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GRAIN QUALITY

Factors in Hard Wheat Flour Responsible for Reduced Cookie Spread1
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Time-lapse photography showed that, during baking, the diameter of
sugar-snap cookies increased linearly then suddenly became fixed.
Therefore, cookie diameter was a function of spread rate and set time.
Cookies made with soft wheat flour were significantly larger in diameter
(184 mm) than those made with hard wheat flour (161 mm). Cookies
made with soft wheat flour set later (5.8 min) during baking than those
made with hard wheat flour (5.1 min). The differences in set time within
cookies made with various hard wheat flours or within cookies made
with various soft wheat flours appeared to be affected by flour protein
content. However, other factors also affected the difference in set time

between cookies made with hard wheat and soft wheat flours. Cookies
made with soft wheat flour spread at a faster rate (7.8 mm/min) than
those made with hard wheat flour (4.6 mm/min). The level of soluble
starch in the flour appeared to cause the difference in spread rate between
cookies made with hard wheat and soft wheat flour. The higher level of
soluble starch in hard wheat flour (0.352 ± 0.008%) than in soft wheat
flour (0.152 ± 0.030%) increased dough viscosity, thus the spread rate
was slower. However, soluble starch content did not explain the differ-
ences in spread rate within cookies made with various hard wheat flours
or within cookies made with various soft wheat flours.

Quality testing of soft wheat flours essentially began in the
1950’s (Finney et al 1950). A soft wheat variety is considered to
have good quality when the flour yields cookies of large diameter
with a uniform surface cracking pattern. Significant differences
occur in the spread potential of different soft wheat varieties,
however the reasons for the differences are not well understood.
Many researchers have correlated chemical and physicochemical
properties of the flour to the differences in cookie spread potential
(Yamazaki 1953, 1954, 1959a; Cole et al 1960; Hayashi et al
1976; Gaines 1985; Abboud et al 1985a; Doescher et al 1987b;
Kaldy et al 1991; Rogers et al 1993; Nemeth et al 1994). The
technique of flour fractionation and reconstitution also has been
used to determine the effect of individual flour components on
cookie diameter (Yamazaki 1955, Sollars 1959, Cole et al 1960,
Sollars and Bowie 1966, Donelson 1988). Unfortunately, none of
these studies established sound relationships between flour prop-
erties and cookie diameter. This results in a lack of knowledge of
what factors are responsible for cookie baking quality.

Sugar-snap cookies made from soft wheat flours are quite dif-
ferent from those made with hard wheat flours. Cookies made
from soft wheat flour are thin, tender, and have a large diameter,
whereas cookies made from hard wheat flour are thick, hard, and
small in diameter. The reasons for these differences between the
two types of flour are still unclear.

During baking, the diameter of sugar-snap cookies increases
linearly then suddenly becomes fixed (Yamazaki 1959b, Abboud
et al 1985b). Therefore, final cookie diameter is controlled by
cookie spread rate and set time. Cookie spread rate appears to be
controlled by dough viscosity (Yamazaki 1959b, Hoseney et al
1988, Hoseney and Rogers 1994). Cookies made with soft wheat
flour spread at a faster rate during baking than cookies made with
hard wheat flour (Abboud et al 1985b, Miller et al 1996). It is well
known that flour with low hydration properties usually produce
better cookies (Yamazaki 1962). However, the concentration of
water-controlling components in the flour (i.e., pentosans, dam-
aged starch, and protein) correlated poorly with cookie diameter
(Yamazaki 1954, Cole et al 1960, Abboud et al 1985a, Kaldy et al

1991, Rogers et al 1993, Nemeth et al 1994). Therefore, some
other, as yet unidentified, factor affects cookie spread rate.

