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OZET

En iyi kalitede ekmek yapildigi rapor edilen bir
sorgum katkill budday ununun termal ve reolojik
ozellikleri, bugday ve sorgum unlari ve bu unlardan elde
edilen nisasta ve proteinlerin 06zellikleri ile
karsilastirilarak; sorgum katkili bugday unu bilesenleri
arasindaki etkilesim arastirilimistir. Sorgum katkil bugday
unu %50 sorgum unu, %39 bugday unu ve %11 gluten
karnigimi olup, karisimin protein miktari, %14 nem
esasina gore, %15'tir. Bugday ve sorgum unlar ile
bunlardan elde edilen nisasta ve proteinler, termal ve
reolojik dzellikleri bakimindan farkhliklar gdstermektedir.
Ancak, sozii edilen sorgum katkili bugday unu, kontrol
bugday ununun reolojik &zelliklerine yakin degerler
vererek, daha 6nce bu karigimin en kaliteli ekmeklik
sorgum katkili bugday unu oldugu yoniindeki sonucu
desteklemektedir. Bu sonuglar, tahil bilesenlerinin termal
ve reolojik dzelliklerinin degisik tahil unu katkili ekmeklik
unlarin hazirlanmasinda yararli olabilecegini
gostermektedir.

ABSTRACT

Thermal and rheological properties of a specific
sorghum composite flour, which was previously reported
to be the best formulation for breadmaking, were
compared with those of wheat and sorghum flours and of
their isolated starches and proteins in order to predict
possible interactions among the composite flour
constituents. The composite flour was a mixture of 50%
sorghum flour, 39% wheat flour, and 11% vital wheat
gluten (15% composite final protein content at 14%
moisture). The wheat and sorghum flours and their
isolated starches and proteins differed in their pasting
and gelatinization properties. However, this particular
sorghum composite flour gave similar pasting properties
to those of the control wheat flour, confirming the
previous finding that this sorghum composite flour was
the best blend for breadmaking. The results indicate that
thermal and rheological studies of cereal components
can provide invaluable information on the formulation of
composite flours for breadmaking.

INTRODUCTION

The demand for cereals as food, feed, and
industrial raw materials has been increasing in parallel to
population increase in the world. Due to the population
explosion in the world, particularly in the
underdeveloped and developing countries, shortfalls in
cereal production have been common problems in the
human history. Currently, a shortage of cereals for food is
being experienced by some underdeveloped nations.
The total cereal production of the world was estimated to
be about 2 million metric tons in 2002 (FAO 2002).
Sorghum (Sorghum bicolor) production in the world,
however, accounted for less than 4% (50-60 million
metric tons) of total cereal production (FAO 2002). After
wheat, rice, maize, and barley, sorghum is the fifth
leading cereal produced in the world. The area planted to
the four major cereals in the world can no longer be
remarkably expanded due to the limitations in the
availability of water and suitable temperature. Sorghum,
however, can be grown in the semiarid regions of the
world, such as certain parts of Africa and India, where
wheat, rice, and corn cannot be planted. Furthermore,
those semiarid regions of the world experience a higher
rate of population growth. Therefore, sorghum will
remain the staple of a large humber of people in a vast
area of semiarid regions (Dendy 1995, House et al 1995).

In addition to its large utilization as animal feed,
sorghum has been traditionally used as food to prepare
various kinds of porridges, breads, and beverages
around the world (Murty and Kumar 1995). Substantial
research in various countries on sorghum has directed at
increasing vyield, nutritional quality, and industrial
utilization of sorghum. Recently, food-grade white
sorghum varieties have been developed in the United
States, which has a thin pericarp to improve milling
properties and free from phenolics to eliminate
undesirable flavor and color (Anonymous 1999).

