refractory elements, and makes
it to be less prone to the matrix interference. In addition, contaminations from impurities that
exist in the electrode materials will not be present because the ICP is an electrodeless source.
And relatively it is not dificult to build up an ICP assembly and it is cheaper comparing to
other sources, like LIP. Some of the most advantageous characteristics of ICP sources are
listed as follows.
higher temperatures of about (7000 — 8000 K)
high electron density of (10-10'® cm?)
significant degree of ionizations for most of the elements
simultaneous multielements capabilities (more than 70 elements including S and P)
lower background emissions, and lower chemical interferences
higher stability that leads to higher precision and accuracy
lower detection limit for most of the elements (0.1 —100 ng/mL)
wider linear dynamic range (LDR)
appropriate for determining the refractory elements

cost-effective analysis [77].

2.3.3. Instrumentation

In ICP-OES, the samples will be injected into instrument in the form of a liquid stream.
After that, the sample solution will converted to an aerosol by nebulisation process. Then the
aerosol sample is transported into the plasma where desolvation, vaporization, atomization,
and excitation and/or ionization of the sample solution performed by the plasma. Then the

atoms and ions that excited will emit their specific radiation that collected by the optical
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devices and the radiation will isolated by the monochromator to individual wavelength. Then
the detector detect the radiation and convert it into the the electrical signals after that it will be
changed to information about the concentration by the computer [78]. A representation of the
layout of a typical ICP-OES instrument is shown in Figure 2.1.

2.3.3.1. Sample Introduction

Ligiuds are the most common form to be analyzed by plasma emmision. These are usually
introduced with a nubilizer and spray chamber combination, similar to that used for AAS. An
Aerosol is formed and introduced to the into the plasma by nebulizer gas stream through the
injector tube [78].

2.3.3.2. Nebulizer

The device that converts liquid samples to the sample aerosol which is then transported
into the plasma is called nebulizer. One of the most critical processes in the ICP-OES is
nebulization process. Commercial instruments uses only two type of nubilizers with an ICP:

(1) pneumatic nubilizer and (ii) ultrasonic nubilizer [79].
2.3.3.3. Detectors

After the isolation of the proper emission line by spectrometer, intensities of the emission
lines are measured by the detector and its associated electronics. Most commonly used

detectors are [79]:

Photo multiplier tube

Array detectors

Photodiode array
Charge-injection devices (CID)
Charge-coupled devices (CCD)
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Figure 2.1. The major components and layout of a typical ICP-OES instrument [77].
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3. MATERIAL AND METHODS

3.1. Coffee Samples

Six coffee samples (Figure 3.1) from six different origins of coffee beans were selected for the
analysis. All coffee samples were purchased from local markets of Turkey, detailed
description of coffee samples and their sample ID are given in Table 3.1.

Figure 3.1. Coffee samples used for analysis

Table 3.1. Coffee samples and their sample ID

No. Sample Sample ID
1 Coffee beans from Brazil CB
2 Coffee beans from Colombia CC
3 Coffee beans from Ethiopia CE
4 Coffee beans from Guatemala CG
5 Coffee beans from Kenya CK
6 Coffee beans from Yemen CcY
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3.2. Sample Preparation

Digestion of the coffee samples were done in triplicate by taking 0.500g of each coffee sample
into a beaker and 2 ml of aqua regia (1:3 HNO3: HCI) were added then the resulting mixture
were sonicated in ultrasonic bath for 1 hour, after that 10.0 ml of deionized water were added,
filtrated to remove any undissolved particle then diluted to 25 ml with deionized water Figure
3.2 shows coffee sample after digestion.

Figure 3.2. Coffee Samples after Digestion

3.3. Chemical Reagents

All of the reagents that have been used in present study were of the analytical grades. All of
the prepared aqueous solutions prepared by deionized water. Concentrated HNO3; and HCI
(Merck, Darmstadt- Germany) solutions were used for the digesting the coffee samples. All of
the standard solutions prepared by diluting multi-element (1000ug/mL) ICP standard (Bernd
Kraft der standard). Deionized water was obtained from (Thermos — Germany) water
purification system. All glassware and plastic bottles that used in this work were washed by

10% (m/v) HNO3 and rinsed many times with deionized water.
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3.4. Operating Conditions for ICP — OES Instrument

An ICP — OES instrument (Spectro-Arcos — Germany) used for the analysis of elements
under study. The conditions of the operation of ICP — OES instrument for determination of
elements in samples are shown in Table 3.2 and a photographic picture of the instrument is

shown in Figure 3.3.

Table 3.2. Operating conditions for ICP — OES instrument

Parameters Descriptions
Power 1400 Watts
Coolant flow 13 L/min
Auxiliary flow 1 L/min
Nebulizer flow 0.83 L/min

Plasma Torch

Quartz, demountable

Injector tube 2.0 mm
Spray chamber Glass Cyclonic
Nebulizer Concentric nebulizer

Sample uptake rate

1.2 mL/min

Replicate read time

60 sec per replicate
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3.5. Calibration Curves for Determination of Elements in Coffee Samples

In this study, 17 elements at major, minor and trace levels in six coffee samples from six
different origins of the coffee beans have been determined successfully using ICP-OES with
acceptable accuracy and precision. For determining the elements in the coffee samples we
prepared a calibration curve for each element by preparing a series of standard solution and
measuring the emission intensity for each solution, calibration curves were made by plotting
of emission intensity in counts per second (cps) versus concentration in (mg/l). Figure 3.4 ,
Figure 3.5, Figure 3.6, Figure 3.7, Figure 3.8, Figure 3.9, Figure 3.10, Figure 3.11, Figure
3.12, Figure 3.13, Figure 3.14, Figure 3.15, Figure 3.16, Figure 3.17, Figure 3.18, Figure 3.19,
and Figure 3.20) shows the calibration curves for (Al, As, Ba, Ca, Cr, Cu, Fe, K, Mn, Na, Ni,
P, Se, Sn, Sr, Zn, and Mg) respectively and Table 3.3 shows the characteristics data of the
calibration curves of elements using ICP-OES,
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Figure 3.4. Calibration curve for Aluminum (Al) by ICP-OES

24



N
o

As 189.042

[
(o]

[
()}

103
IS

X
[ERN
N

[EY
o

intensity [cps]

o N B~ O

1

N

o |
&

1 1.5

2.5

concentration [mg/l]

Figure 3.5. Calibration curve for Arsenic (As) by ICP-OES

2500

2000

1500

1000

intensity [cps] x 103

500

Ba 455.404

-

0.5 1 ) 1.5
concentration [mg/l]

2.5

Figure 3.6. Calibration curve for Barium (Ba) by ICP-OES
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Figure 3.7. Calibration curve for Calcium (Ca) by ICP-OES
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Figure 3.8. Calibration curve for Chromium (Cr) by ICP-OES
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Figure 3.10. Calibration curve for Iron (Fe) by ICP-OES
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Figure 3.11. Calibration curve for Potassium (K) by ICP-OES
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Figure 3.12. Calibration curve for Manganese (Mn) by ICP-OES
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Figure 3.14. Calibration curve for Nickel (Ni) by ICP-OES
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Figure 3.15. Calibration curve for Phosphorus (P) by ICP-OES
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Figure 3.16. Calibration curve for Selenium (Se) by ICP-OES
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Figure 3.18. Calibration curve for Strontium (Sr) by ICP-OES
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Figure 3.19. Calibration curve for Zinc (Zn) by ICP-OES
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Figure 3.20. Calibration curve for Magnesium (Mg) by ICP-OES
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Table 3.3. Characteristics data of the calibration curves of elements using ICP-OES

