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Selenium Content of Common Indian Cereals, Pulses, and Spices
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Selenium is an essential trace element with potent antioxidant activity. Low dietary intake of

selenium has been implicated in many chronic degenerative diseases.

Information on selenium

content of foods is therefore required to quantify its levels in the diet. This study reports on the
selenium content of some common food groups, with varietal and geographical differences. The
selenium content of cereals, pulses, and spices was analyzed by a fluorometric method. The cereal
and pulse samples analyzed are from different locations. The present paper shows the locational
and varietal differences in rice and locational differences in sorghum and green gram crops. The
dietary intakes of selenium in this region on a rice-based diet in different income groups ranges
between 41 and 54 ug/day. These intakes are sufficient to protect the population from selenium
deficiency disorders like Keshan's Disease, but are probably not enough to protect against degenerate
diseases because they are below the recommended dietary allowances.

Keywords: Selenium; foodstuffs; varietal differences; locational differences

INTRODUCTION

Many trace elements occupy a central position in the
biological system as functional component of metallo-
proteins and metalloenzymes. Selenium (Se) is one such
trace element which forms the integral part of the
enzymes glutathione peroxidase (Rotruck et al., 1973),
type 1 iodothyronine deiodinase (Berry et al., 1991)
metalloproteins, fatty acid binding protein (Bansal et
al., 1989), and selenoprotein P (Read et al., 1990).
Glutathione peroxidase reduces the concentration of free
radicals formed during various metabolic reactions. Free
radicals are implicated in many diseases. Selenium is
now considered as an antioxidant nutrient, and the
diseases where low selenium is implicated range from
nutritional disorders like protein energy malnutrition
to degenerative diseases such as cancer, cardiovascular
diseases, and cataract (Robinson, 1983). The require-
ment of selenium in humans is met by dietary intakes.
Both animal and plant sources contribute to selenium
nutriture. The levels of selenium in foodstuffs are
dependent on soil Se, soil characters, argoclimatic
conditions, cultivation practices, and the variety of the
crops cultivated (Gissel-Nielson, 1971a,b). There is very
little information on selenium content of foods from the
Indian subcontinent (Bieri and Ahmad, 1976; Srikumar,
1993). In the present study selenium content of selected
cereals, pulses, and spices are analyzed. In the present
paper varietal and locational differences are also inves-
tigated.

MATERIALS AND METHODS

Food Samples. Different cereals, pulses, and spices were
collected from major markets of the twin cities of Hyderabad
and Secunderabad (Table 1). The other food samples were
collected from the towns of districts adjoining the twin cities.
The sample for locational differences in rice were collected from
different markets after establishing the authenticity regarding
the place of cultivation of the variety. The samples were
brought to the laboratory, washed with glass-distilled water
two or three times in order to remove the dust particles and
any other dry matter from the samples. These samples were
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dried at 60 °C in an oven and dried samples were finely
powdered in a variable-speed blender.

Samples were analyzed in duplicate for the selenium content
by the fluorometric method of Whetter and Ullrey (1978). The
samples were digested with a nitric acid and perchloric acid
mixture. The different forms of selenium in the samples were
reduced by boiling it with diluted HCI. To this digested
mixture was added EDTA solution and the pH was adjusted
with ammonia using Cresol red as indicator. The Se in the
sample was complexed with 2,3-diaminonaphthalene (DAN)
to give a fluorescent compound. The fluorescent compound
was extracted with cyclohexane and read on a spectrofluo-
rometer at excitation and emission wave lengths of 378 and
518 nm, respectively. The selenium content of the National
Institute of Standards and Technology reference materials
1577 A (bovine liver) gave 0.698 ug of Se/g, 1566 (oyster tissue)
gave 2.06 ug of Se/g, and IAEA H9 (human diet) gave 0.117
ug of Se/g, while the certified values of the samples are 0.71,
2.1, and 0.11 ug of Selg, respectively.