Cookie set time appears to be caused by an apparent glass tran-
sition of the gluten protein in the flour (Doescher et al 1987a,
Miller et al 1996). The gluten in sugar-snap cookie dough is not
developed into a web during mixing; thus, the flour particles in
the dough remain intact and discontinuous while the continuous
phase is a sugar syrup. During baking, the gluten goes through an
apparent glass transition, thereby gaining mobility that allows it to
interact and form a web. The viscosity of the continuous gluten
web is sufficient to stop the flow of the cookie dough (Miller et al
1996). The apparent glass transition temperature (Tg) of cookies
made with hard wheat flour is lower than that of cookies made with
soft wheat flour (Doescher et al 1987a, Miller et al 1996). How-
ever, the reason for the difference was not clear (Miller et al 1996).

The objective of this study was to determine what factors in
hard wheat flour are responsible for reduced cookie spread and
whether those same factors affect differences in baking quality
within soft wheat flours and within hard wheat flours.

MATERIALS AND METHODS

Cookie Ingredients
A commercially milled, untreated, soft wheat flour containing

0.43% ash and 7.6% protein (14% mb) was obtained from Mennel
Milling Co. (Fostoria, OH). A commercially milled, untreated,
hard wheat flour obtained from Cargill (Wichita, KS) contained
0.50% ash and 10.8% protein (14% mb). Composite hard wheat
patent flours from different regions were provided by the Kansas
State University Wheat Quality Lab (Manhattan, KS). Samples of
the pure soft wheat cultivars Argee, Becker, Caldwell, Cardinal,
Daws, Gore, Lewjaw, and Stephens were provided by the USDA
Soft Wheat Lab (Wooster, OH) and the Western Wheat Quality
Lab (Pullman, WA). Samples of the pure hard wheat cultivars
Larned and Ponderosa were obtained from certified seed growers
in Kansas. A sample of the pure hard wheat cultivar Glenlea was
donated by the University of Manitoba (Winnipeg, Canada). All
of the pure cultivars were milled into straight-grade flour.

Superfine sucrose was obtained from C&H (Concord, CA).
Nonfat dried milk was supplied by American Ingredients (Kansas
City, KS). Crisco, a commercial, hydrogenated, all-vegetable
shortening containing mono- and diglycerides manufactured by
Proctor and Gamble (Cincinnati, OH), was used. Sodium bicar-
bonate, sodium chloride, and ammonium chloride were reagent
grade.
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Cookie Baking
Cookie doughs were prepared using AACC Method 10-52

(AACC 1995). Preliminary studies showed that altering dough
water absorption did not affect final cookie diameter (data not
shown). Therefore, water absorption was held constant at 25%
(fwb, v/w) for all formulations. The cookies were baked for 10
min at 205°C in a reel oven (National Mfg., Lincoln, NE). The
diameter of two cookies was measured after the cookies had
cooled completely. The average of three measurements is reported.
A minimum of two replicates was baked for each treatment.

Time-Lapse Photographs
Photographs of a single cookie were taken during baking with a

camera mounted to the oven door. Guidelines were drawn 8.9 cm
from one end of a baking sheet (parallel to the edge) and down the
center to form a cross. Cookie dough was placed on the sheet,
rolled, and cut so that the cookie was centered over the cross to
assure that the cut cookie was in the same position in every trial.
A small metal bar of known dimension was placed at a marked
position on the guideline beside the cookie so the actual diameter
of the cookie could be determined from the photographs. The
baking sheet was placed on a stationary shelf in the oven. The
shelf was adjusted so that the camera was at the same level as the
cookie. Photographs were taken of the cookie at 30-sec intervals
during baking. Cookie diameter was measured directly from the
photographs and plotted as a function of baking time to determine
set time and spread rate. Set time was the time at which the cookie
stopped spreading. Spread rate was determined by measuring the
slope of the line between the time when the cookie began to
spread (~1 min) and the set time. A minimum of two replicates
was baked for each treatment.

