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Physical and chemical characteristics of some Nigerian wheat
(Triticum aestivum  L) bulgurs

The physical and chemical composition of Nigerian wheat
varieties, Florence Aurore 8193, Pavon 76, Siete Cerros
and Seri 82 and bulgur made from them were studied. The
physical characteristics such as kernel density, test weight,
100-kernel weight, grain hardness were about the same in
the wheat varieties. Mineral and vitamin contents in bulgur
were higher than in wheat. The protein content of bulgur
samples ranged from 10.61 to 10.54% as compared to a
range of 12.12 to 12. 69% found in the wheat varieties.
Other chemical components (crude fat, crude fibre, ash,
simple sugars, total starch) of the different wheat varieties
were similar, but there was significant (p< 0.05) reduction

in crude fat, crude fibre and ash contents in the bulgur
samples due to dehulling. The amylose content of the
wheat varieties were similar in the range of 12.25% to -
12.85% but were significantly (p < 0.05) higher in the bulgur
samples (16.03% - 16. 28%). The simple sugars content,
total starch, carbohydrate and caloric values in the wheat
varieties were not significantly different from the values
in the bulgur samples made from them. Bulgur is a whole
grain product, low in fat, fibre and ash and high in protein.

Key words: Nigerian wheat burlgur, physico-chemical
characteristic.

ABSTRACT

INTRODUCTION

Bulgur is a steamed and dried whole-wheat
product which, may be dehulled or undehulled.

It is an ancient Middle East staple food, which was
referred to as Arisah (a Hebrew word) in the Old
Testament of the Holy Bible   (Ezekiel 44: 31,
Nehemiah 10: 37), (Aykroyd and Doughty, 1970).
Nutritionally, it resembles whole wheat more closely
than refined white wheat flour because the nutritive
value of wheat remains relatively unaltered when
bulgur is produced.

The cultivation of wheat in Nigeria dates back
to the 16th century though it was grown on small
scales mainly in the Sahel and Sudan Savanna Zones
(Olugbemi et al, 1992). The varieties of wheat grown
in Nigeria include Siete Cerros, Florence Aurore
8193, Pavon 76 and Seri 82 and these were among

the varieties released by the Institute of Agricultural
Research, Zaria (Olugbemi, 1990).

The local wheat grown in Nigeria was originally
processed in households into various local dishes
such as “Kuli- Kuli”. “Kasai”, “Pankai”, “Alikaki”.
“Dambu”, “Danwake”, “Nakiya”, and “Dashishi”.
Betchart (1988) suggested that creating increased
consumer interest and desire for wheat foods and
promoting awareness of the healthful qualities of
wheat foods, along with the development of new
and attractive wheat-food products could contribute
to increased consumption of wheat, particularly
when the staple foods are starchy roots and fruits
low in protein as is the case in the South-Eastern
states of Nigeria.
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The study was conducted to determine the
physical and chemical characteristics of bulgur made
from Nigerian wheat varieties so as to fit it into more
local dishes and food applications and thereby
stimulate demand and   cultivation of wheat locally.

MATERIALS AND METHODS
Four Nigerian wheat varieties Florence Aurore

8193, Pavon 76, Siete  Cerros and Seri 82 obtained
from the Institute for Agricultural Research, Zaria,
were processed to bulgur samples in this study by
adaptation of local food processing methods involving
manual cleaning by sorting, washing and
parboiling(20min), followed by steaming (20min),
drying (60°C for 3h) and machine dehulling. For
physical properties, the test weight (bulk density) of
the wheat varieties were determined as described
by Kikuchi et al (1982); kernel density was
determined as described by Arnold et al (1977);
and 1000 - kernel weight was determined according
to Hilliard and Daynard (1974) procedure. The
procedure described by Pomeranz et al (1985)
using Stenvert Hardness Tester MHM; type 5
equipment was applied in determining the hardness
of wheat and bulgur samples. The milling yields of
wheat and bulgur samples were analysed according
to the procedure of Paulsen and Hills (1985) while
particle size distributions were done using a Tyler
Ro - Tap Mechanical Shaker as described by
Pomeranz et al (1985). In chemical analysis, the
levels of folic acid, niacin and carotenoid pigments
in the samples were determined by the AOAC
(1990) methods. The mineral composition was
determined by ICP tests. These analyses were
conducted at ADPEN Laboratories INC, Florida
32224 USA. Protein, fat, ash, crude fibre, and
moisture contents of the wheat and bulgur were
determined using the standard methods of the
American Association of Cereal Chemists (AACC,
1984). Carbohydrate was calculated by difference,
while caloric values were calculated using the average
values obtained for fat, protein and carbohydrates.

