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[bookmark: _Toc515997554]                                             ABSTRACT
The concentrations of minerals and trace elements in coffee reflect the soil type and the growing conditions. Consequently, there is a pressing need for analytical methodologies to accurately authenticate the origin of coffee beans. This study was aimed to determine the geographical origin of green coffee beans from selected areas of Amhara region by using multi elemental analysis.  Fourty green coffee bean samples, collected from four major coffee caltivating areas of the Amhara region namely West Gojjam, East Gojjam,  Awi and Bahir Dar special zones were analyzed for the determination of K, Mg, Ca, Mn, Fe, Cu, Fe, Co, Ni, Zn, Si, Cr, Cd and Pb using inductively coupled plasma–optical emission spectroscopy. Different digestion procedures were tested by varying reagent volumes, time of digestion, temperature of digestion and types of reagents to develop a procedure that consume less reagent volume, short digestion time and low temperature for digestion. 0.5 g of coffee sample was digested by  the optimized condition. Different concentrations of metals were prepared by employing a six point calibration curve and good correlation coefficient was obtained, R2 > 999 except for Si, K and Mg that is 0.997, 0.998 and 0.998, respectively. Quantitative contribution of macroelements decreased in the order: K > Mg > Ca > Na, in all coffee assortments. Contribution of micro-elements those are essential bio-elements for our body decreased in the order: Fe > Mn > Cu > Zn > Ni > Co. here was a significant differences (α <0.05) between zones and districts. Principal component analysis was used to group the samples based on their elemental composition, 72.2 % between groups and 11.5 % within groups. Application of linear discriminant analysis with the elemental concentrations resulted in an overall 91.7% correct classification of the coffee beans into their respective regions. The metal contents of the study may be taken as one possible tool for authentication of the regions coffee.
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1. [bookmark: _Toc515997555]INTRODUCTION
1.1. [bookmark: _Toc515997556] Background
Coffee is the common name for the plants of the family Rubiaceae, genus Coffea, of which there are two main varieties that are significant in commercial trade: Coffea arabica and Coffea canephora, commonly referred to as arabica and robusta, respectively. The coffee beans are obtained from the small, red cherry fruit of the coffee plant. The seeds inside this cherry contain the green coffee beans, ready for processing and roasting (Mehari et al., 2016; Valentin and Watling, 2013). Coffee has 103 species (Dussert et al., 2008). Among which the most commercially important are Coffea Arabica (Arabica coffee) and Coffea canephora (Robusta coffee) (Rodrigues et al., 2013). There are many habitual consumers of ground coffee, this being the second most popular drink in the world, after water (Romano et al., 2014; Voica et al., 2016 ), with Arabica and Robusta accounting for 75% and 25% of the world’s coffee production, respectively (Pohl et al., 2013). Arabica is superior in its beverage quality and attains a higher price than Robusta coffee (Alonso et al., 2009).

Coffee is one of the most important agricultural products in the international business. Coffee, in terms of international trade, is the second product in value. The determination of mineral nutrients and toxic elements that are contained in it is of great interest due to its large consumption by millions of people around the world (dos Santos and de Oliveira, 2001; Jarosova et al., 2014). Coffee is internationally traded as green coffee (the coffee bean covered or not with the silverskin), which is produced by either dry or wet processing. In the former process, harvested coffee fruits are dried in the sun and then mechanically hulled, being the dried husks (skin, pulp, mucilage and parchment) removed, together with, as much as possible, of the silver skin (Esquivel and Jimenez, 2012).

Multi-element analyses have been applied to a wide range of food species to determine geographic origin (Kelly et al., 2005). Chemical analyses combined with methods of statistical pattern recognition have specifically been used to differentiate the geographic origin of coffee (Anderson & Smith, 2002). To differentiate the geographical origins of coffee samples, mineral content determination and elemental profiling have been applied from time to time around the world (Krivan et al., 1993). The country of origin, as well as the region of production within a country, is an important determinant of price in the coffee market. Consequently, there is a pressing need for analytical methodologies to accurately authenticate the origin of coffee beans (Mehari et al., 2016; Villarreal et al., 2009; Valentin and Watling, 2013). Coffee consumption varies widely according to geographical location (Nedzarek et al., 2013). Coffee has become one of the most widely consumed beverages throughout the world due to its pleasant taste, aroma, stimulant effect and health benefits (Gebeyehu and Bikila, 2015). Coffee is a tropical plant that grows at 600–1800 m sea level (Buffo and Freire, 2014).
1.2. [bookmark: _Toc515997557]Statement of the problem.
Trace metals are important in daily diets, because of their essential nutritious value and possible harmful effects. Metals like iron, copper, zinc, cobalt and manganese are essential metals since they play an important role in biological systems; whereas chromium, lead and cadmium are non-essential metals which can be toxic even in trace amounts. The essential metals can also have harmful effects when their intakes exceed the recommended quantities significantly (Liang et al., 2004). Thus it is necessary to characterize the contribution of coffee to the individual’s daily intake of minerals from various sources. Although the mineral composition of coffee of the Easter, Western and Southern Ethiopia are well documents (Mehari et al., 2016; Gure et al., 2017), these nutrients have not been reported so far.
 Several reports have indicated that the level of minerals in green coffee beans is one of the potential marker substances to characterize geographical origin of coffee at regional, sub regional and continental level (Mehari et al., 2016). However comprehensive report on the mineral contents of coffee of Amhara region is lacking and hence the regions have not been well characterized and branded for national and international markets. Hence, it is a pressing demand to characterize the chemical composition of coffee of the region for authentication.


1.3. [bookmark: _Toc515997558] Significance of the Study
The mineral content of coffee of Amhara region was used to develop a chemometrics models to find marker element which can characterize Amhara region's coffee for branding. The output of this study may provide empirical support for the continued effort for branding the coffee that is produced in the Amhara Region like that of other well-known coffee producing regions of Ethiopia. This study gives information about the mineral content of the regions coffee and justifies their variation from different parts of the region. 
1.4. [bookmark: _Toc515997559] Objective
1.4.1. [bookmark: _Toc515997560] General Objective
· [bookmark: _Toc499544636][bookmark: _Toc499545766][bookmark: _Toc499545857][bookmark: _Toc514189387][bookmark: _Toc514189533][bookmark: _Toc514329012][bookmark: _Toc514329907][bookmark: _Toc514330247][bookmark: _Toc514673611][bookmark: _Toc515369418][bookmark: _Toc515874710][bookmark: _Toc515875469][bookmark: _Toc515997561]The main objective of this study was to determine the geographical origin of green coffee beans in selected areas of Amhara region by using multi elemental analysis.
1.4.2. [bookmark: _Toc515997562] Specific Objectives
[bookmark: _Toc499545859][bookmark: _Toc514189389][bookmark: _Toc514189535][bookmark: _Toc514329014][bookmark: _Toc514673613][bookmark: _Toc515369420][bookmark: _Toc515874712][bookmark: _Toc515875471][bookmark: _Toc515997563]Specific objectives of this work were
· To determine the levels of essential and non-essential metals in green coffee beans cultivated in selected areas of Amhara region.
·  To compare the levels of the identified metals in green coffee beans from the selected sampling areas.
·  To compare the levels of the identified metals in coffee beans in this study with the literature values.
· To apply principal component analysis to investigate trends in the data of coffee of Amhara region at zonal level.
· To apply linear discriminant analysis to discriminate or classify and predict coffee of Amhara region based on their region of origin.





2. [bookmark: _Toc515997564]LITERATURE REVIEW
2.1. [bookmark: _Toc515997565] Coffee Production in the World
Coffee is the second most popular drink after water in the world.  Coffee consumption varies widely according to geographical location. The highest consumption has been observed in Northern Europe (Finland; 12.0 kg per capita/year) where as in Southern Europe the highest Consumption is in Bosnia and Herzegovina (6.1 kg per capita/year). According to the International Coffee Organization, in 2008 coffee was consumed at a rate of 2.5 billion cups per day (1 cup = 30 mL). This consumption is a model for addictive behavior. Genetic investigations in twins suggest that the heritability of coffee intake can be estimated to be in the range of 39 to 56% (Laitala et al., 2008). The average annual coffee consumption per capita is: 6.1 kg in Bosnia and Herzegovina; 5.8 kg in Brazil; 4.8 kg in Lebanon and 2.4 kg in Poland (Iwanowska et al., 2013).																
Arbica coffee prefers cool climates without frost and grows best at high altitudes (greater than 600m) mainly in Latin America, east Africa and India. Robusta coffee is better adapted to hot, humid regions and mainly cultivated in the low lands of West Africa, Indonesia, Vietnam and Brazil (Wiersum et al., 2008). Coffee producing countries consumes just about a quarter of the worlds output. The significant coffee producers are Brazil 25%, followed by Columbia 9%, Vietnam 9%, Indonesia 8%, India 4%, Mexico 4% and Ethiopia 3%. About 76% of world import trade consisted of green coffee, 13% extracted coffee and 11% roasted coffee (Dessalegn et al., 2007).
2.2. [bookmark: _Toc515997566] Coffee Production in Ethiopia
Ethiopia is unique among the world’s coffee producing countries in that around 50% of the coffee it produces stays within the domestic market, for consumption by Ethiopians. Drinking is not just part of everyday life; it is also deeply embedded in Ethiopian culture. Apart from the well-known Ethiopian coffee ceremony, coffee is used at major events such as marriage and birth, regionally-specific celebrations, and as a medium to build and sustain relationships between family, friends and community. Ethiopia is Africa’s largest coffee producer and the world’s fifth largest exporter of Arabica coffee (Bunn et al., 2015). It has been used in Ethiopia as a food and beverage for many hundreds, if not thousands, of years. Thus, Ethiopia can be considered as the biological and cultural home of coffee.

