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Summary

The levels of essential (Ca, Mg, Fe, Zn, Cu, Co, Cr, Mn and Ni) and 
non-essential (Cd and Pb) metals were determined by flame atomic absorption 
spectrometry in samples of korarima (Aframomum corrorima) seeds and the 
corresponding soils collected from southern and southwestern Ethiopia. A wet 
digestion procedure involving the use of 3 mL of HNO3 (69–72%) and 1 mL of 
HClO4 (70%) were used to solubilize the metals from the korarima seed samples, 
and a modified aqua regia (HCl:HNO3) reagent with added hydrogen peroxide 
(6 mL of aqua regia and 1.5 mL of H2O2) was used for the soil samples. The levels 
of the nutrients in the korarima seed samples were in the following ranges: Ca 
(1794–2181); Mg (1626–2067); Mn (141–180); Fe (37–46); Zn (12–18); Ni (6.6–8.5); 
Cu (5.8–8.3); Cr (3.8–5.8) and Co (2.0–2.3) in µg g–1, respectively. The concentration 
of non-essential cadmium was in the range from 0.9–1 µg g–1 while that of lead 
was below the detection limit of the method. There was good correlation between 
the levels of some metals (Ni, Fe, Cd, Ca, Cu, Mg) in the korarima seeds and soil 
samples but poor correlation between other metals (Cr, Zn, Mn, Co).

Key words: Ethiopia; Korarima (Aframomum corrorima); Seed; Wet-digestion; 
Metals; Flame atomic absorption spectrometry (FAAS).

Resumo

Os níveis dos metais essenciais (Ca, Mg, Fe, Zn, Cu, Co, Cr, Mn e Ni) e 
não essenciais (Cd e Pb) foram determinados por espectrometria de absorção 
atômica de chama em amostras de sementes de korarima (Aframomum corrorima) 
e também nos solos correspondentes colhidos no sul e sudoeste da Etiópia. Um 
procedimento de digestão úmida envolvendo o uso de 3 mL HNO3 (69-72%) e 
1 mL HClO4 (70%) foi usado para solubilizar os metais das amostras de sementes 
de korarima, e um reagente de água-régia (HCl:HNO3) modificada pela adição 
de peróxido de hidrogênio (6 mL de água-régia e 1,5 mL H2O2) foi usada para as 
amostras de solo. Os níveis dos nutrientes nas amostras de sementes de korarima 
estavam nas seguintes faixas: Ca (1794–2181); Mg (1626–2067); Mn (141–180); 
Fe (37–46); Zn (12–18); Ni (6,6–8,5); Cu (5,8–8,3); Cr (3,8–5,8); e Co (2,0–2,3) em 
µg g–1, respectivamente. A concentração de cádmio não essencial estava na faixa 
de 0.9-1 µg g–1 enquanto o valor para chumbo foi abaixo dos limites de detecção 
do método. Houve boa correlação entre os níveis dos metais Ni, Fe, Cd, Cu e Mg, 
nas sementes de korarima e nas amostras de solo, mas pouca correlação entre 
o restante dos metais (Cr, Zn, Mn, Co).

Palavras-chave: Etiópia; Korarima (Aframomum corrorima); Semente; Digestão 
úmida; Metais; Espectrometria de absorção atômica de chama.
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1 Introduction

Spices and herbs are used throughout the 
world to season food products and create the unique 
character ist ic f lavours of the different cuisines. 
The delightful flavour and pungency of spices makes 
them indispensable in the preparation of palatable 
dishes. In addition, they are reputed to possess several 
medicinal and pharmacological properties and hence find 
their place in the preparation of a number of medicines 
(RISCH, 1997; LEISTRITZ, 1997). A spice is a dried seed, 
fruit, root, bark or vegetable substance, primarily used 
as ingredients for flavouring, colouring or preserving 
food. They impart aroma, colour and taste to food 
preparations and sometimes mask undesirable odours. 
Their aroma results from complex mixtures of volatile 
compounds, e.g. monoterpenes and sesquiterpenes 
and their oxygenated derivatives, which usually occur 
in low concentrations (UMAR; SALIHU, 2014; DIAZ-
MAROTO et al., 2002; ETONIHU et al., 2013).

Ethiopia is a land of diverse climate and soil types 
that allows for the prolific growth of several indigenous 
and exotic spices, herbs, medicinal and other essential 
oil bearing plants. Despite the availability of the diverse 
agro-ecologies of the country to produce these plant 
species, only limited research has been carried out with 
them, for a variety of reasons.

