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Identification of Altered Proteins in Nonfat Dry Milk Powder Prepared

from Heat-Treated Skim Milk

Nicholas Parris,” Anthony E. White, and Harold M. Farrell, Jr.
Eastern Regional Research Center, USDA—ARS, 600 East Mermaid Lane, Philadelphia, Pennsylvania 19118

Reversed-phase high-performance liquid chromatography (RP-HPLC) and gel electrophoresis (SDS-
PAGE) were used to monitor changes in the protein profiles of pooled herd (Holstein, Ayrshire, and
Brown Swiss) nonfat milk (NFM) preheated to 63, 74, and 85 °C before spray-drying and storage for
8 months. Elution profiles of rehydrated nonfat dry milk (NFDM) changed with preheat tempera-
ture and storage time. A whey—casein complex comprised of BSA, §-lactoglobulin, a-lactalbumin,
and «- and «a,,-caseins formed in NFDM samples preheated to 74 and 85 °C. Some renaturation of
whey proteins occurred as a result of storage time. The whey-casein complex is stabilized through
disulfide linkage. Examination of isolated insoluble material (2-6% of total protein) indicated that
it is composed almost entirely of caseins that appear to be aggregated with lactose.

Nonfat dry milk (NFDM) powders prepared from skim
milk processed at different temperatures have different
functional properties when used for the manufacture of
various products. Physicochemical changes occur due to
heat treatment, which affect the rehydration of NFDM
powders and the functional behavior of the dispersed pow-
der (Pallansch, 1970). Skim milk can be heated before

spray-drying to meet certain product specifications on
whey protein denaturation. Preheat treatment also affects
the water absorption properties of NFDM powders. Low-
and medium-heat NFDM (63, 74 °C) are frequently used
to make ice cream and dairy beverages, in which some
water absorption is necessary. High-heat NFDM (85 °C)
absorbs more water, which improves its emulsion stabil-
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Figure 2. RP-HPLC elution profile of dialyzed soluble pro-
teins from rehydrated NFDM stored for 120 days. Preheat treat-
ment and identification of milk proteins same as in Figure 1.

rennet action and unsuitable for cheese processing. Whey
protein aggregation in response to heat has also been
explained by the formation of disulfide bonds among whey
proteins (a-LA-8-LG-BSA) (Garrett et al., 1988) or through
hydrophobic interactions and/or calcium-dependent link-
ages with casein micelles (Morr and Josephson, 1968).
Model systems have been studied to explain whey pro-
tein—casein interactions (Singh and Fox, 1987; Euber and
Brunner, 1982; Doi et al.,1983; Haque et al., 1987; Haque
and Kinsella, 1988), the inhibitory effects of lactose on
thermal coagulation of whey proteins (Garrett et al., 1988),
and complexation of whey proteins with each other (Hill-
er and Lyster, 1979).

Classically, milk proteins have been fractionated by
low-pressure column techniques using DEAE~-cellulose
or size exclusion materials in order to study whey pro-
tein and casein interactions. More recently, whey pro-
teins (Pearce, 1983) and caseins (Visser et al., 1983; Car-
les, 1986) have been separated by reversed-phase high-
performance liquid chromatography (RP-HPLC). In this
study we examined the effects of preheat treatment and
storage time of rehydrated NFDM powders on protein
interactions and complex formation. Milk protein pro-
files were obtained with the aid of RP-HPLC; collected
fractions were further characterized by gel electrophore-
sis (SDS-PAGE) because of the complex nature of milk
protein systems due to the presence of genetic variants
and varying degrees of phosphorylation and/or glycosy-
lation.

EXPERIMENTAL SECTION

Nonfat Dry Milk. Raw pooled milk from Holstein, Ayr-
shire, and Brown Swiss cows was skimmed at 38 °C and used
as the control. The skim milk was preheated at 63, 74, and 85
°C for 30 min, concentrated, and then spray-dried to yield low-,
medium-, and high-heat nonfat milk powders (NFDM) accord-
ing to a previously published procedure (Parris et al., 1989).

Parris et al.