Ethiopia is the main store house of genetic diversity for Arabica coffee, and this has several key implications. For the coffee sector and consumers, the most notable of these is the broad diversity of flavor profiles exhibited by Ethiopian coffees. These profiles are associated with geographical location and factors associated with harvesting and processing included among these origins are the well-known coffees of Sidamo, Yirgacheffe, Harar, Nekemte and Limu, but there are numerous lesser known coffee regions that have equally distinct flavor profiles. The range of flavor profiles adds a unique element to Ethiopian coffee, and makes it especially well-suited to development within the specialty coffee market.  Ethiopian coffee production offers protection for biodiversity and other environmental benefits (Folker et al., 2002). 
2.3. [bookmark: _Toc515997567] Diversity of Coffee in Ethiopia
Ethiopia, as the botanical home of coffee arabica, with an almost fertilizer free environment, produces a number of distinctive regional types of coffee (Gure et al., 2006). Coffee grows in Ethiopia, almost in all administrative regions and the whole coffees cultivated in Ethiopia are Coffee arabica, there are wide ranges of variability among coffee cultivars in the country (Demeke, 1999). There are a wide range of variability among coffee types in each coffee growing regions and wordas. Even sometimes, there is a difference among coffee types in a given farmland. Thus, in some coffee growing areas farmers could identify these differences and give the name for the cultivars they use. This variability has been observed due to coffee beans are greatly affected by the areas that they are produced. The soil, altitude and climate of the coffee growing areas will have a great influence on coffees characteristics from its body (or chemical content) to its flavor to its aroma (Shalander et al., 2000).
2.4. [bookmark: _Toc515997568] Botanical Taxonomic Classification of Coffee
While the international coffee trade is concerned with only two coffee species - Coffea arabica and Coffea canephora - botanists regard as coffee trees all tropical plants of the Rubiaceae family, which produce seed resembling coffee beans. During botanical explorations of the tropical regions, from the sixteenth century onwards, wild coffees also attracted the attention of explorers and botanists. Their specimens are found in the herbaria and the names of the most famous explorers have been commemorated in both specific and generic epithets. Hundreds of species have been described, but the taxonomic classification of the genus coffees become very complex and rather confused (Charrier and Berthaud, 1985).

The taxonomy of coffee starting with the standard classification based on herbaria specimens and living collections. This was then be followed by an analysis of data from studies of cytotaxonomy and cytogenetics, ecology and plant geography, as well as on biochemical and serological affinities, which have all contributed valuable knowledge needed for a better coffee classification. The first botanical description of a coffee tree, under the name lasminum arabicanum, was made in1713 by A. de Jussieu, who studied a single plant originating from the botanic garden of Amsterdam. However, classified it as a separate genus Coffea with the only one known species Coffea  arabica. The classification system proposed by (Leroy, 1980) for the genera Coffea and Psilanthus, with indication of geographical distribution of the sub-genera and genera are based on two main criteria. 1) Flower shape, more in particular the length of the corolla tube (long or short) associated respectively with exerted anthers and style or inserted anthers and short style. (2) Growth habit and type of inflorescence: monopodia with axillary flowers or symposia with terminal flowers. On the other hand, (Chevalier, 1947) tried to group the species within the genus Coffea into the following four sections: Argocoffea, Paracoffea, Mascarocoffea, Eucoffea. The section Eucoffea, now more correctly named Coffea, and Mascarocoffea include most of the presently known coffee species. This is divided into five subsections according to very diverse criteria: tree height (Nanocoffea), leaf thickness (Pachycoffea), fruit colour (Erythrocoffea, Melanocoffea) and geographical distribution (Mozambicoffea) (Leroys et al., 2006).
2.5. [bookmark: _Toc515997569] Chemical Constituents of Coffee
The chemical composition of green coffee mainly depends on the variety of the coffee, although slight variations are possible due to agro-climatic conditions, agricultural practices, and processing and storage. Coffee has many volatile and non-volatile components. In addition to caffeine, coffee contains substantial amounts of bioactive components which are a family of conjugated hydroxycinnamates, collectively referred to as chlorogenic acids, diterpenes and trigonelline (Nuhu, 2014). It also contains an important number of vitamins (E, B1, B2, B9), minerals (K, Mg, Na, Fe, Cu, Zn, P, Fe, etc.), phenolic acids whose anti-oxidant properties are well know, and very few calories (Gillies and Birkbeck, 1983; Higdon and BalzFrei, 2006). 

Chemical composition of coffee, namely the presence of essential and nonessential elements, has to be known because of its habitual consumption. These elements have to be kept under control in terms of its safety and to assist its quality, nutritional value and certain sensorial properties (Powl et al., 2013). From the biological view of point, metallic elements that are considered to be mineral nutrients of plants are most commonly classified into four (Anderson and Smith, 2002; Galston, 1968). (i) Essential macronutrients, (Ca, Mg and K), are those without which plants can not complete their life cycle. (ii) Essential micronutrients or trace metals, (Fe, Mn, cu, Zn, Co and Na), which are needed by plants in quantities much smaller than the macronutrients and they are usually functioning in plants as components of enzyme systems. (iii) Essentiality not demonstrated metals, (Cr and Ni); and (iv) Beneficial metals, (Al, Sr and Rb) (Gilbert, 1948).

Furthermore, based upon the amount that is required in human nutrition, metallic elements are
Classified as: (1) bulk mineral elements or macro metals; Ca, Mg, K and Na (Recommended
Dietary Allowance RDA > 200 mg/day).  (2) Trace minerals (RDA < 200 mg/day) are Cr, Cu, Fe, Mn, Mo, Se, V and Zn. They are used in the enzymatic systems and can be harmful when their injection rate is too high (Onianwa et al., 1999). Other metals that have been not definitively established as essential to human nutrition; includes Ni, Rb, Sr, Ti, Te, and W (Santos et al., 2004).

2.6. [bookmark: _Toc515997570] Uses of Essential and Non-Essential Metals
Potassium is necessary for formation of sugars, starches, carbohydrates, protein synthesis and cell division in roots and other parts of the plant. It helps to adjust water balance, improves stem rigidity and cold hardness, enhances flavor and color on fruit and vegetable crops, increases the oil content of fruits and is important for leafy crops. It is the principal intercellular action with no RDA but a minimum requirement of 1600 milligrams per day would be adequate. Potassium is of great physiological importance, contributing to the transmission of nerve impulses, the control of skeletal muscle contractility, and the maintenance of normal blood pressure. Deficiency symptoms include weakness, anorexia, nausea, drowsiness and irrational behavior. Potassium is found in most foods since it is an essential constituent of all living cells. The richest dietary sources are unprocessed beans, nuts, leafy green vegetables and fruit (Banerji, 1999).

Calcium activates enzymes and structural component of cell walls, influences water movement in cells and is necessary for cell growth and division. Some plants must have calcium to take up nitrogen and other minerals. Its deficiency causes stunting of new growth in stems, flowers and roots. In animals, calcium is the outstanding single constituent of bones and teeth. It is the most abundant mineral in the body with RDA for adults 1200 milligrams or approximately 1 g. It occurs in the bone in the ratio of 3:1 mole Ca3 (PO4)2 and CaCO3, respectively. Very small fraction of calcium can also serve in heart, muscles and nerve systems. Ca and PO43- are properly utilized in the body by vitamin D. The best natural sources are sea vegetables, low-fat yogurt, skim milk, beans, seeds, nuts, green vegetables, etc. Intakes over 2000 milligrams per day may lead to hypocalcaemia, induce constipation, and inhibit the intestinal absorption of iron, zinc, and other essential minerals (Santos et al., 2004).

Magnesium is relatively more abundant in the parts of plants concerned with vital process, such as seeds and foliages than in storage parts such as stems and roots (Anderson and Smith, 2002). It is a critical structural component of the chlorophyll molecule and is necessary for functioning of plant enzymes to produce carbohydrates, sugars and fats. It is used for fruit and nut formation and essential for germination of seeds. Deficient plants appear chlorotic, show yellowing between veins of older leaves; leaves may drop. Magnesium is leached by watering and must be supplied when feeding. In animals magnesium is the essential composition of bone and teeth with RDA for adults of 350 milligrams. It play important role in metabolism of phosphorus, starch and sugars. Many biochemical and physiological processes require magnesium. It is necessary for vitamin C and calcium metabolism. It keeps teeth healthy, brings relief from indigestion and can aid in fighting depression. More than 300 enzymes are known to be activated by magnesium. The best natural sources are whole seeds, nuts, legumes, unmilled grains, green vegetables and bananas. Phytate or fiber may reduce magnesium absorption. Alcohol acts as a diuretic, causing vast quantities to be lost in the urine (Banerji, 1999).

Iron is necessary for many enzyme functions and as a catalyst for the synthesis of chlorophyll. It is essential for the young growing parts of plants. Deficiencies may result in pale leaf color of young leaves followed by yellowing of leaves and large veins. Iron is lost by leaching and is held in the lower portions of the soil structure. Under conditions of high pH (alkaline) iron is rendered unavailable to plants. When soils are alkaline, iron may be abundant but unavailable. Applications of an acid nutrient formula containing iron chelates, held in soluble form, should correct the problem (Banerji, 2005).

 In animals, Iron is a constituent of hemoglobin. Body iron content is regulated by the amount absorbed. The absorption is influenced by body stores and by the amount and type of iron in ingested foods. The RDA for adults is 15 milligrams. It is a vital component of many enzymes; it can promote resistance to disease and prevent fatigue. A deficiency can cause anemia, resulting in impaired concentration, reduced physical performance and work capacity, and decreased immune function. Ascorbic acid is necessary for the proper assimilation of iron. The best natural sources of iron are sea vegetables, clams, cockles, mussels, oysters, yeast, molasses, beans, nuts, seeds and cereals. Tea, coffee, bran and phytates decrease iron absorption. There are no reported cases of toxicity from foods but iron poisoning may occur from ingesting large amounts of medicinal iron supplements (Gure et al., 2017).

Manganese is present in all plants and animals and essential element in nutrition (Anderson and Smith, 2002). In plants, it is involved in enzyme activity for photosynthesis, respiration, and nitrogen metabolism. Deficiency in young leaves may show a network of green veins on a light green background similar to an iron deficiency (Banerji, 1999). In the advanced stages the light green parts become white, and leaves are shed. Brownish, black, or grayish spots may appear next to the veins. In neutral or alkaline soils plants often show deficiency symptoms. In highly acid soils, manganese may be available to the extent that it results in toxicity. Manganese is an essential component of numerous enzymes involved in bone formation and in the metabolism of amino acids, lipids, and carbohydrates. Its deficiency has been reported in animals but rarely in human. RDA for manganese is established as 2.3 mg/day for men and 1.8 mg/day for women. A deficiency can cause poor reproductive performance, growth retardation, abnormal formation of bone and cartilage, and an impaired glucose tolerance (Gure et al., 2017).

 Zinc is an essential micronutrient for animals, plants and microorganisms. They accumulate considerable amount of Zn in their system without any damaging effect (Galston et al., 1997). It is a component of enzymes or a functional cofactor of a large number of enzymes including auxins (plant growth hormones). It is essential to carbohydrate metabolism; protein synthesis and internodal elongation (stem growth). Deficient plants have mottled leaves with irregular chlorotic areas. Zinc deficiency leads to iron deficiency causing similar symptoms. Deficiency occurs on eroded soils and is least available at a pH range of 5.5 - 7.0. Lowering the pH can render zinc more available to the point of toxicity. The RDA is 15 milligrams per day for men and 12 milligrams per day for women. Recent research suggests that men have a higher need for zinc than do women. Thus, it is appropriate that the RDA is sex-specific for zinc. Zinc is an essential trace element that must be supplied in the diet of human beings so that growth and health can be maintained. It is necessary for protein synthesis and the metabolism of vitamin A; it helps the healing process of internal and external wounds, decreases cholesterol deposits and promotes mental awareness. A deficiency can cause loss of appetite, growth retardation and immunological abnormalities (Banerji, 1999).