Elements Equation R®> | Wave length(nm) | Linear range | DL (mg.L™")
(mg.L™)
Al y =3.2113x +0.1235 | 1.00000 176.641 0.00355 - 24 0.00355
As y =9.0001x + 0.0804 | 0.99994 189.042 0.00264 - 2.4 0.00264
Ba y =1055.1x + 16.513 | 0.99994 455.404 0.000441- 2.4 | 0.000441
Ca y =0.0767x + 0.0524 | 0.99998 315.887 0.00419 - 600 | 0.00419
Cr y=76.47x+0.6904 | 0.99993 267.716 0.000457 - 2.4 | 0.000457
Cu y =169.69x + 2.0525 | 0.99995 324.754 0.00126 - 2.4 0.00126
Fe y =0.1165x - 0.0181 | 0.99982 259.941 0.00145 - 60 0.00145
K y =5.9976x + 0.7163 | 0.99957 766.491 0.0316 - 24 0.0316
Mn y =0.5213x - 0.0009 | 0.99997 257.611 0.000226 — 6 0.000226
Na = 0.053x + 0.0606 0.99987 589.592 0.0552 — 240 0.0552
Ni y =68.03x + 0.4872 | 0.99996 231.604 0.000974 - 2.4 | 0.000974
P y=6.7779x - 0.5846 | 0.99998 177.495 0.00245 - 60 0.00245
Se y =4.9216x + 0.2345 | 0.99976 196.090 0.0087 - 2.4 0.0087
Sr y = 6.6695x + 0.0972 | 0.99978 407.771 9.63e-005 - 2.4 | 9.63e-005
Sn y =20.731x + 0.1671 | 0.99998 189.991 0.00194-24 0.00194
Zn y =0.2307x + 0.0011 | 1.00000 213.856 0.000633 —24 | 0.000633
Mg y =0.0081x - 0.0028 | 0.99999 279.079 0.00576 — 240 | 0.00576
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3.6. Statistical Analysis

The data of the study was statistically analyzed using statistical package for social science
(SPSS, Version 16), which is a software package used for statistical analysis. The obtained
data was expressed as (Mean =St Dev). Differences in mean values of each element in all six
coffee samples were analyzed by one-way ANOVA and Duncan test and relationships
between concentrations of the elements in analyzed coffees were assessed by using the
Pearson’s linear correlation coefficient. The probably level of P - value (P < 0.05) level of

significant was considered to be statistically significant.
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4. RESULTS AND DISCUSSION
4.1. Concentration of Elements in Analyzed Coffee Samples

In this study, concentration of 17 elements (Al, As, Ba, Ca, Cr, Cu, Fe, K, Mn, Na, Ni, P,
Se, Sr, Sn, Zn and Mg) were determined in coffee samples by inductively coupled plasma
optical emission spectroscopy (ICP-OES). According to the obtained results in this study the
measured elements can be classified into three main group, due to their concentration, the first
group will be named as macro or essential element because their concentrations are too high in
coffee as compared to other elements and include five elements which are (Ca, K, Na, P and
Mg), the concentration trend of macro elements were fund to be as follows: K > Mg > Na > P
> Ca.

Coffee beverages are one of the important sources of some micro elements like Mn, Zn
and Cu which are necessary for the metabolic processes in human. Second group of elements
determined in coffee in present were some micro elements and including elements like (Zn,
Al, Cu, Ba, Sr, Fe, and Mn). The order of mean concentrations of the micro elements in all

analyzed coffee samples was found to be: Sr> Mn> Fe> Al> Ba> Cu> Zn.

The third and final group of elements determined is trace elements in which coffee
samples contain some essential trace elements like Ni, Cr, and Se which are essential nutrients
that are cofactors for the metabolism and some other biological processes. Trace elements like
(Ni, As, Se Cr, and Sn) were determined in coffee samples in present study, among trace
elements, Se is the highest concentration followed by Ni, Cr, Sn and As. The analysis results

of the coffee samples for all the elements studied are given in Table 4.1 as mg/I.
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Table 4.1. Concentrations (mean + standard deviation) in (mg/l) of elements in six coffee samples

CB CcC CE CG CK CY

Al | 3.633+0.160 | 4.250+0.050 | 2.950+0.100 | 2.950+0.132 | 4.500+0.450 | 4.583+0.104
As | 0.166+£0.076 | 0.116+0.125 | 0.050+0.043 | 0.050+0.000 | 0.083+0.028 | 0.083+0.057
Ba | 0.933+0.028 | 6.916+0.028 | 3.200+0.050 | 6.450+0.050 | 3.983+0.057 | 1.300+0.000
Ca | 283.82+14.07 | 306.87+17.25 | 243.93+9.93 | 298.03+10.97 | 310.88+14.54 | 334.73+9.70
Cr | 0.066+0.0763 | 0.300+0.100 | 0.116+0.057 | 0.050+0.025 | 0.083+0.028 | 0.150+0.050
Cu | 2.850£0.100 | 3.266+0.202 | 2.916+0.076 | 2.966+0.104 | 3.016+0.125 | 3.333+0.076
Fe | 5.166+0.650 | 7.033+0.828 | 5.183+0.664 | 5.533+0.505 | 7.100+0.785 | 8.100+0.427
K | 10357+21 10012+161 10723468 11635+154 9360483 10964+216
Mn | 11.667+0.562 | 13.483+0.825 | 7.283+0.404 | 12.650+0.541 | 14.617+0.709 | 14.000+0.436
Na | 302.82+3.87 | 293.45+1.89 | 240.73+4.58 | 333.42+2.60 | 294.57+1.80 | 353.38+0.65
Ni | 0.150+0.050 | 0.333+£0.076 | <DL 0.016+0.028 | 0.216+0.028 | 0.366+0.028

P | 295.27+12.82 | 299.73+10.38 | 325.98+14.84 | 251.07+5.09 | 342.38+11.98 | 283.67+6.23
Se | 0.616+0.125 | 0.700+0.229 | 0.533+0.125 | 0.450+0.132 | 0.733+0.057 | 0.633+0.160
Sn | 0.066+0.076 | 0.133+0.763 | 0.083+0.028 | 0.100+0.050 | 0.083+0.057 | 0.150+0.000
Sr | 9.583+0.029 | 16.783+0.252 | 9.733+0.126 | 15.767+0.104 | 12.967+0.076 | 11.183+0.208
Zn | 2.266+0.175 | 2.816+0.175 | 1.900+0.132 | 2.416+0.104 | 3.250+0.180 | 3.050+0.132
Mg | 463.48£18.64 | 455.35+25.14 | 420.63+21.24 | 447.75+16.50 | 500.77+24.18 | 493.60+14.08
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4.2. Comparison of Elemental Content of Coffee Samples

Generally, the chemical composition of the coffee is mostly related to the origin in which
the coffee plants grown. The primary factor connected with the elements is the soil conditions,
variety of the coffee, and the methods of cultivation of the coffee plants [73]. Procedures
included in the green and roasted coffee beans processing or even the methods of the brewing
of the coffee are also important [62]. In this study we measured elemental content of six
different coffee samples from six different countries (Brazil. Colombia, Ethiopia, Guatemala,
Kenya and Yemen). The obtained results show significant difference for elemental content for
different coffee samples. Figure 4.1, Figure 4.2, Figure 4.3, Figure 4.4, Figure 4.5, Figure 4.6,
Figure 4.7, Figure 4.8, Figure 4.9, Figure 4.10, Figure 4.11, Figure 4.12, Figure 4.13, Figure
4.14, Figure 4.15, Figure 4.16, and Figure 4.17) shows the difference among these coffee
samples in the content of (Ca, K, Na, P, Mg, Al, Ba, Cu, Fe, Mn, Sr, Zn, As, Cr, Ni, Se and

Sn) respectively.

Figure 4.1 shows that the highest value for calcium (Ca) content was observed for (CY)
with concentration of 334.73 mg/l and the lowest was CE with concentration of 243.93 mg/I.
Figure 4.2 shows that the highest value for potassium (K) content was observed for CG (11635
mg/l), and the lowest amount observed for CK with concentration of 9360 mg/l. highest
concentration for sodium (Na) as shown in Figure 4.3 observed in CY (353.38 mg/l) and
lowest sodium content for CE (240.73 mg/I), the highest concentration of phosphorus (P) and
magnesium (Mg) as shown in Figure 4.4 and 4.5 obtained in CK with concentration of (342.38
and 500.77 mg/l) and the lowest amount observed in CG (251.07 mg/l) and CE (420.63) for P
and Mg respectively.

