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ABSTRACT

LEVELSOF ESSENTIAL AND NON-ESSENTIAL METALS
IN GINGER (Zingiber officinale) CULTIVATED IN ETHIOPIA

By: Y ohannes Wagesho
Advisor: Prof. B. S. Chandravanshi

Ginger (Zingiber officinale Roscoe) is one of the most widely used spices that contain
severa interesting bioactive constituents. Ginger has numerous heath benefits and has
been reported to possess antioxidant, antiseptic, anticarcinogenic, and antifungal,
properties. In the present study, the level of essentia (Ca, Mg, Fe, Zn, Cu, Co, Cr, Mn, and
Ni) and non-essential elements (Cd and Pb) in ginger cultivated in Ethiopia (particularly in
Tepi, Bombae, Hadaro and Ilubabur) and the soil where it has grown were determined by
flame atomic absorption spectrometry. The optimized wet digestion procedure was
evaluated using standard addition (spiking) method and an acceptable percentage recovery
was obtained 93-106 and 93-107 for the metals in ginger and soil samples respectively
except chromium in ginger. 0.5 g of oven dried ginger sample was digested using 3 mL of
HNOz and 1 mL of HCIO4 at 210 °C for 3 h and 0.5 g dried soil sample was digested with
reagent mixture of 6 mL aqua-regia and 1.5 mL H,O, at 270 °C for 3 h. The mean metal
concentration (ug/g dry weight basis) ranges in ginger and soil samples respectively are:
Ca (2001-2543, 1773-3583), Mg (2700-4094, 1457-2442), Fe (41.8- 89.0, 21701-46950),
Zn (38.5-55.2, 255-412), Cu (1.1-4.8, 3.8-33.9), Co (2.0-7.6, 48.5-159), Cr (6.0-10.8, 110-
163), Mn (184-401, 1756-6465), Ni (5.6-8.4, 14.1-79.3) and Cd (0.38-0.97, 0.24-1.1).
However, Pb was not detected in both ginger and soil samples. A statistical analysis of
variance (ANOVA) at 95% confidence level was used to test whether the variation
between the mineral content of four sample means were significant or not. The Pearson
correlation was used to predict the dependence of metal |evels on one another.

Key words: Ginger (Zingiber officinale), Essential elements, Non-essential €lements,

Flame Atomic absorption spectrophotometer.
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1. INTRODUCTION

1.1. Background of the study

Spices are any of various aromatic vegetable productions such as pepper, cinnamon,
nutmeg, mace, allspice, ginger, cloves, etc., used in cookery to season and to flavour

sauces, pickles, etc [1].

The delightful flavour and pungency of spices make them indispensable in the preparation
of edible dishes. Spices impart aroma, colour and taste to food preparations and sometimes
mask undesirable odours. Volatile oils give the aroma, and oleoresins impart the taste.
Aroma compounds play a significant role in the production of flavourants, which are used
in the food industry to flavour, improve and increase the appeal of their products. They are
classified by functional groups, e.g. alcohols, adehydes, amines, esters, ethers, ketones,
terpenes, thiols and other miscellaneous compounds. In spices, the volatile oils constitute
these components. In addition, they are reputed to possess several medicinal and
pharmacological properties and hence find position in the preparation of a number of

medicines[2].

Ethiopia is among the largest consumer of spices in Africa. The major use of spicesisin
the preparation of a highly spiced stew known as 'Wot' which together with ‘Injera is
consumed by a large proportion of the population everyday as their main food. In addition,
spices are also used by the numerous ethnic groups in the country to flavor bread, meat,
soups, different vegetables, and as medicines and perfumes [3].

The spice ginger is obtained from the underground stems or rhizomes of Zingiber
officinale (Rosc.), a herbaceous tropical perennial belonging to the family Zingiberaceae.
The whole plant is refreshingly aromatic, but it is the underground rhizome, raw or
processed, that isvalued as spice[1].

1.1.1. Origin and production of ginger (Zingiber officinale)

Ginger originated in South-East Asia, probably in India. Ginger is cultivated in severa
parts of the world, the most important producing regions being India, China, Nigeria,



Sierra Leone, Indonesia, Bangladesh, Australia, Fiji, Jamaica and Nepal. Among them

India and China are the dominant suppliers to the world market [1].

1.1.2. Botany of ginger

Ginger is a monocotyledon belonging to the family Zingiberaceae and to the order
Zingiberales. In the Zingiberaceage, it belongs to the subfamily Zingiberoideae, which are
aromatic with unbranched aerial stems, distichous leaves, open sheaths and hypogeal
germination, mainly confined to the old world tropics. Among them, ginger is a slender
perennial herb, 30-100 cm tall with palmately branched rhizome bearing leafy shoots. The
leafy shoot is the pseudostem formed by leaf sheath and bears 8-12 distichous leaves [1].

Figure 1 shows a) the whole plant and b) the under ground rhizome of ginger.
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Figure 1. Ginger (Zingiber officinale): a) flowering branch; b) fresh rhizome.

Ginger, the rhizome of Zingiber officinale Roscoe, one of the most widely used species of
the family Zingiberaceae, is a common condiment for various foods and beverages in
Ethiopia. Therefore, this study deals with assessment of level of metals (essential and non-
essential) in ginger cultivated in Ethiopia and it aims to fill the gap at least partialy in the
area and initiate others for further study on ginger and closely related plants widely used
throughout the country.



1.2. Major ginger growing areasin Ethiopia

Ethiopia is a land of diverse climate and soil type that enable prolific growth of several
indigenous and exotic spices, herbs, medicinal and other essential oil bearing plants.
Ginger is known in Ethiopia since the beginning of 13" century. The major ginger growing
area in Ethiopia includes wetter regions at altitude bellow 2000 m in Kefa, Illubabur,
Gamo Gofa, Sidama, and Wellega mostly in garden and around homesteads. Large scale
production and marketing of ginger are also reported from Illubabur, Wolaita, Kembata-
Tambaro, etc. Ginger is the cash crop for the Gumuz people in Benshangul Gumz region.
Currently, it has become an important cash crop for farmers in southern and south-western
parts of Ethiopia. There are also cultivations (though in small quantities compared to the
wet parts of the country) in Gojam and Gonder regions to cover home consumption. The
production of this spice has been expanding in most parts of the country, asit can be grown
under varied climatic conditions that do not have frost problem. Ginger thrives well in
areas with atitudes from sea level to 1500 m, mean annual temperature of 20-32 °C and
with total rainfall greater than 1200 mm. The ideal soil type for the production of ginger is
awell-drained, fertile and friable soil and with enough humus, neutral pH. Coffee soils or
forest soils of south and south-western Ethiopia, having comparable varieties of soil with
above ones, especialy around Tepi and Bebeka are found suitable for ginger production [3,
4].

1.3. Dietary use and health benefits of ginger

Both fresh and dried ginger rhizomes are used worldwide as a spice, and ginger extracts
are used extensively in the food, beverage, and confectionary industries in the production
of products such as marmaade, pickles, chutney, ginger beer, ginger wine, liquors,
biscuits, and other bakery products [5]. In Ethiopiait is among the important spices used in

every kitchen to flavor stew, tea, bread and local acoholic drinks[6].

Ginger is also widely used in both traditional and contemporary natura medicine. It has
been used medicinaly in India since ancient times. Ginger is included in the British,
European, Chinese, and Japanese pharmacopoeias, as well as in many other national
pharmacopoeias, and the World Health Organization has published a monograph for
Rhizoma zingiberis. The medicinal uses of ginger are diverse and include for indigestion,



stomachache, malaria and fevers. It is chiefly used to cure diseases due to morbidity of
Kapha and Vata. Ginger with lime juice and rock salt increases appetite and stimulates the
secretion of gastric juices. It is said to be used for abdominal pain, anorexia, arthritis,
atonic dyspepsia, bleeding, cancer, chest congestion, chicken pox, cholera, chronic
bronchitis, cold extremities, colic, colitis, common cold, cough, cystic fibrosis, diarrhoea,
difficulty in breathing, dropsy, flatulent, disorders of gallbladder, hyperacidity,
hypercholesterolemia, hyperglycemia, morning sickness, prevention of motion sickness,

nausea, rheumatism, sore throat, throat ache, stomach ache and vomiting in pregnancy [7].

1.4. Chemical composition of ginger

The unique flavor properties of ginger arise from the combination of pungency and
aromatic essential oil. The main pungent compounds in fresh ginger are a series of
homologous phenolic ketones known as gingerols. The gingerols are thermally unstable
and are converted under high temperature to shogaol (after shoga, the Japanese word for
ginger) [5]. Gingerols, afamily of homologous compounds differentiated by the number of
carbon atoms in their side chain, are the major pungent constituents, with [6]-gingerol [5-
hydroxy-1-(4-hydroxy-3-methoxyphenyl) decan-3-one] being the most abundant. Another
homologous series which also accounts for the pungency of ginger is the shogaol family,
the dehydrated form of the gingerols, resulting from the elimination of the OH group at C-
5 with the formation of a double bond between C-4 and C-5 (Figure 2). Shogaols, which
are more pungent than gingerols, are the major pungent compounds in dried ginger. The
shogaols are known to occur naturally and also are formed chemically from the
corresponding gingerols in pH 2.5-7.2 media and during thermal processing. The distinct
aroma of fresh ginger comes from the volatile oils, the second major group of components
of ginger [8].

6_Ginzeral 6-Shogaol
0 QH 0
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5-Hydroxy-1-(4-hydroxy-3-methoxy-phenyljdecan-3-one  E-1-(4-Hydroxy-3-methoxy-phenyl)dec-4-en-3-one

Figure 2. The structure of 6-gingerol and 6-shogaol.