Thermo Mechanical Analyzer Method
A Thermo Mechanical Analyzer (TMA) (Rheometric Scientific,

Piscataway, NJ) was used to determine the apparent glass transi-
tion temperature (Tg) of cookie dough as described by Miller et al
(1996). Cookie doughs were prepared for TMA analysis using
AACC Method 10-52 (AACC 1995) with two modifications.
Chemical leavening agents were omitted, and the sodium chloride
level was increased to 0.4 g per dough (40 g flour). In preliminary
trials, expansion of the cookie dough by the leavening agents
made measurement of the apparent Tg impossible. Preliminary
studies showed that adjusting the pH of the unleavened cookie
dough to that of leavened cookie dough with NaOH did not sig-
nificantly affect cookie diameter or Tg (data not shown). The so-
dium chloride level was increased to compensate for salt ordinar-
ily produced in the chemical leavening reaction.

A sample of cookie dough ~2 mm thick was placed in the
TMA, and a thin glass plate was placed on top of the dough. The
glass plate prevented direct contact between the dough and the
TMA probe and eliminated penetration by the probe through the
dough as it softened during testing. All samples were heated from
25 to 100°C at a rate of 1°C/min. The temperature at which the
dimension of the sample began to increase rapidly was taken as
the apparent Tg.

Effect of Sucrose Level
Sucrose level was varied to determine its effect on cookie set

time, apparent Tg, and spread rate. Sucrose levels were 60
(control), 50, 40, or 30% (fwb, w/w). Water absorption was con-
stant at 25% (fwb, v/w).

Water Activity
Water activity (aw, %rh/100) of cookie doughs was measured

with a water activity meter (CX-2, Decagon Devices, Inc., Pull-
man, WA). Cookie doughs were prepared according to AACC
Method 10-52 (AACC 1995), except that the cream, water, and
leavening solutions were mixed for 10 min before addition of the

flour. The longer mixing time produced a more uniform cream and
improved the reproducibility of the aw measurements. Cookie
dough was pressed lightly into the sample cup. The water activity
meter was calibrated with saturated salt solutions before testing. A
minimum of three doughs was measured for each treatment.

Flour Fractionation
Flour-water doughs (60% absorption) were mixed to optimum

development. Gluten was separated by hand-washing in distilled
water then lyophilized. It is presumed that the bulk of the flour
lipids were bound to the gluten during separation. The wash water
was centrifuged (Damon/IEC Division, Needham Hts., MA) at
1,000 × g for 15 min. The supernatant was shell-frozen and lyophi-
lized to recover the water soluble (WS) fraction that contained
soluble protein, soluble starch, and soluble pentosans. The starch
fraction, consisting of both the prime and tailing starch, was lyophi-
lized then rehydrated in a humidified cabinet to a moisture content
of ~13% before reconstitution. The prime starch fraction consisted
of the large, undamaged granules. The tailing fraction contained
the small granules, damaged granules, and insoluble pentosans.

Flour Reconstitution
Original flour compositions were determined by separating and

lyophilizing a known weight of flour, weighing the dried compo-
nents, determining the moisture content of the dried components,
and converting the weight to a dry weight basis (dwb). The recov-
ery of fractions from the soft wheat flour was ~13% gluten, 73%
starch, and 3% WS (dwb). The hard-wheat flour fractions were
~11% gluten, 70% starch, and 5% WS (dwb). Reconstituted flours
containing at least two soft wheat fractions were made with the
soft-wheat flour recovery ratios, and reconstituted flours contain-
ing at least two hard wheat fractions were made with the hard-
wheat flour recovery ratios. For reconstitution, the appropriate
fractions were weighed and mixed with 74% water (dwb) to opti-
mum dough development as described by Yamazaki (1955). Mix-
ing times were ~1 min for soft-wheat reconstituted flours and ~2
min for hard-wheat reconstituted flours. The reconstituted doughs
were lyophilized and then ground into flour with a laboratory
Wiley mill (Arthur Thomas Co., Philadelphia, PA) through a
number 40 sieve. Flours were rehydrated in a humidified cabinet
to ~13% moisture before baking.

Total reconstitutes containing all fractions from the same flour
were made as controls. These were labeled as hard reconstituted
flour and soft reconstituted flour. The reconstituted flour treat-
ments consisted of switching each major fraction (gluten, starch,
or WS) of one flour (hard or soft) into the other flour. Reconsti-
tuted flour combinations are listed in Table I. Each reconstituted
flour combination was made at least in duplicate.