The selenium content of different foodstuffs are given as
mean, standard deviation, and relative standard deviation as
well as median values. The values were compared by Mann—
Whitney—Wilcoxon Rank test for varietal differences and
locational difference.

RESULTS AND DISCUSSION

Cereals. The results of the selenium present given
in Table 2 show that rice (83 ng of Se/g) is relatively
low in selenium when compared to other cereals. The
selenium content of rice is comparable with British foods
reported by Thorn et al. (1978). The Se content of rice
in Greek foods is also lowest compared to other cereals
(Bratakos et al., 1987). The selenium content in rice
may be low because it is cultivated in standing water
conditions, which may reduce the availability of sele-
nium from soil to the plant (Ullrey, 1981). The selenium
content of wheat (173 ng of Se/g), jowar (213 ng of Se/
0), and bajra (179 ng of Se/g) show that they are good
sources of this nutrient in the diet.

Pulses. The selenium content of green gram (98 ng
of Se/g) is low when compared to other foodstuffs
analyzed in this food group (Table 2). Redgram dhal
(203 ng of Se/g) has the highest selenium content among
the legumes analyzed. This legume is preferred in the
diets of a segment of the population in this region. The
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Table 1. Cereals, Pulses, and Spices Analyzed from the Twin City Markets

foodstuffs botanical name foodstuffs botanical name

Cereals

rice Oryza sativa wheat Triticum aestivum

sorghum Sorghum vulgare bajra Pennisetum typhoideum
Pulses

redgram dhal Cajanus cajan bengalgram dhal Cier arietinum

green gram dhal Phaseolus aureus Roxb black gram dhal Phaseolus mungo

lentil Lens esculenta
Spices

turmeric Curcuma longa L coriander seed Coriandrum sativum

mustard seed Brassica nigra
red chili powder Capsicum annuum
cumin Cuminum cyminum

Table 2. Selenium Content of Cereals, Pulses, and
Spices from Market Samples from Hyderabad, Andhra
Pradesh, India

Se content (ng/g)

foodstuffs mean + SD RSD median range
Cereals
rice 99 + 43 44 83 58-176
Oryza sativa (6)
wheat 170 + 69 41 173 62—263
Triticum aestivum (5)
sorghum 189 + 69 36 213 91-287
Sorghum vulgare 4)
bajra 127 + 78 61 179 146—391
Pennisetum typhoideum 4)
Pulses
redgram dhal 225 + 82 36 203  131-376
Cajanus cajan (5)
bengalgram dhal 161 + 58 36 180 94-235
Cier arietinum (5)
greengram dhal 95 +41 43 98 28—150
Phaseolus aureus Roxb (5)
blackgram dhal 164 + 84 51 119 68—265
Phaseolus mungo (5)
lentil 208 + 88 42 179  146-391
Lens esculenta (5)
Spices
turmeric 45 + 12 27 49 26—62
Curcuma domestica 4)
coriander seed 132 £ 12 9 136 117-145
Coriandrum sativum 3)
mustard seed 201 + 152 76 128 92-423
Brassica nigra 3)
fenugreek seed 63 £ 16 25 59 50—86
Trignella foenum-graecum 3)
red chili powder 79+ 6 7 81 57-98
Capsicum annuum 3)
pepper 17 + 17 100 4 2-35
Piper nigrum 3)
cumin 120 £130 108 52 21-286
Cuminum cyminum ?3)

aFigures in parentheses indicate the number of samples
analyzed.

selenium content of lentil (176 ng of Se/g) and bengal
gram dhal (180 ng of Se/g) is twice that of the German
pulses value of 90 ng of Se/g (Souci et al., 1994) and
2—3 times lower than the Egyptian pulses value of 560—
320 ng of Se/lg (Askar and Bielig, 1983). Legumes
appear to be an important food group that contribute
to the selenium content of the diet (Lane et al., 1983).
However, in India, the legume production is on the
decline (Lal, 1994).