The ginger rhizome contains a little steam volatile oil, fixed (fatty) oil, pungent
compounds, resin, proteins, cellulose, pentosans, starch and mineral elements. Of these,
starch is the most abundant and comprises 40-60% of the rhizome on a dry weight basis.
The relative abundance of certain constituents can vary considerably between samples of
ginger in both the fresh (‘green’) and the dried forms. The composition of the fresh
rhizome is determined by the cultivar grown, the environmental conditions of growth and
the stage of maturity at harvest. Further changes in the relative abundance of some
constituents can also occur post harvest during the preparation and subsequent storage of
dried ginger. A typical analysis of a market sample of green ginger gave the following
values (as percentages): moisture, 80.9; protein, 2.3; fat, 0.9; carbohydrates, 12.3; fibre,
2.4; and minerals, 1.2. The principal minerals and vitamins in mg/100 g are Ca, 20; P, 60;
and Fe, 2.6; the vitamins, thiamine, 0.06; riboflavin, 0.03; niacin, 0.6; and ascorbic acid,
6.0. In addition to starch, the dominant carbohydrate, the rhizome contains 7.6% pentoses
on adry weight basis and small quantities of the free sugars, glucose, fructose and sucrose.
Ginger contains 1.6—-2.4% nitrogen on a dry weight basis, of which non-protein nitrogen is

roughly onethird [2].

1.5. Mineral accumulation in ginger plants

Plants can manufacture vitamins, essential amino acids, and fatty acids but they can not
manufacture minerals. Mineral uptake by plants can be affected by several factors including
mineral concentrations in soils, soil pH, cation exchange capacity, organic matter content,
types and varieties of plants, and age of the plant [9]. To get the minerals they need, plants
rely on the soil in which they grow. Plants draw in minerals from the soil one tiny, some
times microscopic, parcel at a time, through their vast, tentacle-like complex of roots and
then put those minerals to work doing the job of sustaining life. During transport
throughout a plant, minerals can exit in xylem and enter the cells that require them.
Minera ions cross plasma membranes by a chemiosmotic mechanism. Mineral nutrient

concentration in roots may be 10,000 times more than in surrounding soil.

Plants absorb minerals in ionic form: for example, nitrate (NOjs), phosphates
(HPO4?), potassium ion (K*), calcium (Ca*), etc; al have difficulty crossing a charged
plasma membrane. In ideal word we would take in our daily requirement of minerals by

eating plants that grow in mineral rich soils[10, 11].



1.5.1. Accumulation of heavy metalsin plants dueto soil contamination

Heavy metal contamination in ecosystems poses major environmental problems worldwide
with substantial economic consequences. Soil pollution by metals differs from air or water
pollution, because heavy metals persist in soil much longer than in other compartments of
the biosphere. Heavy metals concentrations in soil are associated with biological and
geochemical cycles and are influenced by anthropogenic activities such as metalliferous
mining and smelting, metallurgical industries, sewage sludge treatment, warfare and
military training, waste disposal sites, agricultural fertilizers and electronic industries [12].
Contamination and subsequent pollution of the environment by toxic heavy metals have
become an issue of global concern due to their sources, widespread distribution and
multiple effects on the ecosystem. Heavy metals are generally present in agricultural soils
at low levels. Due to their cumulative behaviour and toxicity, however, they have a

potential hazardous effect not only on crop plants but also on human health [13].

The contamination of soil by atmospheric deposition of toxic metals affects soil properties
and further increases plant metal levels through root uptake [14]. Recent studies have also
revealed that wastes dumpsites can transfer significant levels of these toxic and persistent
metals into the soil environment. And eventually these metals are taken up by plants parts
and transfer some into the food chain. Consequently, higher soil heavy metal concentration

can result in higher levels of uptake by plants [15].

Heavy metals impact both the physiology and ecology of microorganisms and are known
to inhibit a broad range of microbial processes including methane metabolism, growth,
nitrogen and sulphur conversions. Metals generate many of their deleterious effects
through the formation of free radicals, resulting in DNA damage, lipid peroxidation and
depletion of protein sulfhydryls (for example, glutathione) [16].

Therefore, acomprehensive study related to the assessment of levels of essential and heavy
toxic metals of plants and soil where the plant has grown is crucia with respect to human
health and the quality of its products.



1.6. Theroleof metalsin plantsin human health

Humans require a suite of mineral elements in varying amounts for proper growth, health
maintenance and general well being. Plant-derived foods have the potential to serve as
dietary sources for all human-essential minerals, and with a well-balanced diet that
includes mixed sources of grains, fruits, vegetables, roots and tuber crops, plant foods can

make a significant contribution to daily mineral needs at all stages of the life cycle [17].

Minerals are essential components of our diet that serve as cofactors in the thousands of
enzyme-controlled reactions that power the machinery of the cell. Throughout the body,
minerals form critical structural elements, control the action of nerves and muscles, help
maintain the body's water balance, and buffer the pH (acidity) of the cell and extracellular
fluids. Although minerals only make up a small percentage (5%) of body weight, their role
in the body is significant and life would not be possible without them [18].

Generaly, too low or too high of a concentration of trace elements in human diet can affect
the quality of human life. Equally, industrial-based metallic contamination of the air, soil
and water supplies can have dramatic effects on human well-being. Thisis why water, air,
soil and foods are tested for metals concentration to ensure that they meet acceptable
standards and should not pose a health hazard.

1.6.1. Classification of minerals

Mineras are usually classified into two main groups on the basis of their relative amounts
in the body. One of the groups is macroelements or macrominerals occurring in relatively
large amounts and needed in quantities of 100 mg or more per day which include calcium,
magnesium, sodium and potassium. Minerals occurring small amounts and needed in
quantities of a few milligrams or less per day are called microelements or trace elements,
which includes iron, zinc, copper, manganese, cobalt, nickel, chromium and boron. Other
trace metals like aluminium, lead, cadmium, mercury and arsenic are till now recognized
as potentialy harmful. Actually all essential elements may also be toxic in animals and

humans if ingested at sufficiently high levels and for along enough period [19, 20].



The physiological role of Ca, Mg, Fe, Cu, Zn, Mn, Co, Cr, Ni, Cd, and Pb are briefly
described below.

Calcium (Ca)

Calcium is required for the normal development and maintenance of the skeleton. It is
stored in the teeth and bones, where it provides structure and strength [21, 22]. Calcium is
also important as a positive ion (Ca?") in blood clotting, muscle contraction, and nerve

impulse transmission.

Excessive intakes of Ca induce constipation and place up to half of otherwise healthy
hypercalciuric males at increased risk of urinary stone formation. A high calcium intake
may inhibit the intestinal absorption of iron, zinc, and other essential minerals [23]. Its
deficiency isfound to result in stunted growth, rickets, and osteoporosis.

Magnesium (Mg)

Soft tissue magnesium functions as a co-factor of many enzymes involved in energy
metabolism, protein synthesis, RNA and DNA synthesis, and maintenance of the electrical
potential of nervous tissues and cell membranes [24].

Excessive intakes of magnesium are harmful to people with impaired renal function
resulting in magnesium retention is often associated with hypermagnesemia. Early
symptoms of hypermagnesemia include nausea, vomiting, and hypotension. Its depletion
results gastrointestinal tract abnormalities associated with malabsorption or excessive fluid
and electrolyte losses; renal dysfunction with defects in cation reabsorption; and general

malnutrition and alcoholism [23].

Iron (Fe)

Iron is aconstituent of hemoglobin, myoglobin, and a number of enzymes and, therefore, is
an essential nutrient for humans [23]. Iron has severa vital functions in the body. It serves
as a carrier of oxygen to the tissues from the lungs by red blood cell haemoglobin, as a
transport medium for electrons within cells, and as an integrated part of important enzyme

systems in various tissues [24].



Deficiency of iron results in anemiawhich is recognized by its symptom such as low blood
iron level, small and red blood cells and low blood hemoglobin values. Functional
indicators of iron deficiency may include reduced physical work capacity, delayed
psychomotor development in infants, impaired cognitive function, impaired immunity and

adverse pregnancy outcomes[21].

Iron toxicity usually results from a generic disorder called hemochromatosis. This disease
causes over absorption and accumulations of iron, which can result in sever liver and heart
damage [22].

Copper (Cu)

Copper is an essential trace metal for animals and human beings and have diverse
functions in plants. It is required in the formation of erythrocytes and hemoglobin as well
as some enzymes like tyrosinase. Copper is also involved in bone and elastic tissue

development [25].

The deficiency of copper results anemia related to defective iron metabolism, skeletal
defects, affect the central nervous system and the immune and cardiovascular systems —
notably in infants, defects in pigmentation and structure of hair or wool, reproductive
failure, and decreased arterial elasticity [21, 23]. Excess intake of copper can cause

vomiting, nervous system disorder and Wilson’s diseases [22].

Zinc (Zn)

Zinc is an essential component of alarge number of enzymes participating in the synthesis
and degradation of carbohydrates, lipids, proteins, and nucleic acids as well as in the

metabolism of other micronutrients [24].

Severe zinc deficiency in humans are growth retardation, delayed sexua and bone
maturation, eye and skin lesions, diarrhoea, alopecia, impaired appetite, increased
susceptibility to infections mediated via defects in the immune system, and the appearance
of behavioural changes|[21, 24].



The toxicity signs are nausea, vomiting, diarrhoea, fever, and lethargy and have been
observed after ingestion of 4-8 g zinc. Long-term zinc intakes higher than the
requirements could, however, interact with the metabolism of other trace elements. Copper
seems to be especially sensitive to high zinc doses. A zinc intake of 50 mg/day affects

copper status indexes, such as CuZn-superoxide dismutase in erythrocytes [23, 24].

Manganese (Mn)

Manganese is an essential element to both plants and animals. It is necessary for normal
bone metabolism and important enzyme reactions. It also helps to maintain normal nerve,

brain and thyroid function [26].

Signs of Mn deficiency include poor reproductive performance, growth retardation,
congenital malformations in the offspring, abnormal formation of bone and cartilage,
changes in carbohydrate and lipid metabolism, and impaired glucose tolerance. It also
interferes with skeletal development [21, 23]. Exposure to high level of Mn can cause both
mental and emotional disturbance, along with increased slowness and clumsiness of the
body movements. This disease is called manganism. Any brain injury due to the

accumulation of Mn in the brain is permanent [27].

Lead (Pb)

Lead serves no useful purpose in the human body, and its presence in the body can lead to
toxic effects, regardless of exposure pathway. Lead toxicity influences brain, heart,
kidneys, liver, nervous system, and pancreas. It may cause many signs and symptoms such
as abdominal pain, anemia, anorexia, anxiety, bone pain, brain damage, confusion,
constipation, convulsions, dizziness, drowsiness, fatigue, headaches and hypertension. It
also diminishes 1Q in children [28].