For micro elements CY contains highest amount of aluminum (Al), copper (Cu), and iron
(Fe) with concentration of 4.5833, 3.3333, and 8.1 mg/I respectively as shown in Figure 4.6,
4.8, and 4.9, and lowest amount found in each of CE, CG for Al (2.95 mg/l), CB for Cu (2.85
mg/l), and Fe (5.1667 mg/l), while CC contains highest amount of both barium (Ba) and
strontium (Sr) with concentration of (6.9167 and 16.783 mg/l) respectively as shown in Figure
4.7 and 4.11, and CB contains lowest concentrations for both elements (0.9333 mg/l) for Ba
and (9.583 mg/l) for Sr. highest amount of manganese (Mn) and zinc (Zn) were observed in
CK as shown in Figure 4.10 and 4.12 with concentration of (14.617 and 3.25 mg/l) and the
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lowest concentration observed in CE for both elements (7.283 mg/l) for Mn and (1.9 mg/l) for
Zn.

In the results obtained for trace elements CY contains the highest amount of chromium
(Cr), nickel (Ni), and tin (Sn) with concentration of (0.15, 0.36667, and 0.15 mg/l)
respectively as shown in Figure 4.14, 4.15, and 4.17, while the minimum concentration
observed in CG for Cr (0.05 mg/l), CE for Ni (<DL), and CB for Sn (0.06667 mg/l). Highest
arsenic (As) amount were found in CB (0.16667 mg/l) while lowest arsenic observed in CE
and CG (0.05 mg/l) as shown in Figure 4.13. CK contains highest amount of selenium (Se)
0.7333 mg/l and lowest amount were found in CG 0.45mg/I as shown in Figure 4.16.

Ca

334.73
350 306.87 298.03 310.88
= 283.82 R :
< 300

243.93

cB CcC CE CG CK cY

Figure 4.1. Calcium levels in different coffee samples
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Figure 4.2. Potassium levels in different coffee samples
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Figure 4.3. Sodium levels in different coffee samples
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Figure 4.4. Phosphorus levels in different coffee samples
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Figure 4.5. Magnesium levels in different coffee samples
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Figure 4.7. Barium levels in different coffee samples
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Figure 4.9. Iron levels in different coffee samples
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Figure 4.10. Manganese levels in different coffee samples
Sr
18 16.783
15.767
16
=14 12.967
SN
£ 12
r 9.583 9.733
§ 10
®
s 8
c
8 6
c
8 4
2
0
CB cc CE CG CK cY

Figure 4.11. Strontium levels in different coffee samples
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Figure 4.13. Arsenic levels in different coffee samples
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Figure 4.14. Chromium levels in different coffee samples
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Figure 4.15. Nickel levels in different coffee samples
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Figure 4.17. Tin levels in different coffee samples
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4.3. Comparison of Elemental Content of Coffee Samples with Other Reported Values

Here we compared the results obtained in present study to previous studies have been
done on coffee in the world; in general the results that obtained in this study showed good
agreement with most of the reported values except for some of the macro elements in which
the results obtained here is slightly lower than previous reported values. Table 4.2, Table 4.3,
and Table 4.4 shows comparison between macro, micro and trace elements in this study with
some other previous studies have been done on different coffee samples.

Concentrations of calcium, potassium, sodium, magnesium, iron, and nickel in coffee
samples obtained in present study were lower than the reported values by Krivan et al. 1993
[70], Santos et al. 2008 [87], Martin et al. 1999 [88], and Sussela et al. 2001 [92].
Concentrations of sodium (Na) in present study were higher than the reported values by
Tagliaferro et al. 2007 [91], and Anderson and Smith 2002 [73].

Amount of phosphorus (P), aluminum (Al), barium (Ba), copper (Cu), manganese (Mn),
zinc (Zn), arsenic (As), chromium (Cr), and selenium (Se) found in coffee samples in present
study as showed in Table 4.2, Table 4.3, and Table 4.4 were in good agreements with the
values reported previously, while concentration of strontium (Sr) obtained in present study
were slightly higher than values that reported by Santos et al. 2008 [87], martin et al. 1999
[88], and sussela et al. 2001 [92].
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Table 4.2. Comparison of the concentration of macro elements (Ca, K, Na, P, Mg) in coffee samples in
present study with previous studies on coffee samples

Elements Concentration (mg/l) Reference
243.93---334.73 Present study
Ca
[73], [86], [81], [87], [90], [80], [62], [91],
490---2200 192], [58]
9360---11635 Present study
K
004 [73], [87], [88], [89], [80], [62], [91], [92],
[58]
240.73---353.38 Present study
Na
606---1467 [73], [88], [89], [90], [62], [91], [58]
251.07---342.38 Present study
P
190---4030 [73], [87], [88], [62]
420.63---500.77 Present study
Mg

[73], [81], [87], [88], [90], [80].[62], [92],

750---3100 58]
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Table 4.3. Comparison of the concentration of micro elements (Al, Ba, Cu, Fe, Mn, Srand Zn) in
coffee samples in present study with previous studies on coffee samples

Elements Concentration (mg/l) Reference
2.95---4.5833 Present study
Al
3---200 [85], [73], [86], [81], [87]
0.9333---6.9167 Present study
Ba
0.8---10.1 [86], [87], [88], [89]
2.85---3.3333 Present study
Cu
B od [73], [81], [87], [88], [80], [62], [92],
[58]
5.1667---8.1 Present study
F
i 12617 (73], [81], [87], [88], [89], [90], [80],
[62], [91], [92], [58]
7.283---14.617 Present study
Mn
[731], [81], [87], [88], [89], [90], [80],
6320 [62], [92], [58]
9.583---16.783 Present study
Sr
1.1---11.9 [87], [88], [92]
1.9---3.25 Present study
Zn
L2803 [73], [86], [81], [87], [88], [89], [80],
' [62], [91], [92], [58]
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Table 4.4. Comparison of the concentration of trace elements (As, Cr, Ni, Se) in coffee samples in

present study with previous studies on coffee samples

Elements Concentration (mg/l) Reference
0.05---0.16667 Present study
As
<0.2 [86], [87]
0.05---0.3 Present study
Cr
0.02---1.29 [81], [87], [89], [62], [92]
0.01667---0.36667 Present study
Ni
0.5---4.3 [81], [62],[92]
0.45---0.7333 Present study
Se
0.014---<5.8 [87], [89]

4.4, Statistical Analysis of the Results

4.4.1. One Way Variance Analysis (ANOVA)

The obtained results were analyzed by one way analysis of variance (ANOVA), and
Duncan test to show the elements which have large variations and significant differences in
their concentrations levels in different coffee samples. And the results showed that there are
significant differences between the concentration of (Al, Ba, K, Na, Ni, Sr, and Zn) for coffee
samples from different origins, while for elements like (As, Se, Sn, and Mg) no significant

differences were observed for different coffee samples.

For other elements significant difference is observed between the concentrations of only
one or two coffee sample with other samples. ANOVA results for macro, micro and trace

elements are showed in Table 4.5, Table 4.6, and Table 4.7 respectively, different matching

letters in each column of the tables means significant difference according to Duncan test.
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Table 4.5. Concentration (mg/l) and standard deviation values of macro elements (Ca, K, Na, P and
Mg) in coffee samples, different matching letters in a column mean significant differences according to
Duncan test (P < 0.05)

Samples Ca K Na P Mg
CB 283.82°+14.07 | 10357%+21 | 302.82°+3.87 | 295.27°+12.82 | 463.48% +18.64
cc 306.87% + 17.25 | 10012°+ 161 | 293.45°+ 1.89 | 299.73°+10.38 | 455.35% + 25,14
CE 243.93°+993 | 10723°°+68 | 240.73°+ 4.58 | 325.98% +14.84 | 420.63" + 21.24
CG 298.03" +10.97 | 11635°+ 154 | 333.42°+ 2.60 | 251.07°+5.09 | 447.75" +16.50
CK 310.88° +14.54 | 9360'+83 | 29457+ 1.80 | 342.38°+11.98 | 500.77°+24.18
cY 334.73%+ 970 | 10964°+216 | 353.38°+0.65 | 283.67"+6.23 | 493.60°+14.08
f-calculated 16.60 103.70 541.13 26.49 6.44