Korarima (Aframomum corrorima) is an important 
spice and medicinal plant in large areas of Ethiopia, but is 
little known outside the country. This indigenous Ethiopian 
spice, known as korarima, Ethiopian cardamom or false 
cardamom, is obtained from the plant seeds (usually 
dried), and is extensively used in Ethiopian and Eritrean 
cuisine (EYOB et al., 2009). The seeds (usually dried, 
sometimes fresh) are used to flavour all kinds of sauces 
locally called ‘wot’, for which they are ground and usually 
mixed with other spices. Korarima is sold in all markets 
in Ethiopia, and is used daily by most families in rural 
areas. It is used to add flavour to local food, bread and 
butter, is an ingredient of berbere, mitmita, awaze and 
other spice mixtures, and is also used to flavour coffee. In 
addition, korarima seeds are widely used medicinally as a 
tonic, laxative, carminative and purgative drug, and they 
are added to food for preservative purposes. Although 
korarima is consumed as a spice, it may also be used as 
a source of antioxidants, and the arilloid flesh around the 
seed is edible. Strings of fruits are sometimes used as an 
ornament or as rosaries (by the Arabs), and in the past the 
fruits have been used as money in Ethiopia. In addition, 
korarima is an important plant for soil conservation since 
the rhizomes and leaves spread over the ground covering 
and protecting the soil from erosion in hilly areas. It is 
primarily the red fruits that are used, but other parts of the 
plant can also be used. The taste of korarima is similar 

to that of Indian cardamom, and it has been used as a 
substitute for this spice (EYOB, 2009; HYMETE et al., 2006; 
TEFERA; WANNAKRAIROJ, 2006).

The widespread contamination with heavy metals 
occurring in the last decade has raised public and 
scientific concern due to its serious health effects on 
humans. This has encouraged researchers to study 
the pollution levels of heavy metals in the air, water 
and foods, aiming to avoid their harmful effects and to 
determine their permissibility for human consumption 
(AL-EED et al., 2002). The accumulation of heavy metals 
can have middle and long term health risks, and the strict 
periodic surveillance of these contaminants is therefore 
advisable (ETONIHU et al., 2013). Although spices and 
herbs represent extremely small amounts of the total food 
intake, considerable levels of heavy metals may occur in 
these plants when they are grown in contaminated soils. 
Thus the monitoring of the toxicity levels of heavy metals 
in herbs and spices has recently been reported in different 
parts of the world (KREJPCIO et al., 2007).

Although much research has been carried out on 
the medicinal value and chemical composition of essential 
oils (EYOB et al., 2007, 2008, 2009; HYMETE et al., 2006; 
TEFERA; WANNAKRAIROJ, 2006) no report was found 
on the assessment of the metal contents of korarima 
(Aframomum corrorima) samples, although exposure 
of the plants to the metals is inevitable. Thus this study 
aimed to fill this gap, at least partially, and initiate other 
studies on closely related spices widely used throughout 
the country. In the present study, the levels of selected 
essential (Ca, Mg, Fe, Zn, Cu, Co, Cr, Mn and Ni), and 
non-essential (Cd and Pb) metals in korarima seed 
samples collected from selected highlands of southern 
and southwestern Ethiopia (Kaffa, Gamo Gofa and 
Illubabor) were determined using flame atomic absorption 
spectrometry.

2 Material and methods
2.1 Apparatuses and instrument

Polyethylene plastic bags, hot plates, a blender 
(Moulinex, France), porcelain mortar, pestles and 
crucibles (Haldenwanger, Germany), and an analytical 
balance (Switzerland) with a precision of ± 0.0001 g were 
used for the transporting, drying, pounding and weighing 
of the samples. Round bottomed flasks (100 mL) fitted 
with reflux condensers set on Kjeldahl heating apparatus 
(Gallenhamp, England) were employed to digest the 
samples. A flame atomic absorption spectrophotometer 
(Buck Scientific, Model 210VGP AAS, USA) equipped with 
a deuterium background corrector and hollow cathode 
lamps with an air-acetylene flame, were used for the 
determinations of eleven (Ca, Mg, Fe, Zn, Cu, Co, Cr, Mn, 
Ni, Cd and Pb) metals.
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2.2 Chemicals and reagents

All the reagents and chemicals used in the 
study were of analytical grade. For digestion purposes, 
69−72% HNO3 and 70% HClO4 (both from Research-lab 
Fine Chem Industries, Mumbai, India), extra pure 
30% H2O2, (Scharlau, European Union), and 37% HCl 
(Rediel-de-Haen, Germany), were employed. 99.9% 
Lanthanum nitrate hydrate (Aldrich, USA) was also used 
to avoid refractory interference on the Ca and Mg from 
their phosphates. Standard stock solutions of each metal 
were used to prepare intermediate standard solutions. 
Distilled and deionized water were used throughout the 
experiment for sample preparation, dilution and rinsing 
of the apparatus.

2.3 Korarima and soil sampling and the 
pre-treatment

Recently harvested matured red korarima capsule 
samples were collected from three study sites: Bonga, 
located in the Kaffa zone of the Southern Nations 
Nationalities and Peoples Regional (SNNPR) state, 
Kemba in the Gamo Gofa zone of the Southern Nations 
Nationalities and Peoples Regional state, and Metu, 
Illubabor zone, in Oromia. The sampling areas are shown 
in Figure 1. The choices of the study sites were made 
on the basis of the major korarima producing regions in 
Ethiopia. For each main site, three sub-sites, about 20 km 
apart from each other, were designated for the purpose 
of random sampling. At each particular sub-site, four 
neighbourhood farmers were selected at random and the 
matured red korarima capsules were collected directly 
from the plant material on the farm land to get a total 
sample of about 500 g. Finally all the samples collected 
from each sub-site were mixed in a single polyethylene 
plastic bag to obtain one 1.5 kg representative bulk 

sample of matured red korarima capsules. The samples 
collected were then packaged into polyethylene plastic 
bags, labelled and transported to the laboratory for further 
treatment.

