GRAIN QUALITY

Milling and Baking Qualities of Some Wheats Developed
for Eastern or Northwestern Regions of the United States
and Grown at Both Locations
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ABSTRACT

Nine soft wheats that were developed for the Eastern United States
and six soft wheats developed for the Northwestern United States were
each grown in the states of Michigan and Washington for two crop years.
Wheats were analyzed for milling and baking qualities by two laborato-
ries. Cultivar differences were observed relative to intended region of
adaptation and to location of growth. Except for noodle color and texture,
all quality tests could distinguish among cultivars on the basis of
intended adaptation or location of growth. Cultivar differences due to
region of adaptation were generally small but consistent for most milling
and baking qualities. Northwestern-adapted wheats tended to have higher
test weight, harder kernels, and to produce more flour than Eastern-
adapted wheats. Northwestern-adapted wheat flours had higher amounts
of ash and more damaged starch than did Eastern-adapted wheat flours.
Eastern-adapted wheats were softer and their flour had less ash and less
damaged starch than did Northwestern-adapted wheats. Eastern-adapted
wheats absorbed less water and their flours baked larger sugar-snap
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cookies than did Northwestern-adapted wheats. Wheats grown in Wash-
ington were harder and produced more flour that had less ash and lower
protein content than wheats grown in Michigan. Wheats grown in Michi-
gan produced flours that had lower damaged starch, lower water absorp-
tion, larger sugar-snap cookies, larger Japanese sponge cakes, and better
udon noodles than wheats grown in Washington. Wheats developed for
both growing regions apparently have comparable genetic quality attrib-
utes. However, climatic conditions during growth apparently have greater
influence over most quality traits than does genotype. The environment
had strong influence on grain condition. Grain condition had the most
influence on milling characteristics. The environment also had the most
influence on baking characteristics, with softer kernels producing better
end-use characteristics. Almost all of the commonly evaluated quality
tests studied were sensitive to the wide range in qualities exhibited by the
samples.

Both the unique genetics of wheat cultivars and their environment
during growth have independent and interactive influences on all
physical and biochemical quality attributes of wheat. Watson and
Heyne (1977) observed that the weight distribution of individual
wheat kernels was influenced by both genotype and environment,
but more strongly by environment. Pomeranz et al (1985) observed
that genotype had a larger influence on variability of wheat hardness
than did location. Finney et al (1987) reported that mean differences
in the ranges of kernel texture (break flour yield) that resulted from
environmental influences were 1.5 times greater than genotypical
differences. Huebner and Gaines (1992) noted that the hardness of
individual wheat kernels was influenced by genotype, harvest date,
and location of the kernels on the head spike.

Hong et al (1989) found that genotype variance was greater than en-
vironmental variance relative to the concentration of water-soluble
pentosans. Fleming et al (1960) observed a larger effect of genotype
than environment, with a significant genotype-to-environment
interaction, on the o-amylase and protease produced among malted
hard wheats. Fenn et al (1994) reported that genotype affected more
of the quality traits of 1BL/IRS rye translocation containing wheats
than did the environment. Some differences between the 1BL/1RS
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wheats and control wheats were exclusively due to genotype and
other differences were exclusively due to environment.

Wheat breeders develop wheats that express both appropriate
“growth habit” (disease resistance, field yield, etc.) and specific
end-use qualities (milling and baking) for a relatively small, defined,
and expected growth area for which the cultivar is intended. Rarely
are wheats successful outside of that area, usually only when they
continue to produce high grain field yield and test weight. A larger
growing area places more diverse environmental pressure on the
cultivar. In addition to lowered field performance, it is often observed
that poorly adapted wheats produce poor end-use qualities when
grown outside of their intended production area. Only if those
wheats can produce sound unsprouted and unshrivelled kernels,
can such cultivars be more widely successful.

In the continental United States, soft wheats are grown in most of
the eastern half of the country (Eastern) and in specific regions of
the northwestern United States (Northwestern), including the states
of Washington, Oregon, and Idaho. Eastern soft wheat is much
larger, has more year-round humidity, receives more rainfall,
and has higher disease pressure than does the drier North-
western soft wheat.

In this study, several soft wheats that were developed for the
Eastern and Northwestern growing regions were evaluated for
milling and baking. Each group was grown in both Eastern and
Northwestern growing regions for two years. The objective was to
determine whether the wheats’ intended adaptation (Eastern or
Northwestern) or the actual Eastern or Northwestern location of
growth caused greater differences in milling and baking qualities,
and if so, which adaptation or location produced better qualities.
Because quality testing is expensive and time consuming, another
objective was to observe which common quality tests may be sen-
sitive or insensitive to the wide range in qualities exhibited by the
samples. The Eastern and Northwestern samples were tested
within the same series by laboratories in both regions.
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MATERIALS AND METHODS

Wheats

All wheats were grown for two crop years (1987 and 1988) at
the same locations in the states of Michigan and Washington. The
15 wheats consisted of nine developed for the Eastern region and
six developed for the Northwestern region. The nine Eastern
wheats were Arthur, Auburn, Augusta, Caldwell, Cardinal, Frank-
enmuth, Hillsdale, Pioneer 2550, and Tyler. The six Northwestern
wheats were Crew, Daws, Hill 81, Lewjain, Nugaines, and Ste-
phens. Wheats were aspirated to remove any severely shrivelled
kernels that could adversely affect milling yield.