Soluble Starch Measurement
Soluble starch was measured using the Total Starch Assay Pro-

cedure (amyloglucosidase/α-amylase method) by Megazyme
(Wicklow, Ireland), modified slightly to measure soluble starch

TABLE I
Reconstituted Flour Combinationsa

Flour Type

Sample Number Gluten Starch Water Soluble

1 Soft Soft Soft
2 Hard Soft Soft
3 Soft Hard Soft
4 Soft Soft Hard
5 Hard Hard Hard
6 Soft Hard Hard
7 Hard Soft Hard
8 Hard Hard Soft

a All combinations were made at least in duplicate and in random order.
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rather than total starch. Flour or gluten was slurried in distilled
water (1:10, w/v) for 2 min. The slurry then was centrifuged at
1,000 × g for 15 min. The insoluble fraction was discarded. The
supernatant, which contained the soluble starch, was collected and
used for starch measurement as described in the method.

Soluble Starch Removal
Soluble starch was removed from the water soluble (WS) and

gluten fractions from Aspergillus oryzae (Type X-A Fungal Crude
Alpha-Amylase, EC 3.2.1.1, Sigma Chemical Co., St. Louis,
MO). WS were separated from 800 g of flour and used as is. Dry
gluten (100 g) was slurried with distilled water (1:10, w/v) in an
Osterizer blender on low speed for 3 min. The pH of both the WS
and the gluten slurry was adjusted to 6.9 (enzyme optimum) with
sodium bicarbonate. α-Amylase (37 units) was added, and the
solutions were stirred with a magnetic stirrer for 2 hr at room
temperature. After treatment, the WS were boiled to inactivate the
enzyme, then lyophilized. Preliminary studies showed that adjust-
ing the pH and boiling the WS did not alter their cookie baking
properties (data not shown). The enzyme in the gluten slurry
could not be denatured by boiling without affecting the properties
of the gluten. Therefore, the gluten slurry was centrifuged at 1,000
× g for 15 min to remove the enzyme. The supernatant, containing
the enzyme, was discarded, and the recovered gluten was washed
with distilled water, then lyophilized. The α-amylase-treated WS
and gluten were used to prepare reconstituted flours as described
above with the recovery ratios for hard wheat flour.

Data Analysis
Data were evaluated by analysis of variance (ANOVA), least

significant difference, and regression analysis. The Statistical
Analysis System (SAS 1990) was used for data analysis.

RESULTS AND DISCUSSION

Cookies made with soft wheat flour had a larger final diameter
(184 mm) than cookies baked with hard wheat flour (161 mm).
Cookies made with soft wheat flour spread at a faster rate and set
(stopped spreading) at a later time during baking than cookies
made with hard wheat flour (Fig. 1). Therefore, final cookie diameter
was a function of spread rate and set time. It should be noted that
multiplying spread rate by set time does not equal the measured

diameter of the actual cookies. This is because the spread rate was
calculated to be a constant rate when, in fact, it deviates at certain
points (i.e., at the start of heating and as the set time was approached).

Cookie Set Time
As shown previously with the same flour samples (Miller et al

1996), cookie set times were 5.8 min and 5.1 min for cookie
doughs made with soft wheat and hard wheat flours, respectively.
The Tg of cookie doughs made with soft wheat and hard wheat
flours were 78 and 71°C, respectively. Thus, both set time and
apparent Tg of cookies baked with hard wheat flour were lower
than those of cookies baked with soft wheat flour. This was con-
sistent with previous studies (Abboud et al 1985a, Doescher et al
1987a).

At 13% moisture, the apparent Tg of soft wheat and hard wheat
flours were identical (Mathew and Hoseney 1994; Miller et al
1996). Therefore, the difference in the apparent Tg of cookie
doughs made with soft wheat and hard wheat flours was not
caused by a difference in the apparent Tg of the two flours, but by
some other factor.