For each of the korarima capsule samples the 
outer cover was carefully removed and the clean brown 
coloured seeds were collected. The seed samples were 
then placed in clean, acid washed porcelain crucibles 
labelled according to the sampling site, and dried over 
a hot plate and sun-dried until they become brittle. The 
dried korarima seed samples were then pounded into fine 
particles, homogenized with a blending device (Moulinex, 
France), and stored in polyethylene bags for digestion.

Similarly, the soil samples were collected from 
the same sites as the korarima capsules by digging and 
removing the soil samples from between 10 and 15 cm in 
depth. About 500 g of soil were taken from each particular 
sub-site where the korarima plants were growing, and 
then mixed together in a single clean plastic bag to 
obtain one bulk sample. The samples were placed in 
clean polyethylene plastic bags and taken to the lab for 
further pre-treatment. After sun drying, the soil samples 
were pounded into a fine powder in a porcelain mortar 
and pestle and then sieved through a 500 µm mesh sieve. 
The powdered sample was stored in a pre-cleaned screw 
capped polyethylene container until digestion.

Since the korarima spice is also called false 
cardamom or Ethiopian cardamom and is used as a 
substitute for Indian cardamom on the world market, it was 
compared with the Indian cardamom obtained from three 
Ethiopian supermarkets (Friendship, Abadir and Showa) 
in Addis Ababa, the capital of Ethiopia. About 250 g of 
cardamom sample was bought from each supermarket 
and then mixed to get one bulk sample.

2.4 Wet digestion of the korarima seed samples

0.5 g of the powdered and homogenized korarima 
seed samples were placed in a 100 mL round bottomed 
flask and 3 mL concentrated HNO3 (69−72%) and 1 mL 
of HClO4 (70%) added. The mixture was then digested 
using a Kjeldahl digestion apparatus by setting the 
temperature to dial 4 (120 °C) for 30 min followed by dial 
7 (210 °C) for 120 min until a clear solution was obtained, 
following the optimized digestion procedure. After a total 
of 150 min, the digested solutions were allowed to cool 
for 10 min without dismantling the condenser and then for 
a further 10 min after removing the condenser from the 
flask. Two 5 mL portions of distilled-deionized water were 
added to the cooled solution to dissolve the precipitate 
formed on cooling. The cooled digested samples were 
filtered into a 50 mL standard flask through a Whatman 
filter paper (110 mm) to remove any suspended or 
turbid matter. The filtrate was subsequently rinsed with 
5 mL distilled-deionized water, until the volume reached 

Figure 1. Map showing the administrative regions of Ethiopia 
from where the samples were collected.
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around 45 mL. 1 mL of 1% lanthanum nitrate hydrate 
(matrix modifier) was added to each digested sample to 
liberate calcium and magnesium, in case large amounts 
of phosphate existed in the sample. The volume was then 
completed to the mark (50 mL) with distilled-deionized 
water. For each korarima seed sample, triplicate 
digestions were carried out and blank solutions were also 
digested in triplicate. The optimized digestion procedure 
used for the korarima seed samples was also applied to 
the cardamom samples.

2.5 Wet digestion of the soil samples

For this process, 0.5 g of each well-powdered soil 
sample was placed in a round bottomed flask and 6 mL 
of aqua-regia and 1.5 mL of hydrogen peroxide (H2O2) 
added. The samples were digested on a micro Kjeldahl 
digestion apparatus, setting the temperature first at 120 
°C for 30 min, then increasing to 240 °C for the next 30 
min, and finally heating at 270 °C for the remaining 120 
min. After 3:00 hour, the digest was allowed to cool for a 
total of 20 min (10 min without removing the condenser 
and 10 min after removing the condenser). Distilled-
deionized water was added to dissolve the precipitate 
formed on cooling. The cooled digested samples were 
filtered into a 50 mL standard flask through a Whatman 
filter paper using distilled-deionized water. To this solution, 
1 mL of 1% lanthanum nitrate hydrate solution was added 
and the solution was diluted to the mark (50 mL) with 
distilled-deionized water.

