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ABSTRACT

Seventeen soft wheat cultivars from four classes of U.S. soft wheats,
eastern soft white winter (ESWW), western soft white winter (WSWW),
club, and soft red winter (SRW) wheats, were selected for evaluation of
their milling, physicochemical, and rheological properties and their
suitability for making Japanese-type sponge cakes (JSC) and AACC
sugar-snap cookies (SSC). The texture characteristics of JSC were
determined with texture profile analysis (TPA). Results indicated that
some SRW and ESWW wheats could be potential substitutes for

Cereal Chem. 73(2):215-221

WSWW and club wheats for JSC end-use. Both ESWW and SRW wheat
short patent flours produced relatively larger diameter cookies than did
WSWW and club wheat short patent flours. Correlation analyses indi-
cated that decreasing flour particle size was a very important parameter
related to improving quality of both JSC and SSC, while starch damage
was more detrimental to SSC quality. Results from the present study also
showed that the alveograph and mixograph were useful tools for evalua-
tion of soft wheat quality for cake and cookie baking.

Soft wheat flour has been used for a wide range of commercial
baked products. In the United States, the sugar-snap cookie and
layer cake baking tests are usually used to evaluate soft wheat
baking quality. A soft wheat flour that can produce large spread
cookies and/or large volume cakes is usually considered a good
quality flour for soft wheat products. However, it should be
recognized that an ideal flour for one class of products may not
be ideal for another (Finney 1989).

Most soft wheat milled in Japan has been imported from the
United States, and is mainly U.S. western white wheat (Nagao
1989). The flour for making Japanese-type sponge cakes (JSC) is
specifically milled from 100% U.S. western white wheat. Japan
has not imported U.S. soft red winter (SRW) wheat for many
years because of its higher price, lower availability, and the less
desirable high protein content for Japanese soft wheat products.

A recent survey of U.S. soft wheat quality indicated that the
protein content of U.S. soft white wheat (western soft white win-
ter [WSWW] and eastern soft white winter [ESWW]) and club
wheat had increased over the last 13 years, being higher than that
of SRW wheat since 1988, while the protein content of SRW
wheat has remained almost constant during the same period (U.S.
Wheat Associates 1980-1992). Most Japanese milling and baking
companies have been concerned about the increases in protein
content of U.S. western white wheat due to the direct negative
influence on the quality of Japanese cakes. For JSC, low flour
protein content is usually desirable (Nagao et al 1976).

There has been little information in the past 18 years compar-
ing the qualities of different soft wheat cultivars grown in the
United States, especially as to their suitability for making JSC.
The objectives of the present study were to: 1) evaluate rheologi-
cal properties and baking qualities of selected U.S. soft wheats
for JSC and AACC sugar-snap cookie (SSC) end-use; and 2) in-
vestigate potential tools for properly evaluating soft wheat flour
properties for JSC and SSC baking qualities.
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MATERIALS AND METHODS

Wheat Samples

Seventeen soft wheat cultivars harvested in 1992 or 1993 from
the states of Washington, Michigan, Ohio, and Indiana were
selected for this study. These cultivars cover four classes of soft
wheats produced in the United States: three ESWW wheats
(Augusta, Chelsea, and Frankenmuth); five WSWW wheats
(Kmor, Lewjain, Madsen, Malcolm, and Stephens); four club
wheats (Crew, Hyak, Rely, and Tres); and five SRW wheats
(Caldwell, Clark, Excel, Dynasty, and Freedom).

Milling Evaluation

The samples were cleaned using a Carter Dockage Tester, tem-
pered to 15% moisture for 24 hr, and milled on a Miag-Multomat
pilot flour mill to obtain short patent flours of 45% extraction.

Wheat and Flour Physicochemical Analyses

Test weight of wheat samples, wheat and flour moisture con-
tents, and flour ash content were determined according to
approved methods 55-10, 44-15A, and 08-01, respectively
(AACC 1983). Total nitrogen content of flour and wheat was
determined by the micro-Kjeldahl method (method 46-13, AACC
1983). Protein content was calculated by multiplying the nitrogen
content by the conversion factor 5.7 and reported on a 14%
moisture basis. Flour particle size was determined by a Coulter
Multisizer (Coulter Electronics Limited, Bedfordshire, England)
according to the Operator’s Handbook (Anonymous 1986). Starch
damage was determined with a Chopin SD4 apparatus (Chopin
S.A., Garenne, France) (Dubois 1988). Alkaline water retention
capacity and Zeleny sedimentation volume were determined
according to approved methods 56-10 and 56-60, respectively
(AACC 1983).

Flour Starch Pasting Properties

Flour samples were analyzed by a Brabender Viscograph-E to
determine the effect of a-amylase on flour viscosity as a function
of temperature according to the Amylograph Handbook (Shuey
and Tipples 1982). A mixture of flour (65 g) and distilled water
(450 ml) was heated in the viscograph-E from 30°C to 95°C at
1.5°C/min, held at 95°C for 15 min, and cooled to 50°C at
1.5°C/min. Viscosity was measured at a torque of 700 cm-gf (gf =
gram of force) and recorded at a chart speed of 30 cvhr. The
pasting parameters obtained from a pasting curve were defined
according to Dengate (1984). However, only peak viscosity,
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breakdown viscosity, and breakdown from each pasting curve are
reported in this article.

