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The effects of 4% dairy ingredients on dough absorption and mixing
time, parameters of fermentation, loaf volume, and bread characteristics
were determined. Dairy ingredients, generally, increased water absorp-
tion and decreased mixing time. The decrease in mixing time was to
some extent reversed by heat treatment (at 80 or 95 0C) of nonfat dry
milk (NFDM), casein, or whey. Dialysis of whey did not improve its
poor mixing stability. Untreated dairy ingredients lowered the dough
height at maximum development time (Hm, measured by the Rheofer-
mentometer). The drop was reversed by heat treatment or dialysis. Hm

was positively correlated (r = 0.87) with time of Hm (T1) and negatively
correlated (r = -0.88) with drop in volume after 2 hr. Caseins drastically

Dairy ingredients such as nonfat dry milk (NFDM), whey, and
casein are widely used in the preparation of bakery products. The
nutritional, organoleptic, and some functional properties of bread
enriched by dairy products are improved. Increased water absorp-
tion, reduced staling rate, and increased crust color are some of the
advantages of dairy ingredients in breadbaking (Dubois and Dreese
1984). On the other hand, dough slackening and volume-depressing
effects with nonheated dairy fractions have been reported frequent-
ly. The performance of dairy ingredients in baking has been the
subject of many publications, and almost every milk fraction has
been described as loaf volume-depressing. Such fractions include
whey proteins (powders or concentrates), casein, and lactose
(Harland et al 1943, Larsen et al 1949, Ashword and Kruger
1951, Gordon et al 1953, Swanson and Sanderson 1967, Zadow
1981, Harper and Zadow 1984).

In the context of dairy ingredient performance in baking, sev-
eral conclusions emerge from the published data. First, the func-
tionality of a dairy ingredient or product is related to its individ-
ual components and to its production conditions (Claypool 1984).
Second, the interaction patterns between dairy and wheat flour
components depend on the dairy fractionation method and wheat
flour characteristics. Third, some baking parameters such as mixing
time and water absorption govern the performance of a particular
dairy ingredient in the final product. Dairy products, such as
NFDM, caseins, and whey protein powders or concentrates vary in
overall composition and the extent of denaturation. Those variations
in starting materials combined with variations in functionality and
performance in different foods make it difficult to categorize the dairy
products in a simple and straightforward manner (Kinsella 1984).

The complexity of the breadmaking system, including several
stages of processing and interaction among the components,
makes it difficult to predict the performance of a particular dairy
product based on its behavior in a model system. Thus, for
example, the performance of a dairy ingredient may vary with
flour composition and strength, presence of additives, bread-
making system (straight or sponge; fixed or optimized), and tested
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reduced the loaf volume of bread baked in the bread machine; heat
treatment of the caseins counteracted the loss. Heat-treated acid whey
protein increased the loaf volume and lowered the rate of staling, as
measured by universal testing machine (UTM) crumb firmness meas-
urements and differential scanning calorimetry enthalpy changes. In
bread baked by the optimized procedure, heat treatment alone, or in
combination with dialysis, counteracted the deleterious effects of adding
nontreated whey protein, but not of caseins. Baking performance could
be predicted by the Rheofermentometer time of maximum gas forma-
tion. Heat-treated whey proteins lowered the rate of staling in optimally
baked bread as in bread baked by the fixed formula.

parameter (mixing tolerance, fermentation requirements, oxida-
tion requirements, loaf volume, and crumb grain firmness).

In a previously reported model system (Erdogdu et al 1995a,b),
we found that, as assessed by differential scanning calorimetry
(DSC), dialyzed acid whey powder and commercial acid whey
protein concentrate interacted with wheat flour components in a
similar manner. Dialysis, rather than heat treatment, caused the
most pronounced changes in the interaction patterns of acid whey
powder (AWP) with wheat flour components. In this study, we
investigated the effects of whey powder, casein, and NFDM on
physical dough properties of nonyeasted doughs (by the mix-
ograph), on fermentation parameters of yeasted doughs (by the
Rheofermentometer), and on breadmaking in fixed (bread machine)
and optimized (100-g flour pup loaf) system (AACC 1983).

