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ABSTRACT  
 
Varieties of legumes are recognized as an important source of protein and dietary 
minerals by a number of ethnic groups in East, South and Central Africa. Among the 
legume that is preferred by most Africans are the bean varieties. Beans are consumed 
in many forms: the young leaves, green pods, and fresh bean grains are used as 
vegetables; dry bean grains are used in various food preparations, and both are used as 
relish or side dishes together with the staple food. Apart from alleviating food 
insecurity, the bean leaves, green bean pods and fresh bean grains are good sources of 
micronutrients especially iron and zinc. Thirty eight varieties of beans deemed to be 
rich in minerals iron and zinc collected from a number of locations in East and 
Central Africa were brought from University of Nairobi and multiplied at Sokoine 
University of Agriculture, Morogoro. Bean leaves and fresh beans grains were picked 
for analysis after the plants reached three weeks and two months, respectively. Iron 
and zinc content was determined by atomic absorption spectrophotometer after ashing 
the samples. Analysis showed that leaves had significantly (P<0.05) more iron than 
the fresh bean grains. For bean leaves, Maharagi soja had the highest level of iron 
(1653.9 mg/100g) followed by Nain De Kiondo (1061.1 mg/100g). Similarly, 
Maharagi soja had the highest level of zinc (40.8 mg/100g), followed by Kiangara 
(40.5 mg/100g). Variety HRS 545 fresh bean grains, had the highest level of iron 
(1114.0 mg/100g) followed by Ituri Matata (983.4 mg/100g) while highest zinc 
content was found in HRS 545 (41.1 mg/100g) followed by RWR 10 (41.1 mg/100g). 
These levels of minerals are significantly higher than the average amount found in dry 
bean grains (Fe 5.6 – 8.0 mg/100g) and (Zn 1.7 - 2.0 mg/100g). Creating more 
awareness and encouraging the utilization of bean leaves and fresh bean grains will 
contribute in alleviating micronutrient deficiencies especially among the vulnerable 
groups such as children, pregnant and lactating women, and resource-poor families.  
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INTRODUCTION 
 
A number of inorganic minerals are important either in the structure or functioning of 
the body and must, therefore, be provided by the various components that make up the 
diet [1]. Legumes, individually or as composite, are extensively used to prepare 
complementary and family foods in developing countries [2, 3, 4].  Common beans 
contain relatively high concentrations of iron (Fe) and zinc (Zn) but are also high in 
polyphenols and phytates, factors that may inhibit Fe and Zn absorption [5]. A study 
done in Nigeria showed that addition of kidney beans enhanced protein content of 
corn and Kocho based complementary foods from 8.8g/100 g and 1.5 g/100 g (dry 
weight) to 14.1 g/100 g and 13.8 g/100 g, respectively [6].  
 
Despite the fact that a considerable large number of crops are rich in nutrient content, 
still micronutrient deficiencies are high and widespread. Iron deficiency anaemia 
(IDA) is prevalent in many regions of the world, although South Asia and sub-
Saharan Africa incur the most deaths [7]. Data on micronutrient deficiencies in Africa 
(1980 to 1990s) show very high prevalence rates of IDA especially amongst children 
and women [8]. In East and Central Africa, IDA prevalence rates among pregnant 
women are high as well. Among pregnant women studied in Ethiopia 29% had 
anaemia, 13% had iron deficiency anaemia, 33% had depleted iron stores, and 74 and 
27% had low plasma zinc and retinol, respectively [9]. 
 
Zinc deficiency was only recently recognized as a serious public health problem. It is 
essential for normal growth, appetite, and the immune function [10]. It is as well an 
essential component of more than 100 enzymes involved in digestion, metabolism and 
wound healing [11]. It is increasingly being recognized as critical in diets for victims 
of HIV/AIDS pandemic [12]. In HIV infected adults low concentrations of serum zinc 
have been associated with disease progression and an increased risk of death [13]. In 
recent analyses, zinc deficiency was found to contribute to 3.8% of the burden of 
disease among children aged 6 months to 5 years and to account for 14.4% of all 
deaths by diarrhoea, 10.4% of malaria deaths and 6.7% of pneumonia deaths in this 
age group [14]. 
 