Table 4.6. Concentration (mg/l) and standard deviation values of trace elements (As, Cr, Ni, Se and
Sn) in coffee samples, Different matching letters in a column mean significant differences according to
Duncan test (P < 0.05)

Samples As Cr Ni Se Sn
CB 0.166°+ 0.076 | 0.066 +0.076 | 0.150° +0.050 | 0.617°° +0.126 | 0.066™ +0.076
CC 0.116+0.125 | 0.300°+0.100 | 0.333°+0.076 | 0.700"+0.229 | 0.133* +0.763
CE 0.050° + 0.043 | 0.116™ +0.057 <DL 0.533 +0.125 | 0.083* +0.028
CG 0.050™° +0.000 | 0.050+0.025 | 0.016°+0.028 | 0.450°'+0.132 | 0.100* + 0.050
CK 0.083°+0.028 | 0.083+0.028 | 0.216°+0.028 | 0.733* +0.057 | 0.083" +0.057
CY 0.083° +0.057 | 0.150°+0.050 | 0.366%%0.028 | 0.633°°+0.160 | 0.150* + 0.000
f-calculated 1.28 6.54 32.31 1.52 1.03
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Table 4.7. Concentration (mg/l) and standard deviation values of micro elements (Al, Ba, Cu, Fe, Mn, Sr and Zn) in coffee samples, Different
matching letters in a column mean significant differences according to Duncan test (P < 0.05)

Samples Al Ba Cu Fe Mn Sr Zn
CB 3.633%+0.160 | 0.933'+0.028 | 2.850%+0.100 | 5.166“+0.650 | 11.667%+ 0.562 9.583°% + 0.029 2.266% + 0.175
CC 4.250°+0.050 | 6.916°+0.028 | 3.266®+0.202 | 7.033*+0.828 | 13.483*+0.825 | 16.783*+0.252 | 2.816°°+0.175
CE 2.950°+0.100 | 3.200°+0.050 | 2.916%+0.076 | 5.183% +0.664 7.283° + 0.404 0.733°+0.126 1.900° + 0.132
CG 2.950°+0.132 | 6.450°+0.050 | 2.966% +0.104 | 5.533°+0.505 | 12.650°+0.541 | 15.767"+0.104 2.416% + 0.104
CK 4500°+0.450 | 3.983°+0.057 | 3.016°°+0.125 | 7.100® +0.785 14.617% + 0.709 12.967° + 0.076 3.250% + 0.180
cY 4583%+0.104 | 1.300°+0.000 | 3.333*+0.076 8.100% + 0.427 14.000% + 0.436 | 11.183+0.208 | 3.050% +0.132
f-calculated 37.16 11375.08 7.78 10.39 59.30 1207.51 33.56
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4.4.2. Correlation between Elements

To determine correlation between concentrations of elements in coffee samples, Pearson’s
correlation coefficient were assessed. Very high positive correlation (r > 0.9) is observed only
for Cu-Fe, Ca-Mn, Ba-Sr and Zn-Mn pairs of elements, it means that these pairs of elements
are strongly related to each other and by increasing or decreasing the concentration of one of
the elements in each pair concentration of other element in that pair will also increase or
decrease. Very high correlation exist between Cu-Fe with correlation coefficient of (0.901)
which means by increasing or decreasing the concentration of Cu in coffee samples
concentration of Fe will also increase or decrease and vice versa, concentration Mn in coffee
samples is highly related to the concentration of both of Ca and Zn with a correlation
coefficient of (0.923) and (0.911) respectively and by increasing or decreasing concentration
of Mn concentrations of both Ca and Zn will also increase or decrease and vice versa. Amount
of Ba and Sr in coffee samples are also highly related to each other with correlation coefficient
of (0.918) and by increasing concentration of one of them in the coffee samples the other one

will also increase or decrease.

high positive correlations (0.7 <r > 0.9) is observed for the following pairs of elements:
Ca-Al, Ca-Cu, Cr-Cu, Al-Fe, Fe-Ca, Al-Mn, Fe-Mn, Ni-Al, Ni-Cu, Ni-Fe, Ni-Mn, Zn-Al, Al-
Mg, Ca-Zn, Ca-Mg, Fe-Zn, Fe-Mg, Mn-Mg, Zn-Ni, Zn-Mg, Mn-Na and Ni-Ca. concentration
of Al is highly related to the concentration of; Ca, Fe, Mn, Ni, Zn, and Mg with correlation
coefficients of; 0.716, 0.790, 0.731, 0.867, 0.851, and 0.736 respectively that means by
increasing or decreasing amount of Al in coffee samples, concentration of these elements will
also either increase or decrease and vice versa. High correlation also observed between
concentration of Ca with elements like (Cu, Fe, Na, Ni, Zn, Mg) with correlation coefficients
of 0.739, 0.846, 0.787, 0.772, 0.874, and 0.832 for Ca-Cu, Ca-Fe, Ca-Na, Ca-Ni, Ca-Zn and
Ca-Mg respectively, which means by increasing or decreasing concentration of one of these

elements in coffee samples is either increase or decrease or vice versa.
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Correlation coefficient of (0.811) is observed for relation between Cu and Ni which
means that concentration of these two elements in coffee samples were highly related to each
other and by increasing or decreasing concentration of one of them concentration of other

elements will also either increase or decrease.

Iron (Fe) concentration is highly related to concentrations of Mn, Ni, Zn, and Mg with
correlation coefficients of 0.724, 0.859, 0.883, and 0.801 for Fe-Mn, Fe-Ni, Fe-Zn, and Fe-Mg
respectively and by increasing or decreasing amount of Fe in coffee samples amounts of Mn,
Ni, Zn, and Mg either increase or decrease. Mn concentration in coffee samples are highly
related to the amount of Na, Ni, and Mg with correlation coefficients of 0.716 for Mn-Na,
0.704 for Mn-Ni and 0.813 for Mn-Mg that means by increasing or decreasing concentration
of Mn in coffee samples concentration of Na, Ni, and Mg either increase or decrease as well.
Concentration of Ni in coffee samples are highly related to the concentration of Zn with
correlation coefficient of 0.777 that means when the concentration of Ni increase or decrease
in a coffee sample then the concentration of Zn may increase or decrease. High correlation
coefficient of 0.874 is observed between Zn and Mg which it means by increasing or
decreasing concentration of one of them concentration of other will also increase or decrease

as well.

High negative correlations exist between P-K and Al-Ba and concentration of these two
pairs of elements are inversely related to each other. high negative correlation between P and
K with a correlation coefficient of (-0.767) is exist which means that by increasing the
concentration of P in the coffee samples concentration of K will decrease and vice versa, and
also high negative correlation exist between Al-Ba with correlation coefficient of (-0.716) that
means when the amount of Al increased in the coffee samples then the amount of Ba will be
decreased.