Cadmium (Cd)

Cadmium has no known nutritional value, and it has been considered an extremely
significant pollutant affecting all life forms because of its high toxicity and great solubility
in soil and water and easy accumulation in roots of most plant tissues. Excessive Cd

exposure may give rise to rena, pulmonary, hepatic, skeletal, reproductive effects, and
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cancer [29]. Intake of cadmium-contaminated food causes acute gastrointestinal effects,

such as vomiting and diarrhoea [30].

Chromium (Cr)

Chromium(111) is an essential element in humans. Trivalent chromium is required for
maintaining normal glucose metabolism; it acts as a cofactor for insulin. Chromium
deficiency has been induced in several animal species, resulting in impaired glucose
tolerance in the presence of normal concentrations of circulating insulin and, in severe

cases, in adiabetes-like syndrome [23].

Chromium(l11) is much less toxic than chromium(VI). The respiratory tract is the major
target organ for chromium(V1) toxicity, for acute (short-term) and chronic (long-term)
inhalation exposures. Shortness of breath, coughing, and wheezing were reported from a
case of acute exposure to chromium(V1), while perforations and ulcerations of the septum,
bronchitis, decreased pulmonary function, pneumonia, and other respiratory effects have
been noted from chronic exposure. Inhaled chromium(VI) is a human carcinogen,

resulting in an increased risk of lung cancer [31].

Nickel (Ni)

Nickel is believed to play arole in physiological processes as a co-factor in the absorption
of iron from the intestine. Nickel increased the absorption of iron from the diet in iron

deficiency but only when dietary iron was in the unavailable ferric form [32].

Contact with nickel compounds can cause a variety of adverse effects on human health,
such as nickel alergy in the form of contact dermatitis, lung fibrosis, cardiovascular and
kidney diseases and cancer of the respiratory tract. Acute health effects of Ni manifest as a
variety of clinical symptoms (nausea, vomiting, abdominal discomfort, diarrhea, visual
disturbance, headache, giddiness, and cough). The most common type of reaction to nickel

exposure isaskin rash at the site of contact [33].

Cobalt (Co)

The only known animal requirement for cobalt is as a constituent of vitamin B1,, which has

4% cobalt in its chemical structure. This means that a cobalt deficiency is really a vitamin
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Bi, deficiency. Cobalt deficiency symptoms include a loss of appetite, emaciation,
weakness, anemia, and decreased production. Excessive amounts of cobalt produce

cardiomyopathy with a high mortality risk [34].

1.7. Analysis of metalsin plant materials

Metals contained in samples are determined by a wide variety of analytical methods, with
the choice often depending on the precision and sensitivity required. Both macro and trace
elements can be determined by various spectroscopic or chromatographic methods, such as
atomic absorbance spectrometry using flame (FAAS) or graphite furnace (GFAAS)
atomization, atomic emission spectrometry (AES), inductively coupled plasma atomic
emission spectrometry (ICP-AES), inductively coupled plasma mass spectrometry (ICP-
MS), X-ray fluorescence (XRF), and ion chromatography (IC) [35]. Electroanalytical
methods such as polarography and voltametry can also be used to determine the metal

levelsin various samples.

All these methods require pre treatment of samples to be analysed. One of these samples
pre-treatment involve sample matrix break down or sample decomposition. In this project,
FAAS was employed for determination of metal levels in ginger and soil samples where

ginger has grown.

1.8. Sample decomposition

A common result of the sample preparation is the dissolution of the entire sample,
producing a clear solution. The digestion method must be selected to suit the type of
sample, the metals being determined, the analytical method and factors such as the matrix
composition, the element contents, the possible interferences, the risk of loses and

contaminations, the practicality and possible safety hazards in the laboratory [35, 36].

The purpose of sample decomposition is for converting all the species in which a given
element is present in such a way that it becomes present in one defined form, eliminating
interfering substances from the matrix, and obtaining the element in a homogeneous and

easily accessible matrix [36].
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The digestion methods could be classified in to wet digestion, acid digestion, dry ashing,

and microwave digestion.

1.8.1. Wet digestion

Samples to be analyzed for elemental metal content are usually prepared by digesting the
matrix in a strong acid. In the case of organic matrices, an oxidizing mixture is used to
destroy the entire organic matrix and solubilize the sample. This yields a clear solution
containing the metals for analysis by such techniques as AA, ICP, or ICP-MS. Nitric acid
is commonly used, because there is no chance of forming insoluble salts as might happen
with HCI or H,SO,. Hydrogen peroxide may be added to increase the oxidizing power of
the digestion solution [35-37]. The procedure could take place either in open system or

closed system (bomb decomposing with conventional or microwave heating).

1.8.2. Dry ashing

For samples that contain much organic matter, which are being analyzed for nonvolatile
metals, dry ashing is arelatively ssmple method of removing the organic matter that can be
used for relatively large samples and requires little of the analyst’s time. In the open vessel
method, the sample is placed in a suitable crucible and is ignited in a muffle furnace.
Crucibles used for ashing are usualy made of silica, porcelain, platinum, or Pyrex glass.
After decomposition the residue is dissolved in acid and transferred to a volumetric flask
prior to analysis. Typical ashing temperatures are 450 to 550 °C. Magnesium nitrate is
commonly used as an ashing aid. Dry ashing is aso conducted at 50-100°C under reduced
pressure in an oxygen plasma discharge.

The maor drawbacks of the method are the possible loss of some elements by
volatilization, contamination of the sample by airborne dust, as it must be left open to the
atmosphere and irreversible sorption of analyte into the walls of the vessel [35].

1.8.3. Microwave digestion

A microwave sample digestion system consists of a microwave oven, a rotating carousel
holding severa sample digestion bombs, and a system for venting these in a controlled
fashion. It may also provide monitoring and recording of both temperature and pressure in

the containers.
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Digesting a sample in a closed container in a microwave oven has several advantages over
open container dissolution methods. The containers are fabricated of high-temperature
polymers, which are less likely to contain metal contaminants than are glass or ceramic
beakers or crucibles. The sealed container eliminates the chance of airborne dust
contamination. The sealed, pressurized containers reduce evaporation, so that less acid
digestion solution is required, reducing blanks. The sealed container also eliminates losses
of more volatile metal species, which can be a problem in open container sample
decomposition, especially in dry ashing [35].

1.8.4. Fusion

Fusion is a powerful technigue especially both for organic matrices and those with a high
silica and alumina content. Since solid and aggressive fusion reagents are difficult to
purify, fusion cannot be recommended as ultra trace analysis. A second disadvantage is
that the method is carried out in contact with ambient air. Risks of volatilizations are large
[38].

1.9. Significance of the study

As described in section 3.4., many researches were conducted on determination of essential
and non-essential metal levels of ginger in Nigeria, India, Saudi Arabia, Poland, etc. In
Ethiopia, the essential oil from ginger cultivated in Ethiopia was also investigated by
Nigist Asfaw and Berhanu Abegaz [6]. The literature survey revealed that there was no
study that has been conducted in the determination of metals in ginger cultivated in
Ethiopia.

Since ginger is used as a spice for many peoples of Ethiopia and it is cash crop, the
knowledge of their mineral level are of particular interest. Hence it is worthwhile to
determine the levels of essential and non-essential metals in ginger cultivated in Ethiopia.
Therefore, the out come of this research work will ultimately help to ensure the dietary
safety of the society and improving the country's economy by increasing both quality and
quantity of ginger cultivated in Ethiopia. Finaly, the comparison was made on the mineral

levels of ginger cultivated in Ethiopia with those of other countries [39-41].
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1.10. Objectives

A. General objective

The main objective of this project is to determine the level of mineralsin ginger (Zingiber
officinale) cultivated in Ethiopia.

B. Specific Objectives

(i) To develop an optimum working procedure for digestion of ginger samplesto
determine mineral contents by FAAS.

(ii) To determine the levels of major, minor and trace elements (Ca, Mg, Fe, Zn, Cu,
Co, Cr, Mn, Ni, Cd, and Pb) in ginger samples cultivated in Ethiopia.

(iii) To assess the level of mineralsin soil samples where the ginger has grown.

(iv) To correlate the levels of mineralsin the ginger with that of soil in which it has
been cultivated.

(v) To compare the levels of the mineralsin the different soil samples from different
sample sites.

(vi) To compare the levels of minerals found in ginger cultivated in Ethiopiawith the

data of mineral levelsin literature from abroad.
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2. EXPERIMENTAL

2.1. Equipment and reagents

2.1.1. Equipments

Chopping board (PTFE, China) and Teflon (PTFE) knife were used to cut ginger rhizome
in to pieces. A drying oven (Digitheat, J.P. Selecta, Spain) was used to dry ginger sample.
Electronic blending device (Moulinex, France) was used for grinding and homogenizing
the sampl e to determine the total metal content of the ginger. Mortar and pestle was used to
grind soil sample. Analytical balance (Larko, LA114, 110 g/0.1 g) with precison of *
0.0001 g was used to weigh the ginger and soil sample. A 100 mL round bottomed flasks
fitted with reflux condensers were used in Kjeldahl apparatus hot plate to digest the dried
and powdered ginger and soil samples. Borosilicate volumetric flasks (25, 50 and 100 mL)
were used during dilution of sample and preparation of metal standard solutions.
Measuring cylinders (Duran, Germany), pipettes (Pyrex, USA), micropipettes
(Dragonmed, 1-10 pL, 100-1000 pL, Shangai, China) were used during measuring
different quantities of volumes of sample solution, acid reagents and metal standard
solutions. Flame atomic absorption spectrophotometers (Buck Scientific Model 210V GP
AAS, East Norwalk, USA) equipped with deuterium arc back ground correctors and
hollow cathode lamps with air-acetylene flame was used for the analysis of the analyte
metals (Ca, Mg, Cu, Zn, Mn, Ni, Fe, Co, Cr, Pb and Cd in the ginger and soil sample.