Spices. The selenium content of spices also shows
variation as observed in cereals and pulses. The lowest
selenium content is observed in black pepper (4 ng of
Se/g) while the highest is observed in coriander seeds
(136 ng of Se/g). Mustard seed (128 ng of Se/g) is also
a good source of selenium. In New Zealand, where the
selenium content of foodstuffs is low, mustard seeds
have the highest selenium content (Thomson and Rob-

fenugreek seed
pepper

Trignella foenum-graecum
Piper nigrum

Table 3. Locational Differences in Selenium Content of
Different Foodstuffs

Se content (ng/g) based on location?

foodstuffs twin cities Nalgonda Suryapet
rice 82.8 22.7° 70.5
(6) (10) ®)
sorghum 212.7 201.5
4 @
greengram dhal 97.6 127.0

®) ®)

aValues given are median values. Figures in parentheses are
the number of samples analyzed. ° P < 0.05%.

Table 4. Locational Differences in Selenium Content of
Rice (Bapatla Cultivar)

location Se content (ng/g) location Se content (ng/g)
Nalgonda 22 Bapatla 77
Warangal 54 Kankuntla 166
Suryapet 74

Table 5. Varietal Difference in Selenium Content of
Rice

Se content (ng/g)

variety mean + SD RSD median range
Sona Masuri 119 + 45 (3) 38 114 60—176
Hamsa 51 +19(3) 37 60 26—69
Phalguna 42 +13 (3) 31 37 30-58
Suwarna 41 + 25 (3) 61 31 20-72

inson, 1990). Mustard plants are known to be selenium
accumulators among field crops (Moffat, 1995).

Locational Differences. The results of analysis of
various cereals and pulses show variation in the sele-
nium content. The market samples in the twin cities
are procured from adjorning states as well as within the
state. The area in which foodstuffs are grown may be
one of the source of variation in the selenium content
of foodstuffs. Hence the major foods grown in Nalgonda
and Suryapet were analyzed for selenium content. Rice
is the staple food in these areas and jowar and green
gram are the other crops selected on the basis of the
area of cultivation. There are significant differences
(Table 3) in the selenium content of rice from Nalgonda
(23 ng of Se/g) when compared to the twin cities (83 ng
of Se/g) and Suryapet (70 ng of Se/g). The selenium
content of rice samples from the twin cities and Surya-
pet were not significantly different from each other by
statistical comparisons. The jowar and green gram
samples from the twin cities (213 and 98 ng of Se/g) were
not significantly different from samples of Nalgonda for
these two crops (201 and 127 ng of Se/g). These
locational differences were observed in China (Jian-An
et al., 1987) and in the USA (Kubato et al., 1967) in
different crops.
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Table 6. Contribution of Selenium from Food Groups Analyzed

rice pulses condiments

total calories (kcal) total selenium intake (ug/day) Sed calb Se cal Se cal

high income 2605 435 74.2 43.3 22.1 7.5 3.7 2.2
industrial labor 2194 54.0 88.4 75.8 8.9 4.4 2.7 2.5
slum 1685 41.1 88.6 75.3 9.1 45 2.2 2.0

a Percentage intake from food groups. ® Percentage of total calories.

The locational differences observed in rice were
further investigated by analyzing the same rice variety
from different locations. The results presented in Table
4 show that the selenium content of rice from different
areas also shows variation. The lowest level of selenium
in this variety is from the Nalgonda (22 ng of Se/g) area.
These differences could be attributable to the soil
selenium content and the ability of the plant to concen-
trate selenium. Thus, location, with its variable soil
selenium levels, is a source of variation in the selenium
content of rice.

Varietal Differences. The different varieties cul-
tivated may also be a source of variation in the selenium
content of the foodstuffs. Rice is the major staple food
in this region of the country. A few popular rice
varieties were collected from local market and analyzed
for selenium content. The results in Table 5 show that
there are varietal difference in the selenium content.
These varietal difference were also observed in other
foodstuffs, like soyabean (Wanchoke., 1978) and wheat
(Watkinson, 1981). These varietal differences could be
attributable to the inherent capacity to accumulate Se
and soil types in different geographical regions with
varying agronomic practices in the cultivation of crops
(Combs, Jr., 1988).