2.6 Instrument calibration and method detection 
limit

In order to calibrate the instrument, standard metal 
calibration solutions were prepared for each of the metals 
from an intermediate standard solution (10 mg L–1), made by 
diluting 1000 mg L–1 of stock AAS metal standard solution. 
After the digestion of two blank solutions in triplicate 
(one using a mixture of 3 mL HNO3 and 1 mL HClO4 for the 
wet digestion of the korarima seed samples and a mixture 
of aqua-regia and hydrogen peroxide for the digestion of 
the soil samples), triplicate readings were obtained for 
each sample. The limit of detection of each element was 
then calculated as three times the standard deviation of 
the blank (3σblank, n = 9). The values obtained for the limit 
of detection were low enough (≤ 2 µg g–1) to detect the 
presence of all the metals except lead, in both the seed 
and soil samples. The correlation coefficient (r) obtained 
for the calibration curve was also greater than 0.997 for 
all the metals studied.

2.7 Method validation

In order to determine the reliability and efficiency 
of the optimized digestion procedure developed, spiked 

experiments, in which known volumes and concentrations 
of standard solutions were added, were employed. 
From the stock solutions of (1000 mg L–1), 196.0 µL of Ca, 
162.5 µL of Mg, 10.5 µL of Fe, 36.0 µL of Mn and 4.25 µL 
of the Zn solutions were added to 0.5 g of the korarima 
seed sample. For the rest of the metals an intermediate 
standard solution (10 mg L–1) was prepared and 200.0 
µL of Cu, 75.0 µL of Co, 150.0 µL of Cr, 200.0 µL of Ni 
and 25.0 µL of the Cd solutions were added to the 0.5 
g of korarima seed sample. Similarly, 100.0 µL of Ca, 
181.5 µL of Mg, 130.0 µL of Fe, and 97.0 µL of Mn were 
taken from 1000 mg L–1 stock solutions. Intermediate 
standard solutions of 10 mg L–1 were prepared from the 
stock solutions of (1000 mg L–1) and 400.0 µL of Zn, 275.0 
µL of Cu, 80.0 µL of Co, 275.0 µL of Cr, 500.0 µL of Ni and 
40.0 µL of Cd were added to the soil sample. Ca, Mg, Fe, 
Mn and Ni were spiked into one of the digestion samples 
in triplicate while Zn, Cu, Co, Cr and Cd were spiked into 
the second set of samples, in triplicate. The samples were 
then digested using the procedures optimized for both the 
korarima seed and soil samples. After diluting the digested 
samples to 25 mL with distilled deionized water, they were 
analysed by the same procedure followed for the analysis 
of the korarima seed and soil samples. As in the case 
of the original samples, triplicate spiked samples were 
prepared and triplicate readings recorded. The precision 
and accuracy of the procedures were determined from 
these determinations. The percentage recovery varied 
from 90 to 109% for the korarima seed and 90.0 to 104% 
for the soil samples, both are within the acceptable range.

2.8 Analytical precision

In this study the precision of the results was 
evaluated from the pooled standard deviation and relative 
standard deviation of the triplicate samples, with triplicate 
measurements of each sample (n = 9). The values 
obtained for the relative standard deviations (% RSD) 
were less than 10% for all the samples, showing the good 
precision of this method.

2.9 Statistical analysis

The comparison of variance and the equality of 
the means in the analyses and sampling as well as the 
correlation between the metals in the korarima seed and 
soil samples, were determined separately using the One 
Way ANOVA using origin 6.0 and Microsoft Excel Software.

3 Results and discussion

3.1 Levels of metals in the korarima seed and soil 
samples

The korarima seed and soil samples were analysed 
for essential (Ca, Mg, Fe, Cu, Mn, Zn, Cr and Co) and 
non-essential (Cd and Pb) metals using FAAS. Table 1 
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shows the values obtained together with the standard 
deviations (mean±SD) of the triplicate analysis for the 
korarima seed and soil samples. The results indicated that, 
with the exception of Pb, which was below the method 
detection limit, all the other ten metals (Ca, Mg, Fe, Zn, Cu, 
Co, Cr, Mn Ni, and Cd) were detected (Table 1). However, 
the levels of the metals differed significantly from one to the 
other and slightly between the korarima samples cultivated 
in different zones. There was also a difference in metal 
concentrations between the korarima seed and Indian 
cardamom analysed for comparison. The trends in the 
variation of the metals in the korarima seed samples were 
Ca > Mg > Mn > Fe > Zn > Ni > Cu > Cr > Co > Cd, while 
for the soil samples they were as follows Fe > Mg > Ca > 
Mn > Ni > Zn > Cu > Cr > Co > Cd. The results indicated 
that calcium was highly absorbed by the plant while 
cadmium was the least determined in all the samples.

3.2 Distribution pattern of the metals in the korarima 
and soil samples

Although the metal levels in both the korarima 
seed and cardamom samples (analysed for the 
sake of comparison) were comparable, higher metal 
concentrations were determined in the cardamom 
samples in almost all cases, except for cadmium, which 
was slightly higher in the korarima seed samples. Amongst 
the korarima seed samples, higher metal concentrations 
were determined in samples collected from Metu, and the 
lowest concentrations for samples collected from Gamo 
Gofa, except for cadmium. Lead was not detected in 
samples collected from any of the three sites.