Nickel an essential trace element required for the enzyme unease to break down urea to liberate the nitrogen into a usable form for plants. Nickel is required for iron absorption. Seeds need nickel in order to germinate. Plants grown without additional nickel will gradually reach a deficient level at about the time they mature and begin reproductive growth. If nickel is deficient plants may fail to produce viable seeds. Nickel is now quite firmly established as an essential nutrient, but no Recommended Dietary Allowance (RDA) or Estimated Safe and Adequate Intake (ESADI) have yet been set for nickel. Research showed that nickel was to be found in blood and tissues at quite consistent levels, that it is associated with DNA and RNA in amounts that suggest physiological significance, and that it occurs also in blood in amounts that appear biologically meaningful. The danger of nickel toxicity from food appears to be very low, since large amounts of nickel are required to produce any toxic effects through ingestion. In contrast to this, in some literature nickel is grouped with toxic metals; Pb and Cd. Because contact with nickel or nickel salts cause skin irritations and cancer (Gure et al., 2017).

Cobalt is required for nitrogen fixation in legumes and in root nodules of non-legumes. The demand for cobalt is much higher for nitrogen fixation than for ammonium nutrition. Deficient levels could result in nitrogen deficiency symptoms (Banerji, 2005). It is a part of vitamins B12, an essential vitamin in animal nutrition. It’s the normal range and deficiency range in plants in ppm dry basis is 0.01 - 0.67 and < 0.01, respectively. While its dietary requirement for animals μg/g dry basis 0.07 - 0.11 and its toxicity level is not mentioned (Gilbert, 1948).
2.7. [bookmark: _Toc515997571] Coffee Quality
There are several measures of coffee quality in the Ethiopian market place. They include, most importantly, certification, which affects marketability and prices, but not necessarily the intrinsic quality of the coffee, geographical indications of origin, grades and washing. Certification and traceability have become major new requirements in the global food trade (Swinnen, 2007), with such certification schemes often implemented to add value to a product (Jena et al.,  2012). Second, the quality of coffee can be increased by washing, i.e. processing red cherries immediately after harvest in wet mills, instead of sun drying the cherries (Kabeta, 2017).

Washed coffee preserves the intrinsic quality of the bean better than unwashed beans, and the process leads to homogenous coffee with fewer defective beans. The washing process is carried out in washing stations where cherries are pulped immediately after harvesting, fermented in tanks, and washed in clean water to remove the mucilage. The wet parchment coffee is then dried in the sun. For unwashed coffee, cherries are dried on mats or concrete floors. After drying, the outer layer of the cherries is removed by hulling in coffee processing plants. Third, the geographic origin of coffee is an important quality consideration, as it is strongly related to taste. A study distinguished between Sidama, Jimma, Wollega (Nekempt), Yirgacheffe, Limu, Harar, and other coffees associates tastes and regions as follows: spicy for Sidama, fruity for Wollega (Nekempt), floral for Yirgacheffe, winy for Limu and Jimma, and mocha for Harar. Specialty coffees are differentiated from regular coffee by their particularly good flavor (Kufa, 2012). 
2.8. [bookmark: _Toc515997572] Inductively coupled plasma optical emission spectroscopy (ICP-OES)
Several spectrometry techniqus have been used for macro and trace elements determination in plants. Inductively coupled plasma optical emission spectroscopy is one of the most powerful and popular analytical tools for the determination of trace elements in a myriad of sample types. In ICP-OES technique, the sample is subjected to enough high temperature for causing excitation and/or ionization of the sample of atoms (Hou et al., 2009). In most of the studies ICP-OES has been used as analytical technique because of its multi-elemental capability, its high sensitivity for detecting the major trace elements, wide linear dynamic range, relatively high freedom from non-spectral interference and its precision (Oleszczuk et al., 2007 ).
It uses quantitative measurement of the emission from excited atoms to determine analyze concentration. The analyte atoms are promoted to a higher energy level by the sufficient energy that is provided by the high temperature of the atomization sources. The excited atoms decay back to lower levels by emitting light. Emissions are passed through monochromators or filters prior to detection by photomultiplier tubes. ICP-OES is very often applied in the elemental analysis of coffee samples. It is especially attractive and helpful in determinations of a number of elements, including major (Ca, K, Mg, Na,), minor (Si, Co, Cu, Fe, Mn, Zn, Ni) and trace elements (Cd, Cr and Pb) (Dos Santos and De Oliveira, 1997; 2001, Martin et al., 1999; Ribeiro, 2003).
2.9. [bookmark: _Toc515997573] Digestion
For solid samples such as sludge’s, soils and sediments, the solid form must be transformed to liquid phase. This process named digestion is required for the spectroscopic analysis. The principle is the releasing of metals from the solid matrix to the acid solution during the extraction process. (Sastre et al., 2002). It can be dry ashing or wet chemical digestion. Wet digestion methods utilize strong inorganic acids and in some cases hydrogen peroxide (H2O2) to decompose the samples. Per chloric acid (HClO4) is commonly used because of its strongly oxidizing ability but has largely been avoided because of handling issues, its capacity to react violently with organic compounds, and the possibility of explosion when dry. Additionally, the use of HClO4 requires special ventilation equipment (Havlin and Soltanpour, 1980; Huang and Schulte, 1985). Nitric acid (HNO3) in combination with hydrogen peroxide (H2O2) is an effective substitute for HClO4, with the benefit of increased safety and unanimously high solubility of nitrate salts (Dean, 1999). 

2.10.  Multivariate Data Analysis

Multivariate analysis (MVA) techniques allow more than two variables to be analysed at once. Two general types of MVA technique: Analysis of dependence and Analysis of interdependence. Technique is selected depending on type of data and reason for the analysis.
Multivariate analysis (MVA) techniques allow more than two variables to be analysed at once. The ultimate goal of these analyses is either explanation or prediction, i.e., more than just establishing an association (Kumar et al., 2013). Principal Component Analysis (PCA) technique is one of the most famous unsupervised dimensionality reduction techniques. The goal of the PCA is to find the space, which represents the direction of the maximum variance of the given data (Tharwat, 2016). The goal of PCA is to decompose a data table with correlated measurements into a new set of uncorrelated variables. These variables are called, depending upon the context, principal components, factors, eigenvectors, singular vectors, or loadings. The results of the analysis are often presented with graphs plotting the projections of the units onto the components, and the loadings of the variables. Discriminant analysis is a statistical technique for classifying individuals or objects into mutually exclusive and exhaustive groups on the basis of a set of independent variables (Fraley and Raftery, 2002). 
3. [bookmark: _Toc515997574]METHODOLOGY
3.1. [bookmark: _Toc515997575] Description of the Study Area
              The study was conducted in Amhara region Particularly, East Gojjam, West Gojjam, Awi and Bahir Dar Special Zone. It is located in the northwestern part of the country, Ethiopia. Geographically, it lies 9° 20' and 14° 20' North latitude and 36° 20' and 40° 20' East longitude. The Amhara Region has an estimated land area of about 170000 square kilometers. It has common boundaries with four national regional states of the country, Oromiya in the south, Afar in the east, Tigray in the north, and Benishangul-Gumuz in the west. Amhara is divided into 11 zones, 140 woredas and 3429 kebeles. WWW. Ethiodemographyandhealth. Organization.
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[bookmark: _Toc515978218]Figure 1. Location map of sampling sites in Amhara region.