2.1.2. Reagents and chemicals

Reagents that were used in the analysis were all analytical grade. HNO; (69-72%) and
HCIO, (70%) [Research- Lab Fine Chem Industries Mumbai 400 002 (India)] were used
for digestion of ginger samples. Aqua-regia prepared from 3:1 ratio of 37% HCI (Riedel-
deHaén) and (69-72%) HNOs, and extra pure hydrogen peroxide 30% H,0,, (Scharlau,
European Union), were used for digestion of soil sample. Lanthanum nitrate hydrate (98%,
Aldrich, Muwaukee, USA) was used to avoid refractory interference (for releasing calcium
and magnesium from their phosphates). Stock standard solutions containing 1000 mg/L, in
2% HNO;, of the metals Ca, Mg, Cu, Zn, Mn, Ni, Fe, Co, Cr, Pb and Cd (Buck Scientific
Puro-Graphic) were used for preparation of calibration standards and in the spiking
experiments. Deionized water (chemically pure with conductivity 1.5 us‘cm and below)
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was used for dilution of sample and intermediate metal standard solutions prior to analysis

and rinsing glassware and sample bottles.

2.2. Procedure

2.2.1. Cleaning appar atus

Apparatus such as volumetric flasks, measuring cylinder and digestion flasks were washed
with detergents and tap water, rinsed with deionised water. The digestion flasks were
soaked with 1% (w/v) potassium dichromate in 98% (v/v) H,SO, and the volumetric flasks
were soaked in 10% (v/v) HNO; for 24 hours followed by rinsing with deionized water,
dried in oven and kept in dust free place until analysis begins. Prior to each use the

apparatus were soaked and rinsed in deionized water.

2.2.2. Description of sampling areas

Samples were collected from four major ginger production area in Ethiopia namly Tepi,
Bombae, Hadaro and llubabur. Tepi is located in the Sheka zone, Southern Nations,
Nationalities and Peoples' Region (SNNPR), 596 km southwest of Addis Ababa with an
elevation of 1097 meters above sea level and lies between 7.12-7.89 latitude and 35.24 to
37.90 longitudes. The annual mean temperature of the area ranges between 15.1-27.5 °C
and the annual mean rainfall ranges 1201-1800 mm. Bombae is located in Wolayita Zone,
SNNPRS, 390 km south west of Addis Ababa, lies between 6°51" and 7°35" North
Longitude; and 37°46" and 38°1" East Latitude. Hadaro is located in Kembata zone of
SPNNR. It is 270 km far from the capita city of Ethiopiawhich is Addis Ababa. 11lubabor
is located in the Oromia Region. It has a latitude and longitude of 8°18'N 35°35'E and an
altitude of 1605 meters.
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2.2.3 Collection and preparation of ginger and soil samples
2.2.3.1 Collection of samples
Ginger sampling

Fresh ginger samples were collected from the farmlands of four areas in southern and south
western Ethiopia particularly Illubabur (Oromia region), Tepi (Sheka, SNNPR), Hadaro
(Kambata, SNNPR), and Bombae (Wolayita, SNNPR). These sampling sites are selected
based on large scale production area of ginger in country so that the sample partly
represents the whole ginger cultivated in Ethiopia. To draw the representative sample from
each sampling sites, three sub samples (500 g each) were taken from farmlands which are
roughly two km away from each other. These farmlands were randomly chosen from the
three triangular corners of the area. Half kilogram of fresh ginger samples were collected
from each farmland and put in clean polyethylene plastic bags labelled and brought to the
laboratory for further pre-treatment. The three sub-samples were mixed together after
grinding in a blender to homogenize and form bulk samples that represent each sampling areas.
Finally four ginger bulk samples one from each stated areas were prepared for analysis.

Twelve with 0.5 g aliquot (three from each bulk sample) were taken for final digestion.

Soil sampling

For comparative analysis of minera levels in ginger and the soil where the ginger has
cultivated, the soil samples were collected from the surface horizon (15-20 cm) depth of
the same four sampling areas of ginger. Sampling was done similar to ginger. Half
kilogram soil samples were collected from each farmland. The three sub-samples were
mixed together after grinding using a mortar and pestle to homogenize and form bulk
samples that represent each sampling areas. Finally four soil bulk samples one from each
stated areas were prepared for analysis. Twelve with 0.5 g aliquot (three from each bulk

sample) were taken for final digestion.
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2.2.3.2. Sample Preparation
Ginger sample preparation

Fresh ginger collected from the sampling areas was kept in plastic bags. The rhizomes
were washed with a running tap water so as to remove adsorbed soil particulates and then
rinsed with deionized water. The thin outer skin of ginger was removed by plastic knife
and chopped in to pieces nearly uniform size to facilitate drying uniformly. The sample
was exposed to sun for two days to reduce the moisture content. Then, to have constant
mass, the sample was oven dried at 80 °C for 24 hours so as to express the result in terms
of dry mass basis. The dried ginger was powdered using electronic blender and sieved to

prepare fine powder of ginger for digestion.

Soil sample preparation

The soil sample collected from the four sampling areawere air dried to constant weight for
three days and sieved through a 2-mm polyethylene sieve to remove large debris, stones,
and pebbles. Then, the samples were ground using a mortar and pestle to pass a 500-um

sieve, homogenized, and ready for digestion.

2.2.3.3. Deter mination of moisture content of ginger

To determine the moisture content of fresh ginger, first it was carefully washed with tape
water to remove adsorbed soil particulates and exposed to air to vaporize water on the
surface of it. Then it was weighed with electronic balance to record the initial weight with
its moisture content. After oven drying at 80 °C for two days it was re-weighed and re-
dried until it gave constant mass. As can be seen from Table 1, the moisture content of four
samples was between 75.0-84.9%. Therefore, fresh ginger cultivated in Ethiopia has
comparable moisture content with the value reported by Govindargan [42], which is
80.9% for typical analysis of market sample of ginger.
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Table 1. Moisture content of ginger.

Sampling area The mass before| The mass after | Moisture  content
drying () ovendried () (%)

[lubabur 55.9 14.0 75.0

Hadaro 83.9 14.2 83.0

Bombae 98.1 14.9 84.9

Tepi 116.5 23.0 80.3

2.2.4. Optimization of digestion procedure and sample digestion

Wet digestion of plant material with acids in an electrical heating block, has been well
established and widely used for the determination of nutrient concentrations in plant
samples [43]. Adding the strong mineral acids or their combinations (commonly nitric
or/and perchloric acid — as they are strong oxidizing agent and forms soluble salts with
metals) to the plant material in appropriate vessel (test tube, beaker, digestion flask, etc.),
and heating with a Bunsen burner, hot plate, or auminum block with programmed

temperature is the most common procedure employed.

2.2.4.1. Optimization of digestion procedur e of ginger samples

The basic requirements for sample preparation for analysis are to get an optimum condition
for digestion. The optimum condition is the one which required minimum reagent volume

consumption, minimum reflux time, clarity of digests, and ease of simplicity.

In this study, to prepare a clear colorless sample solution that is suitable for the analysis
using FAAS, different ginger digestion procedures were optimized using the HNO3 and
HCIO,4 acid mixtures by varying parameters such as volume of the acid mixture, digestion
time and digestion temperature (Table 2). From the optimization procudures, the acid
mixture of 3 mL of HNO;3; (69-70%) and 1 mL of HCIO,4 (70%), digestion time of 3 hours and
digestion temperature of 210 °C were found the optimal condition for 0.5 g ginger sample.
These optimum conditions were selected based on clarity of digests, minimum reagent
volume consumption, minimum digestion time, simplicity and minimum temperature

applied for complete digestion of sample.
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Table 2. Different conditions tested for optimization of digestion procedure for 0.59g

ginger samples.

Trial | Reagent(s) used | Reagent Temp. Digestion | Observation
No. volume | (°C) time (h)
(mL)
|. Optimization for reagent volume
1 HNO3:HCIO, 3:3 270 3:00 Deep yellow
2 HNO3:HCIO,4 4:2 270 3:00 Yellow
3 HNO3:HCIO, 3:2 270 3:.00 Clear yellow
4 HNO3:HCIO, 4:1 270 3:00 Almost clear
5 HNO3:HCIO, 2:2 270 3:00 Clear light yellow
6 HNO3:HCIO, 3:1* 270 3:00 Clear and colourless
[1. Optimization for temperature
1 HNO3:HCIO, 31 150 3:00 Deep yellow
2 HNO3:HCIO, 31 180 3:00 Light yellow
3 HNO3:HCIO, 31 210* 3:00 Clear and colourless
4 HNO3:HCIO, 31 240 3:00 Clear and colourless
5 HNO3:HCIO, 31 270 3:.00 Clear and colourless
6 HNO3:HCIO, 31 300 3:00 Clear and colourless
[11. Optimization for digestion time
1 HNO3:HCIO, 31 210 1:45 Deep yellow
2 HNO3:HCIO, 31 210 2:00 Light yellow
3 HNO3:HCIO, 31 210 2:15 Light yellow
4 HNO3:HCIO, 31 210 2:30 Clear light yellow
5 HNO3:HCIO, 31 210 2:45 Clear and colourless
6 HNO3:HCIO, 31 210 3:00* Clear and colourless

* Indicate the optimal condition for the given parameter.
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2.2.4.2. Optimization of digestion procedur e of soil samples

The measurement of metal concentration in soil, sediment and waste, is generaly a
combination of a digestion procedure for dissolution of elements and a subsequent

measurement of the dissolved elements [44].

The conventional aqua-regia digestion procedure consists of digesting soil samples is so
widely used that the European Community Bureau of Reference has certified severa soil
and sludge samples based on it, in addition to the total elemental concentrations [45].
Wilson et al. reported that digesting soil sample with agua-regia produced the most
accurate, efficient and reproducible results [46]. Hur et al. evaluated 1:1 HNO3:HCl, 1:3
HNO3:HCI (agua-regia), and 1:3:0.5 HNOz:HCI:H,O, (modified aqua-regia), and they
reported that, the aqua-regia and modified aqua-regia were the most effective digestion
reagents [47].