For other pairs of elements, either positive or negative correlation are established but they
are moderate correlation with correlation coefficients of £0.4 to +0.7, low correlation with
correlation coefficients of +0.2 to +0.4 or almost negligible correlation with correlation
coefficients from 0 to +0.2. Correlations between all measured elements in coffee samples are

shown in Table 4.8.
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Table 4.8. Correlations between the elements according to Pearson’s correlation coefficient

Al As Ba Ca Cr Cu Fe K Mn Na Ni P
0.227
AS 0.365
-0.716 -0.216
Ba 0.489 0.388

0.716 0.073 0.028
Ca 0.001 0.772 0.911

Cr 0.365 -0.044 0.332 0.259
0.136 0.862 0.179 0.299

Cu 0.615 -0.117 0.141 0.739 0.733
0.007 0.643 0.577 0.000 0.001

Fe 0.790 -0.013 -0.010 0.846 0.536 0.901
0.000 0.960 0.967 0.000 0.022 0.000

K -0.586 -0.216 0.040 -0.065 -0.225 0.004 -0.224
0.011 0.390 0.875 0.797 0.370 0.988 0.372

Mn 0.731 0.129 0.165 0.923 0.209 0.562 0.724 -0.265
0.001 0.610 0.512 0.000 0.406 0.015 0.001 0.288

Na 0.375 0.031 -0.079 0.787 -0.096 0.417 0.459 0.378 0.716

0.126 0.904 0.756 0.000 0.705 0.085 0.055 0.122 0.001

Ni 0.867 0.185 -0.111 0.772 0.644 0.811 0.859 -0.385 0.704 0.437
0.000 0.461 0.661 0.000 0.004 0.000 0.000 0.114 0.001 0.070

P 0.310 0.040 -0.199 -0.177 0.187 0.002 0.199 -0.767 -0.112 -0.665 0.128
0.211 0.874 0.428 0.488 0.459 0.994 0.430 0.000 0.657 0.003 0.613

Se 0.499 -0.361 -0.071 0.271 0.362 0.283 0.358 -0.592 0.337 -0.014 0.514 0.363
0.035 0.141 0.778 0.271 0.140 0.256 0.144 0.010 0.171 0.957 0.029 0.139

Sn 0.300 -0.016 0.106 0.402 0.393 0.526 0.456 0.146 0.267 0.278 0.411 -0.119
0.227 0.949 0.677 0.098 0.106 0.025 0.057 0.564 0.285 0.264 0.090 0.638

Sr 0.107 -0.100 0.918 0.380 0.396 0.361 0.246 0.028 0.504 0.271 0.196 -0.342
0.673 0.964 0.000 0.119 0.104 0.141 0.325 0.912 0.033 0.277 0.435 0.165

Zn 0.851 0.044 0.084 0.874 0.318 0.667 0.883 -0.432 0.911 0.513 0.777 0.212
0.000 0.861 0.740 0.000 0.198 0.003 0.000 0.073 0.000 0.029 0.000 0.398

Mg 0.736 0.131 -0.249 0.832 0.135 0.558 0.801 -0.330 0.813 0.505 0.669 0.270
0.001 0.605 0.319 0.000 0.593 0.016 0.000 0.182 0.000 0.033 0.002 0.278
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Se

-0.071
0.781

0.022
0.930

0.421
0.082

0.340
0.168

Sn

0.241
0.334

0.313
0.206

0.218
0.384

Sr

0.366
0.135

0.028
0.912

Zn

0.874
0.000



4.5. Conclusion

Coffee plays a major social and economic role. It is one of the most widely consumed
beverages throughout the world. In this study 17 inorganic elements were determined in six
coffee samples from different origins. Concentration of elements were determined by using
inductively coupled plasma optical emission spectroscopy (ICP-OES), sample preparation
procedure based on the partial decomposition in aqua regia is simple, safe, reproducible, and
reliable for the determination of total concentrations of As, Ba, Ca, Cr, Cu, Fe, K, Mn, Na, Ni,
P, Se, Sn, Sr, Zn, and Mg. in addition , the use of aqua regia improves the sample
solubilisation, reduces the reagents consumption and the time of analysis.

The results obtained in this study showed there are significant differences between
different elemental content of different coffee samples due to their origin of growth, for most
of the elements determined especially macro and micro elements coffee beans from Yemen
(CY) and Kenya (CK) have higher concentration than other samples, except for the elements
like Ba and Sr in which Colombian coffee beans (CC) contain highest amount and K and As in
which coffee beans from Guatemala (CG) and Brazil (CB) contain higher amount of these two

elements respectively.

56



REFERENCES

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

Murphy, Suzanne P., (2002), "Dietary reference intakes for the US and Canada: Update
on implications for nutrient databases.”, Journal of Food Composition and Analysis 15,
no. 4, 411-417.

Berg, T., and D. Licht., (2002), "International legislation on trace elements as
contaminants in food: a review." Food Additives & Contaminants 19, no. 10, 916-927.

Berg, Torsten, and Erik H. Larsen., (1999), "Speciation and legislation—Where are we
today and what do we need for tomorrow?.”, Fresenius' journal of analytical
chemistry 363, no. 5, 431-434.

Crews, H. M., (1998), "Trace element analysis for food authenticity studies.”, Analytical
Methods of Food Authentication, 270.

National research council, (1997), "DRI (dietary reference intakes) for calcium,
phosphorus, magnesium, vitamin D, and fluoride", 302-303.

Krinsky, N. I., G. R. Beecher, R. F. Burk, A. C. Chan, J. W. Erdman, and R. A.
Jacob., (2000), "Panel on Dietary Antioxidants and Rela ted Compounds.”, Food and
Nutrition Board, Natio nal Academy of Sciences, National Academy Press .

Trumbo, Paula, Allison A. Yates, Sandra Schlicker, and Mary Poos., (2001),
"Dietary reference intakes: vitamin A, vitamin K, arsenic, boron, chromium, copper,
iodine, iron, manganese, molybdenum, nickel, silicon, vanadium, and zinc.", Journal of
the American Dietetic Association 101, no. 3, 294-301.

The European Commission, (2003), "Tolerable upper intake levels for vitamins and
minerals".

Soceanu, Alina, (2010), "Determination of some trace metal concentrations in imported
fruits by F-AAS and ICP-MS.", Environmental Engineering & Management Journal
(EEMJ) 9, no. 8.

[10] O. Sagdic, A. Aksoy, G. Ozkan, (2006), "Evaluation of the antibacterial and antioxidant

potentials of cranberry (gilaburu, Viburnum opulus L.) fruit extract.", Acta
Alimentaria 35.4, 487-492.

[11] H.A. Schroeder, (1973), "the Trace Elements and Nutrition", Faber and Faber, London.

57



[12] Natural Resources Defence Council (NRDC), (2005), "Healthy Milk, Healthy Baby
Chemical Pollution and Mother’s Milk".

[13] Yiizbasi, N., E. Sezgin, M. Yildirnm, and Z. Yildirim., (2003), "Survey of lead,
cadmium, iron, copper and zinc in Kasar cheese.”, Food Additives & Contaminants 20,
no. 5, 464-469.

[14] Demirel, Sule, Mustafa Tuzen, Sibel Saracoglu, and Mustafa Soylak., (2008),
"Evaluation of various digestion procedures for trace element contents of some food
materials.”, Journal of hazardous materials 152, no. 3, 1020-1026.

[15] P.C. Onianwa, 1.G. Adetola, C.M.A. Ilwegbue, M.F. Ojo, O.O. Tela, (1999), "Trace
heavy metals composition of some Nigerian beverages and food drinks.", Food
Chemistry 66, no. 3, 275-279.

[16] R.B. Voegborlo, A.M. El-Methani, M.Z. Abedin, (1999), "Mercury, cadmium and lead
content of canned tuna fish.", Food Chemistry 67, no. 4, 341-345.

[17] G. Doner, S. Akman, (2000), "A comparison of sample preparation procedures for the
determination of iron and zinc in bulgur wheat by graphite furnace atomic absorption
spectrometry.”, Analytical letters 33, no. 15, 3333-3341.

[18] R. Ranau, J. Oehlenschlager, H. Steinhart, (2001), "Aluminium levels of fish fillets
baked and grilled in aluminium foil.,” Food Chemistry 73, no. 1, 1-6.

[19] P.L. Fernandez, F. Pablos, M.J. Martin, A.G. Gonzalez, (2002), "Multi-element
analysis of tea beverages by inductively coupled plasma atomic emission
spectrometry.”, Food Chemistry 76, no. 4, 483-489.

[20] L. Racz, L. Papp, B. Prokai, Z.S. Kovacs, (1996), "Trace element determination in
cultivated mushrooms: an investigation of manganese, nickel, and cadmium intake in
cultivated mushrooms using ICP atomic emission.”, Microchemical journal 54, no. 4,
444-451.

[21] M. Tuzen, (2003), "Determination of heavy metals in fish samples of the middle Black
Sea (Turkey) by graphite furnace atomic absorption spectrometry.”, Food chemistry 80,
no. 1, 119-123.

[22] Taylor & Francis Group, (2007), "Methods of Analysis of Food Components and
Additives", 978-1-4398-1553-3.