Awi is bordered on the south by the Oromia Region, on the west by Benishangul-Gumuz Region, on the north-west by North Gondar Zone and on the north and east by East Gojjam. The administrative center of Awi is Injibara. Topographically speaking, Awi is relatively flat and fertile, whose elevations vary from 1,800 to 3,100 meters above sea level, with an average altitude of about 2,300 meters. The Awi have traditionally practiced a land management system which is well adapted to the local ecology, which enable them to sustain the fertility of the soil and minimize erosion; this area is recognized as one of the most productive in the Amhara Region. https://en.wikipedia.org/wiki/English_Wikipedia. Crop production, livestock farming and forestry are the main sources of livelihood of farmers in the zone. Different types of crops are produced namely, potato, teff,  maize, wheat, barley, finger millet and other crops like bean, oats, onion, cabbage and other vegetables. The major crops produced in the zone in the order of area coverage include potato, teff, wheat and maize which covers 3200, 2800, 2000 and 1350 hectares, respectively. Some farm households use irrigation, particularly for potato production which is the main crops produced and traded in the zone (Melkamu et al., 2017). 
West Gojjam is bordered on the south by the Abay River which separates it from the Oromia Region and Benishangul-Gumuz Region, on the west by Awi, on the northwest by North Gondar, on the north by Lake Tana, and the Abay River which separates it from the South Gondar, and on the east by East Gojjam.  It has 15 districts and one of the consistently surplus producer zones of the Region. Finoteselam is the capital city of the zone. https://en.wikipedia.org/wiki/West_Gojjam_Zone.  Based on the 2007 Census conducted by the Central Statistical Agency of Ethiopia (CSA), this Zone has a total population of 2,106,596, of whom 1,058,272 are men and 1,048,324 women; with an area of 13,311.94 square kilometers, West Gojjam has a population density of 158.25. While 184,703 or 8.77% are urban inhabitants.
East Gojjam  is bordered on the south by the Oromia Region, on the west by West Gojjam, on the north by South Gondar, and on the east by South Wollo; the bend of the Abay River defines the Zone's northern, eastern and southern boundaries. https://en.wikipedia. org/wiki/East_Gojjam_Zone.  East Gojjam has 18 districts and found in the North western highlands of Ethiopia at a geographical location of 10°1′ 46″ and 10° 35′ 12″ N latitudes and 37° 23′ 45″ and 37° 55′ 52″ E longitudes and at a distance of 305 and 251 km from Addis Ababa and Bahir Dar, respectively. Debre Markos is the capital of the city of the zone. Agriculture is the mainstay of farmers in the Zone which is characterized by mixed crop livestock production systems. The most important crops grown in the district are cereals like wheat, teff, maize, barley and oats. Pulse crops such as horse beans and chickpeas are produced. Oil seed crops (linseed and Niger seed), Vegetables (onion, garlic, potato, tomato, pepper and carrot) and fruits (banana, mango, papaya, orange and lemon) are also produced in the Zone (GWARDO, 2014)
Bahir Dar Special Zone is bordered on the south by Yilmana Densa, on the southwest by Mecha, on the northwest by the Lesser Abay River which separates it from North Achefer, on the north by Lake Tana, on the shores of Lake Tana situates the city and special zone of Bahir Dar, and on the east by the Abay River which separates it from the South Gondar Zone. Bahir Dar Zuria includes the forested Zege Peninsula, known for its numerous medieval churches, of which the best known is Ura Kidane Mehret, and associated monasteries. The Zege peninsula, which is covered by a dense tropical forest and of mainly by the endemic plant of coffee, is situated to the south west edge of lake Tana some 20 km on land and 15 km on water from the town of Bahir Dar. The Zege Peninsula is located on the southern shore of Lake Tana in Ethiopia and is situated at (11° 40’ to 11° 43’ N and 37 °19’ to 37 °21’ E). The peninsula is attached to dry land on its western part. As a place name, the word "zege" signifies a peninsula that encloses two rural kebele, the former monastery and Zage town at the gate of the main land of the peninsula. At present, Zege is part of Bahir Dar city administration, and is 32 km from the main town, the capital of Amhara National Regional State (Philip, 2009). 
3.2. [bookmark: _Toc480976252][bookmark: _Toc481195121][bookmark: _Toc515997576] Sample Collection
250 g dried coffee Cherries samples were collected directly from farms. Accordingly, a total of 40 samples, (16 from East Gojjam selected districts; Dejen, Basolieben, Gozamn, Debere Elias and Machakel, 13 from West Gojjam selected districts; Jabietehenan, Bure, Bure Zuria, Finotselam, North Achefer and Mecha, 4 from Bahir Dar special zone selected districts; Bahir Dar Town and Bahir Dar Zuria, and 7 from Awi zone selected districts; Ayhu Gogusa, Banja, Dangla, Chagni and Guangua were collected during the 2017/18 crop season. Sample collection time was completed since December 2017 - February 2018.
All of the green bean samples were obtained from ripe coffee cherries processed by sun drying; depending on the practice used in the areas where the samples were collected.  All the samples were collected in plastic bags and stored at room temperature until analysis.
3.3. [bookmark: _Toc515997577] Instruments and Equipment
ICP-OES (Perkin Elmer Optima 8000), hood (Envair England), Kjeldahl digester (VELPE SCIENTIFIC), refrigerator (SᴧMSUNG), blender (FW100 High Speed Universal Disintegrator),  sieve (200 µm) mesh size, analytical balance (RADWAG®), volumetric flask (25, 50, 100, 500 mL) and micro pipette (China ISO13485) were used.
3.4. [bookmark: _Toc515997578] Chemicals and Reagents
All chemicals used in this study were analytical grades. Per chloric acid (HClO4 70 - 72%), Nitric acid (HNO3- 69%), Sodium   hydroxide (NaOH - 98%), Argon gas, Nitrogen gas, Distilled water and Standards solution of each element (K, Ca, Na, Si, Fe, Mg, Mn, Zn, Ni, Cu, Pb, Cr, Co and Cd) were used.
3.5. [bookmark: _Toc480976255][bookmark: _Toc481195124][bookmark: _Toc515997579] Standard Solution Preparation
Standards solutions of each element were prepared serially from solutions of known concentrations. From the original standard solution the required amount were taken by applying the dilution law and calibration curve was made by using instrument response and known concentration of the analyte.The standard curve should cover the entire range expected concentrations. Stock solutions of 1000 mg/L of K, Mg, Na, Ca, Si, Fe, Zn, Mn, Cu, Co, Cr, Ni, Pb, and Cd were used to prepare an intermediate concentration of each metal. Then the working standards solutions of each element were prepared serially from solutions of the intermediate concentration. The linearity curve’s correlation coefficient, y-intercept, slope of the regression line and residual sum of squares and plot of the data are evaluated in linearity test (Table 1).
[bookmark: _Toc515975455]Table 1. Calibration equation and correlation coefficient of metals.
	Element
	Wavelength
	Concentration of  Standard (mg/L)
	Equation
	R2

	Cd
	228.802
	0.002, 0.02, 0.2, 1.00, 2.00, 4.00
	

	0.9997

	Ca
	317.933
	0.005, 0.05, 0.5, 1.00, 2.00, 4.00
	

	0.9998

	Cr
	267.716
	0.002, 0.02, 0.2, 1.00, 2.00, 4.00
	

	0.9998

	Co
	228.616
	0.002, 0.02, 0.2, 1.00, 2.00, 4.00
	
   
	0.9997

	Cu
	327.393
	0.002, 0.02, 0.2, 1.00, 2.00, 4.00
	
   
	0.9998

	Fe
	238.204
	0.002, 0.02, 0.2, 1.00, 2.00, 4.00
	
   
	0.9997

	Pb
	220.353
	0.002, 0.02, 0.2, 1.00, 2.00, 4.00
	
   
	0.9996

	Mg
	285.213
	0.005, 0.05, 0.5, 1.00, 2.00, 4.00
	

	0.9983

	Mn
	257.610
	0.002, 0.02, 0.2, 1.00, 2.00, 4.00
	

	0.9996

	Ni
	231.604
	0.002, 0.02, 0.2, 1.00, 2.00, 4.00
	

	0.9999

	Zn
	206.200
	0.002, 0.02, 0.2, 1.00, 2.00, 4.00
	

	0.9995

	Si
	251.611
	0.005, 0.05, 0.5, 1.00, 2.00, 4.00
	

	0.9978

	Na
	589.490
	0.005, 0.05, 0.5, 1.00, 2.00, 4.00
	

	0.9994

	K
	766.490
	1.00, 2.00, 4.00, 8.00, 16.00, 32.00
	

	0.9986


3.6. [bookmark: _Toc515997580] Preparation of Sample for Metal Analysis
A green coffee bean samples was ground by a blender (FW100 high Speed Universal Disintegrator) and sieved with 200 µm mesh.  0.5g of a powdered green coffee bean samples were taken and digested on a Kjeldahl digestion apparatus (VELP SCINTIFICA) after proper optimization of the digestion procedure. Literature procedure used for the digestion of coffee powder (Gure et al., 2017; Ashu and Chandravanshi, 2011) was used as starting point or a hint. Parameters such as digestion time, temperature and reagent volumes were optimized prior to digestion. 

3.6.1. [bookmark: _Toc515997581] Optimization of Digestion Parameters

Based on the digestion procedure developed by (Gure et al., 2017; Ashu and Chandravanshi, 2011), initially, series of procedures involving some changes in reagent volume, reagent composition, and digestion temperature and digestion time were tested (Table 2). The optimized procedure was selected depending upon: clarity of digests, minimum digestion time, minimal reagent volume consumption, absence of undigested coffee samples and minimal required temperature.

[bookmark: _Toc515975456]Table 2. Procedures tasted for digestion of green coffee samples.
	                           At constant temperature and time

	Amount of sample
	Temperature (OC)
	Time        (h)
	Reagent volume
	Nature of the digest 


	


0.5g
	

160

	


1.5h


	3.0 mL HNO3, 1.5 mL HClO4 
	Clear but pale yellowish color

	
	
	
	3.0 mL HNO3, 2.0 mL HClO4 
	Clear but pale yellowish color

	
	
	
	2.0 mL HNO3, 3.0 mL HClO4 
	Clear but pale yellowish color

	
	
	
	3.0 mL HNO3, 3.0 mL HClO4 
	Clear but pale yellowish color

	
	
	
	4.0 mL HNO3, 3.0 mL HClO4 
	Clear but pale yellowish color

	
	
	
	4.0 mL HNO3, 4.0 mL HClO4 
	Clear and colorless (Optimum)

	
	
	
	5.0 mL HNO3, 5.0 mL HClO4 
	Clear and colorless


	                     At constant time and reagent volume

	Amount of sample
	Reagent volume
	Temperature (OC)
	Time (h)
	Nature of the digest 


	 


0.5g
	
4.0 mL HNO3,
4.0 mL HClO4
	120
	1.5
	Clear but pale yellowish color

	
	
	160
	1.5
	Clear and colorless (Optimum)

	
	
	180
	1.5
	Clear and  colorless


	
	
	200
	1.5
	Black residue



	             At constant temperature and reagent volume

	Amount of sample
	Reagent volume
	Temperature (OC)
	Time (h)
	Nature of the digest 


	 


0.5g
	
4.0 mL HNO3 
4.0 mL HClO4
	
160

	1:00
	yellowish color

	
	
	
	1:10
	yellowish color

	
	
	
	1:20
	Clear but pale yellowish color

	
	
	
	1:30
	Clear and colorless (Optimum)

	
	
	
	1:40
	Clear and colorless


	
	
	
	2:00
	Black residue



Based upon these criteria, the optimal digestion procedure chosen was the one that requires 1:30 h for complete digestion of 0.5g of coffee powders with 4 mL HNO3 and 4 mL HClO4 at temperature of 160 oC. The digest was removed and allowed to cool for about 25 min. Then 45 mL of distilled water was added to the digest and filtered with Whatman No. 1 filter paper. The filtrate was diluted to 50 mL with distilled water and a clear and colorless solution was obtained. The digested samples were analyzed by ICP-OES (Perkin Elmer Optima 8000). The operational parameters were: power 1500 kW, plasma flow 12 L min-1, auxiliary Argon flow 1 L min-1, and nebulizer flow 0.8 L min-1.
3.7. [bookmark: _Toc515997582] Determination of detection limits and quantification limits
Detection limit is the lowest concentration level that can be determined to be statistically different from an analyte blank or the minimum concentration that can be detected by the analytical method with a given certainty (Christian, 2004). For a measurement, detection limit can be properly estimated from the standard deviation of several blank determinations.  A general accepted definition of detection limit is the concentration that gives a signal three times the standard deviation of the blank or background signal (Onianwa  et al., 1999). In this study the detection limit of each element was calculated as three times the standard deviation of the blank (3σblank, n = 6), which is summarized in (Table 3). Limit of quantification (limit of determination) is the lowest concentration of the analyte that can be measured in the sample. The limit of quantification is the same as the concentration that gives a signal 10 times the standard deviation of the blank (10σblank) (Christian, 2004). The results are given (Table 3).
[bookmark: _Toc515975457]Table 3. Method Detection and Quantitation Limits, of metals (n = 6, in mg L-1), in   green coffee samples.
	Element
	Cd
	Ca
	Cr
	Co
	Cu
	Fe
	Pb
	Mg
	Mn
	Ni
	Zn
	Si
	Na
	K

	MDL
	0.0003
	0.005
	0.0006
	0.0009
	0.002
	0.002
	0.0018
	0.004
	0.002
	0.0006
	0.0009
	0.005
	0.0006
	1.00

	MQL
	0.001
	0.025
	0.002
	0.003
	0.026
	0.01
	0.006
	0.045
	0.011
	0.002
	0.003
	0.023
	0.002
	0.052


Note. MDL = Method detection limit and MQL = Method quantification limit
3.8. [bookmark: _Toc515997583] Statistical Analysis

Chemometric data analysis was performed by using the statistical software packages SIMCA 13 (Umetrics, Sweden) and SPSS 20 (IBM Corp, USA). Each dataset consisted of a matrix in which the rows represented the individual green coffee bean samples, and the columns represent the concentration in ppm of all elements whose concentration is above the detection limit of the method. A preliminary investigation based on principal component analysis (PCA) was applied to visualise sample trends and evaluate the discriminatory characteristics of the detected metals. One-way analysis of variance (ANOVA) was used to test for the presence of significant differences in the mean concentrations of the metals among the regional types of green coffee beans. Differences were considered significant when α < 0.05. In addition, linear discriminant analysis (LDA) was applied to construct classification models useful for the prediction of the geographical origin of the green coffee beans. 
   







