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ABSTRACT

Differential scanning calorimetry (DSC) thermograms were determined
for wheat flour and milk fractions. Compositional and structural differ-
ences between prime and tailings starch apparently affected their DSC
thermograms and interaction patterns. Tailings starch had a lower gelatini-
zation enthalpy and a higher amylose-lipid complex transition enthalpy
than did prime starch. These observations were attributed to the faster
rate of heat transfer and higher accessibility to water, presumably related
to the smaller granule size of tailings starch. Gluten lowered the tempera-
tures of the amylose-lipid complex endotherm of both prime and tailings
starches. Water solubles increased the gelatinization temperatures of the
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starches due to the competition for available water. Laboratory-prepared
acid whey showed higher denaturation temperatures than sweet whey,
which is explained by the acid-resistant character of the major whey protein
B-1g. A commercial whey protein concentrate showed endotherm tempera-
tures that were considerably higher (>40°C) than those of whey powders.
Ultrafiltration in commercial processing could be responsible for this
temperature shift. The degree to which protein is concentrated by ultrafil-
tration or dialysis affects the relative concentration of water solubles and
influences the functional properties and interactions of whey protein con-
centrates with wheat flour components.

Dairy products are added to foods with the expectation that
they will provide specific benefits to the product. Whey prepara-
tions can provide several benefits to baked goods. Many of those
benefits can be enhanced or reduced by variations in whey pro-
cessing (Hugunin 1987).

Whey, the liquid that remains after casein and fat are separated
from the milk during cheese production, contains most of the
milk’s salts, lactose, and water-soluble proteins. It varies in com-
position with the type of cheese from which it derives, as well
as heat treatment, handling, and other factors. Sweet whey, which
is derived from the manufacture of the ripened cheeses (cheddar,
swiss, provolone, etc.), is so named because its pH (~6.6) is only
slightly below that of fresh milk (Bassette and Acosta 1988). Acid
whey, on the other hand, has a pH of ~4.6 and is a by-product
of cottage cheese or casein manufacture. While the protein and
lactose composition of wheys are similar with respect to the
majority of proteins, acid whey differs significantly from sweet
whey in its content of casein-derived peptides and mineral content
(Bassette and Acosta 1988).

The major obstacles in commercial processing of whey protein
ingredients are the high variability in composition and properties
of products that are classified as whey protein concentrates (WPC)
(Schmidt et al 1984). WPC produced by ultrafiltration became
commercially available in the mid-1970’s. WPC with 35% protein
was perceived to be a universal substitute for nonfat dry milk
(NFDM) because of its similarity in gross composition and dairy
character (Hugunin 1987).

In 1990, the U.S. food industry manufactured ~173 million
pounds of WPC (Anonymous 1991) that contained 35-75%
protein, and a smaller but unknown amount of whey protein
isolate (WPI) that contained =90% protein. Current industrial
procedures for manufacturing WPC usually involve the following
processing steps: 1) whey containing only about 0.5-0.7% protein
is pasteurized; 2) the pasteurized whey is concentrated by ultra-
filtration (UF) to achieve a 20- to 25-fold concentration of protein;
3) the UF retentate is diafiltered against water; 4) the UF retentate
is concentrated by vacuum evaporation (optional); and 5) the
UF retentate concentrate is spray-dried (Morr 1984). Ultrafiltra-
tion reduces the relative concentration of lactose, minerals, and
nonprotein nitrogen compounds in whey. Some of the mineral
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components, however, are associated with the proteins and may
be retained with the proteins through hydrogen bonding or other
attractive forces. Whey calcium can foul or reduce the flux rate
of water through the membranes. Processors have developed
techniques, such as heating and adjusting the pH of the whey,
for reducing this problem. These pretreatments have an effect
on the final mineral content.

The functionality of commercial WPC products is generally
related to the relative content of protein to nonprotein components
and the extent to which those proteins have been denatured during
processing. Ultrafiltration permits the fractionation of whey com-
ponents without heat. However, heat still is involved in WPC
production during pasteurization, thermal evaporation, and
spray-drying (Hugunin 1987). There are indications that purified
whey protein solutions are more susceptible to heat denaturation
than whole whey solutions (de Wit et al 1986).