The metal levels in the soil samples followed almost 
the same trend as those found in the korarima samples 
brought from each zone. Larger amounts of metals were 
determined in samples collected from Metu and smaller 

amounts in the samples from Gamo Gofa, except for 
Mn and Cd, for which the highest concentrations were 
determined in the Bonga and Gamo Gofa samples, 
respectively. The highest concentration found was for 
Fe (29301±677 µg g–1 dry weight) and the lowest for Cd 
(1.8±0.04 µg g–1) both brought from Metu (Table 1).

3.3 Specific distribution patterns of the metals

Calc ium was the  meta l  found in  h ighest 
concentrations in the korarima seed samples. The highest 
levels of calcium were observed in the korarima seed and 
soil samples collected from Metu and the lowest in the 
samples from Gamo Gofa samples. High concentrations 
of Ca are important because of its role in bones, teeth, 
muscle systems and heart functions; and the present study 
shows satisfactory levels of Ca accumulation.

Magnesium was the second most accumulated 
metal in both the korarima seed and soil samples 
analysed in this study. The results revealed relatively 
higher concentrations of magnesium in the korarima seed 
and soil samples collected from Metu than from the other 
sampling sites.

The higher concentrations of Ca and Mg in the 
korarima seeds evaluated in this study is in agreement 
with previous findings that these metals represent the most 
abundant metal constituents of many plants, which might 
be attributed to the high availability of the soluble forms 
of these metals that can be absorbed.

Of all the metals, the iron content was several times 
higher than that of the other metals determined in the soil 
samples studied, varying from 23570 to 29301 µg g–1 in 
the soil. The level of iron in the korarima seeds ranged 
from 37 to 46 µg g–1, indicating a low availability of soluble 
iron in the soil. The permissible limit set by FAO (1984) 
for edible plants is 20 µg g–1, but the results found in the 

Table 1. Average concentrations (mean±SD) in µg g–1 dry weight, (n = 9) for the metals in the korarima seed, cardamom and soil 
samples collected in the different zones.

Metals
Korarima Cardamom Soil

Bonga Gamo Gofa Metu Addis Ababa Bonga Gamo Gofa Metu
Ca 1959±23 1794±43 2181±59 2719±35 1002±24 665±69 1048±77
Mg 1626±34 1699±29 2067±61 2390±41 1818±157 1170±53 2469±82
Fe 43±4 37±1 46±4 65±2 26357±526 23570±861 29301±677
Zn 17±1 12±1 18±1 20±1 16.3±0.2 16.9±1.3 21.4±1.2
Cu 8.3±0.1 5.8±0.4 7.1±0.2 9.5±1 12.6±0.4 10.2±0.9 12.9±0.6
Co 2.2±0.2 2.0±0.03 2.3±0.2 2.6±0.2 2.7±0.1 2.8±0.2 2.9±0.1
Cr 5.8±0.4 3.8±0.3 5.6±0.4 8.3±0.7 11.0±0.8 10.9±0.5 11.4±0.4
Mn 144±5 141±2 180±4 355±9.8 971±37 730±8 947±38
Ni 8.3±0.7 6.6±0.5 8.5±0.2 11.7±0.5 19.8±0.3 16.3±0.5 20.4±0.6
Pb ND ND ND ND ND ND ND
Cd 0.9±0.05 1.0±0.1 0.99±0.04 0.87±0.07 1.3±0.02 2.0±0.09 1.8±0.04

ND = not detected (concentrations were below the method detection limit, 2.0 µg g–1); Bonga, Gamo Gofa and Metu are regions from where the 
korarima and soil samples were collected; the cardamom samples were bought from a supermarket in Addis Ababa.
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present study are higher than this limit, at all the sites 
studied. Fe is necessary for the formation of haemoglobin 
and also plays an important role in oxygen and electron 
transfer in the human body (JABEEN et al., 2010). 
Iron deficiency is the most prevalent nutritional deficiency 
in humans and therefore, frequent consumption of this 
spice could be used as a source of this essential nutrient.

Zinc is an important essential metal in protein 
synthesis, enzymes, energy production, and in maintaining 
the membranes (RANDJELOVIC et al., 2014). While the 
highest level of zinc was observed in the Metu samples, 
the lowest level of zinc was found in the Gamo Gofa and 
Bonga samples for the korarima seeds and soil samples, 
respectively. The permissible limit set by FAO (1984) for 
edible plants is 27.4 µg g–1, which is higher than that found 
in the present study.

Copper is one of the essential micronutrients 
and its adequate supply for growing plants should 
be ensured through artificial or organic fertil izers 
(DIVRIKLI et al., 2006). In the present work, the copper 
concentration was from 5.8 to 8.3 µg g–1 in the korarima 
seeds and from 10.2 to 12.9 µg g–1 in the soil samples. 
The highest copper levels were found in the Bonga seed 
samples and Metu soil samples. The Gamo Gofa samples 
contained the lowest copper concentrations in both the 
seed and soil samples analysed. The principal source 
of copper might be from the soil or soil contaminants. 
The permissible limit set by FAO (1984) for edible plants 
is 3.00 µg g–1 or less, but values of 4 to 15 µg g–1 have 
been cited in agricultural products (JABEEN et al., 2010), 
in agreement with the present study.