4. [bookmark: _Toc515997584]RESULTS AND DISCUSSION
4.1. [bookmark: _Toc515997585] Profiles of Metals in Different Coffee Samples at Zonal Level
The mean concentration of the studied metals in the samples at each zone is given in (Table 4). According to the analysis of the results the metal content of the coffee bean was different from one zone to another. The K content of the coffee bean was ranged from 17155 - 18770 mg kg1 (West Gojjam) and 15356 - 17396 mg kg1 (East Gojjam) and 15976 - 16887 mg kg1 (Awi).  The result revealed that there was a significant difference (α < 0.05) between zone.  However, the results of Awi zone and East Gojjam zone found in the same subscripts in the Turkey analysis. The concentration of Mg was ranged from 1690 - 2299 mg kg1 (West Gojjam) and 1992 - 2207 mg kg1 (Awi). The result revealed that there was a significant difference (α < 0.05) between them.  However, the results of Awi zone (1992 – 2207 mg kg1) and Bahir Dar special zone (1478-1957 mg kg1) found in the same subscript, tells us there was no significant difference between them at (α < 0.05).
 There was no significant difference in the concentration of Ca in each zone except West Gojjam zone, whereas the concentration of Na in West and East Gojjam were significantly different from Awi and Bahir Dar special zone. For the analaysis of Si, Awi zone and East Gojjam zone coffee has no significant difference between them; rather it has significant difference in West Gojjam and Bahir Dar special zone.  Fe, essential micro element necessary for oxygen transport by red blood cells, essential in the production of hemoglobin and some enzymes (Gogoasa et  al., 2013), was determined in higher concentrations compared to other trace elements in all kinds of coffee. The concentrations determined were ranged 13-102 mg kg1 in Bahir Dar special zone and 28 - 174 mg kg1 in West Gojjam zone coffee. This quantity was higher than other reported values that conducted in different coffee samples in different country (Anderson and Smith, 2002; Bertrand et al., 2008; Mehari et al., 2016).
 Zn, essential micro-bio-element, mainly for maintaining the health of the reproductive system and immune cells (Gogoasa et al., 2013). Its highest concentration was determined in Awi zone coffee (4 - 65 mg kg1) and its smallest concentration was determined in East Gojjam coffee (1-22 mg kg1). Cu, necessary to the formation of melanin in the metabolism of iron (Gogoasa et al., 2013), was determined in slightly higher amounts than Zn but less than Mn and Fe. The highest Cu concentrations in analyzed samples were 16 - 39 mg kg1 in West Gojjam coffee and the smallest was 2 - 29 mg kg1 in Bahir Dar special zone. The highest concentration of Mn was estimated to be 21- 47 mg kg1 in Bahir Dar special zone and the lowest (11 – 16 mg kg1) in Awi zone. In our studies the highest level of Co in green coffee was estimated to be 1 - 24 and 2 - 19 mg kg1 in Bahir Dar special zone and East Gojjam zone respectively. The lowest estimation was in West Gojjam (1-5 mg kg1). 
Ni is essential in small quantities, but when the uptake is too high it can be a danger to human health. The carcinogenicity of Ni and certain Ni compounds have been recognized by the International Agency for Research on Cancer (IARC). This study revealed the highest estimation of Ni from green coffee in Bahir Dar special zone (5-15 mg kg1) whereas the smallest value in West Gojjam and Awi zone (1-3 mg kg1).  In our results the highest estimation of Cr in green coffee was in Awi and West Gojjam zone (1-3 mg kg1) and the smallest value was in Bahir Dar special zone (0.5 - 1.5 mg kg1).
The highest coffee estimation pattern for Pb was in East Gojjam and the smallest estimation was in West Gojjam has a mean value of 0.08 and 0.19 mg kg1 respectively. Cd is most pronounced heavy metal with toxic nature from of all the metals analyzed. Its concentration values determined in East Gojjam and Bahir Dar special zones of green coffee analyzed are below the detection limit of the instrument. 
The variation of this value may be due to the mineral composition of the soil and environment in which the coffee plant grows (Gilbert, 1948). The actual metal content of coffee beans vary considerably according to coffee species, geographic origin, coffee type, the use of fertilizers with different chemical compositions and other characterizing features (Anderson and Smith, 2002). The results of this study showed that the metal contents of coffee beans varied with the geographical origin in which the coffee plant grows. This variation is probably attributed to mineral content of the soil on which the plants grow.

 Particularly the major elements K and Mg varied within the coffee sample studied. The highest K and Mg content were observed for West Gojjam coffee and the least for East Gojjam coffee may probably related to the soil in which the coffee plant growth especially the highest content of K may also the soil with potassium containing fertilizer. Nevertheless, its concentration is not maximum in comparison to other countries coffee composition. 
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[bookmark: _Toc515975458]Table 4. Mean concentration (mg Kg-1) of metals in green coffee samples at zonal level.
	Element
	Zone

	
	West Gojjam ( n = 13)
	Awi ( n = 7)
	East Gojjam ( n = 16)
	Bahir Dar special zone (n = 4)

	
	Mean 
	Range
	Mean 
	Range
	Mean 
	Range
	Mean 
	Range

	K
	18127
	17155-18770
	16480
	15976-16887
	16403
	15356-17396
	17364 
	16712-18089

	Mg
	1978
	1690-2299
	1661
	1192-2207
	1425
	1211-1724
	1745
	1478-1957

	Ca
	1130
	714-1479
	870 
	743-952
	945
	505-1190
	943
	878-999

	Na
	234
	167-281
	181
	107-216
	215
	133-313
	170
	123-199

	Si
	83.0
	54-111
	49.4
	32-77
	49.9
	41-60
	71.2
	56-89

	Fe
	61.0
	28-174
	48.2
	27-70
	33.0
	12-97
	66.4
	13-102

	Cu
	27.4
	16-39
	29.8
	16-38
	25.2
	1-36
	13.9
	2-29

	Zn
	17.6
	7-30
	22.2
	4-65
	4.02
	1-22
	20.2
	5-46

	Mn
	14.7
	12-18
	12.8 
	11-16
	16.3
	4-42
	24.2a
	11-47

	Co
	3.10
	1-5
	4.12
	2-6
	6.21
	2-19
	7.89
	1-24

	Ni
	1.50
	1-3
	1.56
	1-3
	5.31
	3-15
	8.96
	5-15

	Cr
	1.49
	1-3
	1.84
	1-3
	1.06
	0.2-4.0
	0.92
	0.5-1.5

	Pb
	0.080
	0 -1
	0.30 
	0 - 2
	0.19
	0 - 5
	0.38
	0-2

	Cd
	0.010
	0 - 0.1
	0.08
	0-0.5
	ND
	*
	ND
	*

	Value with different letters along the row are significantly different (α <0.05): ND = Below detection limit. * Range is unavailable.



n= number of samples

4.1.1. [bookmark: _Toc515997586] Profiles of Metals in West Gojjam Zone 

The concentration of the studied metal in coffee samples from West Gojjam are given in (Table 5). The macro element with the highest concentration in the green coffee was K with a mean value of 17769 mg kg-1, followed by Mg with mean value of 1994 mg kg-1, Ca with mean value of 1096 mg kg-1 and Na with a mean value of 199 mgKg-1. K, Mg and Ca were more dominant elements in this zone than other zones. The mean concentrations of Fe, Si, Zn, Ni, Mn, Cu and Co were 101, 82.5, 18.5, 2.13, 15.3, 27.5 and 3.14 mg kg-1 respectively. Among the micronutrients, Fe accounts the highest concentration whereas Ni was found in the lowest concentration in this zone. In our results the highest estimation of Fe in green coffee was in Finoteselam district (52-174 mg kg-1) and the smallest value was in Bure Zuria district (27-28 mg kg-1). The result revealed that there was a significant difference (α < 0.05) in Finoteselam districts as compared to other districts. However, the results of  Bure, Bure Zuria, Jabitenane, Mecha and North Achefer zone found in the same subscripts in the Turkey analysis. The highest concentration of Ni was found in North Achefer (1.0 - 3.0 mg kg-1) and the lowest concentration was found in Bure Zuria (0.9 -1.0 mg kg-1). The mean concentrations of toxic elements in green coffee sample were very small. The mean concentration of Pb, Cr and Cd were < 0.5, < 1 and < 0.05 mg Kg-1 respectively.  Cd and Pb were detected only in Finoteselam and Bure districts. Whereas Cr was detected in all districts in small amount except Mecha and North Achefer districts.

[bookmark: _Toc515975459]Table 5. Mean concentration (mg Kg-1) of metals in green coffee samples in six districts from West  Gojjam zone.
	Element
	Districts

	
	Bure Zuria (n=2)
	Finoteselam (n=2)
	Bure (n=1)
	Jabitenane (n=2)
	North Achefer (n=4)
	Mecha (n=2)

	
	Mean ± Sd
	Range
	Mean ± Sd
	Range
	Mean ± Sd
	Mean ± Sd
	Range
	Mean ± Sd
	Range
	Mean ± Sd
	Range

	K
	17860±8abc
	17850-17870
	17905±819abc
	17155-18654
	17254±2 c
	17550±726bc
	16885-18214
	18465±172a
	18197-18645
	18227±152ab
	18087-18367

	Mg
	1846±8c
	1836-1856
	2097±26b
	2070-2129
	2293±5a
	1858±177c
	1690-2030
	1890±117c
	1690-1966
	1933±95c
	1836-2030

	Ca
	802±4c
	799-807
	1148±158b
	1003-1307
	1134±4a
	825±115c
	714-932
	1401±71a
	1300-1479
	1238±43b
	1197-1278

	Na
	119±1c
	118-120
	233±48ab
	187-278
	187±1b
	223±60ab
	167-281
	252±24a
	215-281
	250±28ab
	223-277

	Si
	110±1a
	109-111
	75.9±12c
	65-87
	64.9±1.1d
	55.8±2.1d
	54-59
	92.8±3.4b
	88-98
	87.5±1.3b
	85-89

	Fe
	27.6±0.08b
	27-28
	113±65a
	52-174
	30.0±0.9b
	53.7±1.3b
	53-54
	55.8±1.3b
	53-58
	60.5±1.1b
	59-61