Effect of Sucrose Level on Set Time
Sucrose is a major ingredient in the cookie system that is

known to affect cookie diameter (Finney et al 1950, Doescher et
al 1987b). Increasing the sucrose in the formula increased both
apparent Tg and set time of cookie doughs made with soft wheat
or hard wheat flour (Table II). Thus, larger quantities of sucrose
delayed cookie set time (Miller et al 1996). At all sucrose levels,
cookie doughs made with hard wheat flour set earlier and had a
lower apparent Tg than cookie doughs made with soft wheat flour.
Set time correlated highly with apparent Tg (r = 0.971 for soft
wheat flour and r = 0.989 for hard wheat flour) (Miller et al 1996).

Roos (1987) showed that Tg was a function of aw at constant
temperature. Sucrose is known to affect aw, therefore, sucrose may
affect the apparent Tg by controlling the aw of the cookie dough.
Apparent Tg and aw for cookie doughs made with hard wheat and
soft wheat flour were highly correlated (r = –0.933 and r = –
0.964, respectively). However, at the same sucrose concentration,
the aw of cookie doughs made with hard wheat flour was signifi-
cantly lower than that of cookie doughs made with soft wheat
flour (Table II). This is presumably because the hard wheat flour
contained more damaged starch which absorbs large quantities of
water. The lower aw in cookie doughs made with hard wheat flour
should result in a higher apparent Tg. It does not. Therefore, aw

does not explain the difference in apparent Tg of cookie doughs
made with hard wheat and soft wheat flours.

Sucrose can act as a plasticizer, but it is much less effective
than water because of its larger molecular weight (Eisenberg
1984, Kalichevsky et al 1992, Slade and Levine 1995). Antiplasti-
cizing agents are known to increase Tg. Therefore, sucrose may
have its effect by acting as an antiplasticizer (compared to the
effect of water). Although apparent Tg of cookie doughs made

TABLE II
Effect of Sucrose Level on Set Time and Water Activity of Cookie

Doughs Made with Soft Wheat and Hard Wheat Floursa

Flour Type Sucrose (%)b Set Time (min) Water Activity

Soft 60 5.00a 0.771de
Soft 50 4.75ab 0.767e
Soft 40 4.25c 0.786c
Soft 30 3.50d 0.822a
Hard 60 4.75ab 0.759f
Hard 50 4.50bc 0.755f
Hard 40 3.50d 0.776d
Hard 30 3.00e 0.812b

a Means in a column followed by different letters are significantly different
(P < 0.05).

b Flour weight basis.
Fig. 1. Changes in cookie diameter during baking of cookie doughs made
with soft wheat (l) and hard wheat (n) flours.
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with both hard wheat and soft wheat flour increased as sucrose
level increased, the apparent Tg of cookie doughs made with soft
wheat flour increased at a faster rate (Fig. 2). The soft wheat flour
had a lower protein content than the hard wheat flour (7.6 vs.
10.8%). Therefore, the ratio of sucrose to protein was higher in
cookie doughs made with soft wheat flour than in cookie doughs
made with hard wheat flour. The difference in protein content was
removed by dividing the sucrose level (grams) in the formula by
the amount of protein (grams) in the flour. The apparent Tg of the
cookie doughs made with hard wheat and soft wheat flours then
could be compared on a constant sucrose-protein basis. When
corrected for protein content, the apparent Tg of cookie doughs
made with hard wheat and soft wheat flours increased at the same
rate when the sucrose level was increased (Fig. 3). Apparent Tg

and ratio of sucrose to protein were highly correlated (r = 0.989).
Thus, the difference in apparent Tg between cookie doughs made
with hard wheat and soft wheat flours appeared to be caused by a
difference in the sucrose-to-protein ratio. Because cookie doughs
made with soft wheat flour contained more sucrose per unit of
protein, the apparent Tg was raised to a higher temperature than
that of cookie doughs made with hard wheat flour. Therefore, the
difference in set time between cookie doughs made with hard
wheat and soft wheat flours appeared to be affected by a differ-
ence in flour protein content.

