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CARBOHYDRATES

Contribution of Wheat Flour Fractions to Peak Hot Paste Viscosity
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ABSTRACT Cereal Chem. 74(2):147–153

The quality of many baked products, noodles, gravies, and thickeners
is related to the pasting properties of wheat (Triticum aestivum L.) flour,
yet different flours vary markedly in their pasting performance. The
objective of the present research was to assess the role of the wheat flour
fractions, gluten, water solubles, prime and tailing starches, in the contri-
bution to peak hot paste viscosity among three selected wheat cultivars.
Straight-grade flours were fractionated and reconstituted. Fractions were
examined independently and were deleted in otherwise fully reconstituted
flours. Fractions were exchanged between cultivars for reconstituting
flours, and fractions were substituted individually into a common starch

base. The flours from the cultivars Klasic, McKay, and Madsen differed
markedly in their peak hot paste viscosities, and were fractionated and
reconstituted with only a small effect on paste viscosity. Results clearly
showed that prime starch was the primary determinate of flour paste
viscosity, but the other fractions all exerted a significant effect. Tailing
starch increased paste viscosity directly due to pasting capacity of starch
or indirectly through competition for water. Gluten also increased paste
viscosity through competition for water. The water-soluble fraction from
different cultivar flours was more variable in effect.

The quality of many baked products, noodles, gravies, and
thickeners is related to the pasting properties of wheat (Triticum
aestivum L.) flour. Pasting refers to the temperature-dependent
changes in the viscosity of highly hydrated systems such as
doughs and batters during baking, boiling, cooking, or other proc-
essing (Atwell et al 1988). Although it is well recognized that
flours milled from sound, unsprouted wheats exhibit differences in
pasting behavior, the variation among wheat flour fractions and
wheat cultivars has not been well characterized.

Hutchinson (1966) was among the first to clearly demonstrate
that different flours exhibited markedly different inherent peak hot
paste viscosities (amylograph maxima). Hutchinson showed that
differences remained beyond those that could be accounted for by
α-amylase. Flours of Australian origin were noted for inherently
high paste viscosity. Moss (1967) characterized further the varia-
tion for peak paste viscosity among Australian cultivars grown at
various locations and found that a number of cultivars had con-
sistently higher peak paste viscosity. Moss’ data indicated that
high paste viscosity was a cultivar trait and therefore genetically
controlled. Meredith, Loney and co-workers (Meredith 1970,
Loney and Meredith 1974, Loney et al 1975) continued the study
of the differences among cultivars, particularly differences between
New Zealand and Australian cultivars. In a 1970 report, Meredith
provided data that indicated that differences in peak paste
viscosity remained after amylase inactivation, and pointed out that
in rice, amylose content was related to flour and starch paste
viscosity. Later, Loney and Meredith (1974) demonstrated that the
paste viscosity of isolated starch corresponded to the inherently
different paste viscosities of flours. Then in 1975, Loney et al
demonstrated that cultivars with high flour paste viscosity
possessed starch with high paste viscosity. These higher pasting
starches had lower amylose contents.

Since these reports, differences in paste viscosity among wheat
cultivars especially Australian, have been widely noted, as well as
the role of prime starch and its amylose-amylopectin content
(Moss 1980, Moss and Miskelly 1984, Crosbie 1989, Endo et al
1989, Batey et al 1993, Zeng et al 1997).

With the exception of amylases and starch, other flour compo-
nents that contribute to overall flour paste viscosity have not been
studied in much detail. Anker and Geddes (1944) measured the
peak paste viscosity of a commercial wheat starch with various
levels of substituted gluten. Increasing amounts of substituted
gluten progressively decreased peak paste viscosity. However,
viscosities were always greater than that produced by an equivalent
amount of starch alone. The results of Allen et al (1991) using corn
(maize) starch with added wheat gluten (1–10%) were similar.

Hutchinson (1966) found that when treated with silver nitrate,
the amylograph maxima of a number of Australian flours corre-
lated with protein content, whereas among a number of English
flours, no significant correlation was present. Moss (1967) found
that amylograph peak viscosity was correlated with grain protein
within five of six Australian cultivars grown at a single location,
but fertilized differently to achieve a range in protein. In a second
set of samples comprising cultivars grown at several locations,
peak viscosity and protein were also positively correlated (r = 0.32,
P < 0.001). Moss (1980) and Moss and Miskelly (1984) reported
positive correlations between starch peak paste viscosity and flour
protein content, but interpreted this relationship as indirect—
higher pasting and higher protein coinciding when adverse
growing conditions were encountered during grain development.
Meredith (1970), on the other hand, found that flour protein con-
tent did not improve correlations with amylograph peak viscosity,
and ëebeFiD (1989) concluded that protein content did not signifi-
cantly influence peak paste viscosity.