	Cu
	27.4±0.18ab
	27-28
	27.5±8.9ab
	16-39
	22.7±0.47b
	29.6±3.2ab
	25-34
	25.7±2.1b
	22-28
	35.6±2.3a
	32-39

	Zn
	25.5±0.18a
	25-26
	13.7±4.5b
	8-19
	14.7±0.05b
	18.3±11.5ab
	7-30
	13.3±1.2b
	12-15
	13.3±0.9b
	11-15

	Mn
	13.3±0.05b
	13-14
	16.9±1.1a
	16-18
	15.8±0.1ab
	13.5±1.1b
	12-15
	14.6±2.2ab
	12-18
	15.2±0.1ab
	15-16

	Co
	0.83±0.05c
	0.8-0.9
	3.13±0.08ab
	3-3.2
	4.27±0.05a
	4.00±0.99ab
	3-5
	2.23±0.95bc
	1-4
	3.63±0.01ab
	3-4

	Ni
	0.90±0.001a
	0.9-1.0
	1.48±0.02a
	1-2
	1.30±0.01a
	1.95±0.87a
	1-3
	1.63±0.94a
	1-3
	1.38±0.09a
	1-2

	Cr
	1.3±0.001a
	1-1.6
	1.65±0.40a
	1-2
	1.00±0.01a
	1.78±0.95a
	1-3
	ND
	*
	ND
	*

	Pb
	1.03±0.05a
	1-1.1
	0.05±0.01b
	0-0.3
	ND

	ND
	*
	ND
	*
	ND
	*

	Cd
	ND
	*
	0.05±0.005a
	0-0.1
	[bookmark: _GoBack]0.07±0.05a

	ND
	*
	ND
	*
	ND
	*

	Value with different letters along the row are significantly different (α <0.05).  Note: ND, Below detection limit: *,  Range is unavailable
n= number of samples



	
4.1.2. [bookmark: _Toc515997587] Profiles of Metals in Awi Zone
[bookmark: _Toc515874738][bookmark: _Toc515875497][bookmark: _Toc515997588]The concentrations of the studied metals in coffee samples from Awi Zone are given in (Table 6). The mean values of the macro elements K, Mg, Ca and Na in  this zone were 16857 mg kg-1, 1661 mg kg-1, 870 mg kg-1 and 180 mg kg-1 respectively. In our study the highest estimation of K in green coffee was in Guangua district (18540 mg kg1) and the smallest concentration was in Dangela district (16055 mg kg1). The result shows that there was extremely significant difference (α < 0.05) in Dangela districts as compared to other districts. Among microelements, Si accounts the highest value ranges from (31.8-76.8 mg kg1) and Ni accounts the smallest value in this zone (0.50-2.50). Zn is the most dominant element found in higher amount in this zone than other zones (4.40-64.6 mg kg1). In our result the highest estimation of Zn in green coffee was in Ayehu district and the smallest concentration was in Dangela district. There was no significant difference (α < 0.05) in all districts in cause of Zn concentration. The concentrations of toxic elements in green coffee sample were very small. The mean concentration of Pb, Cd and Cr were 0.36, 0.07 and 1.13 mg Kg-1. 
 
[bookmark: _Toc515975460]Table 6. Mean concentration (mg Kg-1) of metals in green coffee Samples in five districts from Awi zone.
	Element
	Districts

	
	Ayehu (n=2)
	Banja (n=1)
	Guangua (n=1)
	Chagni (n=1)
	Dangla (n=2)

	
	Mean ± Sd
	Range
	Mean ± Sd
	Mean ± Sd
	Mean ± Sd
	Mean ± Sd
	Range

	K
	16517±12d
	16500-16533
	16873±6c
	18540±10a
	17445±15b
	16055±85e
	15976-16134

	Mg
	2075±136a
	1949-2207
	1197±4c
	1762±9b
	1963±4ab
	1277±87c
	1192-1357

	Ca
	878±60a
	777-941
	749±2b
	758±13b
	949±2b
	937±16c
	916-952

	Na
	141±36b
	107-177
	214±2a
	189±3a
	212±1a
	183±6ab
	177-192

	Si
	59.2±18.1a
	41-77
	47.4±0.6ab
	32.1±0.3b
	45.5±1.1ab
	50.3±3.2ab
	47-54

	Fe
	53.9±16.5a
	38-70
	27.6±0.4b
	49.1±0.5ab
	54.1±2.3a
	59.4±11.2a
	49-70

	Cu
	29.6±1.2b
	28-31
	36.0±1.0a
	37.33±0.6a
	16.5±0.2c
	34±3.6ab
	30-38

	Zn
	38.1±27.5a
	12-65
	4.0±0.01a
	17.73±0.06a
	12.8±0.1a
	17.7±0.05a
	17-18

	Mn
	13.9±1.9ab
	12-16
	10.57±0.05c
	13.43±0.05abc
	15.1±0.05a
	11.3±0.7bc
	11-12

	Co
	5.63±0.41a
	5-6
	2.27±0.15d
	3.07±0.01c
	4.00±0.01b
	2.27±0.13d
	2-3

	Ni
	2.43±0.39d
	1-3
	2.43±0.05a
	1.20±0.01cd
	2.00±0.01b
	1.67±0.05bc
	1-2

	Cr
	2.30±0.01a
	2-3
	0.90±.00b
	1.80±0.01a
	1.00±0.01b
	ND
	*

	Pb
	ND
	*
	0.50±0.01b
	0.207±0.01a
	ND
	ND
	*

	Cd
	0.05±0.005b
	0-0.1
	0.45±0.05a
	ND
	ND
	ND
	*


Value with different letters along the row are significantly different (α < 0.05) 
Note:  ND, Below detection limit: *, Range is unavailable; n = number of samples

4.1.3. [bookmark: _Toc515997589] Profiles of Metals in East Gojjam Zone

(Tables 7) present the mineral composition of samples from East Gojjam Zone. In all the samples, the elements K, Mg, Ca and Na were the most abundant with mean concentration of 16646 mg kg1, 1468 mg kg1, 848 mg kg1 and 232 mg Kg-1. Na was found in this zone higher than other zones sodium content. The mean concentrations of Fe, Si, Zn, Ni, Mn, Cu and Co were 54.5, 50.5, 11.5, 24.1, 23.2, 18.5 and 10.5 mg kg-1 respectively. Among the micronutrients, Fe was found to highest concentration while Co accounts the smallest value in this zone. Compared with other zones, the level of Co is relatively higher in samples from East Gojjam zone. As it was observed in other samples, the concentration of the toxic elements in green coffee samples of this zone was very small.  The mean concentration of Cr was < 2 mg Kg-1 but slightly higher than in samples from other zones (West Gojjam, Awi zone and Bahir Dar area) while Pb and Cd were not  detected in all the samples of this zone. In general, not all elements followed the same distribution pattern in all the samples.  






[bookmark: _Toc515975461]Table 7. Mean concentration (mg Kg-1) of metals in green coffee samples in five districts from East Gojjam zone.
	Element
	Districts

	
	Basoliben (n=5)
	Gozamen (n=3)
	D/Elias (n=3)
	Machakel (n=3)
	Dejen (n=2)

	
	Mean ± Sd
	Range
	Mean ± Sd
	Range
	Mean ± Sd
	Range
	Mean ± Sd
	Range
	Mean ± Sd
	Range

	K
	16817±334a
	16462-17396
	16428±334a
	16152-16870
	16284±376a
	15994-16784
	16396±647a
	15896-17256
	16470±346a
	16153-16787

	Mg
	1538±159a
	1292-1724
	1532±155a
	1323-1662
	1314±60b
	1238-1377
	1358±106b
	1220-1478
	1258±47b
	1211-1310

	Ca
	865±238b
	505-1190
	910±126b
	779-1074
	994±36ab
	950-1040
	922±9b
	836-1056
	1148±17a
	1129-1166

	Na
	156±23c
	133-204
	187±6b
	178-195
	259±4a
	255-266
	272±36a
	238-331
	267±11a
	257-280

	Si
	51.7±5.7b
	42-60
	43.1±0.9c
	41-45
	45.9±1.6c
	44-48
	57.7±1.3a
	56-60
	51.6±1.8b
	50-54

	Fe
	41.5±27.7ab
	22-97
	27.2±6.2ab
	20-35
	18.9±1.9b
	17-22
	47.1±25.8a
	12-66
	17.1±4.1b
	13-24

	Cu
	15.4±14.3b
	1-36
	28.4±2.7a
	25-32
	30.8±3.9a
	26-35
	31.1±1.1a
	29-33
	28.3±3.7a
	24-32

	Zn
	2.21±2.00b
	1-8
	8.23±0.96a
	2-22
	1.69±0.22b
	1- 2.2
	5.77±0.95ab
	5-7
	3.25±2.03ab
	2-7

	Mn
	13.27±3.7b
	9-20
	7.13±2.59b
	4-10
	12.4±5.1b
	4-18
	26.8±2.2a
	21-29
	28.8±13.7a
	16-42

	Co
	3.22±1.11c
	2-6
	2.53±0.25c
	2-3
	2.02±0.17c
	2-2
	17.2±1.6a
	15-19
	10.5±9.3b
	2-19

	Ni
	4.26±1.26a
	3-6
	3.91±0.57a
	3-5
	8.91±3.53a
	4-45
	5.14±0.36a
	5-6
	4.92±0.04a
	4.9-5.0

	Cr
	1.21±1.05ab
	0-4
	1.0±0.60a
	1-2
	0.81±0.16b
	0.6-1
	0.16±0.08ab
	1.0- 1.2
	1.08±0.04ab
	1.0-1.1

	Pb
	ND
	*
	ND
	*
	ND
	*
	ND
	*
	ND
	*

	Cd
	ND
	*
	ND
	*
	ND
	*
	ND
	*
	ND
	*


Value with different letters along the row are significantly different (α <0.05).  Note:  ND, Below detection limit: *, Range is Unavailable


4.1.4. [bookmark: _Toc515997590] Profiles of Metals in Bahir Dar Special Zone

The concentration of some selected metals in green coffee samples collected from two districts of Bahir Dar area is reported in (Table 8).  As it was observed in other zones, the four elements (K, Mg, Ca and Na) were the most abundant with mean concentration of 17400 mg kg1, 1799 mg kg1, 939 mg kg1 and 161 mg Kg-1 respectively. These metals were relatively lower in concentration as compared with samples from West Gojjam and higher as compared to samples from Awi and East Gojjam zones (Table 4).  Among the micronutrients, Si was the most abundant followed by Fe, Mn, Zn, Cu, Ni and Co with mean concentration of 71.6, 70.6, 24.4, 21.5, 12.6, 9.24 and 7.29  mg kg-1, respectively. Comparing with samples of other zones, Si was found to be the most dominant microelement  in samples of Bahir Dar area districts. The concentration of toxic elements in green coffee sample were very small. The mean concentration of Pb, < 0.4, and Cr < 1.5 mg Kg-1. Cd was not be detected in all samples. The trends of the distribution of the analyzed elements were different in different districts. The trends were: For K, Mg, Na, Si, Cu, Mg, Ni, and Co, Bahir Dar zuria > Bahir Dar town: For Ca, Zn, Fe and Cr, Bahir Dar town > Bahir Dar zuria.