MATERIALS AND METHODS

NFDM, AWP, and acid casein (AC) were prepared from fresh
raw milk. Milk from the Washington State University Creamery
contained 3.9% fat, 3.2% protein, 4.8% lactose, 0.8% ash, and
87.8% water. Milkfat was removed by centrifugation at 3,000 x g
for 30 min (4°C). Casein was separated from whey by acid pre-
cipitation at pH 4.6 (20°C) (McKenzie 1971). NFDM, AWP, and
AC were heat-treated at 80 or 95°C for 10 min. Dialysis and/or
heat treatment were included in preparation of laboratory acid
whey to simulate preparation of commercial whey protein
concentrate (CWPC). The fresh AWP was dialyzed against
distilled water at 4°C for 36 hr. Dialyzed AWP (DAWP) was heat-
treated at 80°C for 10 min. All fractions were frozen, freeze-
dried, and ground to pass a 0.25-mm (round openings) sieve, and
kept at 4°C for further analysis (Table I).

Commercial acid whey protein concentrate (CAWPC), a by-
product of cottage cheese production, was obtained from Main
Street Ltd. (La Crosse, WI). Commercial acid casein (CAC) was
obtained from New Zealand Milk Products, Inc. (Santa Rosa,
CA). Lactose (CL) was obtained from Sigma Chemical Co. (St.
Louis, MO).

Commercial AWP contains 11-15% protein, 7.1-12.5% ash,
61-75% lactose, and 3.5-7.5% water (Hugunin 1987). Commer-
cial WPC with 35% protein is "perceived" to be a universal sub-
stitute for NFDM because of the similarity in gross composition
and its dairy character (Hugunin 1987). Dried WPC are usually
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ultrafiltered to increase the protein content from 13 to 30% or
more; at the same time, ash and lactose concentration is reduced
proportionately. WPC can contain 36-83% protein, <7% ash,
<60% lactose, and 3-4% water. The compositional characteristics
of the dairy fractions of this study are in agreement with these
specifications (Table I). The laboratory-dialyzed AWP and
CAWCP were similar in composition. The difference in the ash
contents of AWP and AC was due to the modification of the
casein structure by acidic pH. In the native state, casein structure
is associated with colloidal calcium. The acid treatment disrupts
the native structure of the casein and casein micelles. Thus,
adjustment to pH 4.6 dissociates the colloidal calcium phosphate
structure, solubilizes the calcium, and, consequently, the casein
precipitate contains only low amounts of calcium (Leman and
Kinsella 1989). Laboratory-prepared AC was higher than com-
mercial acid casein in its lactose contents.

Commercial bread flour was obtained from Fisher Milling Co.
(Seattle, WA). Protein content was 14.7% (N x 5.70); ash content
was 0.83% (water-free basis); water absorption was 65% (14%
mb).

Analytical Methods
Moisture and ash of dairy ingredients were determined accord-

ing to AOAC methods 44-16.212 and 16.216, respectively
(AOAC 1984). Flour moisture and ash were determined according
to AACC approved methods 44-16 and 08-01, respectively
(AACC 1983). Protein in milk fractions (N x 6.38) and flour (N x
5.70) were determined with a nitrogen analyzer (Leco Corp. St.
Joseph, MI). Moisture content of the bread crumb was determined
as weight loss after drying in a forced-draft oven at 130'C for 4
hr. Bread crumb water activity was measured by the CX-1 Water
Activity System (Decagon Devices Inc., Pullman, WA).

DSC Measurements
DSC measurements (DSC-2, Perkin-Elmer Corp., Norwalk,

CT) were done according to Czuchajowska and Pomeranz (1989).

Dough Mixing Properties
Dough mixing properties and water absorption were deter-

mined by the method of Finney and Shogren (1972) for doughs in
which 4% dairy product (flour basis) was added to the flour.