58



[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

R. Martin, M. Knaggs, L. Owen, and M. Baxter, (2001), "A review of analytical
methods for lead, cadmium, mercury, arsenic and tin determination used in proficiency
testing Presented at the 2001 European Winter Conference on Plasma Spectro chemistry,
Lillehammer, Norway, February 4-8, 2001.", Journal of analytical atomic
spectrometry 16, no. 9, 1101-1106.

Jorhem, L., (1992), "Determination of metals in foodstuffs by atomic absorption
spectrophotometry after dry ashing: NMKL interlaboratory study of lead, cadmium, zinc,
copper, iron, chromium, and nickel.", Journal of AOAC International 76, no. 4, 798-813.

Anderson, Kim A., (1999), "Analytical techniques for inorganic contaminants”, Aoac
International.

Official Methods of Analysis of AOAC International, 17th Ed., Rev 1, Official
Method 973.34., (2002), Cadmium in Food—Atomic Absorption Spectrophotometric
Method, AOAC International, Gaithersburg, MD.

Official Methods of Analysis of AOAC International, 17th Ed., Rev 1, Official
Method 969.32., (2002), Zinc in Food—Atomic Absorption Spectrophotometric Method,
AOAC International, Gaithersburg, MD.

International Organization for Standardization, 1SO 9526, (1990), "Fruits,
Vegetables and Derived Products—Determination of Iron Content by Flame Atomic
Absorption Spectrometry”, International Organization for Standardization.

International Organization for Standardization, 1ISO 11813, (1998), "Milk and Milk
Products—Determination of Zinc Content—Flame Atomic Absorption Spectrometric
Method", International Organization for Standardization.

Miller-Ihli, N. J., (1996), "Trace element determinations in foods and biological samples
using inductively coupled plasma atomic emission spectrometry and flame atomic
absorption spectrometry.”, Journal of Agricultural and food Chemistry 44, no. 9, 2675-
2679.

Jackson, K. W., Ed., (1999), "Electrothermal Atomization for Analytical Atomic
Spectrometry"”, Wiley, Chichester.

Tsalev, Dimiter L., (2000), "Vapor generation or electrothermal atomic absorption
spectrometry?—Both!," Spectrochimica Acta Part B: Atomic Spectroscopy 55, no. 7,
917-933.

59



[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Fecher, P., and G. Ruhnke., (1998), "Determination of arsenic and selenium in
foodstuffs: methods and errors.”, atomic spectroscopy-Norwalk Connecticut- 19, 204-
206.

Official Methods of Analysis of AOAC International, 17th Ed., Rev 1, Official
Method 986.15., (2002), Arsenic, Cadmium, Lead, Selenium, and Zinc in Human and Pet
Foods—Multielement Method, AOAC International, Gaithersburg, MD.

Clevenger, W. L., B. W. Smith, and J. D. Winefordner., (1997), "Trace determination
of mercury: a review.", Critical reviews in analytical Chemistry 27, no. 1, 1-26.

Norma, I. S. O., (1984), "6637 (E). Fruits, Vegetables and Derived Products.
Determination of Mercury Content, Flameless Atomic Absorption Method." International
Organization for Standardization.

Harvey, David, (2000), "Modern analytical chemistry.”,VVol. 381. New York: McGraw-
Hill,.

Larsen, Erik H., Niels Lyhne Andersen, Anders Mgller, Annette Petersen, Gerda
Krog Mortensen, and Jan Petersen., (2002), "Monitoring the content and intake of
trace elements from food in Denmark.", Food Additives & Contaminants 19, no. 1, 33-46.

Montaser, A., and Golightly, D.W., (1992), "Inductively Coupled Plasmas in Analytical
Atomic Spectrometry”, 2nd edn., VCH, New York.

Silva, Fernando V., Lilian C. Trevizan, Cintia S. Silva, Ana Rita A. Nogueira, and
Joaquim A. Nobrega., (2002), "Evaluation of inductively coupled plasma optical
emission spectrometers with axially and radially viewed configurations.”, Spectrochimica
Acta Part B: Atomic Spectroscopy 57, no. 12, 1905-1913.

Official Methods of Analysis of AOAC International, 17th Ed., Rev 1, Official
Method 985.01., (2002), Metals and Other Elements in Plants and Pet Foods—
Inductively Coupled Plasma Emission Spectroscopic Method, AOAC International,
Gaithersburg, MD.

International Organization for Standardization, 1ISO 10540-3, (2002), Animal and
Vegetable Fats and Oils—Determination of Phosphorus Content—Part 3: Method Using
Inductively Coupled Plasma (ICP) Optical Emission Spectroscopy, International
Organization for Standardization.

60



[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

Horowitz, W., ed., (2000), "Calcium, copper, iron, magnesium, manganese, phosphorus,
potassium, and zinc in infant formula. Inductively coupled plasma emission spectroscopic
method. Method 984.27.", Official Methods of Analysis of AOAC International,17-18.

Dolan, Scott P., and Stephen G. Capar., (2002), "Multi-element analysis of food by
microwave  digestion and  inductively  coupled  plasma-atomic  emission
spectrometry.”, Journal of Food Composition and Analysis 15, no. 5, 593-615.

Carrilho, Elma Neide VM, Mério H. Gonzalez, Ana Rita A. Nogueira, Geraldo M.
Cruz, and Joaquim A. Noébrega., (2002), "Microwave-assisted acid decomposition of
animal-and plant-derived samples for element analysis.", Journal of Agricultural and
food chemistry 50, no. 15, 4164-4168.

Montaser, Akbar., (1998), "Inductively coupled plasma mass spectrometry”, John Wiley
& Sons.

Tanner, Scott D., Vladimir I. Baranov, and Dmitry R. Bandura., (2002), "Reaction
cells and collision cells for ICP-MS: a tutorial review.", Spectrochimica Acta Part B:
Atomic Spectroscopy 57, no. 9, 1361-1452.

Tanner, Scott D., Vladimir I. Baranov, and Uwe Vollkopf., (2000), "A dynamic
reaction cell for inductively coupled plasma mass spectrometry (ICP-DRC-MS).
Optimization and analytical performance Presented at the 2000 Winter Conference on
Plasma Spectro chemistry, Fort Lauderdale, FL, USA, January 10-15, 2000.", Journal of
Analytical Atomic Spectrometry 15, no. 9, 1261-12609.

Cubadda, Francesco, Andrea Andrea, Antonella Testoni, and Fabio Fabio., (2002),
"Multielemental analysis of food and agricultural matrixes by inductively coupled
plasma-mass spectrometry.”, Journal of AOAC international 85, no. 1, 113-121.

Zhang, Zuo-Wen, Shinichiro Shimbo, Noriko Ochi, Masumi Eguchi, Takao
Watanabe, Chan-Seok Moon, and Masayuki Ikeda., (1997), "Determination of lead
and cadmium in food and blood by inductively coupled plasma mass spectrometry: a
comparison with graphite furnace atomic absorption spectrometry.”, Science of the total
environment 205, no. 2-3, 179-187

Zbinden, P., and D. Andrey., (1998), "Determination of trace element contaminants in
food matrices using a robust, routine analytical method for ICP-MS.", Atomic
Spectroscopy-Norwalk Connecticut- 19, 214-219.

61



[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

D'ilio, S., M. Alessandrelli, R. Cresti, G. Forte, and S. Caroli., (2002), "Arsenic
content of wvarious types of rice as determined by plasma-based
techniques.”, Microchemical Journal 73, no. 1, 195-201.

Parras, P., M. Martinez-Tomé, A. M. Jiménez, and M. A. Murcia., (2007),
"Antioxidant capacity of coffees of several origins brewed following three different
procedures.”, Food chemistry 102, no. 3, 582-592.

dos Santos, Eder José, and Elisabeth de Oliveira., (2001), "Determination of mineral
nutrients and toxic elements in Brazilian soluble coffee by ICP-AES.", Journal of Food
Composition and Analysis 14, no. 5, 523-531.

P. S. Murty, M. M. Naidu, (2012), "Sustainable management of coffee industry by-
products and value addition—A review.", Resources, Conservation and recycling 66, 45-
58.