Yasunaga et al (1968) studied the effect of papain on flour and
starch paste viscosity and found that although most of the effect of
papain could be attributed to its liberation of β-amylase, the
hydrolysis of gluten produced some reduction in peak paste
viscosity. Also, when isolated gluten was mixed with starch,
viscosity was greater than with starch alone.

Balint and MomiroviD-Euljat (1976) concluded that peak paste
viscosity was directly attributable to the quantity of starch in the
sample (and inversely but indirectly to protein content). They also
concluded that although protein had no direct effect on paste vis-
cosity, papain reduced paste viscosity by disturbing “. . . the equi-
librium of starch-protein in [the] complex system caused by pro-
tein degradation.” In a companion article, MomiroviD-Euljat and
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Balint (1976) included a table which predicted the starch content
of flours based solely on the peak paste viscosity. However, Loney
et al (1975) found that starch content and composition (amylose-
amylopectin) were poor predictors of the pasting capacity of
flours.

Jelaca and Hlynka (1971) showed that both water-soluble and
insoluble pentosans increased the paste viscosities of flour, though
the insoluble fraction had the greater effect. Endo et al (1988,
1989) found that prime starches from different grain lots and cul-
tivars had inherently different peak paste viscosities. Substituting
30% tailing starch in a common prime starch base reduced peak
paste viscosity relative to prime starch alone, although different
tailing starch fractions exhibited variable levels of reduction.

In the course of evaluating wheat breeding lines for potential use
in Asian noodles, considerable variation in peak hot paste viscosity
has been observed (G. E. King and C. F. Morris, unpublished
data). Experience suggests that this variation is fairly consistent
among given cultivars, and as such, may be largely under genetic
control. The objective of the present research was to assess the
contribution of the wheat flour fractions, gluten, water solubles,
and prime and tailing starches, to peak hot paste viscosity among
a select group of wheat cultivars known to encompass much of the
variation encountered in our cultivar development work. A
preliminary report of our findings appeared in Agronomy
Abstracts (King et al 1994).

MATERIALS AND METHODS

Samples
Klasic hard white spring, McKay hard red spring, and Madsen

soft white winter wheat cultivars were selected a priori to encom-
pass much of the total range in peak paste viscosity observed
during the routine analysis of breeding samples as part of the cul-
tivar development activities of the Western Wheat Quality Labo-
ratory (cf. Zeng et al 1997). The peak hot paste viscosity of
Klasic, McKay, and Madsen prime starch have been previously
characterized (Batey et al 1993, Zeng et al 1997).

Grain samples were tempered to 14% moisture content (wb)
and milled on a Bühler MLU-202 pneumatic flour mill (AACC
1995). A straight-grade flour was produced by combining the six
flour streams.

Fractionation
Flours were fractionated into prime and tailing starches, water

solubles, and gluten following the dough-ball method of Wolf
(1964). The procedure entailed mixing 250 g of flour at optimum
water absorption (60% for Klasic and McKay, 53% for Madsen)
for 30 sec in a pin-type mixer (National Manufacturing, Co., Lin-
coln, NE) and washing the dough with five to seven volumes of
water until the wash water was clear. Wash water was pooled and
centrifuged (1,000 × g). The supernatant from the first centrifuga-
tion was recovered and designated as the water-soluble fraction.
The starch pellet was washed two times more, the supernatants
were discarded, and and the starch was subdivided into prime and
tailing starches based on the appearance and texture of the prime

starch and tailing starch interface. All fractions were lyophilized.
Prime and tailing starches and gluten were ground in a Tecator
Cemotec 1090 Sample Mill (Tecator, Sweden) at setting no. 1.

To assess the effect of the wetting and fractionation process per
se, two procedures were examined. In the first, slurry, parent
flours were hydrated with five volumes of water. In the second,
dough, parent flours were hydrated and mixed with a quantity of
water equal to that needed for optimum water absorption. After
these two hydration steps, the slurry or dough was lyophilized and
ground in the Tecator mill as above.

Reconstitution and Substitution
Reconstitution of flour fractions was accomplished by either

simply mixing the dry fractions immediately before starch paste
viscosity analysis or by mixing the dry fractions followed by the
dough hydration, lyophilization, and grinding procedure. In both
instances an appropriate proportional composition based on frac-
tion yield was used. When interchanging fractions, substitution
was based on the fraction yield of the parent flour. Substitution of
a common commercial wheat starch (Sigma, St. Louis, MO) base
involved deleting 3, 6, or 12% of the base starch and replacing it
with an equivalent amount of isolated flour fraction.