Rheofermentometer Gas Formation and Retention
Gas formation and retention in fermenting doughs were

determined according to the procedure of Czuchajowska and
Pomeranz (1993a,b) using a Rheofermentometer F1 (Tripette &
Renaud, Tans, France). Yeasted dough was prepared with 4%
dairy ingredient, 6% sugar, 3% shortening, 1.8% salt, and 1.8%
instant yeast in 200 g of flour (14% mb). An optimum amount of

TABLE I
Protein, Ash, Lactose Content, and pH of Investigated Dairy Productsa

Blendsb Proteinc Ash Lactosed pH

NFDM (1,2) 34.62 7.02 58.3 6.6
AWP (1,2) 13.49 10.65 75.9 4.6
DAWP (1) 33.80 5.92 60.3 4.6
CAWPC 36.10 7.11 53.5 4.6
AC (1,2) 74.64 3.71 21.7 4.6
CAC 96.90 2.00 0.1 4.6
CL 0.00 0.00 99.9 *-

a % water-free basis.
b NFDM = nonfat dry milk; AWP = acid whey powder; D = dialyzed; AC =

acid casein; CAWPC = commercial acid whey protein concentrate; CAC =
commercial acid casein; CL = commercial lactose; (1,2) = heat-treated at 80
or 950 C.

c Nx6.38.
d Calculated by difference.
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water, based on mixograph data, was added. The dough was
mixed to optimum in a Hobart mixer, and 200 g of dough was
placed in the Rheofermentometer vat. The dough was tested
under 1,746-g weight constraint at 30'C (±1) for 2 hr. The
Rheofermentometer simultaneously measured and recorded the
parameters related to dough development, gas production, and
gas retention. Measured Rheofermentometer parameters included:
Hm = height (mm) under constraint of dough at maximum devel-
opment time; T, = time (hr) of Hm; dough volume loss = drop in
the dough volume (%) at the end of the test (2 hr); T1' = time of
maximum gas formation (hr); TG = total gas production in the
dough (ml); gas retention = volume of the gas retained in the
dough at the end of the test.

Breadmaking
Fixed procedure. A bread machine, (model ABM350, Welbilt

Appliance Inc., New York) was used for the fixed procedure
baking experiment. The bread formula included (fwb): 4% dairy
ingredient, 6% sugar, 1.8% salt, 1.8% shortening, and 1.2% yeast.
All ingredients were dry blended with 200 g of flour (14% mb) in
the bread machine. A constant amount of water was added (65%
at 300C), based on the mixograph data of the test flour. The
baking program of the machine included kneading for 30 min,
rising for 75 min, and baking for 30 min. Temperature was
controlled by the settings of the machine throughout baking
(Czuchajowska and Pomeranz 1993a,b). Bread weight and vol-
ume by dwarf rapeseed replacement were determined immedi-
ately after baking. Loaves were cooled to room temperature (21 +
20C) for 1 hr, double-packed in polyethylene bags, and stored for
six days at room temperature. All subsequent measurements were
taken on the central bread crumb. Water activity, moisture, uni-
versal testing machine (UTM, Instron), and DSC measurements
were made 1 hr and six days after baking. The force (N) required
to compress 1 cm of a slice 7-cm thick was determined with a
UTM probe (0.5 in. dia.) at 1 mm/sec.

Optimized procedure. Bread (100-g flour pup loaf) (14% mb)
was also baked by the optimized straight-dough method (AACC
1983). The full bread formula included malt plus the same ingre-
dients and amounts that were used in the Rheofermentometer
experiment. An optimum amount of water was added, and the
dough was mixed to an optimum. The straight-dough procedure
involved 90 min of fermentation, 36 min of proofing at 20°C, and
24 min of baking at 218°C. Three punchings and sheetings fol-
lowed by molding and panning took place before baking. The
proof height was determined at the end of fermentation. Immedi-
ately after baking, each loaf was weighed and the volume was
measured by dwarf rapeseed displacement. Bread texture was
determined 1 hr and 72 hr after baking with a UTM probe (0.5 in.
dia.) at 1 mm/sec (slice 2.5 in. thick representing half of a loaf).
Loaves cooled to 21 ± 2°C (room temperature) were packed in
plastic wrap and sealed for storage.

Statistical Analysis
Determinations were made in at least two replicates and aver-

aged. Data were analyzed using the Statistical Analysis System
(SAS 1985).

RESULTS AND DISCUSSION

Physical Dough Properties Determined by Mixograph
Mixograph patterns of the doughs are shown in Figure 1. Mix-

ograph mixing times and absorption levels and optimum bake
mixing times are compared in Table H.

NFDM and caseins, independent of heat treatment, required
higher water absorption than did the control. Dough prepared
with AWP required 1% more water than did the control when
heated at 80°C and 2% more when heated at 95°C.