Free sugars and starch contents were determined
as described by Kalenga et al (1981) and Joslyn
(1970). Amylose content was determined according
to the methods described by Juliano (1971) and
Williams et al (1958) with the aid of a
Spectrophotometer.

RESULTS AND DISCUSSION
The test weights (Bulk density) of the wheat

grains ranged from 0.76/ml for Seri 82 to 0. 83g/mI
for Pavon 76 (Table 1), and there were no significant
differences (p<0.05) in these weights for the different
wheat samples. Dick and Matsuo (1988) had
reported that the higher the test weight the greater
the percentage endosperm. Test weight is a measure
of kernel soundness and fully mature, plump kernels
undamaged by disease or

by the environment are high in test weight. In
Italy, millers buying domestic durum wheat specify a
test weight range of 0.78 - 0.82g\ml. In studies
involving common wheat (soft, hard, spring, winter),
no correlation was found between flour yield and
test weight (Dick and Matsuo, 1988) but durum
wheat samples (which have a large range in test
weight) showed a significant correlation between
semolina yield and test weight. Kernel density (g\ml)
ranged from 1.5 in Siete Cerros to 1. 13 in Seri 82,
with Pavon 76 and Florence Aurore 8193 having a
similar value (1.33). Irvine (1961) had reported that
kernel density remained essentially constant at 1.43
g cm -3 in hard red spring wheat of same moisture
content and test weights ranging from 0.67 to 0.84g/
ml and that density was affected by the relative
composition of starch, protein, oil and water in the
grains. The 1000 – kernel weight values for the grain
in highest for Pavon 76 (38.0g) followed by Florence
Aurore 8193 (35.6g), Seri 82 (33.3g) and Siete
Cerros (29.81g). Both Irvine (1979) and Matsuo
and Dexter (1980) reported that kernel weight
ranged between 37.0 and 43.0g/l000 kernels in
wheat; with a corresponding range in test weight from
0.72 to 0.86 g/ml. These values were within the
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ranges obtained for the Nigerian wheat varieties in
this study (Table 1). Grain hardness as measured by
the Stenvert Hardness Tester was not significantly
different (p<0.05) for all the wheat samples studied,
the mean value being 36+2sec. Kernel hardness as
reported by Kent (1984), indicated the extent of
internal cracks and fissures which could lead to losses
during processing and storage.

Dick and Matsuo (1988) reported that kernel
hardness was desirable for production of semolina
and the same could be said of bulgur. Both Tipples
(1969) and Barlow et al (1973) reported that in
soft wheat (of low protein content) strength of
adhesion between the protein matrix and starch
granules is low. Similarly Stenvert and Kingswood
(1977) found that the strength with which the protein
matrix physically traps the starch granules is also low.
The time to grind 20g sample as determined by the
Stenvert Hardness Tester averaged 34.3 secs for
bulgur samples (Table 2). The average milling yield
of the different wheat samples studied was 91.96±
0.3g per 100g sample milled and according to
Bhattacharya et al (1992), milling yield was often
associated with the hardness of grains. The milling
yield for 100g samples of bulgur ranged from 86.25g
to 89.35g. Particle size analysis showed major
fractions as <500µm in the bulgur samples and more
than 50% being less than 500µm. It was observed
that bulgur from Pavon 76 wheat had the highest
grinding time (34.46 sec), the lowest milling yield
(86.25g) and the highest fraction that is <500µm
(27.00%). A milling loss of 11.3% was observed
for the bulgur sample. Sierre (2003) reported that
different particle sizes as well as whole kernel bulgur
exhibited different textures and properties for
varieties of food applications.