Analytical
Flour ash was determined by Method 08-01 at 550ºC (AACC

1995). Nitrogen was determined by the Dumas combustion
method (Method 46-30, AACC 1995) using ≈0.25 g of sample
(model FP-428, Leco Corp., St. Joseph, MI). Moisture content of
flours and flour fractions was determined by a modified Method
44-16 (AACC 1995) (130ºC for 20 min). Hot paste viscosity was
determined using the Rapid Visco Analyzer (RVA) (Newport Sci-
entific, Pty. Ltd., Warriewood, NSW, Australia) following the
procedures described previously (Ross et al 1987, Walker et al
1988). The specific temperature program used was 60ºC, from
start to 2 min (elapsed time of run); heat at a constant rate to 93ºC,
2–8 min; and hold at 93ºC, 8–12 min. Samples were added to 25
mL of distilled water in the RVA vessel, dispersed with the aid of
the mixing paddle, and immediately analyzed for peak hot paste
viscosity. Generally, 2.58 g dwb (3.0 g, 14% mb) of parent or re-
constituted flour, or flour fraction was used unless otherwise indi-
cated. RVA units (RVU) reflect apparent viscosity and are ap-
proximately equal to centipoise (cP)/11.6 (K. Albertson, personal
communication).

RESULTS

Flour yields for the three cultivars ranged from 66.9 to 69.6
g/100 g of grain (Table I). Ash and nitrogen contents are also
listed in Table I. These flours were fractionated into the four com-
ponents, prime and tailing starches, water solubles, and gluten.
Fraction yields and nitrogen contents are reported in Table II.
Yield of prime starch generally inversely paralleled differences in
flour nitrogen content (Table I) and gluten yield. Starch-gluten
separation was similarly efficient for all three cultivars as evi-
denced by the low nitrogen content of the prime starch fractions

TABLE I
Flour Yield, Ash and Nitrogen Content (g/100 g, dwb) of Bühler-Milled

Flours Used to Examine the Role of Flour Fractions in Variation for
Peak Hot Paste Viscositya

Cultivar Flour Yield Ash Content Nitrogen Content

Klasic 66.9 0.44 3.12
McKay 67.9 0.51 3.14
Madsen 69.6 0.45 2.05

a Flour yield calculated as recovery of straight-grade flour per 100 g grain,
ash and nitrogen contents as per 100 g of flour. All calculations on a dry
weight basis.

TABLE II
Yield and Nitrogen Content (g/100 g, dwb) of Prime and Tailing

Starches, Water Solubles and Gluten Fractionated from Bühler-Milled
Floursa

Prime Starch Tailing Starch Water Solubles Gluten
Cultivar Yield N Yield N Yield N Yield N

Klasic 66.1 0.05 8.3 0.66 6.3 3.0 19.3 14.3
McKay 63.9 0.05 8.9 0.48 6.5 3.6 20.7 13.6
Madsen 71.1 0.04 9.8 0.43 5.7 3.8 13.4 12.9

a Fraction yields and nitrogen contents based on grams of fraction or nitrogen
per 100 g of parent flour, dry weight basis.
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(Table II). Tailing starch fractions represented less than one-tenth
the original flour, but contained about 10-fold higher nitrogen
content than did the prime starch. Water solubles represented the
smallest fraction of the four and ranged from ≈19–25% protein (N
× 6.25). Gluten yields were consistent with flour nitrogen content
(≈12–18% protein, N × 5.7). Even though Madsen, the soft wheat
cultivar, yielded ≈6–7 g of gluten/100 g of flour less than the two
hard wheat cultivars, this yield was consistent with the relative
nitrogen content of its parent flour. Madsen did, however, exhibit
the highest concentration of nonprotein constituents (based on N
content) in the gluten fraction and the highest nitrogen concentra-
tion in its water-soluble fraction. The yields and protein contents
of the gluten and prime starch fractions were within the ranges
expected (Anker and Geddes 1944, Loney et al 1975).

Before examining the role of individual flour fractions in hot
paste viscosity, the possible effect of the fractionation procedure
itself was assessed. Adding sufficient water to a flour to form a
slurry, freeze-drying and regrinding had a negligible or small
effect on peak hot paste viscosity (Table III). McKay and Madsen
appeared to be little affected, while paste viscosity of Klasic was
slightly reduced. Reducing the quantity of water such that a dough
was developed, produced similar results.