Considering the findings mentioned above, the modified aqua-regia (HNO3; + HCl + H,0y)
was selected as digestion reagent for soil sample digestion in this work and optimized as
presented in Table 3. The optimum conditions for soil sample digestion were a reagent
mixture of 6 mL agua-regia (3:1 ratio of HCl to HNO3) and 1.5 mL H,0,, digestion

temperature of 270 °C and digestion time of 3 hours for 0.5 g soil sample.
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Table 3. Different conditions tested for optimization of digestion procedure for 0.5 g soil

samples.

s |Reagent(s) used Reagent |Temp. Digestion |Observation

pa volume |(°C) time (h)

T (mL)

=

|. Optimization for reagent volume

1 |AquaregiaH;0, 6.5:1 300 3:00 Deep yellow with
suspension

2 |AquaregiaH,0; 6:1.5* 300 3:00 Light yellow with
Nno suspension

3 |AquaregiaH;0; 5.5:2 300 3:00 Light yellow with
no suspension

[1. Optimization for temperature

1 |AquaregiaH,0, 6:1.5 240 3:00 Deep yellow with
suspension

2 |AquaregiaH,0; 6:1.5 270* 3:00 Light yellow with
Nno suspension

3 |AquaregiaH,0; 6:1.5 300 3:00 Light yellow with
no suspension

[11. Optimization for digestion time

1 |AquaregiaH,0, 6:1.5 270 2:00 Deep Yellow with
suspension

2 |AquaregiaH,0; 6:1.5 270 2:30 Light yellow with
suspension

3 |AquaregiaH,0; 6:1.5 270 3:00* Light yellow with

no suspension

* Indicate the optimal condition for the given parameter.
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2.2.4.3. Digestion of ginger samples

Applying the optimized condition (Table 2), 0.5 g of dried and homogenized ginger
samples were transferred into a 100 mL round bottomed flask. Then 4 mL of a mixture of
HNO;3 (69-72%) and HCIO, (70%) with a volume ratio of 3:1 (v/v) was added and the
mixture was digested on a Kjeldahl digestion apparatus fitting the flask to areflux condenser
by setting the temperature first to dial at 4 (120 °C) for 30 min and then increased to dial 9
(210 °C) for the remaining 2 hour and 30 minutes. The digest was allowed to cool to room
temperature for 10 min without dismantling the condenser from the flask and for 10 min
after removing the condenser. To the cooled solution 15 mL of deionized water was added
to dissolve the precipitate formed on cooling and to minimize dissolution of filter paper by
the digest residue while filtering with Whatman, (110 mm, diameter), filter paper into 50
mL volumetric flask. The round bottom flask was rinsed subsequently with 5 mL deionized
water until the total volume reached around 45 mL. To thisfinal solution, 3 mL lanthanum
nitrate solution (1% w/w) was added and the solution was filled to the mark (50 mL) with
deionized water. The digestion was carried out in triplicate for each bulk sample. Digestion
of areagent blank was also performed in parallel with the ginger samples keeping all digestion
parameters the same. The digested samples were kept in the refrigerator, until the level of
all the metals in the sample solutions were determined by FAAS.

2.2.4.4. Digestion of soil samples

Applying the optimized condition (Table 3), 0.5 g of dried and homogenized soil samples
were transferred into a 100 mL round bottomed flask. To this 6 mL of agua-regia (3:1 ratio
of 37% HCI to (69-72%) HNO; respectively) and followed by 1.5 mL of 30% H,O, were
added and the mixture was digested on a Kjeldahl digestion apparatus fitting the flask to a
reflux condenser by setting the temperature first to dial at 6 (180 °C) for the first 30 min and
then raised to dial 8 (240 °C) for the next 30 min and finally raised to dial 9 (270 °C) for
the remaining 2 hours. The rest steps were similar for both ginger and soil sample digestion

procedure.

2.2.5. Analysis of ginger and soil samplesfor metal levels

Cadlibration metal standard solutions were prepared for each of the metals from an
intermediate standard solution containing 10 mg/L which was prepared from the atomic

absorption spectroscopy standard stock solutions that contained 1000 mg/L. These
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secondary standards were diluted with deionized water to obtain three working standards
for each metal of interest (Table 5). Then, Ca, Mg, Cu, Zn, Mn, Ni, Fe, Co, Cr, Pb and Cd
were analyzed with FAAS (Buck Scientific Model 210GP) equipped with deuterium arc
background corrector and standard air-acetylene flame system using external calibration
curve after the parameters (burner and lamp alignment, dlit width and wavelength
adjustment) were optimized for maximum signal intensity of the instrument. Three
replicate determinations were carried out on each sample. Hallow cathode lamp for each
metal operated at the manufacturer’s recommended conditions were used at its respective
primary source line. The acetylene and air flow rates were managed to ensure suitable
flame conditions. All eleven metals were determined by absorption/concentration mode
and the instrument readout was recorded for each solution manually. The same analytical
procedure was employed for the determination of elementsin digested blank solutions. The
operating conditions for FAAS employed for each analyte are given in Table 4.

Table 4. Instrumental operating conditions for determination of metalsin ginger and soil

samplesusing FAAS.

Wavelength | Detection Lamp

(nm) limit (mg/L) | Slitwidth | current Energy
Element (nm) (mA) (erg)
Ca 422.7 0.010 0.7 2.0 3.606
Mg 285.2 0.001 0.7 10 4.091
Cu 324.7 0.020 0.7 15 3.970
Zn 213.9 0.005 0.7 2.0 3.047
Mn 2795 0.001 0.7 3.0 3.971
Ni 232 0.040 0.2 7.0 2.928
Fe 248.3 0.030 0.2 7.0 2.546
Co 240.7 0.050 0.2 4.5 2.746
Cr 357.9 0.050 0.7 2.0 3.750
Cd 228.9 0.005 0.7 2.0 3.07
Pb 217 0.100 0.7 3.0 3.16
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2.2.6. Instrument Calibration

The data qualities obtained from FAAS for metals analyses are highly affected by the
calibration and standard solution preparations procedures. The instrument was calibrated
using three series of working standards. The working standard solutions of each metal were
prepared freshly by diluting the intermediated standard solutions (10mg/L). Concentrations
of the intermediate standards, working standards and value of correlation coefficient of the
calibration graph for each metal are listed in Table 5. The calibration graph of each metals

of interest is shown in Figure 3.

Table 5. Intermediate standards, working standards and correlation coefficients of the

calibration curves for determinations of metals using FAAS.

Concentration  of | Concentration of waorking | Correlation
intermediate standards (mg/L) coefficient
standard (mg/L) of calibration
No. | Metd
curves
1 Ca 10 05,1.0,20 0.9999
2 Mg 10 0.25,0.5,1.0 0.9999
3 Cu 10 05,15,15 0.9999
4 Zn 10 0.2,04,0.8 0.9977
5 Mn 10 0.25,0.5,1.0 0.9999
6 Ni 10 0.25,0.5,1.0 0.9999
7 Fe 10 05,1.0,15 0.9999
8 Co 10 0.25,0.5,1.0 0.9919
9 Cr 10 05,1.0,15 0.9989
10 | Cd 10 0.25,0.5,1.0 0.9999
11 Pb 10 12,24, 48 0.9999
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Figure 3. Calibration graphs of metal standard solution.
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2.2.7. Method performance and method validation

The criteria used for evaluating analytica methods are called figures of merit. Based on
these characteristics, one can predict whether a method meets the needs of intended
purpose. These figures of merit are accuracy, precision, sensitivity, detection limits, and
the quantitation limits [35].

2.2.7.1. Precision

The precision of an analytical procedure expresses the closeness or agreement between a
replicate measurements obtained from multiple sampling of the same homogeneous sample
under the prescribed conditions (repeatability or reproducibility). The common term used
to measure variability is the coefficient of variation (CV) or relative standard deviation
(RSD), which may also be expressed as a percentage and it is the parameter of choice for
expressing precision in analytical sciences[35].

In this study, the precision of the results were evaluated by the pooled standard deviation,
and relative standard deviation of the results of nine measurements for a given bulk sample
(i.e. three samples (n = 3) and triplicate readings for each sample).

2.2.7.2. Method detection limit

According to IUPAC, the limit of detection (LOD) is defined as “the smallest
concentration or amount of an analyte that can be reliably shown to be present or measured
under defined condition”, and the limit of detection is “the lowest concentration level that
can be determined to be statistically different from a blank (99% confidence)”. The LOD is
typically determined to be in the region where the signal-to-noise ratio is greater than 3 but

not necessarily quantitated as an exact value [48].

In the present study, method detection limit for each metal was estimated by digesting six
analytical blanks with the optimized procedure for both ginger and soil samples. Triplicate
analyses of six blank samples for all elements were performed and the pooled standard
deviation of the six blank reagents was calculated. The detection limits were obtained by
multiplying the pooled standard deviation of the reagent blank (Syiank) by three (MDL = 3 x
Soiank, N = 6). Asshown in Table 6, the method detection limit of each element is above the
instrument detection limit.
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2.2.7.3. Method limit of quantitation (LOQ)

The lowest concentration level at which a measurement is quantitatively meaningful is
caled the limit of quantitation (LOQ). The LOQ is most often defined as 10 times the
signal/noise ratio. If the noise is approximated as the standard deviation of the blank (s,),
theLOQis10x S, [35].

In this study, LOQ was obtained from triplicate analysis of six reagents blanks which was
digested in the same digestion procedure as ginger and soil samples. The LOQ was calculated
by multiplying pooled standard deviation of the reagent blank by ten (LOQ = 10 X Syank, N = 6)

and the value for each elements was listed in Table 6.

Table 6. Instrument detection limit, method detection limit and quantitation limit for metals

of interest determined in ginger and soil samples.

Metal Instrument_ ‘ M DL for MDL for | MQL for | MQL for soil
oyt | aree Y9 | il (mgg) | ginger | (mgig
(mg/g)
Ca 0.01 0.006 0.005 0.02 0.01
Mg 0.001 0.002 0.003 0.01 0.01
Cu 0.02 0.001 0.002 0.001 0.01
Zn 0.005 0.0006 0.003 0.002 0.01
Mn 0.01 0.0005 0.002 0.002 0.01
Ni 0.04 0.003 0.007 0.009 0.03
Fe 0.03 0.005 0.004 0.01 0.01
Co 0.05 0.002 0.003 0.006 0.01
Cr 0.05 0.006 0.006 0.01 0.01
Cd 0.005 0.0002 0.001 0.0003 0.01
Pb 0.1 0.002 0.004 0.007 0.01
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2.3. Validation of optimized procedure

The efficiency of the optimized procedure is checked by various methods. These are
certified standard reference material analyzing and spiking sample with known
concentration of the analyte. In this work, the method validation was established by
spiking experiments. The spiked samples were prepared by adding a small known quantity

of metal standard solutions.