Addition of sorghum flour to bread formulations
has been studied since the 1960s (Bhatia et al 1968). In
more recent years, blending sorghum flour with wheat
flour, which is called sorghum composite flour, for

breadmaking has gained widespread interest due to its &

certain advantages. The mixtures of several cereal flours

DERGISI

<
T
X
©
=
[,
0
E
=

w

<
9
o

N4
—

=
L

<
4
<

>



o
©
X
©
=
[,
)]
E
=

A AKADEMIK GIDA DERGISI

can provide a greater variety of nutrients and thus
improve nutritional quality of foods (Klopfenstein and
Hoseney 1995). The use of sorghum composite flour in
breadmaking provides an alternative to wheat flour for
breadmaking in the regions of the world where wheat is
not easily grown or available, thus reducing the
dependency on wheat flour. Furthermore, due to the
slow release of sugars from sorghum flour (lower
glycemic index), sorghum composite flour may be better
suited for consumption by people with diabetes (Toomey
1988). In addition, food products made from sorghum
can be consumed by celiac patients since sorghum
proteins, in contrast to the proteins of wheat, rye, and
barley, are not harmful to those people with celiac
disease (Connon 1999).

The properties of sorghum flour doughs and their
breads and those of sorghum composite flours have
been extensively studied (Pringle et al 1969,
Subramanian et al 1983, Morad et al 1984, Ortega et al
1995, Rao and Rao 1997. In general, sorghum dough did
not perform satisfactorily in breadmaking. Bread from
sorghum dough was tougher in texture and lower in
volume compared to bread from wheat dough. These
inferior bread characteristics of sorghum dough were
attributed to the lack of viscoelastic gluten properties in
sorghum proteins. As the level of sorghum flour
increased in a bread formulation, the dough quality
decreased (Morad et al 1984, Foda et al 1987).

The addition of vital wheat gluten to wheat flours
have been shown to improve dough rheology for
breadmaking (Finney and Barmore 1948, Magnuson
1977, Stenvert et al 1981). However, Cubadda (1989)
found that vital wheat gluten addition to sorghum flour
did not markedly improve its breadmaking potential.
Recently, Cheong (1998) studied the effects of vital
wheat gluten addition to sorghum composite flours on
breadmaking. It was found that bread from sorghum
composite flour (50% sorghum flour, 39% wheat flour
and 11% vital wheat gluten at a 15% final protein
content on 14% moisture basis) gave a volume about
60% higher than that from a sorghum flour with only
vital wheat gluten addition. It is obvious that interactions
between proteins from wheat flour (endogenous
proteins) and from vital wheat gluten (exogenous
proteins) and their ratios are of great importance in
breadmaking using sorghum composite flour. However,
the nature of the interactions was not studied and largely
unknown. Therefore, it is important to study those
interactions by an appropriate experimental approach in
order to better understand the underlying mechanisms.
Knowledge of the thermal and rheological characteristics
of major flour components and composites may help
understand the mechanism of the interactions among
sorghum flour, wheat flour, and vital wheat gluten during
dough development and breadmaking. Differential
scanning calorimeter (DSC) and rapid visco analyzer
(RVA) have been widely used, respectively, for the
thermal and rheological characterization of cereal-based
products (Akingbala et al 1988, Walker et al 1988, Yuan

and Thopson 1998, Whalen 1999).

Therefore, the objective of this study was to
determine the thermal and rheological properties of
individual flour components and of the aforementioned
sorghum composite flour, which was previously found to
be the best formulation for breadmaking, using DSC and
RVA.

MATERIALS AND METHODS
Materials

Sorghum flour milled from decorticated whole-
grain food-grade white sorghum was obtained from
Jowar Foods, Inc., Hereford, TX. Hard wheat flour with
11.3% protein (14% mb) was purchased from ADM
Milling Co., Shawnee Mission, KS. Vital wheat gluten and
wheat starch were provided by Midwest Grain Products,
Inc., Atchison, KS. The proximate analyses of the
materials used in the study are given in Table I.

General Methods

Sorghum starch and protein were isolated from
grain sorghum according to a small-scale wet-milling
procedure devised by Yang and Seib (1995) and Xie and
Seib (2000). Proximate analyses of the materials were
carried out by the appropriate Approved Methods of the
American Association of Cereal Chemists (AACC 2000).