A survey of commercial WPC and whey protein isolates (WPI)
confirmed a high degree of variability in gross composition,
physicochemical properties, functionality, and flavor (Morr and
Foegeding 1990). Xiong (1992) also reported that limitations in
the commercial utilization of WPC are related to the great vari-
ability in the functional properties due to the differences in
composition and processing.

Differential scanning calorimetry (DSC) has been a widely
accepted tool in investigating variations in thermal behavior of
food systems and was used in this study to characterize fractions
of wheat flour (prime starch, tailings starch, gluten and water
solubles) and milk (whey and casein) and their interactions. This
article deals with the thermal behavior and interactions among
wheat flour fractions. Using DSC, we investigated processing-
related variations in the thermal behavior of dairy fractions. An
accompanying article (Erdogdu et al 1995) reports the use of
DSC to examine the interaction patterns of the wheat flour com-
ponents with dairy fractions in a model system. The findings
from the DSC study were then utilized in interpreting the effects
of dairy fractions on physical dough and breadmaking properties.

MATERIALS AND METHODS

Wheat Flour Fractions
Laboratory-milled, hard wheat standard bread flour (70%
extraction, 68% mixograph absorption) was obtained from the
Western Wheat Quality Laboratory (USDA-ARS, Pullman, WA).
The flour was hand-washed with distilled water into prime
starch (PS), tailings starch (TS), gluten (G), and water solubles
(WS) (Hoseney et al 1969). The 100-g flour was made into a



relatively tough dough (60% absorption), covered with water at
15°C in a porcelain basin, relaxed for 30 min, and manually
washed with five 200-ml portions of water into gluten and a
mixture of starch and water solubles. The water solubles plus
starch were screened (metal screen with 0.5-mm openings) to
recover small gluten pieces and centrifuged for 15 min at 1,600
X g. Four fractions were obtained from top to bottom: water
solubles, tailings starch, insoluble fiber (very thin layer), and prime
starch. The water solubles were decanted, and the starch plus
fiber were resuspended in 500 ml of water from washing of gluten
and centrifuged. The resuspension and centrifugation were
repeated two more times, and all water solubles were combined.
After the tailings starch plus insoluble fiber were removed from
the centrifuge tube, the prime starch was resuspended in 250 ml
of water and centrifuged. The water solubles were discarded. The
flour and the fractions are described in Table 1. A total of 28
fractionations were performed on 100-g flour lots. Prime starch
was dried at room temperature (23°C) until a moisture of ~10%
was reached. Tailings starch, gluten, and water solubles were
freeze-dried to an average moisture content of ~5%. Dry prime
starch and tailings starch were ground with a Udy grinder to
pass a 0.50-mm sieve; gluten was ground to pass a 0.25-mm sieve;
and water solubles were manually ground in a mortar. Ground
samples were kept in sealed containers at room temperature for
further analysis.

Dairy Fractions

Commercial dairy fractions were: 1) acid whey protein concen-
trate (C-AWPC), 2) sweet whey protein concentrate (C-SWPC),
3) acid casein (C-AC) and sweet casein (C-SC), and 4) lactose
(La). Laboratory prepared fractions (L) were: 5) acid (L-AWP)
and sweet (L-SWP) whey powders, 6) simulated whey protein
concentrate (L-WPC) prepared by heating (L-AWP1, L-AWP2)
to 80 or 95°C, respectively, or dialysis (L-DAWP, L-DAWPI,
L-DAWP?) of acid whey protein, and 7) sweet (L-SC) and acid
(L-AC) caseins.

Sources of Commercial Dairy Ingredients

C-AWPC and C-SWPC were obtained from Main Street Ltd.
(LaCrosse, WI). C-AWPC was a by-product of cottage cheese,
and C-SWPC was derived from other white cheeses (such as
mozzarella). Whey protein concentrates products were heated,
ultrafiltered, and spray-dried according to manufacturers’ infor-
mation. C-SC, C-AC, and C-AWP were obtained from New
Zealand Milk Products, Inc. (Santa Rosa, CA) and lactose (La)
was obtained from Sigma Chemical Co. (cat. L-3625, lot. 29F-
0115, St. Louis, MO).

Laboratory Preparation of Dairy Ingredients

Fresh raw milk, obtained from the Washington State University
creamery, Pulman, WA, was used to prepare the fractions. The
milk averaged 3.9% fat, 3.2% protein, 4.8% lactose, 0.8% ash,
and 87.8% water. Milk was skimmed by centrifugation at 3,000
X g for 20 min at 4°C. Skimmed milk was fractionated into
whey and casein by acid precipitation and centrifugation to
produce whey powder and casein (McKenzie 1971).