Although legumes are often cited as a complement to cereals in terms of amino acid 
content, they also make a particular important contribution to micronutrient nutrition. 
For instance, decreasing legume per capita consumption in India was considered to be 
one possible cause of increasing iron deficiency, illustrating the importance of 
legumes in the diet [15]. The common bean (Phaseolus vulgaris L.) is the most 
important grain legume for direct human consumption, being especially important in 
Eastern Africa and Latin America. 
 
Zinc content of beans is one of the highest among vegetable sources, and is nearly 
equal to dairy products but is far lesser than in  meats. Evaluation of the bean core 
collection revealed a range of 21 to 54 ppm in Zn content, with an average value of 35 
ppm [15]. Germplasm from Guatemala presented especially high values of zinc, but it 
has not been possible to find germplasm that exceeds the levels found in the initial 
evaluation. 
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Kidney bean leaves and fresh bean grains, which are prepared as relish and consumed 
by a number of families in East, Central and South African countries, stand a good 
chance to be disseminated to alleviate micronutrient deficiencies in developing 
countries. This study was undertaken to determine the levels of iron and zinc in 38 
varieties of fast-tract kidney bean leaves and fresh bean grains so as to recommend 
them for wider multiplication and consumption.  
 
METHODOLOGY 
 
Bean leaves and fresh bean grain samples 
Thirty eight varieties of bean samples lines deemed to contain appreciable amount of 
minerals especially iron and zinc were brought from University of Nairobi and 
multiplied at Sokoine University of Agriculture (SUA), Morogoro. These constituted 
a selection of the common kidney beans utilized by a number of ethnic groups in East 
and Central Africa. All the bean varieties were planted on a trial plot at SUA. Three to 
four young and tender bean leaves for each variety were picked for analysis after the 
plants reached about three weeks and after two months for the fresh bean grains. All 
analyses were done in the Food Science and Technology laboratory in collaboration 
with the Department of Soil Science. Mineral analysis was performed on bean leaves 
and fresh bean grains after dry ashing [16]. 
 
Iron and zinc determination 
About 100g of bean leaves and fresh bean grains for each bean variety were oven 
dried at 105oC for 24 hr. After drying 5g of bean leaves and fresh bean grains were 
separately weighed into crucibles and dry ashed in muffle furnace maintained at 
550oC for 2 hr. The ash was cooled in desiccators and then weighed. After weighing, 
the ash was dissolved in a solution of 1:1 ratio of H2O: HCl, in which the 
concentration of the final mixture was 6NHCl. Total iron and zinc content of the 
samples was carried out by AOAC method No 968.08 and determined by atomic 
absorption spectrophotometer (Shimadzu UNICAM 919, England) [16]. Two 
replicates were analyzed for each sample. 
 
RESULTS 
 
Figures 1 and 2 shows the iron and zinc content in bean leaves and fresh bean grains, 
respectively. In general, it was observed that bean leaves had higher iron and zinc per 
100g dry matter than fresh bean grains. Analysis showed that leaves had significantly 
(P<0.05) more iron than the fresh bean grains. However, the levels for zinc were not 
significantly different.  
 
For bean leaves, Maharagi soja had the highest level of iron (1653.9 mg/100g) 
followed by Nain De Kiondo (1061.1 mg/100g) while bean variety VNB 81010 had 
lowest iron content (1038.1 mg/100g). The average iron content for all analyzed 
samples was (1063.7 mg/100g). Similarly, Maharagi soja had the highest level of zinc 
(40.8 mg/100g), followed by Kiangara (40.5 mg/100g) while MLB 49-89A had 
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lowest zinc content (38.2 mg/100g). In figure 1, a clear separation of the 
concentration of iron in the bean leaves and fresh bean grains was observed. 
 