Table I. Proximate analysis of materials®

Materia| MC % | Prot. % | Starch'od Lipid % | Ash% | Fiber %
Sorghum
6,9 1,0 91,7 0,1 0,16 <0,1
Starch
Sorghum
' 6,1 37,0 50,0 56 0,36 0,9
Proteins
Sorghum
11,4 9,8 73,9 27 1,27 0,9
Flour
Sorghum .
Starch 10,3 0,3 njd njd n/d n/d
Sorghum 1,0
83 75,0 15,3 0,2 0,20
Gluten
Sorghum
11,2 11,7 75,4 0,9 0,58 0,2
Flour
°As is basis

"% starch calculated by [100 - (%MC + %Protein +
%Lipids + %Ash + %Fiber)]
‘Not determined

Determination of Pasting Properties

Pasting properties of the individual flour components
and composite flour were studied using an RVA
instrument equipped with a Thermocline software (Foss
North America, Inc, Eden Prairie, MN) by AACC Method
76-21 (AACC 1995) with slight modification. Starch or



protein (3.0 g, 14% mb) or flour samples (3.5 g, 14%
mb) were weighed into the RVA canisters and calculated
amount of distilled water (a final sample plus water
weight of 28.0 g) added. The samples in the canister
were submerged in the water and wetted by gentle
stirring with the canister paddles prior to mounting the
sample canister on the RVA instrument, which was
warmed up at 50C for 30 min. The temperature profile
was as follows: Sample heating at 50C/1min; heating up
to 95C/3.4 min; holding at 95C/2.7 min; cooling down to
50C/3.9 min; and holding at 50C/2 min. A total of 13 min
was required for a given sample run. Each sample was
run in duplicate and the data were analyzed using the
Thermocline software from the instrument supplier.

Determination of Thermal Properties

Phase transitions of the individual flour
components and composite flour were studied using a
DSC instrument equipped with a Thermal Analysis
software (Perkin-Elmer Corp., Norwalk, CT). Aluminum
DSC sample pans were also obtained from the
instrument supplier. Samples (2.75 mg, as is) were
weighed into the sample pans and distilled water added
until reaching sample final moisture content of 75%. The
sample pans were then hermetically sealed and rested
for 3 hr. The sample pans were heated from 30 to 130C at
a scanning rate of 10C/min. An empty DSC pan was used
as the reference. The data were analyzed using the
Thermal Analysis software from the instrument supplier.

RESULTS AND DISCUSSION
RVA Pasting Properties

In a short period of run time (about 13 min) with a
small sample amount (3.0-3.5 g), RVA pasting
measurements of the wheat and sorghum starches,
wheat and sorghum proteins, and wheat and sorghum
composite flours provided some information on the
rheological properties of those materials (Figs. 1 - 3). All
samples except sorghum composite flour gave
reproducible RVA pasting curves under these
experimental conditions. Sorghum composite flour
produced RVA pasting curves (Fig. 3) slightly different
from one another probably because of the separation of
the wheat and sorghum flours and vital wheat gluten.
Another reason for the reduced repeatability of the RVA
pasting measurements with the sorghum composite
flour may arise from the heterogeneous nature of the
composite.

The pasting properties of the starches from wheat
and sorghum (Fig. 1) differed noticeably. The RVA curves
of wheat and sorghum flours were also different; they
closely resembled the RVA curves of their starches (data
not shown). Sorghum starch gave a higher peak, trough,
and final viscosity and a lower breakdown and setback
viscosity compared to the pasting data from the wheat
starch (Fig. 1). In terms of pasting time and
temperature, the sorghum starch gave a higher pasting
time and a slightly higher pasting temperature (Fig. 1).

Pasting time and temperature of a starch are of great
importance in cereal-based food products (Maningat and
Seib 1997); a slight difference in the pasting time and
temperature of a starch strongly influences the
breadmaking quality of its flour.
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Fig 1. RVA pasting curves of wheat and sorghumn starches