The  coba l t  concen t ra t i ons  ranged  f rom 
2.0 to 2.3 µg g–1 in the korarima seed samples, and from 
2.7 to 2.9 µg g–1 in the corresponding soil samples in the 
regions studied. The lowest cobalt concentrations were 
found in the Bonga seed samples and Gamo Gofa soil 
samples. Cobalt was the second smallest trace metal 
determined next to cadmium, in both the korarima seed 
and soil samples. The only known nutritional, but very vital, 
function of cobalt, is as an integral part of vitamin B12. 
However, there is no evidence that the intake of cobalt is 
ever limiting in the human diet, and no RDA is necessary 
(NRC, 1989a,b).

The chromium contents of the korarima seed 
samples evaluated in this study were in the following order 
with respect to the sites: Bonga > Gamo Gofa > Metu 
and the results for the soil samples were in the same 
order. The trivalent chromium, Cr(III), is an essential trace 
element for adult human beings, with a daily requirement 
of 50−200 µg, being toxic only at high levels, although 
chronic exposure to Cr may result in liver, kidney and lung 
damage (JABEEN et al., 2010). The tolerable limit set by 
FAO (1984) for Cr in edible plants is 0.02 µg g–1, and the 

present study showed that the korarima plant accumulates 
Cr above this limit.

Manganese was the third and four th most 
accumulated metal in the korarima seed and soil 
samples, respectively, with concentrations between 
144 and 180 µg g–1 for the korarima seeds and between 
730 and 971 µg g–1 for the soil samples. Manganese 
activates numerous essential enzymes and food contains 
trace amounts. Higher manganese concentrations 
were expected because it accumulates mostly in plant 
leaves and also because the absorption of soluble Mn 
increases with decreasing soil pH (DIVRIKLI et al., 2006; 
AJASA et al., 2004). A daily dietary intake of 2.5 to 5 mg of 
manganese by human beings contributes to the well-being 
of the cells. A deficiency of manganese causes diseases 
and an excess causes poisoning of the central nervous 
system. The absorption, ingestion, inhalation or skin 
contact with manganese may cause manganic pneumonia 
(HASHMI et al., 2007). The permissible limit set by FAO 
(1984) for edible plants is 2 µg g–1.

Nickel also plays some roles in body functions 
including enzyme functions. In very small amounts, it may 
be beneficial to activate some enzyme systems, but its 
toxicity at higher levels is more evident. However, nickel 
toxicity is not very common in humans because nickel 
absorption is very low (DIVRIKLI et al., 2006). In the 
present study the nickel content was in the range from 
6.6 to 8.5 µg g–1 for the korarima seed samples and from 
16.3 to 20.4 µg g–1 for the soil samples, and there was 
no significance difference between the levels of nickel 
determined at the different sites. The permissible limit set 
by FAO (1984) for nickel in edible plants is 1.63 µg g–1, 
higher than that found in the present study.

Cadmium is a nonessential element in foods 
and natural waters and accumulates principally in 
the kidneys and liver. In foods cadmium is mostly 
derived from a variety of environmental contamination 
sources (DIVRIKLI et al., 2006). Currently there is 
considerable interest in Cd in plant nutrition and the 
cadmium levels in plant materials are in the range from 
0.1 to 1.0 µg g–1. Toxic effects have been observed in man 
from the regular consumption of plants in excess of 3 µg g–1 
(AJASA et al., 2004). In the present study, cadmium was 
the metal present in the lowest concentrations, being in 
the range from 0.9 to 1.0 µg g–1 in the korarima seeds 
and from 1.3 to 2.0 µg g–1 in the soil samples analysed. 
The permissible limit set by FAO (1984) for Cd in edible 
plants is 0.21 µg g–1, although toxic effects have been 
observed in man from the regular consumption of plants 
in excess of 3 µg g–1 (AJASA et al., 2004). The present 
study shows that Cd was accumulated slightly above this 
limit. This high level of cadmium might be due to the use 
of cadmium-containing phosphate fertilizers, or from the 
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practice of growing these plants on soil amended with 
sewage sludge, or both.

The total lead content in agricultural soils lies 
between 2 and 200 µg g–1 (YEMENE et al., 2008), but 
in the present study, the lead concentrations in both the 
korarima seed and soil samples were below the method 
detection limit. However, values as high as 0.4, 0.6 and 
0.78 µg g–1 have been reported in spices of the same 
family (KREJPCIO et al., 2007; AL-EED et al., 2002). 
The permissible limit set by FAO (1984) for Pb in edible 
plants is 0.43 µg g–1. Therefore further investigation using 
alternative methods for the determination of lead and a 
larger sample size may be necessary to obtain a firm 
conclusion.

According to (AL-EED et al., 2002), for a daily intake 
of about 20 g of spices, there is no risk to humans from the 
spice under study for hazardous Pb, Cd and Co levels. 
The results from the present study also showed that most 
of the metals evaluated fell within the safe range.