Flour Rheological Measurements

Farinogram values (water absorption, peak time, stability time,
and mixing tolerance index) were obtained from a 15-min far-
inograph mixing curve using 50 g of flour (14% mb) according to
method 54-21 (AACC 1983). Alveogram values (tenacity P,
extensibility L, stability P/L, swelling index G, and work W) were
also determined according to method 54-30 (AACC 1983) using a
Chopin Alveograph with hydrostatically controlled airflow.
Dough mixing properties were measured using 35 g of flour (14%
mb) with a mixograph (National Manufacturing Co., Lincoln,
NE) according to method 54-40A (AACC 1983). Mixograph tol-
erance was defined as the width, in millimeters, of the mixograph
curve two minutes past peak time (Graybosch et al 1993). Mix-
ograph stability time was defined as the interval, in minutes,
between the arrival time and departure time from the center line
of the mixograph curve (Pyler 1988).

Flour Baking Quality Evaluation

JSC and SSC were baked to evaluate the flour’s baking per-
formances. All sponge cakes and cookies were made from each of
the short patent flours.

Sponge Cake Testing Method

Sponge cakes were prepared by the formula and procedure
described by Nagao et al (1976) with some modifications. The
cake formula and ingredients for one cake are: flour (as is mois-
ture basis) 150 g; sugar (fine-granulated sucrose) 150 g; fresh
whole egg 150 g; and distilled water 60 ml. The Hobart mixer (N-
50) with three speed settings (1, 2, and 3) was equipped with a 5-
qt bowl and a wire whip for creaming sugar, whole egg, and
water. Whole eggs (without shells) were weighed into a mixing
bowl and fast beat with a hand whip for 10 sec, after which the
same amount of sugar was added into eggs. The mixture was
warmed to 45°C in a water bath with slow mixing by hand whip

to dissolve the sugar. The mixture was then mixed in the Hobart
mixer at medium speed (setting 2) for 6-7 min until the specific
gravity of the egg-sugar batter reached 0.28 + 0.01 g/cm?, at
which point the mixer speed was reduced to low (setting 1) for 1
min while 60 ml of water was added: each 30 ml of water was
added slowly in the first and third 15-sec interval. The mixing
bowl was then removed from the mixer, after which sifted flour
was added into the cream. The cream-flour mixture was subjected
to mixing for 80-100 strokes by hand at a speed of 1 stroke/sec
with a wooden spoon until the cake batter specific gravity reached
0.50 £ 0.01 g/cm®. At this stage, the cake batter temperature was
between 25 and 30°C. The cake batter (320 g) was poured into a
circular baking pan (15.3 cm i.d.; 5.1 cm depth) with parchment
paper lining the bottom and inner side wall. The surface of the
cake batter was smoothed with a plastic spatula, and the pan was
placed into a rotary oven (National Manufacturing) along with a
cup of water to bake for 30 min at 180°C.

The remaining cake batter was used for measuring its viscosity
with a Brookfield Synchro-Lectric viscometer (RV-1, Brookfield
Engineering Laboratories, Inc., Stoughton, MA), using a no. 6
spindle at a motor speed of 20 rpm. The viscometer reading was
conducted after 30 sec of spindle turns. This reading was multi-
plied by 500 to obtain viscosity value in centipoise (cp).

After baking, the pan was removed from the oven and a shock
treatment was applied to the cake for easy removal. The cake was
then removed from the pan immediately and cooled for more than
1 hr at room temperature before packaging. Cake volume was
determined by the rapeseed displacement method and graded
according to method 10-90 (AACC 1983). Flour that can produce
a larger volume cake predicts its better end-use quality.

Sugar-Snap Cookie Testing Method

SSC were baked according to the micro method of method 10-
52 (AACC 1983). The diameter and thickness of the cookies were
measured. Cookies with larger diameters predict better flour end-
use quality.

TABLEI .
Selected Wheat and Flour Physicochemical Properties of 17 Soft Wheat Cultivars

Flour Physicochemical Properties®

Starch Peak Breakdown
Test Wt. Damage Particle Protein AWRC Sed. Vol. Viscosity Viscosity Breakdown

Wheat Cultivar (1b/bu) Ash (%)® (UCD)¢ Size (um) (%)® (%)? (ml) (BU) (BU) (BU)
ESWwd

Augusta 56.4 0.29 12.3 41.6 7.1 55.4 17 740 615 125

Chelsea 60.0 0.35 143 39.1 72 55.0 14 715 585 130

Frankenmuth 60.0 0.35 10.5 48.6 8.2 50.2 21 1040 870 170
WsSwwd

Kmor 60.6 0.37 15.6 31.9 7.8 55.0 26 595 560 35

Lewjain 61.3 0.28 16.3 42.8 8.1 58.8 21 370 330 40

Madsen 62.6 0.37 18.4 63.0 8.9 57.8 19 320 265 55

Malcolm 59.4 0.33 16.9 53.8 77 56.3 14 610 580 30

Stephens 62.3 0.32 18.4 60.2 83 585 13 360 275 85
Club

Crew 60.5 0.39 145 53.4 72 522 13 910 830 80

Hyak 61.8 0.30 18.1 57.2 6.7 60.4 24 200 110 90

Rely 59.5 0.40 14.2 47.0 8.2 53.4 17 810 755 55

Tres 60.2 0.38 16.1 60.5 8.7 60.5 10 770 695 75
SRwWd

Caldwell 59.8 0.36 133 319 7.6 58.1 21 860 730 130

Clark 60.8 0.36 10.1 40.3 73 52.5 15 1090 810 280

Dynasty 58.7 0.27 10.5 28.9 79 57.2 17 840 640 200

Excel 58.8 0.30 9.7 30.5 73 553 16 840 720 120

Freedom 60.3 0.28 154 452 7.8 55.4 16 655 455 200

2 Values are means of two replicates. AWRC = alkaline water retention capacity; sed. vol. = sedimentation volume.

® Percentage of flour weight (14% mb).
¢ Arbitrary unit used in the Chopin/Dubois method.
4 ESWW = eastern soft white winter; WSWW = western soft white winter; SRW = soft red winter.
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