No published data are available on the application of RVA
to proteins. Indeed, RVA was developed and has been
used to study the thermal/rheological properties of
cereal products with starchy materials (Walker et al
1988). As expected, wheat gluten did not give any
response to RVA pasting measurements as opposed to
sorghum proteins (Fig. 2). The curve given by the
sorghum proteins in this study was probably an artifact
of the high level of starch (50%) present in sorghum
proteins (Table I). Therefore, the RVA data from the
proteins of those cereals are of limited significance.
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Fig 2. R VA pasting curves of wheat gluten and
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Fig 3. RVA pastng curves of wheat flour and
sorghum composite flour
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The RVA pasting curves of the wheat flour and
sorghum composite flour, which was a mixture of 50%
sorghum flour, 39% wheat flour, and 11% vital wheat
gluten, are shown in Fig. 3. This particular sorghum
composite flour preparation used in this study was
reported to be the best blend for breadmaking and
produced bread with 60% higher loaf volume than the
bread from a blend of sorghum flour and vital wheat
gluten without the addition of wheat flour (Cheong
1998). The RVA data obtained in this study in a sense
confirmed the findings of Cheong (1998). Although,
individual components of the wheat and sorghum flours
(starch and proteins) were quite different in RVA pasting
properties (Figs.1 and 2), the RVA pasting properties of
this particular sorghum composite flour was fairly similar
to those of wheat flour (Fig. 3). Sorghum composite
flour gave a similar peak and final viscosity and pasting
time to those from wheat flour. This clearly shows the
positive influence of the ingredients in such a composite
flour system on narrowing down the gap between the
pasting properties of wheat and sorghum flours. When
the results from the aforementioned researches and
from this particular research are combined, it can be
concluded that the pasting properties of the mixture of
the sorghum flour, wheat endogenous and exogenous
glutens are quite similar to the pasting properties of the
wheat flour, implying positive interactions among the
ingredients and their contribution to dough rheology
and breadmaking performance.

DSC Phase Transition Properties

The quality of cooked sorghum foods may be
associated with the thermal phase transition properties
of sorghum flour, particularly its starch (Akingbala et al
1988). Thus, DSC may provide a valuable insight into
understanding the interactions among the major flour
components in a composite flour system. Fig. 4 shows
the DSC endotherms for the starches from wheat and
sorghum. The starches differ remarkably in their
gelatinization temperatures and enthalpies. Wheat
starch gave a lower peak gelatinization temperature and
enthalpy than did sorghum starch. This DSC result is
consistent with the RVA pasting results in that the two
starches have different thermal and rheological
properties, which may partly explain the difference in
the breadmaking properties of wheat and sorghum
flours. However, the major difference that is
substantially effective on breadmaking quality of those
flours has been found to be the lack of viscoelastic
properties in sorghum proteins as compared to wheat
gluten (Morad et al 1984, Foda et al 1987).

The DSC measurements of wheat gluten and
sorghum proteins are given in Fig. 5. As expected, wheat
gluten did not give any DSC denaturation peak.
Sorghum proteins, however, gave a first-order phase
transition peak, which is probably due to the high level of
starch contamination in the sorghum proteins (Table I)
as discussed earlier. The peak gelatinization
temperatures of sorghum starch (68.6C) and sorghum
proteins (71.5C) are close enough to support the idea

that the DSC transition curve for the sorghum proteins
(Fig. 5) was an artifact of contaminating sorghum
starch. The DSC gelatinization curves for the wheat and
sorghum composite flours are shown in Fig. 6. The peak
gelatinization temperature for wheat flour (62.8C) is
very close to that of wheat starch (62.0C). However,
when wheat flour, sorghum flour and vital wheat gluten
were blended (sorghum composite flour), two peaks of
phase transition were obtained (Fig. 6), which represent
mainly the wheat starch and sorghum starch
gelatinization endotherms. It is important that a slight
deviation in the gelatinization temperatures of the flours
from the gelatinization temperatures of their individual
starches in the composite system was observed. This
change is more likely a result of the interactions among
the starch and protein constituents of the sorghum
composite flour.
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CONCLUSIONS

Based on the findings obtained through this
study, the thermal and rheological characterization of
flours, their major components, and composite flour
provided useful information on the interactions among
the flour components in a composite flour system and
their relation to final product quality. Thus, DSC and RVA
can be successfully used for such purposes. A further
detailed and comprehensive experimental approach
that will include flours, major flour components (starch,
protein), and composite flours with various ratios of
wheat flour, sorghum flour, and vital wheat gluten is
required to better understand the underlying
mechanisms for developing a suitable sorghum
composite flour system with improved breadmaking
potential.
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