Next, two approaches to reconstituting the fractionated flours
were examined. For McKay and Madsen, reconstituting the dry
fractions into a dough, freeze drying, and grinding produced paste
viscosity similar to or slightly less than the parent flour (Table
III). Klasic exhibited a significant reduction in paste viscosity.
Simply reconstituting the dry fractions immediately before con-
ducting RVA pasting resulted in a slight reduction in paste viscos-
ity for McKay and Madsen, but similar results for Klasic when
compared to the reconstituted dough method. We concluded from
these data that although the fractionation procedure had some
effect on paste viscosity, the ranking of cultivars did not change,
the reduction was not great, and the reduction was generally pro-
portional to the peak viscosity of the original parent flour (the
greatest reduction was in Klasic, which was also the highest vis-
cosity). Additionally, rehydrating the fractions into a dough and
then relyophilizing provided no benefit and was considerably
more labor-intensive. Consequently, reconstituting the dry frac-
tions directly was adopted for the remainder of the research.

The primary objective of assessing the relative role of the flour
fractions in variation in peak hot paste viscosity was first investi-

gated by deleting individually each of the four fractions from an
otherwise completely reconstituted flour. As expected a priori,
deleting the prime starch fraction essentially eliminated measur-
able hot paste viscosity (Table IV). Although not as dramatic in
effect, deleting the tailing starch fraction also markedly reduced
paste viscosity for all three flours. The effect of deleting the water-
soluble fraction was most variable. Deleting the water solubles
from Klasic and McKay had only a slightly positive or neutral
effect. Deleting the water soluble fraction from Madsen, however,
markedly increased peak viscosity. Surprisingly, deleting the glu-
ten fraction also markedly reduced peak paste viscosity, somewhat
similar to the effect obtained by deleting tailing starch. Although
these series of experiments were hampered by the fact that vari-
able amounts of sample were pasted using a constant amount of
water (25 mL), they clearly indicated that: 1) prime starch is the
major contributor to peak hot paste viscosity, 2) tailing starch and
gluten fractions also significantly contribute to flour paste viscos-
ity, and 3) the water solubles of Madsen reduced flour paste vis-
cosity. The effects of tailing starch, gluten, and water solubles
were noteworthy, especially tailing starch and water solubles,
because they are relatively minor flour components (5–10%, by
weight). Consequently, in the next series of experiments, a con-
stant amount of each fraction was examined independently.

The first strategy sought to examine the temperature-dependent
change in viscosity of each individual fraction on an equal sample
weight basis. Consequently, 2.58 g (dwb) of each fraction was
individually analyzed in the RVA using 25 mL of water. In all
cases, peak viscosity of prime starch exceeded the reconstituted
sample (Tables IV and V), indicating that on a per unit dry weight
basis, prime starch possesses inherently greater capacity for hot
paste viscosity than the sum total of the constituents of flour.
Assuming that prime starch is the primary contributor to peak hot
paste viscosity, then based on the yield of prime starch (Table II),
these results seem reasonable. For example, 2.58 g of reconsti-
tuted flour contains only 1.65–1.83 g of prime starch, depending
on the cultivar, compared to 2.58 g of prime starch used here.

Although tailing starch represents a minor flour fraction, this
fraction exhibited pasting viscosity similar to McKay and Madsen
prime starch (Table V). In the case of Klasic, tailing starch and
prime starches differed substantially. Even at the relatively large
quantity of 2.58 g, water solubles and gluten exhibited no tem-
perature-dependent increase in viscosity. In comparing these re-

TABLE IV
Effect of Deleting Individual Flour Fractions

on Peak Hot Paste Viscosity (RVU)a

Cultivar Controlb
Prime

Starchc
Tailing
Starchc

Water
Solublesc Glutenc

Klasic 200 <10 140 215 158
McKay 121 <10 68 129 75
Madsen 103 <10 74 151 60

a Rapid Visco-Analyser units ≈ cP/11.6.
b Control equals reconstituted dry fractions.
c Fraction that was omitted from an otherwise proportionally reconstituted

flour, i.e., 2.58 g (dwb) minus the deleted fraction.

TABLE III
Effect of Various Wetting, Fractionation and Reconstitution Treatments

on Flour Peak Hot Paste Viscosity (RVU)a

Flour Reconstituted

Cultivar Control Slurried Dough Dough Dry Fractions

Klasic 232 221 210 191 200
McKay 144 143 146 136 121
Madsen 114 120 125 116 103

a Rapid Visco-Analyser units ≈ cP/11.6. Standard deviations ranged from 0
to 18.5 RVU with an overall average standard deviation of 6.2 RVU for
replicate analyses (two or three replicates per mean).

TABLE V
Peak Hot Paste Viscosity (RVU)a of Individual Flour Fractions at a

Constant Sample Weightb

Cultivar
Prime
Starch

Tailing
Starch

Water
Solubles Gluten

Klasic 238 139 <10 <10
McKay 155 122 <10 <10
Madsen 139 156 <10 <10

a Rapid Visco-Analyser units ≈ cP/11.6. Standard deviations for tailing starch
fractions ranged from 1.4 to 4.2 RVU with an overall average standard
deviation of 3.0 RVU for replicate analyses (two replicates per mean).

b Sample weight: 2.58 g (dwb) per 25 mL of water.