In fresh bean grain, HRS 545 had the highest level of iron (1114.0 mg/100g) followed 
by Ituri Matata (983.4 mg/100g). Leaves of bean variety Kirundo had the lowest level 
of iron (807.3 mg/100g) while highest zinc content was found in HRS 545 (41.1 
mg/100g) followed by RWR 10 (41.1 mg/100g). The lowest content for zinc was 
found in fresh bean grain variety Awash Melka (33.2 mg/100g). 
 
 

 
Figure 1: Iron Content in Bean Leaves and Fresh Bean Grains 
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Figure 2: Zinc Content in Bean Leaves and Fresh Bean Grains 
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DISCUSSION 
 
During the past decade efforts were essentially directed towards protein and energy 
content of diets and improvement of energy and protein density to meet the daily 
requirements [17, 18].   However, micronutrients did not receive as much attention 
until the 1980 to 1990’s when the international community became aware of the 
importance of micronutrient deficiencies as a problem of public health significance 
all-over the world, and in particular in low income countries [18]. It is recognized by 
the nutrition community that micronutrient malnutrition is widespread, and is 
probably the most prevalent nutritional problem in the world [19]. Recently 
researchers have become convinced that the nutrients found in fruits and vegetables 
do more than just prevent deficiency diseases for instance beriberi or rickets.  The 
most publicized finding reveals that certain vitamins or vitamin precursors in 
vegetables and fruits notably vitamin C, beta carotene and polyphenols are powerful 
antioxidants [20].  Antioxidants help prevent molecular damage caused by oxidation 
in that the protection offered may help fend-off diseases such as cancer, 
cardiovascular illness and muscular degeneration [21, 22]. The most vulnerable 
groups in these countries are infants and pregnant and lactating women, which 
explains the importance of examining adequate contribution of diets with regard to 
micronutrient requirements [23].  The bean leaves and fresh bean grains consumed by 
various ethnic communities in developing countries stand a good chance to be 
improved to alleviate micronutrient deficiencies [24]. The bean leaves and fresh bean 
grains are rich in calcium, iron and zinc, which are minerals of nutritional importance 
in African communities. Mineral analysis of the bean leaves and fresh bean grains has 
shown that both have comparatively higher iron and zinc content compared to dry 
bean grains though minor losses of minerals might have occurred due to the dry 
ashing method used instead of wet ashing [20]. 
 
The young bean leaves are the ones normally picked, usually the first three or four 
from a bean plant. For some ethnic groups, the leaves are chopped into small pieces 
before cooking but others just boil the whole leaves. The bean leaves and fresh bean 
grains seem to have a big contribution with regard to calcium, iron and zinc [25]. 
However, the leaves seem to have significantly more iron and zinc density compared 
to the fresh bean grains.  Micronutrient deficiencies are widespread and have become 
a concern.  The alleviation of these deficiencies need not be by seeking  additional 
foods that are not commonly consumed, but instead by consuming same foods at 
different stages of maturation and/or different parts of the common household 
produced foods. Therefore, there is a great need to increase awareness especially on 
the vulnerable groups so that these foods are utilized for the benefit of the 
communities who produce them. 
 
 Findings from this study compare well with the findings in which high iron content in 
leaves was found in all four kidney bean cultivars at all growth stages, approximately 
at 9 to 12-fold higher than seed, pod, and stem [26]. The differences observed in iron 
content among plant organs are due to the fact that much of the iron in leaves is 
associated with the ferrodoxins required for photosynthesis as part of the reverse 
tricarboxylic acid cycle [26]. Despite the mineral density, foods originating from plant 
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sources are more often less bio-available due to the presence among other factors of 
anti-nutritional factors such as phytates and tannins (27). 
 
CONCLUSION 
 
The iron and zinc levels in bean leaves and fresh bean grains have shown to be 
significantly higher than the levels in dry bean grains. Creating more awareness and 
encouraging the utilization of bean leaves and fresh bean grains will contribute in 
alleviating micronutrient deficiencies especially among the vulnerable groups such as 
children, pregnant and lactating women and resource-poor families.  
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