Effect of Protein Content on Set Time
The set times of several soft wheat and hard wheat flours of dif-

ferent protein contents were measured to determine whether pro-
tein content was the only factor controlling cookie set time. Al-
though there was reasonable correlation between protein content
and set time within the soft wheat flours (r = –0.601) and within
the hard wheat flours (r = –0.690), the soft wheat and hard wheat
flours formed two separate populations (Fig. 4). This indicated
that some factor in addition to protein content was affecting
cookie set time.

Cookie Spread Rate
Sucrose level had a different effect on the spread rate of cookie

doughs made with hard wheat and soft wheat flours. At all sucrose
concentrations, cookie doughs prepared with soft wheat flour
spread at a faster rate than those prepared with hard wheat flour

(Table III). As sucrose concentration was increased, the spread
rate of cookie doughs made with soft wheat flour also increased.
However, increasing the sucrose concentration of cookie doughs
made with hard wheat flour did not affect the spread rate.

Effect of Flour Fractions
A fractionation and reconstitution scheme (Table I) was used to

determine the effect of each flour fraction on the diameter and
spread rate of cookies made with hard wheat and soft wheat
flours. Cookies made from reconstituted flours containing all
fractions from the same flour had essentially the same diameter
and spread rate as cookies made from the original unfractionated
flour (data not shown).

Cookie doughs made with reconstituted soft-wheat flour
(sample 1) had a larger diameter and faster spread rate than cookie
doughs made with reconstituted hard-wheat flour (sample 5)
(Table IV). Cookies made with reconstituted flour containing soft
wheat gluten, soft wheat starch, and hard wheat WS (sample 4)
had a significantly smaller diameter than cookies made with soft
wheat reconstituted flour (sample 1) but were not different from
cookies made with reconstituted flour containing hard wheat glu-
ten, soft wheat starch, and soft wheat WS (sample 2) or with soft
wheat gluten, hard wheat starch, and soft wheat WS (sample 3).
Although the diameter of cookies made with reconstituted flour
containing soft wheat gluten, soft wheat starch, and hard wheat
WS (sample 4) was smaller than those made with soft wheat re-
constituted flour (sample 1), these cookies were still significantly
larger than those made with hard wheat reconstituted flour
(sample 5). However, the spread rate of cookies made with recon-
stituted flour containing soft wheat gluten, soft wheat starch, and
hard wheat WS (sample 4) was not different from those of cookies
made with soft wheat reconstituted flour (sample 1). The spread
rate of the reconstituted flour containing soft wheat gluten, soft
wheat starch, and hard wheat WS (sample 4) was significantly
lower than that of cookies made with reconstituted flour contain-
ing hard wheat gluten, soft wheat starch, and soft wheat WS
(sample 2) or soft wheat gluten, hard wheat starch, and soft wheat
WS (sample 3).

The diameter and spread rate of cookies baked from hard recon-
stituted flour (sample 5) and reconstituted flour containing soft
wheat gluten, hard wheat starch, and hard wheat WS (sample 6) or

Fig. 3. Effect of sucrose level corrected for protein content on the
apparent glass transition temperature (Tg) of cookie doughs made with
soft wheat (l) and hard wheat (n) flours.

Fig. 2. Effect of sucrose level on the apparent glass transition
temperature (Tg) of cookie doughs made with soft wheat (l) and hard
wheat (n) flours.
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hard wheat gluten, hard wheat starch, and soft wheat WS (sample
8) were lower than those of cookies made with soft-wheat recon-
stituted flours (samples 1–4). However, the diameter and spread
rate of cookies baked from reconstituted flour containing hard
wheat gluten, soft wheat starch, and hard wheat WS (sample 7)
were equivalent to those of cookies baked with soft-wheat recon-
stituted flour (sample 1).