TABLE VI
Line of Best-Fit Equationsa that Describe the Relationship Between Peak

Hot Paste Viscosity and Prime Starch Concentration, and 95%
Confidence Limits (CL) for Equation Parameters

95% CL 95% CL 95% CL

Cultivar a0 Lower Upper a1 Lower Upper a2 Lower Upper

Klasic –79 –117 –40 52 35 69 1.94 1.73 2.15
McKay –90 –161 –18 25 6 44 2.50 2.01 2.99
Madsen –143 –238 –48 32 7 58 2.35 1.85 2.85

a y = a0 + a1(xa2), where y is the peak hot paste viscosity and x is the quantity
of starch (dwb).
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sults with those described earlier, two main issues emerged. First,
prime and tailing starches exhibited either similar or markedly
different inherent pasting properties, depending on the flour
source. Secondly, the combined results on water solubles and
gluten fractions (Tables IV and V) indicated that the various frac-
tions were interacting in their pasting behavior.

The first of these two issues, inherent differences in pasting
among prime and tailing starch fractions from different flour
sources, was examined in more detail by characterizing the peak
hot paste viscosity over a series of concentrations. Figure 1 shows
the concentration-dependent increase in paste viscosity for prime
starches of the three flours. As seen earlier, Klasic prime starch
exhibited significantly higher hot paste viscosity when compared
to McKay and Madsen prime starch. However, the graphic pres-
entation suggested that Klasic prime starch exhibited a different
concentration and pasting response function, and that at the high-
est concentrations examined (3.9 and 4.2 g, dwb), viscosity of all
three starches were similar. Fitting line equations to the data indi-
cated that indeed Klasic starch had a flatter response curve (lower
power function of the exponent, a2, Table VI). Comparison of the
95% confidence intervals for the equation coefficients indicated
that McKay and Madsen prime starches did not differ significantly
in their concentration-dependent pasting response, whereas Klasic
did. As an alternative means of simplifying the comparisons
among starches, data were also log-transformed and plotted on a
log-log scale. However, the extent to which linear equations de-

scribed the transformed data was deemed to be insufficient to
warrant this approach (data not shown).

The concentration-dependent response of the tailing starch
fractions was also examined (Fig. 2) and found to be in general
agreement with the results presented in Table V. Again, the re-
sponse curve for Klasic was relatively flatter than that of McKay
and Madsen.

To assess the importance of these results in determining the
overall pasting properties of the parent flours, a concentration
series was first conducted for the parent flours (Fig. 3). Next, the
peak paste viscosity data for the parent flours were plotted on the
basis of the quantity of prime starch contained in the flours along
with the curves for the respective prime starch fraction (Fig. 4).
For example, 3 g of Klasic flour contains 66.1 g starch/100 g of
flour (Table II), or 2 g of prime starch. As can be seen from the
plots, a large difference in peak hot paste viscosity between the
parent flours and prime starch existed for all three cultivars. Al-
though the prime starch curves of McKay and Madsen were simi-
lar, with Klasic being markedly different (Fig. 1), here the ad-
justed flour curves for Klasic and McKay were nearly identical,
whereas Madsen was markedly different. For ease of comparison,
all three adjusted flour curves are presented in Figure 4D.

For each flour, a considerable amount of peak hot paste viscos-
ity remained beyond that which could be accounted for simply by
the contribution of the prime starch alone. Consequently, the con-
tribution of tailing starch was assessed. Considering the concen-
tration series presented in Figure 2, the fraction yield data of Table
II, and the line equations in Table VI, it appeared that tailing
starch, although a minor fraction in terms of flour composition,
could make a significant, additive contribution to flour peak hot
paste viscosity. The yield of tailing starch ranged from 8.3 to 9.8
g/100 g of parent flour (Table II). As such, at a given level of flour
(e.g., 3.0 g), the quantity of tailing starch would be 0.25–0.29 g.
Given that this same 3.0 g quantity of flour contains ≈67 g/100 g
of prime starch, or 2.0 g (average yield of the three cultivars)
(Table II), then the difference in hot paste viscosity between 2.0 g
of prime starch and 2.0 g of prime starch plus 0.25 g of tailing
starch may be calculated from the equations given in Table VI.
The result predicts 2.0 g of Madsen prime starch produces a peak
hot paste viscosity of 20, whereas 2.25 g produces a viscosity of
72. Using 4.0 g of flour and the same assumptions, the result is
181 and 283 RVU (without and with tailing starch, respectively).
In general agreement with this assessment were the results pre-
sented in Table IV, which indicated that deleting the tailing starch
fraction from an otherwise reconstituted flour produced a marked
reduction in paste viscosity.