In general, the differences in metal concentrations 
in plants from different sites are related to the conditions 
from where the samples were collected. This means that 
the variation between the different sites for the levels of 
some elements could be attributed to different factors 
such as geographical and climatic variation, differences 
in physicochemical nature of the soil and differences in 
the agricultural practices and inputs used for plant growth.

The results of the analyses showed that the spice 
analysed in the present study contained appropriate 
concentrations of essential and non-essential metals, 
and could therefore be a source of mineral nutrients for 
those who consume it regularly. Though much is known 
about the functional role of a number of metals, the best 
foreseeable benefit from mineral nutrition for human health 
lies in obtaining the correct amount of supplementation 
in the right form at the right time. It has been shown 
that the medicinal values of some plant species used 
in homeopathic systems may be due to the presence of 
Ca, Cr, Cu, Fe, Mg, K and Zn. Metals like Cr, Mg and Zn 
have important roles in the metabolism of cholesterol as 
well as in heart diseases. The presence of Cr and Mn 
in plants may be correlated with therapeutic properties 
against diabetes and cardiovascular diseases and a 
deficiency or excess of Cu, Mn, Zn, Cr, Ca, Mg and K 
may cause a number of disorders. These metals also 
take part in neurochemical transmission and serve as 
constituents of biological molecules, as a cofactor for 
various enzymes and in a variety of different metabolic 
processes (AJASA et al., 2004).

Considering the above, the spice under study is 
a source of biologically important elements, which may 
play a part in the above mentioned therapeutic properties. 
Hence it is expected that plants with high concentrations 
of the above-mentioned macro and micronutrients, which 

in most cases were present in permissible levels, might 
play an important role in the maintenance of human health. 
Thus one must analyse the plants for their elemental 
contents, which are highly relevant for the assessment of 
the plant’s nutritional and toxic quality. The present study 
illustrated the accumulation of metals at various levels in 
the spice under investigation, harvested in the south and 
southwest of Ethiopia (AJASA et al., 2004).

3.4 Comparison of the metal levels found in the 
present study with those found in the literature

In the present study the levels of metals found in 
korarima seeds were compared with the values found in 
the literature for similar plant species and spices. The 
korarima plant is indigenous to Ethiopia and no studies 
have been carried on the metal contents of this spice. 
Therefore, the metal levels in small cardamom (Elettaria 
cardamomum), large cardamom (Amomum subulatum) 
and ginger (Zingiber officinale) were used for comparison 
in the present study (Tables 2 and 3). The data presented 
in Tables 2 and 3 clearly indicated that most of the 
values reported in the literature were in agreement with 
those found the present study, especially for the essential 
metals investigated. The level of iron in the spices used 
for comparison ranged from: 13.3−2475 µg g–1, while 
the value determined in the present study was from: 
37.0−46.3 µg g–1, which lies within the range. The mean 
concentration of Zn was from 3.4−50.6 in the literature 
and from 12.3−17.9 µg g–1 in the present study. The level 
of copper reported in the literature was to the order of 
1.7−48.2 µg g–1 whereas in the present study it was from 
5.8−8.3 µg g–1. Thus the concentrations of both zinc and 
copper were within the ranges reported in the literature.

3.5 Analysis of variance

Variations between the samples in the mean levels 
of the metals were tested to determine whether it was just a 
random error or the treatment (i.e. difference in the mineral 
composition of the soil, climatic conditions, soil inputs 
such as fertilizers, pesticides or herbicides, or variations 
in soil parameters such as the pH) using one-way ANOVA.

The result indicated that significant differences 
were obtained (p < 0.05) at the 95% confidence level for 
Ca, Mg, Zn, Cu, Mn and Cr in the korarima seed samples 
collected from the Bonga, Gamo Gofa and Metu sites, 
although the variations for Fe, Ni, Co and Cd were not 
significant (p > 0.05). For the soil samples analysed, with 
the exception of Zn, Cr and Co, all the metals (Ca, Mg, 
Fe, Cu, Mn, Ni and Cd) differed significantly.

3.6 Pearson correlation of the metals

The correlation between the metals in the korarima 
seed and soil samples was investigated using Pearson 
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correlation matrices, thus obtaining the correlation 
coefficients. For the majority of the metals analysed, with 
the exception of cadmium, magnesium and copper in the 
korarima seeds, and cadmium, cobalt, zinc and chromium 
in the soil samples, the correlation was significant (r > 0.8) 
at the 95% confidence level. Moreover, cadmium showed 
a negative correlation with almost all the metals analysed 
in both samples, which showed a weak association with 
the other metals. A very high (nearly 1) positive correlation 
indicates a strong association between the metals, which 
may arise from natural sources or the environment or from 
a similarity in the chemical properties. Magnesium with 
copper in the plants and manganese with cobalt in the 
soil showed negative correlations.