Therefore, when the starch (prime and tailings) in hard wheat
flour was replaced with starch (prime and tailings) from soft
wheat flour (sample 7), the cookie diameter was equivalent to that
of cookies baked with soft wheat flour (sample 1). Thus, hard
wheat starch appears to be the fraction responsible for decreasing
the diameter of cookies made with hard wheat flour. However, if
hard wheat starch alone was the responsible fraction, then substi-
tuting hard wheat starch into soft wheat flour (sample 3) would
decrease the diameter to that of cookies baked with hard wheat
flour (sample 5). This was not the case; substituting hard wheat
starch into soft wheat flour did not alter cookie diameter.

Closer investigation of the data revealed that reconstituted
flours containing hard wheat starch in combination with either
hard wheat gluten (sample 8) or hard wheat WS (sample 6) gave
decreased cookie spread (Table IV). Hard wheat flour contains a
relatively large quantity of damaged starch granules compared to
soft wheat flour. Some of the starch molecules are fragmented
when the granules are damaged, producing starch dextrins. Flour
damaged starch content and soluble starch content were highly
and significantly correlated (r = 0.83, P < 0.01). When flour is
wetted, some of the starch dextrins are solubilized. Much of the
soluble starch is found in the water soluble fraction during frac-
tionation. The hard wheat flour contained significantly more solu-
ble starch (0.354 ± 0.008%) than the soft wheat flour (0.152 ±
0.030%), which agrees with the findings of Simmonds et al
(1973). Some of the soluble starch could also be trapped in or
bound to the gluten during fractionation.

Both damaged and soluble starches affect dough viscosity.
Damaged starch increases dough viscosity by absorbing relatively
large quantities of water, whereas soluble starch increases the
viscosity of the aqueous phase. The combination of these two
factors may affect cookie spread. When the flour is fractionated,
the damaged and soluble starches end up in different fractions.
The damaged starch goes to the starch tailings fraction while the
soluble starch goes to the WS fraction. Certain of the reconstituted

flours contain both components but others do not. Therefore, the
total level of damaged starch plus soluble starch may not be high
enough in some of the reconstituted flours to significantly affect
cookie spread. This may explain why reconstituted flours con-
taining hard wheat starch plus hard wheat gluten (sample 8) or
hard wheat WS (sample 6) produced small cookies, whereas re-
constituted flours containing only one hard wheat fraction
(samples 2–4) did not decrease cookie diameter.

Soluble Starch Removal
Reconstituted flours were prepared with soft wheat gluten, hard

wheat starch, and α-amylase-treated or untreated WS to determine
the effect of removing soluble starch from the WS. Although the
general trend is the same, the spread rate values presented in Table
IV do not match those presented in Table V. This was most likely
caused by aging of the flour between the two experiments. It is
well documented that the baking properties of flour do change as
the flour ages.

Reconstituted flours containing soft wheat gluten, hard wheat
starch, and hard wheat WS (sample 10) produced cookies with a
significantly lower spread rate than cookies made from reconsti-
tuted flour containing soft wheat gluten, hard wheat starch, and
soft wheat WS (sample 9) (Table V). This was expected because
damaged starch was present in the hard wheat starch and a high
level of soluble starch was present in the hard wheat WS. Recon-
stituted flours containing soft wheat gluten, hard wheat starch, and
hard wheat α-amylase-treated WS (sample 12) produced cookies
with the same spread rate as cookies baked with reconstituted
flour containing soft wheat gluten, hard wheat starch, and soft
wheat WS (sample 9). Thus, removing the soluble starch from the
hard wheat WS fraction increased spread rate (sample 12 vs. sam-
ple 10), indicating that high levels of soluble starch were detri-
mental to cookie spread. Removing soluble starch from the soft
wheat WS fraction (reconstituted flours containing soft wheat
gluten, hard wheat starch, and soft wheat α-amylase-treated WS
[sample 13]) did not further increase cookie spread over that of

Fig. 4. Effect of flour protein content on the set time of cookie doughs
made with soft wheat (l) and hard wheat (n) flours.