Fig. 2. Peak hot paste viscosity of Klasic (_), McKay (l), and Madsen
(n) tailing starches at various concentrations (grams dwb in 25 mL of
water) measured by the Rapid Visco Analyzer (RVA).

Fig. 3. Peak hot paste viscosity of Klasic (_), McKay (l), and Madsen
(n) straight-grade flours at various concentrations (grams dwb in 25 mL
of water) measured by the Rapid Visco Analyzer (RVA).

Fig. 1. Peak hot paste viscosity of Klasic (_), McKay (l), and Madsen
(n) prime starches at various concentrations (grams dwb in 25 mL of
water) measured by the Rapid Visco Analyzer (RVA).
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To further explore the nature of the interaction of flour fractions
in peak hot paste viscosity, flours were reconstituted by substitut-
ing, singly, the same fraction from a different cultivar. Substitut-
ing Klasic prime starch with Madsen prime starch substantially
decreased the peak viscosity of the reconstituted Klasic flour
(Table VII). Substituting McKay and Madsen prime starches with
Klasic prime starch substantially increased the peak hot paste
viscosity of the reconstituted flours over that obtained by simply
reconstituting McKay and Madsen (controls). Substituting Klasic
tailing starch with Madsen tailing starch slightly increased the
paste viscosity compared to the Klasic reconstituted control,
whereas substituting Madsen and McKay tailing starch fractions
with that of Klasic appeared to have little effect.

The fraction deletion and individual fraction constant-weight
results presented in Tables IV and V, respectively, indicated that
water soluble and gluten fractions, in particular, while contribut-
ing no temperature-dependent increase in paste viscosity them-
selves, profoundly influenced the pasting behavior of the other
flour fractions in a reconstituted flour. Substituting Klasic water
solubles with Madsen water solubles decreased peak hot paste
viscosity of the reconstituted Klasic flour (Table VII). Conversely,
substituting McKay and Madsen water solubles with those of Kla-
sic increased peak hot paste viscosity of both flours. Interchanging
the gluten fractions of Klasic and Madsen had little effect,
whereas substituting the gluten fraction of McKay with that of
Klasic increased paste viscosity somewhat.

To summarize this series of experiments, we concluded that
there was a positive effect of Klasic prime starch and water solu-
bles when compared to the prime starch and water-soluble frac-
tions of Madsen and McKay, and that tailing starches were more
or less similar in effect. Likewise, with the possible exception of
McKay, the gluten fractions were also similar among the flours of
the three cultivars. These experiments had the advantage over the
simple fraction deletion series in that the weight of material and
the general composition of the flours were held constant.

As a final means of examining the issue of interaction of
fractions and differences among flours, 3, 6, or 12% of a common
starch was replaced with each of the fractions derived from the
parent cultivar flours (Table VIII). The peak hot paste viscosity of
the base starch was 252 RVU. Deleting 3, 6, or 12% of the base
starch decreased peak hot paste viscosity in line with what would be
expected from Figure 1 and predicted from Table VI. Substituting
prime starch from the three cultivar flours had little effect,
although a trend of a slight decrease with increasing substituted
amount of Madsen and McKay was present. A similar trend was ob-
served with substitution by tailing starch, although the decrease
was more pronounced. With water solubles, the decrease in peak hot
paste viscosity with increasing level of substitution was pronounced,
producing lower viscosities than the base starch without substitution.
Again, Klasic appeared to be less deleterious than Madsen and
McKay (Table IV).

The addition of gluten, although not producing the level of peak

Fig. 4. Peak hot paste viscosity of Klasic (A), McKay (B), and Madsen (C) prime starches (open symbols) and flours (closed symbols). Prime starches
at various concentrations (grams dwb in 25 mL of water); flours plotted on the basis of calculated prime starch content of straight-grade flours (66.1,
63.9, and 71.1 g of prime starch/100 g of flour for Klasic, McKay, and Madsen, respectively). Klasic (_), McKay (l), and Madsen (n) flours plotted
on the basis of prime starch content (D) as described for A–C. Viscosity measured by the Rapid Visco Analyzer (RVA).
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hot paste viscosity of the original 2.58 g of base starch, did com-
pensate somewhat for the removal of base starch. Since gluten
exhibited no intrinsic pasting viscosity of its own (Table V), the
combined data from this series of experiments and those illus-
trated in Table VI suggested that the role of gluten was probably
related to altered water relations, i.e., a sequestration of system
water such that the effective starch concentration was increased.