M. Oliveira, S. Casal, S. Morais , C. Alves , F. Dias,S. Ramos, E. Mendes, C.
Delerue-Matos, and B. P. P. Oliveira, (2012), "Intra-and interspecific mineral
composition variability of commercial instant coffees and coffee substitutes: Contribution
to mineral intake.”, Food Chemistry 130, no. 3, 702-709.

M. S. Butt, M. T Sultan, (2011), "Coffee and its consumption: benefits and
risks.", Critical reviews in food science and nutrition 51, no. 4, 363-373.

Ashu, Ramato, and Bhagwan Singh Chandravanshi., (2011), "Concentration levels of
metals in commercially available Ethiopian roasted coffee powders and their
infusions.”, Bulletin of the Chemical Society of Ethiopia 25, no. 1.

Kucukkomirler, Saime, and Leyla Ozgen., (2009), "Coffee and Turkish coffee
culture.”, Pakistan Journal of Nutrition 8, no. 10, 1693-1700.

Boss, Charles B., and Kenneth J. Fredeen., (1999), "Concepts, instrumentation and
techniques in inductively coupled plasma optical emission spectrometry”, Norwalk:
Perkin Elmer.

Belitz HD, Grosch W, Schieberle P, (2009), "Food chemistry”, Springer, Berlin,
Heidelberg, pp 938-970.

Grembecka, Malgorzata, Ewa Malinowska, and Piotr Szefer., (2007), "Differentiation
of market coffee and its infusions in view of their mineral composition.”, Science of the
Total Environment 383, no. 1, 59-69.

62



[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

Esquivel, Patricia, and Victor M. Jiménez., (2012), "Functional properties of coffee
and coffee by-products.”, Food Research International 46, no. 2, 488-495.

G. W. Naakubuza, M. A. Bekunda , S.Lwasa, R.. Birabwa and S. Muwanga,
(2005), "Determining the limiting nutrients in coffee plantations at Makerere University
Agricultural Reseach Institute.”, In African Crop Science Conference Proceedings, vol. 7,
no. pt. 03 of 03, pp. 1085-1088.

C. S. F. Gomes, J. B. P. Silva, (2007), "Minerals and clay minerals in medical
geology.", Applied Clay Science 36, no. 1, 4-21.

Kokubo, Yoshihiro, Hiroyasu Iso, Isao Saito, Kazumasa Yamagishi, Hiroshi
Yatsuya, Junko Ishihara, Manami Inoue, and Shoichiro Tsugane., (2013), "The
impact of green tea and coffee consumption on the reduced risk of stroke incidence in
Japanese population.”, Stroke 44, no. 5, 1369-1374.

O. D. Ozdemir, A.S. Kipcak, E. M. Derun, N. Tugrul, M. B. Piskin, (2012), “Cr,
Fe and Se Contents of the Turkish Black and Green Teas and the Effect of Lemon
Addition.", Evaluation 149, 3879.

Skoog, D. A., and D. M. West., (1974), "Analytical Chemistry: An introduction, Holt,
Rinehart and Winston.", Inc., New York, 175.

Sanz, Cristina, Laura Maeztu, Ma Jose Zapelena, Jose Bello, and Concepcion Cid.,
(2002), "Profiles of volatile compounds and sensory analysis of three blends of coffee:
influence of different proportions of Arabica and Robusta and influence of roasting
coffee with sugar.”, Journal of the Science of Food and Agriculture 82, no. 8, 840-847.

Krivan, Viliam, Peter Barth, and Alejandro Feria Morales., (1993), "Multielement
analysis of green coffee and its possible use for the determination of
origin.", Microchimica Acta 110, no. 4-6, 217-236.

Martin, Maia J., F. Pablos, and A. G. Gonzalez., (1998), "Characterization of green
coffee varieties according to their metal content.”, Analytica chimica acta 358, no. 2,
177-183.

Bernal, J. L., M. J. Del Nozal, L. Toribio, and M. Del Alamo., (1996), "HPLC analysis
of carbohydrates in wines and instant coffees using anion exchange chromatography
coupled to pulsed amperometric detection.”, Journal of agricultural and food
chemistry 44, no. 2, 507-511.

63



[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

Anderson, Kim A., and Brian W. Smith., (2002), "Chemical profiling to differentiate
geographic growing origins of coffee.”, Journal of Agricultural and Food Chemistry 50,
no. 7, 2068-2075.

Mussatto, Solange I., Ercilia MS Machado, Silvia Martins, and José A. Teixeira.,
(2011), "Production, composition, and application of coffee and its industrial
residues.”, Food and Bioprocess Technology 4, no. 5, 661.

O. Ozdestan, (2014), "Evaluation of bioactive amine and mineral levels in Turkish
coffee.”, Food research international 61, 167-175.

A. Krejcova, T. Cernohorsky, (2003), "The determination of boron in tea and coffee
by ICP-AES method.", Food Chemistry 82, no. 2, 303-308.

Hou, Xiandeng, Renata S. Amais, Bradley T. Jones, and George L. Donati., (2000),
"Inductively coupled plasma optical emission spectrometry.”, Encyclopedia of analytical
chemistry.

Ghosh, Somsubhra, V. Laxmi Prasanna, B. Sowjanya, P. Srivani, M. Alagaraja, and
David Banji., (2013), "Inductively coupled plasma—optical emission spectroscopy: a
review.", Asian Journal of Pharmaceutical Analysis 3, no. 1, 24-33.

Hasegawa, Tetsuya., (1992), "Fundamental properties of inductively coupled
plasmas.”, Inductively coupled plasmas in analytical atomic spectrometry, 373.

Amorim Filho, Volnei R., Wagner L. Polito, and José A. Gomes Neto., (2007),
"Comparative studies of the sample decomposition of green and roasted coffee for
determination of nutrients and data exploratory analysis.”, Journal of the Brazilian
Chemical Society 18, no. 1, 47-53.

Anthemidis, A. N., and V. G. Pliatsika., (2005), "On-line slurry formation and
nebulization for inductively coupled plasma atomic emission spectrometry. Multi-
element analysis of cocoa and coffee powder samples.”, Journal of Analytical Atomic
Spectrometry 20, no. 11, 1280-1286.

Dos Santos, E. J., and E. De Oliveira., (1997), "Evaluation and establishment of the
digestion procedure of soluble coffee for nutrient and inorganic contaminants
determination by ICP-AES analysis."”, Arquivos De Biologia E Tecnologia 40, no. 3, 632-
641.

64



[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

Santos, José S. dos, Maria Lucia P. dos Santos, and Melina M. Conti., (2010),
"Comparative study of metal contents in Brazilian coffees cultivated by conventional and
organic agriculture applying principal component analysis.”, Journal of the Brazilian
Chemical Society 21, no. 8, 1468-1476.

Oleszczuk, Nédio, Jacira T. Castro, Méarcia M. da Silva, A. Korn Maria das Gracas,
Bernhard Welz, and Maria Goreti R. Vale., (2007), "Method development for the
determination of manganese, cobalt and copper in green coffee comparing direct solid
sampling electrothermal atomic absorption spectrometry and inductively coupled plasma
optical emission spectrometry.”, Talanta 73, no. 5, 862-8609.

Magalh&es, Carlos EC, Eder C. Lima, Francisco J. Krug, and Marco AZ Arruda. ,
(1999), "Direct Analysis of Coffee and Tea for Aluminium Determinationby
Electrothermal Atomic Absorption Spectrometry.”, Microchimica Acta 132, no. 1, 95-
100.

Vega-Carrillo, H., F. Iskander, and E. Manzanares-Acuna., (2002), "Elemental
content in ground and soluble/instant coffee.”, Journal of radioanalytical and nuclear
chemistry 252, no. 1, 75-80.

Santos, W. P. C., Vanessa Hatje, L. N. Lima, S. V. Trignano, F. Barros, J. T. Castro,
and Maria das Gracas Andrade Korn., (2008), "Evaluation of sample preparation
(grinding and sieving) of bivalves, coffee and cowpea beans for multi-element
analysis.”, Microchemical Journal 89, no. 2, 123-130.

