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Abstract

A study was conducted at the International Crops Research Institute for the Semi-
Arid Tropics (ICRISAT), Patancheru, Andhra Pradesh, India to compare grain Zn
and Fe determined in ground and un-ground samples of a range of sorghum and
pearl millet cultivars varying in grain size. The 1000 grain weight of pearl millet
samples ranged between 4.7 and 9.4 g for the small grain cultivars, whereas for the
bold grain cultivars it ranged from 10.0 to 13.0 g. In sorghum, the grain size ranged
between 9.6 and 19.3 g for the small grain cultivars and ranged from 26.9 to 46.4 g
for the bold grain cultivars.

Grain Fe in pearl millet cultivars determined using ground samples ranged from 26.6
to 81.5 mg kg and it ranged from 26.5 to 81.7 mg kg™ when determined with un-
ground samples. Gram Zn ranged from 18.7 to 73.7 mg kg for ground and from
19.5 to 72.1 mg kg™ for the un-ground samples The analysis of variance indicated a
significant difference in grain Fe due to grain size for the ground and un-ground
pearl millet samples. However, there was no significant difference in grain Zn due to
grain size between ground and un-ground samples.

For sorghum, grain Fe varied from 18.2 to 65.1 mg kg™ in ground samples and from
19. 0 to 65.0 mg kg™ in un-ground samples. Gram Zn ranged from 16.9 to 61.0 mg
kg™ in ground and from 16.5 to 61.0 mg kg™’ in un-ground samples. There was no
significant difference due to grain size between ground and un-ground samples for
both Fe and Zn.

There was a significant correlation between grain Fe and Zn values determined
using ground and un-ground pearl millet and sorghum cultivars. The results of this
study with selected but diverse cultivars suggest that grain Fe and Zn in sorghum
and pearl millet can be determined on un-ground samples and obviously there is a
need to further confirm these results with a larger number of cultivars of these crops.
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CHAPTER -1
INTRODUCTION

Sorghum [Sorghum bicolor (L.) Moench] and Pearl millet [Pennisetum glaucum (L.) R. Br.]
are important staple food in the semi-arid tropics (SAT) of Asia and Africa. These crops are
still the principal sources of energy, protein, vitamins and minerals for millions of the poorest
people in these regions. These crops sustain the lives of the poorest rural people and will
continue to do so in the foreseeable future. Sorghum and pearl millet grow in harsh
environments where other crops do not grow well. Improvements in the production,
availability and consumption of these food crops will significantly contribute to the

household food security and nutrition of the inhabitants in the SAT region of Asia and Africa.

Sorghum is the world’s fifth most important cereal in terms of both production and the area
planted. Roughly 90% of the world’s sorghum area and 95% of the world’s millet area lie in
the developing countries, mainly in Africa and Asia (Irén Léder 2004). In terms of global
production, pearl millet is the sixth most important cereal crop after wheat, rice, maize, barley
and sorghum (FAO and ICRISAT 1996). These crops are primarily grown in poor areas
subject to low and erratic rainfall and drought where other grain crops do not produce without
irrigation; and because of their excellent tolerance to drought, sorghum and pearl millet are

able to grow and yield in the drier environment.

Pearl millet, grown in 26 million ha in some of the most marginal arid and semi-arid tropical
environments of Asia (11 million ha) and Africa (15 million ha), is a major source of dietary

energy and nutritional security for a vast population in these regions (Velu et al. 2008).

The sorghum kernel varies in colour, size and shape. The 1000-kemel weight of sorghum has
a wide range and varies from 3 to 80 g, but for majority of the varieties it varies between 25

and 30 g. The pearl millet kernel too varies in colour, shape and size. The ovoid grains are



about 3-4 mm long and the 1000 grain weight ianggs from 2.5 to 14 g with a mean of 8 g.
The size of the pear] millet kemnel is about one third that of sorghum. The relative proportion

of germ to endosperm is higher in pearl millet than in sorghum. (OKennedy 2006).

Zinc (Zn) and iron (Fe) are important micronutrients in human food. Micronutrient
malnutrition alone and various vitamin deficiencies afflict over 3 billion world-wide. The
consequences to human health, felicity, livelihoods and national development are staggering,
resulting in increased mortality and morbidity rates, decreased worker productivity and

poverty (Kumar, 2000).

Iron and Zn, are essential elements in plant growth and metabolism and they exist in soil in
different forms such as primary and secondary minerals, insoluble inorganic and organic
precipitates, soluble organic complexes and in exchangeable and adsorbed forms and in soil
solution (Sureshkumar at el., 2004). The amount and rate of transformation of these forms of
zinc to available form (exchangeable plus in soil solution) determine the size of the labile

zine pool in the soil.

Zinc is one of the essential micro-nutrient elements and has attained prominence in human
nutrition and health. The most widespread known nutritional deficiency in humans is that if
iron, but especially in the calcareous upland soils applied Fe fertilizer is converted to ferric
iron, which is insoluble and unavailable for plant uptake. Significantly, Fe deficiency in the
humans can be due to causes other than Fe-deficient soils and low-Fe food crops. It can also
be caused by Zn, vitamin A, beta-carotene, iodine and selenium deficiencies. Zn deficiency is
the most widespread problem (Graham et al., 2007). Iron deficiency is often accompanied by
zinc deficiency as both of these nutrients are derived from similar sources in the diet (Welch,

2001).



Information on the grain nutrient concentration indicates the nutritional status and is used as
a diagnostic tool for advisory purpose. The total uptake of Zn and Fe by pearl millet is 40 g/t
and 170 g/t respectively, while for the sorghum crop it is 72 g/t of Zn and 720 g/t of Fe
(Tandon, 2005). Zinc deficiency in soils not only reduces crop productivity, but also leads to
low-Zn feed and food, causing animal and human malnutrition. This problem is experienced
globally. However, it is more acute in the arid and semi-arid regions of the world. Livestock
and humans fed on Zn-poor feed and food, particularly with high calcium levels, are liable to

suffer from Zn malnutrition (Rashid and Ryan 2004).

To assess the quality of grain and other food materials for Fe and Zn nutrition, the analytical
techniques to determine Fe and Zn should be simple, rapid, precise and accurate. Also, at the
time of sample preparation the contamination of grains with Fe and Zn is a serious problem in
their analysis. This contamination can occur during grinding of the grain samples for
preparing them for analysis in the laboratory. However, it is argued that if the analysis of the
grains is conducted without their grinding, this source of potential contamination and error in
the analysis could be avoided. For the large-seeded size crops the grinding, however, is
inevitable. For the relatively small-seeded crops such as pearl millet and sorghum, the
grinding step could probably be skipped and un-ground grain samples could be used for
analysis in the laboratory. With this objective in view, it was decided to compare and
evaluate the results of Zn and Fe analysis performed on un-ground and ground samples of

pearl millet and sorghum cultivars with varying grain sizes.

Literature available on Fe and Zn contents of ground and un-ground grains for both sorghum
and pearl millet is very limited/scarce and no studies have been conducted to evaluate the
same. Hence, this study was undertaken to analyse the Fe and Zn contents of both ground and

un-ground grains of sorghum and pearl millet.



The specific objectives of the study are:
Objectives

- To determine and compare the results of Zn and Fe analysis in the ground and un-

ground grain samples of diverse sorghum and pearl millet varieties.

- To study the effects of grain size of sorghum and pearl millet on Zn and Fe

determination by the two methods of sample preparation.

- To study the variability in grain Zn and Fe in selected pearl millet and sorghum

varieties,
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