Pavon 76 wheat was superior to Seri 82 wheat
in mineral and vitamin composition (Table 3) except
for copper which was lower in Pavon 76 wheat
(10.6mg /kg) than in Seri 82 wheat (11.6mg/kg).
Except for iron which had a higher value (81.1mg/
kg) in Pavon 76 wheat than in its bulgur (75.5mg/

kg; a decrease of 6.91 % ), other minerals and
vitamins were greater in bulgur than in wheat; the
highest percentage increase being for molybdenum
(39.61%) followed by zinc (34.72%) and the least
was niacin (4.02%). Similarly except for folic acid
which was higher in Seri 82 wheat (0.28ppm) than
in its bulgur (0.21 ppm), a decrease of 24.64%, all
the other vitamins and minerals were greater in its
bulgur than in the wheat: highest percentage increase
being for zinc (156.38%) followed by copper
(134.48%) and iron (92.64%), the least being
magnesium (5.99%). As in rice, soluble nutrients,
minerals and vitamins have actually moved into the
endosperm during the parboiling and steaming
processes. Even Pence et al (1964) reported that
values of iron and calcium were greater in bulgur
than in wheat. This result is in contrast to looses of
less than

10% in folic acid, vitamin B6, thiamine, riboflavin
and pantothenic acid reported by Fellers (1974).
Ferrel et al (1966) reported that 90% of thiamine
and riboflavin was retained in the bulgur produced
by the continuous atmospheric process.

The protein content of the wheat samples in the
study, ranged from 12.12% to 12.67% (Table4).
This level of protein content is appreciated because
the major sources of protein in the average diets of
Nigerians are primarily grains such as wheat. The
range of protein content in the bulgur samples was
from 10.6% to 10.84%. The reduction is attributed
to both slight leaching and duhulling losses. There
were similar reductions in crude fat content in the
bulgur samples due to the moist - heat treatment
and dehulling losses. Just as would be expected,
removal of hulls reduced the crude fibre and ash
contents of bulgur, but the values for fat, fibre and
ash contents were sufficiently larger than those
normally found in flour or wheat endosperm to
indicate that a fairly large part of the bran nutrients is
retained in bulgur (Haley and Pence, 1960). There
were relative increases in the values of amylose
contents from a range of 12.25% to 12.55% in the
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wheat varieties to a range of 16.03% to 16.28% in
the bulgur which may be attributed to removal of
hulls and reduction in fibre, ash and fat that thus
diluted the value of amylose for bulgur samples. The
total starch contents and caloric values seemed not
to be affected by the moist-heat treatment and
dehulling process.

The U.S Department of Agricultural Research
Service (USDA, ARS, 1998) has a specification of
a minimum content of 9.3% protein, 2.3 % fibre and
3.0% ash and those values are within the range
obtained in this study. The low- fibre-bulgur
produced in the study would be desirable since the
consumers tend to regard high fibre bulgur as ‘hard’
or ‘rough’ rice (Banigo and Omololu, 1970). The
results of this study agree with Davis (1992), who
reported that bulgur offered whole grain nutrients,

was high in carbohydrates and very low in fat. It is
known that diets rich in whole grain food and low in
total fat may help reduce the risk of heart disease
and cancer (D.S, FDA, 1999). The consumption of
bulgur made from Nigeria wheat would supplement
low protein foods such as cassava, yam and
cocoyam mostly eaten in the South East Zone ,of
Nigeria and thereby stimulate cultivation of wheat in
Nigeria.

CONCLUSION
The whole grain bulgur produced from local

wheat is low in fat, fiber and ash. The mineral, vitamin
and amylose contents in bulgur were higher that and
wheat. The level of protein content is high and is
appreciated since the major sources of protein in
the average diets of Nigerians are primarily grains,
such as wheat.
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Table 3: Mineral and vitamin composition of wheat and bulgur samples*

  Wheat                   Bulgur

Component Pavon 76 Seri 82 Pavon 76 Seri 82

Folic Acid (ppm) 0.289 0.280 0.313(8.30) 0.211 (24.64)+

Niacin (ppm) 64.6 54.40 67.2 (4.02) 60.1 (10.48)
Copper (mg/kg) 10.6 11.60 13.2 (24.53) + 27.2 (134.48)
Zinc (mg/kg) 43.2 29.80 58.2 (34.72) 76.4 (156.38)
Iron (mg/kg) 81.1 57.10 75.5 (6.91) 110 (92.64)
Magnesium (mg/kg) 1310 1180 1460 (11.45) 1250 (5.9)
Molybdenum (mg/kg) 0.659 <0.50 1460 (39.61) <0.50
Cobalt (mg/kg) <0.50 <0.50 - -
Lithium (mg/kg) <2.5 <2.5 - -

* Figures in parenthesis are percentage increases
+ Percentage decreases.
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