For spiking ginger sample, 200 uL of 1000 mg/L Ca, 300 uL of 1000 mg/L Mg, 12.5 uL of
1000 mg/L Zn, 75 pL of 1000 mg/L Mn, 31.5 uL of 40 mg/L Ni, 10 pL of 1000 mg/L Fe,
43.5 uL of 40 mg/L Co, 25 pL of 40 mg/L Cu, 62.5 uL of 40 mg/L Cr and 30uL of 10
mg/L Cd standard solutions were added to round bottomed flask (100 mL) containing 0.5 g
ginger sample. For soil sample spiking, 350 uL of 1000 mg/L Ca, 250 uL of 1000 mg/L
Mg, 235 puL of 1000 mg/L Fe, 65uL of 1000 mg/L Mn, 75 uL of 1000 mg/L Zn, 20 uL of
1000 mg/L Ni, 200 puL of 40 mg/L Cu, 40 uL of 1000 mg/L Co, 35 uL of 1000 mg/L Cr
and 32 uL of 10 mg/L Cd standard solutions were added to round bottomed flask (100 mL)

containing 0.5 g soil sample.

The spiked and non-spiked samples were digested and analysed in similar condition. Then
the percentage recovery of the analyte was calculated by:

C, inthespiked sample—-C,, inthe non— spiked sample
C,, added for spiking

%R= x100%

where, Cy = concentration of metal of interest.

As shown in Table 7 and 8, the results of percentage recoveries for the studied metal
nutrients in both ginger and soil samples were within the acceptable range (93-106% in the
ginger and (93-107%) in the soil samples except for chromium (Cr) in ginger sample.
Therefore, this verifies that the optimized digestion procedure was valid for both ginger
and soil sample analysis. The lower recovery of chromium may be attributed from the

strong matrix analyte interaction.
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Table 7. Recovery test for the optimized procedure of ginger sample.

Metal | Conc.in | Amount Conc. in spiked | Amount Recovery (%)

sample added sample (ug/g) | recovered

(ng/g) (ng/0) (ng/g)
Ca 2254 400 2641 + 39 386+5 96.5+6
Mg 2897 600 3462 + 7 565+4 942+ 3.2
Cu 3.96 2 6.08 + 0.34 2.12+0.22 106+ 3
Zn 52.6 25 759+4.2 23.3+1.2 93.2+24
Mn 383 150 526 + 15 144+ 9.3 96.0+ 4.2
Ni 5.34 2.5 7.94+0.77 26+ 0.37 104+ 2.6
Fe 429 20 61.8+ 5.3 18.8+0.43 940+ 34
Co 7.21 35 10.8 + 0.87 3.63+0.85 104 +£5.2
Cr 8.79 5 13.2+0.52 443+ 0.26 88.6+ 2.8
Cd 0.87 0.6 1.50+0.03 0.63+0.04 105+ 2.3
Table 8. Recovery test for the optimized procedure of soil sample.
Metal | Conc.in | Amount Conc. in spiked | Amount Recovery (%)

sample added sample (1g/g) recovered

(ng/g) (ng/9) (ng/g)
Ca 3521 700 4173+ 53 652 + 12 93.1+26
Mg 2429 500 2012 + 17 484 + 17 96.8+ 4.3
Cu 354 16 525+ 34 171+ 26 107+ 2.8
Zn 382 150 530+ 7 148+ 7 98.7+4.2
Mn 6423 130 6556 + 48 133+ 3 102+ 6.4
Ni 72.8 40 112+ 6 38.8+4.7 97.0+£54
Fe 46813 470 47273 + 214 461 + 16 98.1+44
Co 146 80 221+ 8 745+ 3.6 93.1+£32
Cr 128 70 203+ 13 749+ 4.7 107+ 14
Cd 1.02 0.65 1.64+0.08 0.62+0.04 95.4+5.2
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3. RESULTSAND DISCUSSION

3.1 Determination of metalsin ginger and soil samples

The concentration of eleven elements (Ca, Mg, Fe, Zn, Cu, Co, Cr, Mn, Ni, Cd, and Pb) in

the digested samples of ginger and soil were analysed by flame AAS. Among the analysed
metals lead was below the method detection limit (0.002 mg/g in the ginger and 0.004

mg/g in the soil) and the concentration value of the rest metals shown with their respective

% RSD in Table 9 and 10. The most abundant metal among the macro-elements in ginger

is Mg followed by Ca whereas Mn content was the predominant among the tested

micronutrient heavy metals followed by Fe, Zn, Co and Cu. In soil sample the most
abundant metal is Fe followed by Mn, Ca, Mg, Zn, Cr, Co, Cu, Ni, and Cd.

Table 9. Average concentration (mean + SD, n = 3, ug/g dry weight basis) and relative

standard deviation (% RSD) of major, minor and toxic metalsin ginger samples from Tepi,
Bombae, Hadaro and Ilubabur.

Tepi ginger sample

Bombae ginger sample

Hadaro ginger sample

Ilubabur ginger sample

g mean + SD % |mean+ SD % |mean+ SD % |mean+ SD %
= RSD RSD RSD RSD
Ca [2001+47 24 [2543+93 3.6 [2187+24 1.1 |2486+41 1.7
Mg (2993 + 9 0.3 |2700+ 57 21 2764+ 11 0.4 [4094 + 105 2.6
Cu [4.78+0.34 7.1 [1.86+0.18 9.5 [2.53+0.19 7.6 [1.10+0.05 4.6
Zn [552+39 7.0 [39.6+05 1.2 [385+05 12 |54.0+27 4.9
Mn [385+09 2.3 [285+4.3 15 [184+36 2.0 [401+12 3.1
Ni |5.61+0.44 7.9 [5.46+048 8.9 [6.78+0.53 7.8 [8.40+0.32 38
Fe [442+33 74 [554+50 90 [41.8+28 6.7 [89.0+6.1 6.8
Co [7.58+0.46 6.0 |5.68+0.40 71 [204+ 014 |68 [218+0.18 7.2
Cr [9.28+0.61 6.6 6.02+0.14 2.3 917+ 0.62 6.7 [10.8+0.2 2.2
Cd [0.97+0.08 7.9 (0.38+0.02 5.03| 0.38+ 0.02 5.04|0.70 + 0.07 9.8
Pb |ND ND ND ND

ND: Concentration of the tested heavy metal below the method detection limit
(< 0.002 mg/g).
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Table 10. Average concentration (mean £+ SD, n = 3, ug/g dry weight basis) and relative

standard deviation (% RSD) of major, minor and trace elements in soil samples from Tepi,

Bombe, Hadaro and Ilubabur.

Tepi soil sample Bombae soil sample  |Hadaro soil sample  |Ilubabur soil sample
< |mean+SD % |meant+ SD % |mean+ SD % |mean+ SD %
g RSD RSD RSD RSD
Ca |3583+16 0.4 |2056 + 10 0.5 |2040+ 43 2.1 |1773+39 2.2
Mg 2432 + 141 5.8 |1457 + 45 3.1 |1657+8 0.5 |2442+8 0.3
Cu [339+05 15 |3.76 £ 0.07 18 16.77+0.17 2.5 (33.7+0.8 25
Zn 389+ 36 9.4 |344+28 8.3 |255+ 14 53 |413+39 94
Mn |6465 + 81 1.3 |1756 + 26 15 1919+ 28 15 4675+ 32 0.7
Ni [79.3+1.2 15 [141+03 20 |214+10 4.7 |73.1+47 6.4
Fe 146950 + 600 1.3 [21768 + 821 3.8 |21701 + 407 1.9 46172+ 484 11
Co [159+28 1.8 [57.1+21 3.6 [485+0.6 12 1132+19 15
Cr [139+12 8.7 |110+ 7.6 6.9 (114+1.8 16 |163+25 16
Cd |1.08 +0.08 7.1 ]0.24+0.02 7.9 |0.73+0.06 7.9 [1.20+0.07 5.6
Pb |IND ND ND ND

ND: Concentration of the tested heavy metal below the method detection limit
(< 0.004 mg/g).

3.2. Distribution pattern of the metalsin different samples

The levels of metals differ significantly among each other and there is slight difference

between the same metals from different sampling area. The distribution pattern of the

metals in both ginger and soil samples are discussed in the following subtopics.

3.2.1. Distribution pattern of the metalsin ginger samples

Minera uptake in plants is a function of mineral concentrations in soils, soil pH, cation

exchange capacity, organic matter content, types and varieties of plants, and age of the

plant [9].




As it can be seen from Table 9 and 11 and Figure 4, there is large difference in
concentration of different metals within ginger sample and dight variation in metals of the
same type along with geographical location. The range of concentration (in mg/kg) pattern
of elements in ginger sample collected from four sampling areais givenin Table 11.

Ginger contains higher amount of Mg (2700-4094 mg/kg), followed by Ca (2001-2543
mg/kg). The higher levels of Mg in the ginger is probably due to the fact that nutrient
elementssuch as N, P, K, S, and Mg are highly mobile in the plant tissue and trans-located
from old plant tissue to new plant tissue. The other probable reason for higher
concentration of Mg and Caisif the soil which have been used for cultivating the plant, are
highly fertilized with manure and organic residues, they were high in available potassium,

calcium and magnesium. Hence, the plant has high amount of these metals.

Mn (184-401 mg/kg) was the most accumulated trace metal followed by Fe (41.8- 89.0
mg/kg) and Zn (38.5-55.2 mg/kg) in ginger sample. Higher Mn levelsin the ginger may be
attributed to the availability of this micronutrient heavy meta in relatively acidic soils of
the farmland. The chemical forms of Mn present in soil are known to depend on soil pH. In
acidic soil, the easily absorbed form, Mn*? released from soil by H*, which is produced
from NH," [49], can be readily taken up and accumulated in the ginger.

It has been reported that Fe and Zn, are the main elements that plant could accumulate and
pass up in the food chain. Therefore, the high concentration of Zn from trace metals next to
Mn and Fe in ginger may be because of the fact that these ions are readily transferred from

the soil to plants, and accumulate in plants.