[bookmark: _Toc515975462]Table 8.  Mean concentration (mg Kg-1) of metals in green coffee samples in two districts from Bahir Dar special zone.
	Element
	Districts

	
	Bahir Dar Zuria (n = 2)
	Bahir Dar Town (n = 2)

	
	Mean ± Sd
	Range
	Mean ± Sd
	Range

	K
	17174 ± 503b
	16712-17634
	17572±566a
	17054-18089

	Mg
	1726 ± 81a
	1648-1813
	1808±162a
	1651-1957

	Ca
	961 ± 34a
	923-999
	923±42b
	880-978

	Na
	147 ± 24b
	123-171
	193±6.1a
	186-199

	Si
	60.4 ± 6.4a
	56-69
	82.8±5.9a
	76-89

	Fe
	74.4 ± 29.6a
	46-102
	66.9±29.5a
	36-98

	Cu
	6.27±0.86b
	2-11
	18.9±6.8a
	11-27

	Zn
	26.1±2.2a
	17-36
	16.8±10.1a
	7-28

	Mn
	11.9±1.0ab
	11-13
	36.9±9.3a
	28-47

	Co
	3.48±1.06ab
	1-5
	11.1±1.1a
	6-18

	Ni
	8.17±2.48b
	5-10
	10.3±3.3a
	7-15

	Cr
	2.43±0.10a
	1.3-3.4
	0.63±0.08b
	0.5-0.7

	Pb
	0.81±0.09a
	0.1-1.1
	ND
	*

	Cd
	ND
	*
	ND
	*


Value with different letters along the row are significantly different (α <0.05)    
 Note: ND, below detection limit:  *, Range is Unavailable; n = number of samples



4.2. [bookmark: _Toc515997591] Chemometric Data Analysis

4.2.1. [bookmark: _Toc515997592] Principal Component Analysis

The concentration of  each  metals computed from the calibration curve was used directly with PCA to explore the presence of trends or patterns in the distribution of minerals among the various regional green coffee beans. PCA is an unsupervised statistical technique that requires no prior information about sample groupings, and hence eliminates bias (Atlabachew et al., 2015). It provides an overview of the information in a dataset and reveals how the observations are related and if there are any deviating observations or groups of observations in the data. In addition, PCA allows us to gain an understanding of the relationships among the variables, such as which variables contribute similar information to the PCA model, and which provides unique information concerning the samples.

The data used for PCA consisted of 13 variables, corresponding to the studied metals, and 120 observations, corresponding to the number of unique coffee samples included in this study. The data was Pareto scaled before the model was constructed. The goodness-of fit of the data in the PCA model was evaluated from the cumulative percentage of all the variation in the data matrix explained by the model.  Four principal components (PCs) explained 96% of the variation in the dataset, of which 84% was explained by the first two PCs (Fig. 2). 

The plot indicates the cumulative percentage of the variation of a given metals, both explained and predicted by the model. Minerals that best fit the model, with more than 72% explained variability are Ca. Mg, K, Na and Si. The PCA results are discussed in terms of scores and loadings. Scores are the transformed variable values, while loadings are the factors by which the original variables should be multiplied to obtain the scores (Mehari et al., 2016). The distribution of the coffee samples on the space created using the scores of the first two PCs is displayed by the scores plot (Fig. 2). From the plot it is evident that the coffee samples tended to cluster according to their geographical origins. Coffee samples obtained from West Gojjam revealed marked differences in their mineral composition from the other zones of region’s coffee.  Most of these coffees were separated from East Gojjam, Awi zone and Bahir Dar special zones samples by PC1. 
[image: ]
.
[bookmark: _Toc515978219]Figure 2. Scores plot indicating the distribution of samples of green coffee beans, from the 
               four zones of Amhara region studied, on the space created by the scores of the first 
             two principal components
The loading plot for the first two principal components were presented in (Fig 3). The plot displays how the individual minerals correlate with each other and contribute to the model. Minerals that are far away from the origin have a strong impact on the model, whereas, those that are closer to the centre have a weaker influence (Mehari et al., 2016). From the plot, it is evident that Ca, Mg, K, Na and Si play the largest role in discriminating the green coffee beans from various zones of Amhara region. The first component is highly influenced by K and Mg, whereas Ca, Si and Na contributed to separation by the second component. Peaks                    that play the largest role in the discrimination of green coffee beans from various zones are far from the center and were identified as Ca, Mg, K, Na, and Si. 


[image: ]
[bookmark: _Toc515978220]Figure 3. Loadings plot for the first two principal components of the PCA model constructed     
             from the concentration of  metals quantified in coffee of Amhara region.  

4.2.2. [bookmark: _Toc515997593] Linear Discriminant Analysis

Based on the concentrations of the elements, attempt was made to develop a chemometric method useful for the authentication of the region of origin of the coffee beans. For this linear discriminant analysis (LDA) was applied. Initially, in order to assess the potentials of individual elements towards constructing a linear discriminant analysis model, a test of equality of group means was employed. The test measures each elements potential before the model is created. This was performed by applying one-way ANOVA for each element using the sample regions as the factor. According to the significance values in (Table 12), each element, except Cr, was found to be significant (α > 0.05) for the discriminant model. Wilks' λ is another measure of a variable's potential. Smaller values indicate the variable is better at discriminating between regions. The result (Table 12) suggests that K is best.
Accordingly, three discriminant functions were computed. The first explained 73.2% of the variation, the second 18.5% and the third 8.3%. The significance of the three functions in discriminating among regions was assessed from Wilks’ λ (α > 0.05), which tests the hypothesis that the means of the functions are equal across groups. The significance values in Table 13 show that all of the three functions contributed significantly to the model. Additionally, Wilks' λ values indicate the proportion of the total variance in the discriminant functions not explained by differences among the classified groups of samples. The magnitude of Wilks' λ encompassing the three functions is 0.039, reflecting that the LDA model accounts for almost all of the variation in the dataset.
Application of LDA with the elemental concentrations resulted in an overall 91.7% correct classification of the coffee beans into their respective regions. The model classified 110 of the 120 samples correctly (Table 15), with 10 East samples were incorrectly classified as Awi (6 samples) and Bahir Dar (4 samples) coffees. The distribution of the coffee samples on the plane formed by the first two discriminant function scores is shown in (Fig. 4). 
The first function effectively differentiates East coffees from West coffees. This function explains 73.2% of the variation in the dataset and is strongly associated with K (Table 14). Hence, the grouping of West coffees to the positive side of this function can be attributed mainly to their higher content of K relative to East coffees. On the other hand, the second function effectively differentiates Bahir Dar coffees from Awi coffees. This function is strongly associated positively with Mn and negatively with Cu (Table 14). Hence, the grouping of Bahir Dar coffees to the positive side of the second function can be attributed mainly to their higher content of Mn and lower content of Cu relative to Awi coffees.
[image: ]
[bookmark: _Toc515978221]Figure 4. Scatter plot showing the distribution of green coffee bean samples on the space created by the scores of the first two discriminant functions.

The reliability of the LDA model was assessed in terms of its recognition and prediction abilities (Table 16).  For this the entire sample set was divided as training (80 samples) and validation sets (40 samples). The recognition ability of the model, which is the percentage of the samples in the training set that were correctly classified in to their respective groups by the model constructed based on the samples in the training set, was 90%. The prediction ability of the model, which is the percentage of the samples in the validation set that were correctly classified by using the model constructed in the training step, was 87.5%.


                                
4.3. [bookmark: _Toc515997594] Comparison of the Metal Concentrations of Coffee with Literature Values

There are some reported literatures on mineral composition of green coffee beans collected from Ethiopia and different part of the world. (Mehari et al., 2016), (Gure et al., 2017), (Anderson and Smith, 2002), (Bertrand et al., 2008) and (Filho et al., 2007) have also reported the metal content of green coffee beans that are grown in different geographic origins. Several papers have been reported on the elemental composition (mg kg-1 dry weight) of Arabica green coffee beans grown in different counties. However, for most of the elements reported, their concentrations are widely varied with geographical origin of the samples and hence some of the elements have been used as tool for characterization of the geographical origin of a given sample.
The comparative study of the observed results from this study and reported values are presented in (Table 9). Although various chemical analyses target to a similar objective, there may also be a difference in sampling, sample preparation, and analytical techniques. Considering all these, the results of the present study were compared to results reported in the literature. There are variations in the elemental concentrations of coffee. The result of present study shows difference in some elements such as Fe and Si with the literature values. It might be due to the type of reagent used to digest the coffee sample, the type of digester, the country of origin, the soil in which the coffee cultivates and the type of instrument used to analyze the element. The general trend for the macroelements in our study is comparable with the literature values (K > Mg > Ca > Na).





[bookmark: _Toc515975463]Table 9. Composion of the elemental composition (mg kg-1dry weight) of the studied samples with literature data on green Arabica green coffee sample.
	Element
	Reference

	
	This Study
	Mehari et al.
(2016)
	Gure et al. (2017)
	Bertrand et
al. (2008)
	Filho et al.
(2007)
	Anderson and Smith (2002)

	Cd
	< 0.1
	NR
	ND
	NR
	NR
	NR

	Ca
	505-1473
	948-1060
	710-1250
	1030-1490
	988-1710
	1010-1230

	Cr
	< 3
	NR
	0.21-0.28
	NR
	NR
	NR

	Co
	10-24
	NR
	2.6-8.4
	NR
	NR
	NR

	Cu
	10-39
	16.0-20.0
	11-23
	13-23
	NR
	12.5-18.1

	Fe
	120-174
	28.7-45.3
	26-44
	33-59
	27-108
	13-31

	Pb
	< 0.5
	NR
	< 0.05
	NR
	NR
	NR

	Mg
	1192-2299
	1540-1650
	1670-1690
	144-196
	1610-2090
	2060-2350

	Mn
	4-47
	24.1-38.3
	13-19
	13-31
	13-31
	19-39

	Ni
	10-45
	NR
	<0.04-2.5
	NR
	NR
	NR

	Zn
	10-65
	NR
	4-21
	NR
	NR
	NR

	Si
	32-111
	16.4-22.1
	NR
	NR
	NR
	NR

	Na
	107-331
	NR
	NR
	NR
	NR
	NR

	K
	15356-18770
	16200-17300
	13010-17000
	13100-15900
	15000-21400
	17500-19600

	Sample Origin
	This study
	Ethiopia
	Ethiopia
	Colombia
	Brazil
	Worldwide


Note: ND, not detected (below detection limit); NR, not reported.