DISCUSSION

The inherent peak hot paste viscosity of sound (nonsprouted)
wheat flours is due first and foremost to the pasting potential of
the prime starch fraction (Table IV) (Loney and Meredith 1974,
Loney et al 1975), which is largely determined by the relative
content of amylose and amylopectin (Loney et al 1975, Moss
1980, Moss and Miskelly 1984, Endo et al 1989, Zeng et al 1997).
The lower amylose content of Klasic prime starch makes the
starch from this cultivar inherently higher pasting (Zeng et al
1997). However, this higher peak hot paste viscosity may be con-
centration-dependent, because Figure 1 shows that all three
cultivar starches exhibited similar peak viscosities at ≈16% slurry
concentration (4 g/25 mL). It is conceivable that beyond this con-
centration, given sufficient mechanical shear, that Klasic prime
starch (and possibly flour) would be lower pasting relative to
starch of the other cultivars. The results of Allen et al (1991) also
suggest convergence of different starch pasting response curves at
higher concentrations.

In addition to inherent differences in peak hot paste viscosity
among prime starches of different cultivars, tailing starch and
water solubles seem to exert a significant differential effect.
Clearly, water relations per se are a crucial consideration as evi-
denced by the effect of gluten. It seems reasonable to assume that
competition for water during gelatinization in the high-concentra-
tion slurries used here would be considerable, and the highly hy-
groscopic nature of soluble and insoluble pentosans is noteworthy
in this context (Jelaca and Hlynka 1971). Additionally, water
solubles may contain varying amounts of amylases and proteases,
even in the absence of sprout (Moss 1967).

In summary, flours with markedly different peak hot paste vis-
cosities can be fractionated and reconstituted without much ad-
verse effect on paste viscosity. Clearly, prime starch is the primary
determinant of flour paste viscosity. However, tailing starch, water
solubles, and gluten fractions all exert an effect. For tailing starch
and gluten, this effect is positive either due directly to pasting
capacity of starch (in tailings) or through competition for water, as
in the case of gluten and deduced to be the case with pentosans.
The water-soluble fraction from different cultivar flours was more
variable in effect, possibly due to various combinations or levels
of soluble pentosans and other constituents that compete for water,
versus amylases or proteases.

LITERATURE CITED

ALLEN, H. M., BLAKENEY, A. B., and OLIVER, J. R. 1991. The
measurement of pasting properties of biscuit wheats using a tempera-
ture programmed RVA. Pages 159-160 in: Cereals International ‘91. D.
J. Martin and C. W. Wrigley, eds. Cereal Chemistry Division, RACI:
Parkville, Victoria, Australia.

AMERICAN ASSOCIATION OF CEREAL CHEMISTS. 1995. Ap-
proved Methods of the AACC, 9th ed. The Association: St. Paul, MN.

ANKER, C. A., and GEDDES, W. F. 1944. Gelatinization studies upon
wheat and other starches with the amylograph. Cereal Chem. 21:335-360.

ATWELL, W. A., HOOD, L. F., LINEBACK, D. R., VARRIANO-MAR-
STON, E., and ZOBEL, H. F. 1988. The terminology and methodology
associated with basic starch phenomena. Cereal Foods World 33:306-
311.

BATEY, I. L., MUELLER, B. M., BROWN, I., and MORRIS, C. F. 1993.
Residual α-amylase and the viscosity of water-washed wheat starch.
Pages 80-83 in: Proc. 43rd Australian Cereal Chem. Conf. C. W.
Wrigley, ed. Cereal Chemistry Division, RACI: North Melbourne,
Victoria, Australia.

BALINT, L., and MOMIROVIC-EULJAT, J. 1976. Effect of the wheat
protein component on the amylograph viscosity of flour. Bull. Scienti-
fique Sect. A (Yugoslavia) 21(10-12):218-221.

CROSBIE, G. B. 1989. Soft wheat: View from Australia. Cereal Foods
World 34:678-681.

ENDO, S., KARIBE, S., OKADA, K., and NAGAO, S. 1988. Compara-
tive studies on the quality characteristics for prime starch and starch
tailings. Nippon Shokuhin Kogyo Gakkaishi 35:813-822.

TABLE VIII
Effect of Substituting 3, 6, or 12% of a Common Starch Base with an Equivalent Amount (RVU)a of Each of the Individual Flour Fractions

Fraction Substituted

Source of Flour Fraction % Substituted Controlb Prime Starch Tailing Starch Water Solubles Gluten

Klasic 0 252 . . . . . . . . . . . .
3 225 248 229 211 231
6 201 243 226 174 209

12 153 242 219 139 180
McKay 0 252 . . . . . . . . . . . .