The present paper deals with the Se content of major
cereals and pulses consumed in this population. There
is variation in the Selenium content of different food-
stuffs. The variation in the present investigation in rice
could be attributed to the area where the crop was
grown and the variety of the crop cultivated. The
variation in the selenium content of foodstuffs makes
it difficult to compute the dietary intakes of this nutrient
in the population. The dietary intakes have to be
calculated on the basis of the food obtained in a
particular region and should only be taken for computa-
tion of the dietary intakes of this nutrient in that
population. The staple food in this area is rice and most
of the pulses analyzed are consumed by the population.
Hence for calculating the dietary intakes of Se, a
weighted average of pulses/spices and condiments ana-
lyzed was computed. The computed average was 171
and 92 ng of Se/g in pulses and spices, respectively. The
probable dietary intake of Se from the food analyzed,
based on the National Nutrition Monitoring Bureau
Survey (1984 and 1994), for Hyderabad and for different
income groups are as follows: high income group
population, 43.5 ug/day; industrial laborer population,
54.0 ug/day, and urban slum population, 41.1 ug/day.
The calorie and selenium levels of these food groups
consumed by these three population groups are given
in Table 6. The data on dietary intake for urban slums
is from the report from the National Nutrition Monitor-
ing Bureau published in 1994, whereas those for the
other groups were published in 1984.

These intakes are 11.5%—32.6% lower when com-
pared to the other parts of the country as reported by
Srikumar (1993). The cereals contribute the major
portion of selenium in the vegetarian diets in this part
of the country. However, the computed intake of

selenium in different groups is less than the U.S. RDA,
which prescribes 70 ug Se/day for men and 55 ug Se/
day for women. Therefore it is important to establish
the selenium nutritional status in different groups and
the dietary sources of selenium in order to find its
requirement in the diet.

ACKNOWLEDGMENT

Statistical help by Dr. Prasanna Krishna, Research
Officer, is highly appreciated during this study. The
authors wish to thank Dr. G. V. lyenger for his gift of
the quality control samples. The help of Ar. Kaisier and
Mr. Mazhar of Nalgonda is acknowledged for the sample
collection. The authors are thankful to M/s. Indian
Sugar Agencies, Hyderabad, for their help in local
sample collection of different foodstuffs.

LITERATURE CITED

Askar, A.; Bielig, H. J. Selenium content of food consumed by
Egyptians. Food Chem. 1983, 10, 231—234.

Bansal, M. P.; Cook, R. C.; Danielson, K. G.; Medina, D. A.
14-Kilodalton-Selenium binding protein in mouse liver is
fatty acid binding protein. J. Biol. Chem. 1989, 264, 13780—
13784.

Berry, M. J.; Banu, L.; Larsen, R. P. Type 1 iodothyronine
deiodinase is a selenocysteine-containing enzyme. Nature
1991, 349, 438—440.

Bieri, J. G.; Ahmad, K. Selenium content of Bangladeshi rice
by chemical and biological assay. J. Agric. Food Chem.
1976, 24, 1073—1074.

Bratakos, M. S.; Zafiropoulos, T. F.; Siskos, P. A.; loannou, P.
V. Selenium in foods produced and consumed in Greece. J.
Food Sci. 1987, 52, 817—822.

Combs, G. F., Jr. Selenium in Foods. Adv. Food Res. 1988,
32, 85—113.

Gissel-Nielson, G. Selenium content of some fertilizer and their
influence on uptake of selenium in plants. J. Agric. Food
Chem. 1971, 19, 564—566.

Gissel Nielson, G. Influence of pH and texture on the soil on
plant uptake of added selenium. J. Agric. Food Chem. 1971,
19, 1165—1167.

Jian Am, T.; Ri-Bang, L.; Da-Xian, 2.; Zhan-Yuan, 2.; Shao-
Fan, H.; Wu-Yi, W.; Wen-Yuz Selenium ecological chemico-
geography and endemic Keshan disease and Kaschin—Beck
disease in China. In Selenium in Biology and Medicine;
Combs, G. F., Jr., Spallholz, J. E., Levander, O. A., Oldfield,
J. E., Eds., Van Nostsand Reinhold Co.: New York, 1987;
pp 859—876.