TABLE III
Effect of Sucrose Level on Spread Rate of Cookies Made with Soft Wheat

and Hard Wheat Floursa

Flour Type Sucrose (%)b Spread Rate (mm/min)

Soft 60 7.8a
Soft 50 6.5b
Soft 40 5.7c
Soft 30 5.1d
Hard 60 4.6de
Hard 50 4.7de
Hard 40 4.5de
Hard 30 4.2e

a Means in a column followed by different letters are significantly different
(P < 0.05).

b Flour weight basis.

TABLE IV
Effect of Switching Individual Flour Fractions on Diameter

and Spread Rate of Cookies Made with Reconstituted Floursa

Sample Flour Type Diameter Spread Rate

Number Gluten Starch Solubles (mm)  (mm/min)

1 Soft Soft Soft 185a 6.4ab
2 Hard Soft Soft 180ab 6.9a
3 Soft Hard Soft 181ab 7.0a
4 Soft Soft Hard 178b 6.0bc
5 Hard Hard Hard 162c 4.8d
6 Soft Hard Hard 165c 5.2cd
7 Hard Soft Hard 179ab 6.3ab
8 Hard Hard Soft 159c 5.0d

a Means in a column followed by different letters are significantly different
(P < 0.05).
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reconstituted flours containing soft wheat gluten, hard wheat
starch, and untreated soft wheat WS (sample 9). Therefore, the
level of soluble starch in the soft wheat WS was low and did not
affect cookie spread.

Removal of soluble starch from soft wheat gluten (reconstituted
flour containing soft wheat α-amylase-treated gluten, hard wheat
starch, and soft wheat WS [sample 14]) did not improve cookie
spread rate over that of reconstituted flours containing soft wheat
gluten, hard wheat starch, and soft wheat WS (sample 9) (Table
V). Cookies baked from reconstituted flours containing hard
wheat α-amylase-treated gluten, hard wheat starch, and soft wheat
WS (sample 15) had the same spread rate as cookies baked with
hard wheat gluten, hard wheat starch, and soft wheat WS (sample
11). This indicates that either the soluble starch in the gluten was
not important or was not removed during enzyme treatment.
Therefore, no firm conclusions could be drawn regarding the
effect of the soluble starch trapped in the gluten on cookie spread.

Effect of Soluble Starch on Cookie Spread Rate
Soluble starch content of the flour and cookie spread rate were

highly and significantly correlated (r = –0.84, P < 0.01) (Fig. 5).
However, the correlation was high because the hard wheat and
soft wheat flours separated into two populations. Correlation was
relatively poor within each population (r = –0.426 for soft wheat
flour and r = 0.115 for hard wheat flour). Thus, soluble starch
appears to be responsible for the difference in spread rate between

cookies baked with soft wheat and hard wheat flours. However,
soluble starch does not explain differences in spread rate within
various soft wheat or hard wheat flours.

CONCLUSIONS

Cookies made with soft wheat flour set (went through the
apparent glass transition) later during baking than cookies made
with hard wheat flour. Although sucrose affected both set time
(apparent Tg) and aw of the cookie dough, aw did not explain the
difference in set time between cookies made with hard wheat and
soft wheat flours. Sucrose appeared to have its effect on cookie set
time by acting as an antiplasticizer compared to the effect of
water. The set time (apparent Tg) of cookie doughs made with soft
wheat flour was increased more than that of cookie doughs made
with hard wheat flour because the ratio of sucrose to protein was
higher in the cookie doughs made with soft wheat flour. Flour
protein content appeared to affect set time within various hard
wheat flours and within various soft wheat flours. However, hard
wheat and soft wheat flours fell into two separate populations.
Thus, some other factor also affected the set time of cookies made
with soft wheat and hard wheat flours.

Cookies made with soft wheat flour spread at a faster rate dur-
ing baking than cookies made with hard wheat flour. Removal of
the soluble starch from hard wheat flour decreased dough viscos-
ity and increased cookie spread rate. Therefore, the high levels of
soluble starch in addition to the high levels of insoluble damaged
starch in hard wheat flour appeared to decrease cookie spread rate.
However, soluble starch by itself did not explain the differences in
spread rate within either type of flour.
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