Analyses

Test weights were determined using AACC Method 55-10
(AACC 1995). All wheats were milled at both the USDA/ARS
Soft Wheat Quality Laboratory (SWQL), Wooster, OH, and the
USDA/ARS Western Wheat Quality Laboratory (WWQL), Pull-
man, WA. Some quality tests were accomplished at both laborato-
ries and some at only one laboratory. The SWQL used an Allis-
Chalmers mill using AACC Method 26-32. Break flour yield,
endosperm separation index (ESI), number of reduction passes,
and flour yield were determined as described by Yamazaki and
Andrews (1982). The WWQL used a Buhler mill and AACC
Method 26-31. The Buhler milling score was calculated as:

Milling score = 100 — ((80 — flour yield) + 50(flour ash - 0.30)
+ 0.48(milling time — 12.5) + 0.5(65 — % long
patent) + 0.5(16 — first tempering moisture)

Flour ash was determined using AACC Method 08-01 (AACC
1995). SWQL flour protein contents were determined using
AACC Method 46-12. WWQL flour protein contents were deter-
mined using a thermogravimetric method (Leco, model FP-428,
St. Joseph, MI). MacMichael acidulated flour viscosity was
determined using AACC Method 56-79. Alkaline water retention
capacity (AWRC) of flour was determined using AACC Method
56-10. Cookie diameter was determined using AACC Method 10-
52. Japanese sponge cakes and Japanese noodles were produced
according to Nagao et al (1976) and Otsubo et al (1978). Mix-
ograph type was determined using AACC Method 54-40A and
Finney and Shogren (1972). Near-infrared reflectance (NIR)
spectroscopy was used to determine wheat kernel texture accord-
ing to AACC Method 39-70A. Flour starch damage was accom-
plished using the method of Donelson and Yamazaki (1962). Flour
falling number determination was accomplished using AACC Method
56-81B. a-Amylase activity of flour was determined using AACC
Method 22-06 (AACC 1995).

Statistics

Data were analyzed for descriptive statistics and analysis of
variance (ANOVA) by the Winstar PC statistical software package
(Anderson-Bell, Aurora, CO). The ANOVA model used adapta-
tion, location, and year as fixed effects and cultivar within adap-
tation as a random effect. The location-by-adaptation interaction
term was not statistically significant except for MacMichael vis-
cosity. The error mean square for adaptation was cultivar within
adaptation. The error mean square for location and for location-
by-adaptation interaction was the location-by-cultivar within
adaptation interaction. The error mean square for year and for
year-by-adaptation interaction was the year-by-cultivar within
adaptation interaction. There was no direct test for cultivar.

RESULTS AND DISCUSSION

Analytical means are described as means for Eastern or North-
western wheat adaptations and as means for location (wheats
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grown in Michigan or Washington) as presented in Tables I-III.
For each laboratory, reported data are the means of both crop
years, or are presented for individual crop years if the ANOVA
test for differences between years was significant (P < 0.05).
ANOVA mean squares and F-ratio probability levels for testing
differences between means for Eastern or Northwestern wheat
adaptations and location of growth (Michigan or Washington) are
presented in the Tables I-III.

Milling Quality Predictive Tests

Compared to Michigan, the drier growing region in Washington
produced higher mean test weights and wheats developed for that
region had higher mean test weights from the 1987 crop (Table I).
As would be expected, the greater differences among location
means suggest that environment had greater effect on test weight
than did cultivar adaptation. It is generally recognized that North-
western grown wheats often have higher test weights and larger
kernels than Eastern grown wheats.

Wheat kernel texture was estimated from Buhler long patent
flour percentage, Allis-Chalmers break flour percentage, and NIR
hardness values. Except for the 1987 Buhler long patent flour,
wheat adaptation did not significantly influence kernel texture.
Also, except for 1987 Buhler long patent flour, wheats grown in
the more humid state of Michigan were softer, producing more
break and patent flours than those grown in the dryer state of
Washington. As would be expected, the softer Michigan grown
wheats also had lower levels of damaged starch. ANOVA mean
squares and probability levels suggest that location of growth had
much more influence over kernel texture than did intended culti-
var adaptation.

The number of reduction passes required during Allis-Chalmers
milling represents how quickly reduction mill stock is reduced to
flour. Reduction stock from wheats grown in Washington reduced
to flour more quickly. Allis-Chalmers endosperm separation index
(ESI) represents the ease with which endosperm is released from
bran flakes. Lower ESI values are usually superior milling wheats.
The Northwestern-adapted wheats grown in 1988 had better bran-
endosperm separation. Allis-Chalmers total flour yield was
slightly better among wheats grown in Washington. Buhler flour
yield was better only for the Northwestern-adapted wheats from
the 1987 crop. The Buhler milling score was better (P < 0.05) for
the Eastern-adapted wheats from the 1988 crop and for wheats
grown in Washington. Being a longer and nonautomated milling
system, the Allis-Chalmers milling system differentiated better
among cultivars on the basis of adaptation and location than did
the fixed Buhler milling system.

Flour Quality Predictive Tests ,

Eastern-adapted wheats and wheats grown in Washington pro-
duced lower ash values (Table II). Wheats grown in Washington
produced lower wheat and flour protein contents in the 1988 crop
year. Marchylo et at (1990) noted that the environment did not
influence gliadin and glutenin chromatograms, but that the envi-
ronment could affect the quantitative analysis of those extracted
proteins. Eastern- and Northwestern-adapted wheats had similar
levels of protein content.

MacMichael acidulated flour-water viscosity values were lower
for wheats grown in Michigan in 1987. AWRC values were lower
among wheats grown in Michigan and among Eastern-adapted
wheats, which may reflect the lower levels of damaged starch
among those wheats.

End-Use Quality Predictive Tests

Sugar-snap cookie diameters were larger among wheats grown
in Michigan and among Eastern-adapted wheats (Table III). Japa-
nese sponge cake volumes, cake scores, and crumb grain values
were better among wheats grown in Michigan. Sponge cake tex-