The levels of other essential trace metals detected in ginger were Co (2.04-7.58 mg/kg), Ni
(5.61-8.40 mg/kg), Cr (6.02-10.84 mg/kg) and non-essential heavy metals Cd (0.38-0.97
mg/kg). The level of Cd was the least among the metals; however due to its toxicity
deserves specia concern. The non-essential heavy metal, Pb, was found to be below the
method detection limit. In general the concentration pattern of metals in ginger was
decreased asMg > Ca>Mn>Fe > Zn > Cr > Ni > Co > Cu > Cd.

As it can be seen from Table 9 and 11, ginger can be a good source of major, minor and

trace metals that are essential to human in addition to its food flavouring purpose. The
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small amount of cobalt and copper found in ginger does not contradict with the

requirement of the metal for proper functioning of the body, because these metals are

required in small amount (Co = 0.3 mg/day as a constituent of vitamin B, and Cu = 3.5
mg/day).

Table 11. Range of metal concentration in ginger samples.

Metal | Conc. range (mg/kg) Metal Conc. range (mg/kg)
Ca 2001-2543 Ni 5.61-8.40
Mg | 2700-4094 Fe 41.8- 89.0
Cu 1.10-4.78 Co 2.04-7.58
Zn 38.5-55.2 Cr 6.02-10.84
Mn | 184-401 Cd 0.38-0.97
. Macroelements
O Tepl Trace elements
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= 3500] | |8 /lubabur = 350, B Bombe
E 3000 E300- 0 Hadaro
=x0] | (3 = 250 11 A llubabur
< 2000, = 0] 1
;c_; 1500- % 150-
© 1000 < 100;
S 500 S 50l

0- 0-

Ca
Metal

Mg

Metal

Figure 4. Distribution pattern of macro- and trace elements in ginger sample.
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3.2.2. Distribution pattern of metalsin soil sample

The soil sample collected from four sampling areas were found to contain detectable metal
content of Ca, Mg, Fe, Zn, Cu, Co, Cr, Mn, Ni, and Cd in all the four soil samples and their
values are given in Table 9. Among the analysed metals, Pb was found to be below the
detection limit of the method used in this study. There is significant difference in
concentration of different metals within soil sample and appreciable difference in the same
metals of different sample. The determined concentration range of metals from four soil

sampling areaare given in Table 12.

As shown in Table 10 and 12 and Figure 5, the concentration of Fe (21701-46950 mg/kg)
in soil exceeds much the concentration of macro-elements, Ca (1773-3583 mg/kg) and Mg
(1457-2442 mg/kg), thisis due to the presence of excess amount of hematite (Fe;Os) in
the soil.

Concentration of Mn (1756-6465 mg/kg) an essential trace metal in these soils is higher
when compared to the micronutrient heavy metals Zn (255-413 mg/kg), Cu (3.76-33.9
mg/kg), Cr (110-163 mg/kg), Co (48.5-159 mg/kg) and Ni (14.1-79.3 mg/kg). On the other
hand, level of the toxic heavy metal Cd ranges from 0.24-1.08 mg/kg. The level of Pb, the
other tested toxic metal, in soils of all the samples was found to be below the detection
limit of the method used in this study. In general, the concentration pattern of metalsin soil
was decreased as Fe >> Mn > Ca> Mg > Zn > Cr > Co > Ni > Cu > Cd.

Table 12. Range of metal concentration in soil samples.

Metal | Conc. range (mg/kg) Metal Conc. range (mg/kg)
Ca 1773-3583 Ni 14.1-79.3

Mg 1457-2442 Fe 21701-46950

Cu 3.76-33.9 Co 48.5-159

Zn 255-413 Cr 110-163

Mn 1756-6465 Cd 0.24-1.08
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Figure 5. Distribution pattern of macro- and trace elements in soil sample.

3.3. Comparisons of metal levels between ginger and soil sample

Plants absorb whatever is present in the soil medium and therefore the metals are aso
absorbed and become bioaccumulated in the roots, stems, fruits, grains and leaves of the
plant, which may finally be transferred to man in the food chain. The sorption processes of
metals by plantsis significantly affected by metal level in the soil, soil pH, the presence of
competing ligands, the ionic strength of the soil solution and the simultaneous presence of
competing metals [50].

In this work, comparative study has been established to correlate the metal level of ginger
with the soil where it has grown. Asit can be seen from Table 9 and 10 and Figure 6 (a-k),
for most elements (Mg, Mn, Zn, Fe (except in Tepi sample), Cu (except in llubabur
sample), Cr, and Cd) the metal levels of ginger was directly proportional to the metal
levels of soil where it has grown. Taking the level of Mg as counter example in both four
ginger and soil samples, the Mg level of ginger sample from Ilubabur > Tepi > Hadaro >
Bombae and the same order is true for Mg level of respective soil sample. This relation
partly verifies that the metal content of the plant is a function of the metal level in the soil
where it has grown. For the rest three metals (Ca, Ni and Co), the metal levels in some

sampling area of ginger were varies unproportional to levels of metal in the corresponding

38



soil. This unproportional variation in level of metals in ginger and soil may be resulted
from the difference in availability of absorbable form of metals in soil due to differencein

soil acidity or the presence of competing ligands.

For most metals there was large difference in concentration of the same metals in different
ginger sample (for example the concentration of Mg, Mn, Zn, Fe, and Cd of Illubabur and
Tepi sample were higher than the other sample sites), this may be attributed to the
difference in mineral concentration, the pH and organic matter content of the respective
soil. The other probable reason is that the Tepi and Ilubabur sample sites are near to the
city and may be such differences are observed as a result of higher population and
industrial activities in cities and municipalities which lead to higher production of assorted

waste than in the rural settlements of Bombae and Hadaro.
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Figure 6. Comparison of metal levels between ginger and soil from four

sample area.

3.4. Comparison of metal levelsof ginger of thisstudy with literature values

The comparative study of the metal concentration of ginger determined in this study and

reported values of other researchers are presented in Table 13.

The Ca content of ginger determined in this study (Ethiopia) was a bit higher than that of
reported by [51] and almost comparable to that of reported by [52]. The level of Mg of this
study was comparable to those studied in Nigeria [52] but much lower than those in India
[51].

Manganese concentration in ginger determined in this study (Ethiopia) was in the range of
184-401 mg/kg and its value reported by [51] and [53] liein thisrange. The iron content
reported in Saudi Arabia [54] is less than the iron content determined in this study.
However, the iron content reported by [51] is higher than the result of the present study.
The mean concentration of zinc determined in this study is a bit lower than the value
determined in India [51]. The content of zinc in ginger sample of current study (Ethiopia)
was above the permissible limit set by FAO/WHO in edible plants (27.4 mg/kg). However,
according to Bowen and Allaway, the range of Zn in agricultural products should be
between 15 to 200 mg/kg [55].

The nickel concentration of the present study is lower than the nickel content determined in
Nigeria [53]. The nickel content determined in the present study (Ethiopia) is higher than
the permissible limit set by FAO/WHO in edible plants (1.63 mg/kg). However, Ni toxicity

41



in human is not a very common occurrence because its absorption by the body is very low
[55].

From Table 13, one can see that the concentration of copper determined in this study
(Ethiopia) is almost the same as the value reported in India [51]. The chromium content of
ginger reported by [56, 57] are less than the current result. The concentration level of Cr in
ginger of this study (Ethiopia) is higher than the permissible limit set by FAO/WHO in
edible plants (0.02 mg/kg). Chronic exposure to Cr may result in liver, kidney and lung
damage [55].

The level of cobalt concentrations obtained in this study (Ethiopia) was 2.04-7.58 mg/kg
and which is higher than the value reported in Saudi Arabia [58]. The content of cadmium
in ginger determined in the present study (Ethiopia) was 0.38-0.97 mg/kg and which is
higher than the content of Cd studied in Nigeria [59] and Saudi Arabia [58]. The level of
cadmium in ginger from present study is above the permissible limit set by FAO/WHO in
edible plants (0.21 mg/kg). The results of this study reveal that the content of lead in ginger
was below the method detection limit and that assures the low lead exposure of the

farmlands.
The minimal risk levels for hazardous Pb, and Cd metal through oral route and its acute

effect are 0.0002 and 0.0002 mg/kg per day, respectively [58]. Whereas the human need

from ginger isvery few grams per day, hence there is no risk from used ginger in the food.
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Table 13. Comparison of determined metals concentration, (mg/kg, dry mass basis)

with reported values.

Metal Concentration (mg/kg) Country Reference
Ca 1700 India 51

2610 Nigeria 52

2001-2543 Ethiopia This study
Mg 4210 Nigeria 52

9200 India 51

2700-4094 Ethiopia This study
Mn 367.9 Nigeria 53

313.42 India 51

184-401 Ethiopia This study
Fe 216.64 India 51

19.44 Saudi Arabia 54

41.8- 89.0 Ethiopia This study
Zn 72.53 India 51

38.5-55.2 Ethiopia This study
Ni 108.1 Nigeria 53

5.61-8.40 Ethiopia This study
Co 0.32 Saudi Arabia 58

2.04-7.58 Ethiopia This study
Cu 4.47 India 51

1.10-4.78 Ethiopia This study
Cr 0.47 Pakistan 56

0.5 Pakistan 57

6.02-10.8 Ethiopia This study
Cd 0.12 Nigeria 59

0.07 Saudi Arabia 58

0.38-0.97 Ethiopia This study
Pb <0.021 Nigeria 59

ND Ethiopia This study

ND: Concentration of the tested heavy metal below the method detection limit
(< 0.004 mg/g).
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3.5. Comparison of metal level in soil with literature values

The natural content of metals in the soil is directly related to the mineralogic and
granulometric composition and the origin of the matrix soil and itsrange is very wide [60].

The content of Ca determined in this study was a bit higher than the value determined by
Micheal Yemane in Ethiopia [61] whereas the concentration of Mg was comparable.

The concentrations of Fe (21701-46950 mg/kg), Zn (255-413 mg/kg), Cr (110-163 mg/kg)
and Co (48.5-159 mg/kg) in the soil in this study were comparable with the value of Fe
(2000-48000 mg/kg), Zn (1.80-438 mg/kg), Cr (7-150 mg/kg) and Co (0.1-100 mg/kg)
reported by Jankiewicz et al. in Poland [60].