Sample Preparation. NFDM powders, 20 g, were dis-
persed in 180 mL of water at 25 °C and stirred until all the
powder was suspended in solution. Insoluble material was iso-
lated as a pellet by centrifugation (1000g, 4 °C, 30 min). The
supernatant material was dialyzed at 4 °C against 6 L of water,
changed four times over 48 h, and termed soluble protein. Insol-
uble material and soluble protein from samples taken at 10-,
120- and 240-day intervals after manufacture were lyophilized,
weighed, and stored at -4 °C before further analysis.

Chromatography. Chromatographic separations were car-
ried out on a Waters Associates (Milford, MA) HPLC system,
which included the following components: Model 6000 A sol-
vent delivery system, Model 660 solvent programmer, Model
U6K injector, and Model 450 spectrophotometer, detector gain
0.1 AUFS. The analytical column used was a 0.46 X 25 cm,
butyl-substituted reversed-phase, 10-um particle size, 300-A pore
size column, which was preceded by a guard column contain-
ing the same packing material, VYDAC (Hesperia, CA). Aque-
ous acetonitrile containing 0.1% (w/v) trifluoroacetic acid (TFA)
was used as the mobile phase. A flow of 0.8 mL/min was main-
tained for 30 min with use of two solutions to produce a gradi-
ent. Solution A was 0.1% TFA in water, and solution B was
10% (v/v) water and 0.1% TFA in acetonitrile. The volumet-
ric proportion of B was increased linearly with time from 33 to
56%. Purified -, a,;-, ay,-, and S-caseins were isolated from
milk according to the procedure of Basch et al. (1985). a-LA,
B-LG, and BSA were purchased from Sigma (St. Louis, MO).
NFDM samples (10 mg) were dissolved in 2 mL of a 50% mix-
ture of solvents A and B and then passed through a 0.2-um
pore size filter, and 50 uL was injected onto the column. NFDM
samples, reduced with 2-mercaptoethanol, were prepared as
described by Visser et al. (1986) except that incubation was car-
ried out at 37 °C and 200-uL sample volumes were applied.
Volatile solvents were removed from collected fractions with a
stream of N, at 40 °C on a Silla-Therm (Pierce Chemical Co.,
Rockford, IL).

Gel Electrophoresis. Sodium dodecyl sulfate-polyacryla-
mide gel electrophoresis (SDS-PAGE) of proteins collected from
the analytical column was carried out on a Phast System Phar-
macia (Piscataway, NJ) with a phast gel gradient of 8-25% acryl-
amide. Samples were prepared according tothe method of Basch
et al. (1985). Dried samples were solubilized in 3.5 uL of pro-
tein solvent system (0.166 M Tris and 1 mM EDTA, pH 8.0),
3.5 uL of 7% SDS, and 1.0 uL of 2-mercaptoethanol and the
mixtures heated at 100 °C for 2 min. After cooling, 1.0 uL of
bromophenol blue dye solution (0.1%, w/v) was added to the
sample. Gels were stained with 0.2% (w/v) Coomassie R350
dye. Molecular weight standards (Bio-Rad, Richmond, CA) and
their corresponding molecular weights were as follows: phos-
phorylase b, 97 400; bovine serum albumin (BSA), 66 200; oval-
bumin, 42 699; carbonic anhydrase, 31 000; soybean trypsin inhib-
itor, 21 500; lysozyme, 14 400,

RESULTS AND DISCUSSION

Effects of Heat Treatment. HPLC elution profiles
for dialyzed soluble material from NFDM powders pre-
pared with preheat treatment at three different temper-
atures and stored for 10 days were compared and char-
acterized by SDS-PAGE. The profiles for the control
(38 °C) and the low-heat (63 °C) dialyzed soluble mate-
rial are depicted in parts a and b of Figure 1, respec-
tively; little difference in the elution profiles was observed.
The SDS-PAGE patterns of the proteins isolated from
corresponding peaks from the analytical column (Figure
1b) are given for the low-heat-treated sample. The posi-
tions of whey proteins and caseins in all the elution pat-
terns were checked by separately running purified com-
ponents on the column under identical conditions. All
caseins, except «-casein, were retained according to their
average hydropbobicities: 8-casein, > x-caseins > a,-
casein > o,-casein (Ekstrand, 1983). a,,- and x-caseins
eluted together from the column and then ¢,,-casein along
with whey proteins BSA and o-LA. (-Casein eluted in