Forty-nine green coffee (Coffea arabica L.) bean samples, representing the Harar, Jimma, Kaffa, Wollega, Sidama, and Yirgachefe varieties from east, west, and south Ethiopia were analyzed for Mg, P, S, Ca, Mn, Fe, Cu, Ba, Si, and K using inductively coupled plasma – optical emission spectroscopy. Principal component analysis was used to group the samples based on their elemental compositions. Application of linear discriminant analysis provided models with an accuracy of 92% for region of production and 79% for the variety. The elements P, Mn, S, Cu, and Fe were the most discriminating elements. The average concentrations (mg kg-1 dry weight) of the elements determined in green coffee beans from east, south and west of Ethiopia, the major constituents were K, Mg and Ca with average values of 16900 mg kg-1, 1610 mg kg-1 and 1010 mg kg-1, respectively (Mehari et al., 2016). 
The effectiveness of three chemical families, namely, chlorogenic acids, fatty acids, and elements, Was compare for the discrimination of Arabica varieties (traditional versus modern introgressed lines) and potential terroirs within a given coffee-growing area. The experimental design included three Colombian locations in full combination with five (one traditional and four introgressed) Arabica varieties and two field replications. Chlorogenic acids, fatty acids, and elements were analyzed in coffee bean samples by HPLC, GC, and ICP-AES, respectively. Principal component analysis and discriminant analysis were carried out to compare the three methods. Although elements provided an excellent classification of the three locations studied, this chemical class was useless for Arabica variety discrimination. The concentration of major constituents such as Mg, Ca and K are 144-196, 1030-1490 and 13100-15900 respectively, in Colombia coffee (Bertrand et al., 2008). 

The concentration of major constituents such as Mg, Ca and K are 1610-2090, 988-1710 and 15000-21400 in Brazil coffee. The contents of some nutrients in 35 Brazilian green and roasted coffee samples were determined by flame atomic absorption spectrometry (Ca, Mg, Fe, Cu, Mn, and Zn), flame atomic emission photometry (Na and K).  Principal Component Analysis (PCA) showed that Na, K, Ca, Cu, Mg, and Fe were the principal elements to discriminate between green and roasted coffee samples (Amorim Filho et al., 2007).  

(Anderson and Smith, 2002) differentiate the geographical growing regions of coffee beans. Elemental analysis (K, Mg, Ca, Na, Al, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Mo, S, Cd, Pb, and P) of coffee bean samples was performed using ICP-AES. There were 160 coffee samples analyzed from the three major coffee-growing regions: Indonesia, East Africa, and Central/South America. A computational evaluation of the data sets was carried out using statistical pattern recognition methods including principal component analysis and discriminant function analysis. This paper reports the development of a method combining elemental analysis and classification techniques that may be widely applied to the determination of the geographical origin of coffee. The concentrations of elements in coffee beans depend mainly on the environmental conditions in the area of cultivation and the genetic properties of the plant (Kelly et al., 2005). 





















5. [bookmark: _Toc515997595]CONCLUSION AND RECOMMENDATION
5.1. [bookmark: _Toc515997596] Conclusion

Experimental results obtained from the analysis of coffee sample studied confirms that the distribution of mineral elements in different coffees were not uniform. There was a significant difference (α <0.05) between zones and districts in the concentration of elements. The macro element with the highest concentration in the coffee powders was potassium with a mean value of 17063 mg kg-1, followed by magnesium with mean value of 1745 mg kg-1, calcium with mean value of 989 mg kg-1) and Sodium with a mean value of 219 mg Kg-1.  Among the micronutrients, the mean concentrations of Fe, Si, Zn, Ni, Mn, Cu and Co were 149, 71.5, 37.5, 27.5, 25.5, 24.5 and 17.3 mg kg-,1 respectively. The mean concentration of the toxic metals Pb, Cr and Cd were <0.5, <3, <0.1 mg Kg-,1 respectively. The levels of essential and non-essential metal in green coffee samples of this study were more or less comparable with the concentrations of metals reported in literature values for green coffees from different parts of the world. The results of coffee samples were distributed in two principal components between and within zones according to their geographical origins. Application of linear discriminant analysis with the elemental concentrations resulted in an overall 91.7% correct classification of the coffee beans into their respective regions. Ca, Mg, K, Na and Si play the largest role in discriminating the green coffee beans from four zones of Amhara region.
5.2. [bookmark: _Toc515997597] Recommendation

Coffee Arabica is highly cultivated in different areas of Amhara region. The metal content of coffee in this region is comparable with the branded coffee reported values. However, these coffee types have not been branded. Therefore, the responsible Agencies and personnel should work to brand the coffee of this region and striving to boost its world market. The metal contents of the study may be taken as one possible tool for authentication of the regions coffee. Moreover, parallel to this; emphases should be placed on the analysis of the soils on which the coffee plant grows. 
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7. [bookmark: _Toc515997599]APPENDEX


[bookmark: _Toc515975465]Table 10. List of Sampling districts and number of samples
	Zone
	District
	No. of  sample

	
West Gojjam (n=13)
	Finotselam
	2

	
	Bure
	1

	
	Bure Zuria
	2

	
	Jabitenane
	2

	
	North Achefer
	4

	
	Mecha

	2

	
 Awi(n=7)
	Ayhu Gagusa
	2

	
	Guangua
	1

	
	Banja
	1

	
	Chagni
	1

	
	Dangla

	2

	
East Gojjam(n=16)
	Basoliben
	5

	
	Gozamen
	3

	
	Machakel
	3

	
	Deber Elias
	3

	
	Dejen

	2

	Bahir Dar Special Zone (n=4)
	Bahir Dar 
	2

	
	Bahir Dar Zuria
	2

	Total
	18
	40










[bookmark: _Toc515975464]Table11. Sampling districts where maximum and minimum concentration of elements           observed.
	Element
	maximum value
	minimum value

	Cd
	Banja
	*

	Ca
	North Achfer
	Banja

	Cr
	Guangua
	*

	Co
	Machakel
	Bure Zuria

	Cu
	Guangua
	Bahir Dar Zuria

	Fe
	Finoteselam
	Dejen

	Pb
	Guangua
	*

	Mg
	Bure
	Banja

	Mn
	Bahir Dar
	Gozamen

	Ni
	Bahir Dar
	Bure Zuria

	Zn
	Ayhu
	Deber Elias

	Si
	Bure Zuria
	Guangua

	Na
	Machakel
	Bure Zuria

	K
	Guangua
	Dangela


Note *: Has minimum value in many districts








[bookmark: _Toc515975466]Table 12.  Results obtained from tests of equality of group means corresponding to the linear discriminant analysis of regional green coffee beans, based on their elemental contents.
	Element
	Wilks' λ
	F
	df1
	df2
	Sig.

	Ca
	0.776
	11.2
	3
	116
	0.000

	Cr
	0.956
	1.76
	3
	116
	0.158

	Co
	0.891
	4.73
	3
	116
	0.004

	Cu
	0.751
	12.8
	3
	116
	0.000

	Fe
	0.789
	10.3
	3
	116
	0.000

	Mg
	0.504
	38.1
	3
	116
	0.000

	Mn
	0.852
	6.72
	3
	116
	0.000

	Ni
	0.699
	16.7
	3
	116
	0.000

	Zn
	0.678
	18.3
	3
	116
	0.000

	Si
	0.378
	63.6
	3
	116
	0.000

	Na
	0.788
	10.4
	3
	116
	0.000

	K
	0.273
	103
	3
	116
	0.000




[bookmark: _Toc515975467]Table 13. Significance test on the three computed discriminant functions based on elemental concentrations in green coffee beans from different regions of Amhara region.
	Test of Function(s)
	Wilks' λ
	Chi-square
	df
	Sig.

	1 through 3
	0.039
	362.3
	33
	0.000

	2 through 3
	0.255
	152.4
	20
	0.000

	3
	0.613
	54.5
	9
	0.000










[bookmark: _Toc515975468]Table 14. Standardized discriminant function coefficients obtained from the linear    discriminant analysis of the elemental concentrations in green coffee bean from four region of Amhara region. 
	Element
	Function

	
	1
	2
	3

	Ca
	-0.02
	-0.03
	0.46

	Co
	0.29
	-0.25
	0.63

	Cu
	0.18
	-0.75
	-0.26

	Fe
	0.21
	0.47
	-0.14

	Mg
	0.52
	-0.25
	-0.07

	Mn
	-0.48
	0.78
	-0.46

	Ni
	-0.14
	0.47
	0.22

	Zn
	0.07
	0.12
	-0.72

	Si
	0.30
	0.14
	0.11

	Na
	0.60
	-0.34
	0.21

	K
	0.76
	0.13
	0.09



[bookmark: _Toc515975469]Table 15. Overall classification results obtained from the linear discriminant analysis of the elemental concentrations in green coffee beans from four regions of Amhara region.
	Region
	West
	Awi
	East
	Bahir Dar
	Total

	Count
	West
	39
	0
	0
	0
	39

	
	Awi
	0
	21
	0
	0
	21

	
	East
	0
	6
	38
	4
	48

	
	Bahir Dar
	0
	0
	0
	12
	12

	%
	West
	100
	0
	0
	0
	100

	
	Awi
	0
	100
	0
	0
	100

	
	East
	0
	12.5
	79.2
	8.3
	100

	
	Bahir Dar
	0
	0
	0
	100
	100







[bookmark: _Toc515975470]Table 16. Results of predicted group membership achieved by using LDA on samples  divided as training set (80 samples) and validation set (40 samples).
	Region
	West
	Awi
	East
	Bahir Dar
	Total

	Training set
	Count
	West
	26
	0
	0
	0
	26

	
	
	Awi
	0
	14
	0
	0
	14

	
	
	East
	0
	4
	26
	2
	32

	
	
	Bahir Dar
	0
	0
	2
	6
	8

	
	%
	West
	100
	0
	0
	0
	100

	
	
	Awi
	0
	100
	0
	0
	100

	
	
	East
	0
	12.5
	81.3
	6.2
	100

	
	
	Bahir Dar
	0
	0
	25
	75
	100

	Validation set
	Count
	West
	13
	0
	0
	0
	13

	
	
	Awi
	0
	6
	1
	0
	7

	
	
	East
	0
	2
	13
	1
	16

	
	
	Bahir Dar
	0
	0
	1
	3
	4

	
	%
	West
	100
	0
	0
	0
	100

	
	
	Awi
	0
	85.7
	14.3
	0
	100

	
	
	East
	0
	12.5
	81.3
	6.2
	100
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Minbale  Coffee-Mineral.M1 (PCA-X)

Colored according to Obs ID (Element)
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Wisdom at the source of the Blue Nile