Soails of the farmland with clay texture and dark reddish brown color, is an indicative of the
presence of excess amount of hematite (Fe;Oz). Soils with low pH contain high amounts of
Fe and Al oxides. Thus, Fe is the predominant metal within the concentration range of
2000-48000 mg/kg in these soils whereas Mn content is in the range of 1756-6465 mg/kg.

The contents of Cu (3.76-33.9 mg/kg) and Cd (0.24-1.08 mg/kg) determined in this study
are in good agreement with the value of Cu (0.18-68.75 mg/kg) and Cd (0.21-1.02 mg/kg)
reported by Buszewski et al. in Poland [62]. The level of Pb, the other tested toxic metal,
in soils of all soil samples was found to be below the method detection limit and which

was in agreement with the reported value by Micheal Y emane [61].

3.6. Statistical analysis

3.6.1 Analysis of variance

T-tests and analysis of variance (ANOVA) are widely used statistical methods to compare
group means. While the independent sample t-test is limited to comparing the means of
two groups, while the one-way ANOV A can compare the mean of more than two groups of
sample. ANOVA use the F statistic to compare whether the difference between sample
means are significant or not [63]. If the calculated value of F (the ratio of SD between
samples to SD within samples) is greater than Fgiica (the value obtained from the table at



specified confidence level and degree of freedom), the differences in sample means are

significant.

In this study, ginger samples were collected from four different areas and the metal level of
each sample was analysed by FAAS. During the processes of sample preparation and
analysis a number of random errors may be introduced in each aliquot and in each replicate
measurement. The variation in sample mean of the analyte was tested by using ANOVA,
whether the source for variation was from experimental procedure or heterogeneity among
the samples (i.e. difference in mineral contents of soil, pH of soil, water, atmosphere;
variation in application of agrochemicals like fertilizers, pesticides, herbicides etc or other

variations in cultivation procedures).

Asit can be seen from the Table 14, there exist statistically significant differences at Fsg at
95 % confidence level in mean concentration of all the nine metals except Ni beyond what
IS expected from variation in experimental procedure. The source for this significant
difference between sample means may be the difference in mineral contents of soil or pH

of soil which predict the extent of mineral absorption by ginger.

For Ni, since the calculated value of F (3.14) is less than the critical value of F (4.07 for 3
degree of freedom between sample and 8 degree of freedom within samples), the
difference between samples mean is not significant. The variance among results of Ni in
four ginger samples should not be attributed to anything more than random error in the

analytical procedure.
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Table 14. Analysis of variance (ANOV A) between and within ginger samples at 95%

confidence level.

Metal | Comparision SD df | Feacuaed | Feritica | Remark
Ca Between samples | 255.38 |3 | 4.96 4.07 | Significant difference
With in samples 51.44 |8 between sample means
Mg Between samples | 650.05 |3 |14.24 4.07 | Significant difference
With in samples 4564 |8 between sample means
Cu Between samples | 1.58 3 (832 4.07 | Significant difference
Withinsamples | 0.19 8 between sample means
Zn Between samples | 9.96 3 |589 4.07 | Significant difference
Withinsamples | 1.69 8 between sample means
Mn Between samples | 100.50 |3 | 13.82 4.07 | Significant difference
Withinsamples | 7.27 8 between sample means
Ni Between samples | 1.38 3 |314 4.07 | No significant
Withinsamples | 0.44 8 difference between
sample means
Fe Betweensamples | 21.78 |3 |5.09 4.07 | Significant difference
Within samples | 4.28 8 between sample means
Co Between samples | 2.72 3 1938 4.07 | Significant difference
Withinsamples | 0.29 8 between sample means
Cr Between samples | 2.02 3 1493 4.07 | Significant difference
Withinsamples | 0.41 8 between sample means
Cd Between samples | 0.29 3 | 725 4.07 | Significant difference
Withinsamples | 0.04 8 between sample means

where, SD - is standard deviation of between sample and within sample

df - is degree of freedom of between sample and within sample
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3.6.2. Pear son correlation of metals

A correlation coefficient is a number between -1 and +1 that measures the degree of
association between two variables (call them concentration of metal X and Y). A positive
value for the correlation implies a positive association (large vaues of X tend to be
associated with large values of Y and small values of X tend to be associated with small
values of Y). A negative value for the correlation implies a negative or inverse association

(large values of X tend to be associated with small values of Y and vice versa).

In this study, to correlate the effect of one metal concentration on the concentration of the
other metal, the Pearson correlation matrices using correlation coefficient (r) for the
samples were used and presented in Table 15, 16 and 17 for ginger, soil and ginger with
soil samples, respectively.

3.6.2.1. Pearson correlation of metalswithin ginger sample
Table 15. Correlation matrices for metalsin ginger sample (n = 4).

Ca Mg Cu Zn  Mn Ni Fe Co Cr Cd
Ca 1
Mg 0.315 1

Cu -0.907 -0.453 1

Zn -0.289 0.680 0.310 1

Mn 0.032 0.683 0.120 0.924 1

Ni 0320 0.866 -0.623 0.311 0.232 1

Fe 0.665 0.916 -0.711 0.443 0.592 0.783 1

Co -0.376 -0426 0.731 0.286 0.370 -0.813 -0.438 1

Cr -0.312 0.751 0.002 0.655 0.399 0.781 0.439 -0.450 1
Cd -0.554 0397 0.616 0941 0814 0.022 0.115 0513 0527 1

From the result depicted in Table 15, thereis high positive correlation for Mg with (Ni, Zn,
Mn, Fe and Cr), Cu with (Co and Cd), Zn with (Mn, Cr and Cd), Mn with Cd, Ni with Cr
and moderate correlation for Cr with Cd; which may be arise from common anthropogenic
or natural sources as well as from similarity in chemical properties. The high negative

correlation between Ca and Cu indicate the large absorption of Ca may affect the

a7



absorption of Cu in ginger plant. The other metals have weak negative or positive
correlation indicating that the presence or absence of one metal affect in lesser extent to the

other.

3.6.2.2. Pear son correlation of metalswithin soil sample

Table 16. Correlation matrices for metalsin soil sample (n = 4).
Ca Mg Cu Zn Mn Ni Fe Co Cr Cd
Ca 1
Mg 0428 1
Cu 0445 0.996 1
Zn 0252 0.749 0.800 1
Mn 0.706 0.937 0948 0.737 1

Ni 0.505 0.994 0.997 0.779 0.967 1
Fe 0461 0.987 0.997 0.839 0.953 0.995 1
Co 0403 0.313 0.393 0806 0.477 0.395 0.464 1

Cr 0052 0919 0917 0.789 0.744 0.887 0908 0.274 1
Cd 0282 0942 0910 0512 0.808 0905 0.875 -0.023 0.883 1

In soil samples, there is high positive correlation for all metals except Ca with (all metals
except Mn), Co with (all metals except Zn). The low negative or positive correlation of Ca
and Co with the other metals in the soil samples may be associated with chemical

properties like insoluble carbonates.

3.6.2.3. Pear son correlation of metals between ginger and soil samples

Table 17. Pearson correlation coefficient for metals in ginger with soil sample (n = 4).

Metal | Ca Mg Cu Zn Mn Ni Fe Co | Cr Cd

r -0.812 | 0.723 | 0.288 | 0.857 | 0.829 | 0.345 | 0.459 | 0.744 | 0.814 | 0.766

where, r is the Pearson correlation coefficient between metal level in ginger and metal

level in soil.
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As shown in Table 17 and Figure 6 (b, c, d, i, ] and k), one can see that the more level of
metals like Mg, Zn, Mn, Co, Cr and Cd in the soil, the more accumulation of
corresponding metals in the ginger. This verifies that the dependence of metal
concentration in the plant on metal concentration of respective soil.
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4. CONCLUSION AND RECOMMENDATIONS

The level of essential (Ca, Mg, Fe, Zn, Cu, Co, Cr, Mn, and Ni) and non-essential elements
(Cd and Pb) in ginger (Zingiber officinale) cultivated in Ethiopia and the soil where it has

grown were determined by flame atomic absorption spectrometer.

An efficient digestion procedure for ginger and soil sample was developed and validated
through standard addition (spiking) method and a good percentage recovery was obtained
(100 % 10) for all mineralsidentified except chromium in ginger.

The level of metalsin ginger determined in this study could be put in the following order
Mg (2700-4094 mg/kg) > Ca (2001-2543 mg/kg) > Mn (184-401 mg/kg) > Fe (41.8-89.0
mg/kg) > Zn (38.5-55.2 mg/kg) > Cr (6.02-10.8 mg/kg) > Ni (5.61-8.40 mg/kg) > Co
(2.04-7.58 mg/kg) > Cd (0.38-0.97 mg/kg). The non-essential heavy metal, Pb, was found
to be below the method detection limit. The results of this work confess that ginger
accumulates relatively higher amounts of Mg and Mn among the determined macro- and

micronutrients, respectively.

The ANOVA results at 95% confidence level suggest that there were significant difference
in the mean concentration of all metals except Ni between the four sampling areas which
could be attributed to the difference in mineral contents of soil or pH of soil which predict

the extent of mineral absorption by ginger.

The level of metals in the soil which was collected from ginger cultivated farmland was
also determined for comparative study. The soils of the study farmland were found to
contain high levels of Fe followed by Mn, Ca, Mg, Zn, Cr, Co, Ni, Cu, Cd. Thelevel of Pb
in soils of all samples was found to be below detection limit of the method used in this

study.

To correlate the effect of level of metal in the soil with level of the same metal in ginger or
any other metal, the Pearson correlation matrices using correlation coefficient (r) for the
samples were used. The large positive value of r was obtained for most metals indicating

that the more level of metals in the soil, the more accumulation of corresponding metals in

50



the ginger. In general, the levels of most of the metals in the studied soils were found to

correlate positively with the levels found in the ginger.

Since ginger is a cash crop and one of widely consumed spice al over the world, the
assessment of levels of essential and heavy toxic metals is particular interest with respect
to human health and the quality of its products. Thus, the present study will give brief
information about the mineral contents of it. It might be useful in pointing directions for
studies that will be conducted on the nutrient levelsin regard to the mineral status of the soil
in which ginger is growing in relation to soil pH. Secondly, it is recommended to assess the
correlation of essential and trace toxic metals concentration in ginger with that of the

irrigation water (if any) using low detection limit instruments.
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