Kubato, J.; Allaway, W. H.; Carter, D. L.; Cary, E. E.; Lazar,
V. A. Selenium in Crops in the United States in Relation to
Selenium Response Diseases of Animals. J. Agric. Food
Chem. 1967, 15, 448—458.

Lal S. New potential areas, varieties and technology for pulse
production. Indian Farming February 1994, 5—7.

Lane, H. W.; Taylor, B. J.; Stool, E.; Servance, D. R. D;
Warren, D. C. Selenium content of selected foods. J. Am.
Diet Assoc. 1983, 82, 24—28.

Moffat, A. S. Plants proving their worth in toxic metal cleanup.
Science 1995, 269, 302—303.

National Nutrition Monitoring Bureau. Report on Urban
population. National Institute of Nutrition: Hyderabad,
1984.



2568 J. Agric. Food Chem., Vol. 45, No. 7, 1997

National Nutrition Monitoring Bureau. Report of Urban
Survey Slums (1993—-94). National Institute of Nutrition,
Indian Council of Medical Research: Hyderabad, 1994.

Read, R.; Bellow, T.; Yang, J.-G.; Hill, K. E.; Palmer, I. S
Burk, R. F. Selenium and amino acid composition of
selenoprotein P, the major selenoprotein in rat serum. J.
Biol. Chem. 1990, 265, 17899—17905.

Robinson, M. F.; Thomson, C. D. The role of selenium in the
diet. Nutr. Abst. Rev. 1983, 53, 3—26.

Rotruck, J. T.; Pope, A. L.; Ganther, H. E.; Swanson, A. B,;
Hafeman, D. G.; and Hoekstra, W. G. Selenium: Biochemi-
cal role as a component of glutathione peroxidase. Science
1973, 179, 588—590.

Snedecor, G. W.; Cochran, W. G. Statistical Methods, VIth ed.;
Oxford and IBH Publishing Co.: Calcutta, 1967; pp 130—
132.

Souci, S. W.; Fachmann, W.; Kraut, H. Food Composition and
Nutrition Tables; Compiled by Scherzund, H., Senser, F.;
Medpharm Scientific Publishers: Stuttgart, 1994.

Srikumar, T. S. The mineral and trace element composition
of vegetables, pulses and cereals of Southern India. Food
Chem. 1993, 46, 163—167.

Thomson, C. D.; Robinson, M. F. Selenium content of foods
consumed in Otago, New Zealand. N. Z. Med. J. 1990, 103,
130—135.

Abhay Kumar and Krishnaswamy

Thorn, J.; Robertson, J.; Buss, D. H. Trace nutrient Selenium
in British Food. Br. J. Nutr. 1978, 39, 391—396.

Ullrey, D. E. Selenium in the Soil-Plant-Food Chain. In
Selenium in Biology and Medicine; Spallholz, J. E., Martin,
J. L., Ganther, H. E., Eds.; AVI Publishing Co., Inc.: West
Port, CT, 1981; pp 176—191.

Wanchoke, R. D. Selenium and arsenic levels in soyabean from
different production regions of the United States. J. Agric.
Food Chem. 1978, 26, 226—228.

Watkinson, J. H. Changes in blood selenium in New Zealand
adults with time and importation of Australian wheat. Am.
J. Clin. Nutr. 1981, 34, 936—942.

Whetter, P. A.; Ullrey, D. E. Improved fluorometric method
for determining selenium. J. Assoc. Off. Anal. Chem. 1978,
61, 927—930.

Received for review December 2, 1996. Revised manuscript
received April 15, 1997. Accepted April 17, 1997.°® The
authors are thankful to the Director, National Institute of
Nutrition, for the support of this study.

JF960920U

® Abstract published in Advance ACS Abstracts, June
15, 1997.