Acid Precipitation

Hydrochloric acid (1 M) was slowly added to skim milk at 20°C.
As a pH of 4.6 was reached, precipitation was allowed to continue
for another 30 min. The precipitate was collected by centrifugation
at 1,300 X g for 30 min. Precipitate and supernatant were
designated acid casein and acid whey.

Dialysis or heat was included in precipitation of laboratory
acid whey to simulate some of the preparation steps in commercial
whey processing. The L-DAWP was produced by dialysis of fresh
acid whey against distilled water at 4°C for 36 hr. The whey-
to-dialysis water ratio was 1:10, and the water was replaced five
times during dialysis. Spectra/Por, a regenerated cellulose mem-
brane with a molecular weight cutoff of 12,000-14,000, was used
for dialysis. The heated acid whey powders were prepared by
heating the fresh acid whey at 80 or 95°C for 10 min in a water
bath.

Centrifugation

Skim milk was centrifuged at 20,000 X g at 4°C for 90 min
for sweet whey and sweet casein preparations according to
McKenzie (1971). Centrifugation resulted in separation into three
layers from bottom to top: a pale yellow opalescent gel, an
opalescent viscous liquid, and the supernatant. The supernatant
was decanted from the combined two bottom layers. Centrifuga-
tion was selected over rennet precipitation to avoid the formation
of casein-derived peptides.

All laboratory-prepared fractions were freeze-dried to a mois-
ture of ~5%, ground on a Udy mill to pass a 0.25-mm sieve,
and kept in sealed glass jars at 4°C for further analysis.

Analytical Methods

Moisture and ash were determined in wheat flour fractions
according to approved methods 44-15A and 08-01 (AACC 1983)
and in dairy fractions according to methods 16.212 and 16.216
(AOAC 1990). Protein was determined with a Leco nitrogen ana-
lyzer using the conversion factors of N X 5.70 for wheat flour
and 6.38 for dairy fractions. Amylose content of prime starch was
determined by a colorimetric method according to Hovenkamp-
Hermelink et al (1988).

Differential Scanning Calorimetry

DSC assays were performed as described by Czuchajowska
and Pomeranz (1989) on a Perkin-Elmer DSC-2 (Perkin Elmer
Corp., Norwalk, CT) instrument with large volume stainless steel
capsules (cat. 0319-0218). Water (20 ul) was added to 10-mg sam-
ples (water-free basis) and kept in the capsules for 20 min to
4 hr (depending on the nature of the material and rate of water
absorption). Increasing the equilibrium time from 2 to 4 hr did
not affect enthalpy curves. For DSC analysis of interactions
among wheat flour fractions, 1-g samples of each component
were blended in a glass vial and vortexed for 3 min.

For each endotherm curve, onset (T,) and peak (7},) tempera-
tures and transition enthalpies (AH) were computed. Standard
deviations of temperature values were <1.0°C; standard devia-
tions of enthalpy values were <10% of the mean.

Statistical Analysis

All experiments were done at least in duplicate and were aver-
aged. Data were analyzed using the statistical analysis system
of the SAS Institute (1985).

RESULTS AND DISCUSSION

The distribution of nitrogen in the wheat flour fractions (Table I)
is an indication for the efficiency of the fractionation process
as well as of compositional differences among the fractions. The
high protein content in gluten and the low protein content in
prime starch indicate a good separation. The dry matter of gluten
can contain 75-85% protein, depending on the thoroughness of
the washing, and 5-10% lipids, with occluded starch making up
most of the remainder of the dry matter (Khan and Bushuk 1979).
The tailings starch was relatively higher in protein than was the
prime starch. The tailings fractions is composed of starch (mainly
small granules), pentosans, protein, lipids, and ash (Baker et al
1943).

TABLE I
Some Characteristics of Hard Wheat Standard Flour
and Flour Fractions

Flour or Fraction Yield* Protein*® Ash* Amylose*
Flour 100 13.7 0.68 ...
Prime starch 66 0.4 0.21 24.8
Tailings starch 14 2.9 0.29 e
Gluten 15 84.0 0.39

Water solubles 5 13.3 .

*Water-free basis (%).

PN X 5.7.

°In the starch.
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