3 225 248 224 197 226
6 201 239 220 161 211

12 153 232 213 106 190
Madsen 0 252 . . . . . . . . . . . .

3 225 249 228 183 231
6 201 241 225 146 213

12 153 237 218 110 186

a Rapid Visco-Analyser units ≈ cP/11.6.
b Control equals the peak hot paste viscosity obtained by removing 0, 3, 6, or 12% of the base starch without substitution. Standard deviation for the 0%

substituted control (base starch) was 15.8 RVU (four replicates).

TABLE VII
Effect of Substituting Individual Flour Fractions from Another Flour on Peak Hot Paste Viscosity (RVU)a

Fraction Substituted

Reconstituted Flour Fraction Substituted Control Prime Starch Tailing Starch Water Solubles Gluten

Klasic Madsen 191 115 210 161 190
McKay Klasic 115 172 124 132 137
Madsen Klasic 104 186 105 140 101

a Rapid Visco-Analyser units ≈ cP/11.6.



Vol. 74, No. 2, 1997  153

ENDO, S., OKADA, K., and NAGAO, S. 1989. Starch properties of
Australian Standard White (Western Australia) wheat related to its
suitability for Japanese noodle. Pages 122-127 in: Proc. 39th Austra-
lian Cereal Chemistry Conf. T. Westcott, Y. Williams, and R. Ryker,
eds. Cereal Chemistry Division, RACI: Parkville, Victoria, Australia.

HUTCHINSON, J. B. 1966. The paste viscosities of wheat starch and
flour-water mixtures on cooking. I. An intercomparison of the Hagberg
Falling Number, Brabender Amylograph and α-amylase activities of
Australian and English flours. J. Sci. Food Agric. 17:198-201.

JELACA, S. L., and HLYNKA, I. 1971. Water-binding capacity of wheat
flour crude pentosans and their relation to mixing characteristics of
dough. Cereal Chem. 48:211-222.

KING, G. E., RUBENTHALER, G. L., and MORRIS, C. F. 1994. The
role of wheat flour components in hot paste viscosity. Page 108 in:
Agron. Abstr. Am.  Soc. Agron.: Madison, WI.

LONEY, D. P., JENKINS, L. D., and MEREDITH, P. 1975. The devel-
oping starch granule. II. The role of amylose and amylopectin in the
amylograph pasting properties of flour and starch of developing and
mature wheats of diverse genetic origins. Starch/Staerke 27:145-151.

LONEY, D. P., and MEREDITH, P. 1974. Note on amylograph viscosities
of wheat flours and their starches during storage. Cereal Chem.
51:702-705.

MEREDITH, P. 1970. Inactivation of cereal α-amylase by brief acidifi-
cation: The pasting strength of wheat flour. Cereal Chem. 47:492-500.

MOMIROVIC-EULJAT, J., and BALINT, L. 1976. New method for
starch level determinations in wheat flour using the amylograph. Bull.
Scientifique Sect. A (Yugoslavia) 21(10-12):221-222.

MOSS, H. J. 1967. Flour paste viscosities of some Australian wheats. J.
Sci. Food Agric. 18:610-612.

MOSS, H. J. 1980. The pasting properties of some wheat starches free of
sprout damage. Cereal Res. Commun. 8:297-302.

MOSS, H. J., and MISKELLY, D. M. 1984. Variation in starch quality in
Australian flour. Food Technol. Australia 36(2):90-91.

ROSS, A. S., WALKER, C. E., BOOTH, R. I., ORTH, R. A., and
WRIGLEY, C. W. 1987. The Rapid Visco-Analyzer: a new technique
for the estimation of sprout damage. Cereal Foods World 32:827-829.

ëEBEEIC, B. 1989. Factors affecting wheat flour amylographic maxi-
mum viscosity. J. Food Sci. 54:610-617.

WALKER, C. E., ROSS, A. S., WRIGLEY, C. W., and McMASTER, G.
J. 1988. Accelerated starch-paste characterization with the Rapid
Visco-Analyzer. Cereal Foods World 33:491-494.

WOLF, M. J. 1964. Wheat starch. Pages 6-9 in: Methods in Carbohydrate
Chemistry, IV. Starch. R. L. Whistler, ed. Academic Press: New York

YASUNAGA, T., BUSHUK, W., and IRVINE, G. N. 1968. Effect of
papain on amylograph viscosity of flour. Cereal Chem. 45:260-268.

ZENG, M., MORRIS, C. F., BATEY, I. L., and WRIGLEY, C. W. 1997.
Sources of variation for starch gelatinization, pasting, and gelation
properties in wheat. Cereal Chem. 74:63-71.

[Received September 4, 1996. Accepted November 18, 1996.]