Martin, M. J., F. Pablos, and A. G. Gonzalez., (1999), "Characterization of arabica and
robusta roasted coffee varieties and mixture resolution according to their metal
content.”, Food chemistry 66, no. 3, 365-370.

Zaidi, J. H., I. Fatima, M. Arif, and 1. H. Qureshi., (2005), "Determination of trace
elements in coffee beans and instant coffee of various origins by INAA.", Journal of
radioanalytical and nuclear chemistry 267, no. 1, 109-112.

Martin, M. J., F. Pablos, and A. G. Gonzalez., (1996), "Application of pattern
recognition to the discrimination of roasted coffees."”, Analytica chimica acta 320, no. 2,
191-197.

Tagliaferro, F., E. De Nadai Fernandes, M. Bacchi, P. Bode, and E. Joacir De
Franca., (2006), "Can impurities from soil-contaminated coffees reach the
cup?.”, Journal of radioanalytical and nuclear chemistry 271, no. 2, 371-375.

65



[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

Suseela, B., S. Bhalke, and A. Vinod Kumar., (2001), "Daily intake of trace metals
through coffee consumption in India."”, Food Additives & Contaminants 18, no. 2, 115-
120.

Stelmach, Ewelina, Pawel Pohl, and Anna Szymczycha-Madeja., (2015), "The content
of Ca, Cu, Fe, Mg and Mn and antioxidant activity of green coffee brews.", Food
chemistry 182, 302-308.

Habte, Girum, In Min Hwang, Jae Sung Kim, Joon Ho Hong, Young Sin Hong, Ji
Yeon Choi, Eun Yeong Nho, Nargis Jamila, Naeem Khan, and Kyong Su Kim.,
(2016), "Elemental profiling and geographical differentiation of Ethiopian coffee samples
through inductively coupled plasma-optical emission spectroscopy (ICP-OES), ICP-mass
spectrometry (ICP-MS) and direct mercury analyzer (DMA).", Food Chemistry 212, 512-
520.

Szymczycha-Madeja, Anna, Maja Welna, and Pawel Pohl., (2014), "Fast method of
elements determination in slim coffees by ICP OES.", Food chemistry 146, 220-225.

Semen, Sevcan, Selda Mercan, Murat Yayla, and Miinevver Acikkol., (2017),
"Elemental composition of green coffee and its contribution to dietary intake."”, Food
chemistry 215, 92-100.

Sherene, T., (2010), "Mobility and transport of heavy metals in polluted soil
environment.”, In Biological Forum—An International Journal, vol. 2, no. 2, pp. 112-
121.

Martin, Sabine, and Wendy Griswold., (2009), "Human health effects of heavy
metals.”, Environ Sci Technol Brief Cit 15, 1-6.

Maia, L., and A. De Mendonca., (2002), "Does caffeine intake protect from Alzheimer's
disease?.”, European Journal of Neurology 9, no. 4, 377-382.

[100] Santos, Catarina, Jodo Costa, Jodo Santos, Antdnio Vaz-Carneiro, and Nuno

Lunet.,, (2010), "Caffeine intake and dementia: systematic review and meta-
analysis."”, Journal of Alzheimer's Disease 20, no. S1, 187-204.

[101] Lopez-Garcia, Esther, Rob M. van Dam, Tricia Y. Li, Fernando Rodriguez-

Artalejo, and Frank B. Hu., (2008), "The relationship of coffee consumption with
mortality.”, Annals of internal medicine 148, no. 12, 904-914.

66



[102] Van Dieren, S., C. S. P. M. Uiterwaal, Y. T. Van der Schouw, J. M. A. Boer, A.
Spijkerman, D. E. Grobbee, and J. W. J. Beulens., (2009), "Coffee and tea
consumption and risk of type 2 diabetes.”, Diabetologia 52, no. 12, 2561-2569.

[103] Odegaard, Andrew O., Mark A. Pereira, Woon-Puay Koh, Kazuko Arakawa, Hin-
Peng Lee, and C. Yu Mimi., (2008), "Coffee, tea, and incident type 2 diabetes: the
Singapore Chinese Health Study.”, The American journal of clinical nutrition 88, no. 4,
979-985.

[104] Van Dam, Rob M., and Edith JM Feskens., (2002), "Coffee consumption and risk of
type 2 diabetes mellitus.”, The Lancet 360, no. 9344, 1477-1478.

[105] Hernan, Miguel A., Bahi Takkouche, Francisco Caamafo-Isorna, and Juan J.
Gestal-Otero., (2002), "A meta-analysis of coffee drinking, cigarette smoking, and the
risk of Parkinson's disease.”, Annals of neurology 52, no. 3, 276-284.

[106] Hu, Gang, Siamak Bidel, Pekka Jousilahti, Riitta Antikainen, and Jaakko
Tuomilehto., (2007), "Coffee and tea consumption and the risk of Parkinson's
disease.”, Movement disorders 22, no. 15, 2242-2248.

[107] Ross, G. Webster, Robert D. Abbott, Helen Petrovitch, David M. Morens, Andrew
Grandinetti, Ko-Hui Tung, Caroline M. Tanner et al., (2000), "Association of coffee
and caffeine intake with the risk of Parkinson disease."”, Jama 283, no. 20, 2674-2679.

[108] Corrao, Giovanni, Antonella Zambon, Vincenzo Bagnardi, Amleto D'Amicis,
Arthur Klatsky, and Collaborative SIDECIR Group., (2001), "Coffee, caffeine, and
the risk of liver cirrhosis.”, Annals of epidemiology 11, no. 7, 458-465.

[109] Klatsky, Arthur L., Cynthia Morton, Natalia Udaltsova, and Gary D. Friedman.,
(2006), "Coffee, cirrhosis, and transaminase enzymes.", Archives of Internal
Medicine 166, no. 11, 1190-1195.

[110] Gallus, Silvano, Alessandra Tavani, Eva Negri, and Carlo La Vecchia., (2002), "Does
coffee protect against liver cirrhosis?," Annals of epidemiology 12, no. 3, 202-205.

[111] Sinha, Rashmi, Amanda J. Cross, Carrie R. Daniel, Barry I. Graubard, Jennifer W.
Wu, Albert R. Hollenbeck, Marc J. Gunter, Yikyung Park, and Neal D. Freedman.,
(2012), "Caffeinated and decaffeinated coffee and tea intakes and risk of colorectal
cancer in a large prospective study.”, The American journal of clinical nutrition, ajcn-
031328.

67



[112] Larsson, Susanna C., and Alicja Wolk., (2007), "Coffee consumption and risk of liver
cancer: a meta-analysis.", Gastroenterology 132, no. 5, 1740-1745.

[113] Shimazu, Taichi, Yoshitaka Tsubono, Shinichi Kuriyama, Kaori Ohmori, Yayoi
Koizumi, Yoshikazu Nishino, Daisuke Shibuya, and Ichiro Tsuji., (2005), "Coffee
consumption and the risk of primary liver cancer: pooled analysis of two prospective
studies in Japan."”, International journal of cancer 116, no. 1, 150-154.

[114] Larsson, Susanna C., and Nicola Orsini., (2011), "Coffee consumption and risk of
stroke: a dose-response meta-analysis of prospective studies.”, American Journal of
Epidemiology 174, no. 9, 993-1001.

[115] Otles, Semih., (2011), "Methods of analysis of food components and additives”, CRC
Press.

68



CURRICULUM VITAE (CV)

Personal Information

Full name: Sabah Hassan Mohammedazeez Al-Jaf
Place of birth: Sulaymaneah-Iraq
Date of Birth: 13/ September / 1987

Marital status:  Single

Contact Information

Phone: 00964 (0) 770 508 81 97

Address:  Kalar-Sulaymaneah-Iraq

Email: Sabah.hassan@garmian.edu.krd, sabah.chemistry@gmail.com,

Education

2007-2011 BSc. in chemistry at University of salahaddin, Iraq

2015-present MSc. student in Analytical chemistry at Firat University, Turkey

69


mailto:Sabah.hassan@garmian.edu.krd
mailto:sabah.chemistry@gmail.com