The correlation coefficients (r) between the metals 
in the korarima seeds and soil samples collected from 
each of the three sites were calculated separately for each 
metal (Table 4). The results indicated there was good 
correlation between some of the metals (Ni, Fe, Cd, Ca, 
Cu, Mg) in the korarima seeds and soil samples, but poor 
correlation between some of the metals (Cr, Zn, Mn, Co) in 
the two types of samples in the region investigated. Good 
correlations were expected between the metal contents in 
the soil and the plants, since the plants take up nutritional 
metals from the soil via their roots. The poor correlation 
observed for some of the metals could have been due to 
the fact that some metals may be assimilated to a lesser 
extent by the plant although present in high concentrations 

Table 2. Summary of the comparison of the levels of the metals (Ca, Mg, Fe, Zn and Cu) reported for small cardamom, large 
cardamom and ginger with those found in the present study.

Spices
Metals (μg g–1 dry wt)

References
Ca Mg Fe Zn Cu

Small 
cardamom

− − 441±61 50.6±2.6 48.2±20.6 Ansari et al. (2004) 
− − 73±2.2 25±0.8 5±0.7 Ozkutlu et al. (2006) 

Large 
cardamom

− − 285±44 45.3±5.2 14±3.3 Ansari et al. (2004) 

Ginger

− − 2475±1110 19.7±1.9 49.4±2.7 Ansari et al. (2004) 
− − − 5.0±0.9 3.0±0.8 Ozkutlu et al. (2006) 

− − − 4.8±0.05 −
Aiwonegbe and Ikhuoria 

(2007) 
− − 13.3±0.01 3.4±0.02 1.7±0.01 Hashmi et al. (2007) 
− − − − 2.35-8.3 Krejpcio et al. (2007) 

2610±10 4210±10 144±0.05 33.3±0.01 14.4±0.01 Ajasa et al. (2004) 
Korarima 1794±2181 1626±2067 37.0±46.3 12.3±17.9 5.8±8.3 Present study

Cardamom 2719 ± 35 2390 ± 41 64.8 ± 2.2 19.6 ± 0.9 9.5 ± 1.0 Present study

Table 3. Summary of the comparison of the levels of the metals (Co, Cr, Mn, Ni, Pb and Cd) reported for small cardamom, large 
cardamom and ginger with those found in the present study.

Spices
Metals (μg g–1 dry wt)

References
Co Cr Mn Ni Pb Cd

Small 
cardamom

− − 2840±112 − − − Ansari et al. (2004) 
− − 168±2.5 − − 0.15±5.2 Ozkutlu et al. (2006) 

ND − − 0.4 0.14 Al-Eed et al. (2002) 
Large 

cardamom
− − 223±18 − − − Ansari et al. (2004) 

Ginger

− − 1014±52 − − − Ansari et al. (2004) 
− − 73±3.4 − − 0.072±4.1 Ozkutlu et al. (2006) 

0.32 − − − 0.6 0.07 Al-Eed et al. (2002) 

− 0.04±0.01 −  0.21±0.03   0.01   0.012±0.03
Aiwonegbe and Ikhuoria 

(2007) 
− − − − 0.21-0.78 0.02-0.04 Krejpcio et al. (2007) 
− 0.05±0.01 1.6±0.01 − − − Hashmi et al. (2007) 

Korarima 2.0−2.3 3.8−5.8 143.8−179.6 6.6−8.5 ND 0.9−1.0 Present study
Cardamom 2.6±0.2 8.3±0.7 355.4±9.8 11.7±0.5 ND 0.87±0.07 Present study
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in the soil, since they may not be available in the soluble 
forms absorbed by the plant.

4 Conclusions

The study indicated the presence of essential 
metals (Ca, Mg, Fe, Zn, Cu, Co, Cr, Mn, Ni) and one 
non-essential metal (Cd) in the korarima seed and soil 
samples. The level of Cd in the korarima seeds was 
0.9−1.0 µg g–1, but the other non-essential metal (Pb) was 
not detected in any of the samples investigated.

The investigation of the metal levels also revealed 
that for most of the metals determined, there was a 
direct relationship between the levels in the korarima 
seeds and those in the soil in which the plant was grown. 
The study also showed that the metals were present at 
different concentrations in the samples from different sites. 
Comparable results were found with some of the values 
reported in the literature and for some of the metals the 
concentrations slightly exceeded the permissible levels, 
which could be attributed to the agricultural practices 
employed such as the use of fertilizers and herbicides.

In general the consumption of spices by humans in 
their daily food is negligible as compared to that of other 
food items, since they are added or used in very small 
amounts. Thus, considering this, the concentrations of 
the metals were relatively small, particularly those of the 
non-essential metals, which means that the levels of the 
metals were in accordance with the recommended dietary 
allowances (RDA) or within the permissible limits set by 
FAO/WHO for edible plants, and hence there is no risk 
from using the spice under study in the food. However, 
since there is a growing interest in the use of spices 
throughout the world, special attention should be given 
to a continuous monitoring of the levels of trace metals, 
particularly the non-essential ones, since they accumulate 
with time and cause serious health impacts.
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