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MISCELLANEOUS

Dielectric Properties and Water Mobility for Heated Mixtures
of Starch, Milk Protein, and Water'

M. N. TSOUBELI, 2 E. A. DAVIS,2 and J. GORDON2

ABSTRACT Cereal Chem. 72(l):64-69

The dielectric properties of hydrated whey protein isolate (WPI), Ca- absorptivity of starch during heating but such an effect was not evident
caseinate, and wheat starch, alone or in combination, were measured with Ca-caseinate. The dielectric properties of these systems were com-
at ambient temperature and during heating to 900C. At lower moisture pared with their hydration properties by electron spin resonance using
contents and ambient temperature, WPI exhibited higher dielectric proper- TEMPO, a water and oil-soluble noninteractive probe to correlate water
ties than starch, whereas Ca-caseinate had a lower dielectric constant mobility results to dielectric relaxation phenomena. All systems were
than either WPI or starch. At higher moisture contents, the dielectric equally effective in slowing the motion of TEMPO. However, their di-
properties were similar. At moisture contents of 30-80%, WPI showed electric properties differed, indicating that the dielectric properties are
increasing microwave absorption properties with increasing temperature; not only influenced by the water but by the macromolecules present as
at higher moisture contents, microwave absorption by Ca-caseinate well.
decreased with temperature. Adding WPI affected the dielectric loss and

Milk protein ingredients are used in many applications by the
food industry because they provide a wide range of functional
properties and have high nutritional value. The influence of milk
proteins in various food systems has been extensively studied.
In one study, Pearce et al (1984) found that the adding nonfat
dry milk solids to cake batter influenced properties such as air
cell size, foam stability, and lipid emulsification. Other studies
have also addressed the functionality of milk proteins and their
incorporation into various products (Kinsella 1982). What is not
clear, however, is the relationship between the functional proper-
ties and the physicochemical interactions of the proteins with
other ingredients that cause functionality modification. In cereal-
based products, such interactions include interactions between
milk proteins, starch, lipids, and water. With the advance of micro-
wave-heated products, a better understanding of the dielectric
behavior of milk proteins, alone and in combination with starch,
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is important to controlling cereal product quality.
Dielectric properties, the interaction of a material with electro-

magnetic radiation, can be expressed as: dielectric constant (k'),
a measure of the ability to store the electromagnetic radiation,
which is related to polarity; dielectric loss (k"), a measure of
the ability of a material to transform or dissipate the electric
energy into heat; and absorptivity (/ Ri), a measure of how the
waves will be affected when they enter the material, defined as
the inverse of the penetration depth. The penetration depth pro-
vides information on how far a wave will penetrate into a material
before it is reduced to 1 / e of its original intensity (Mudgett 1986).

In heating by electromagnetic energy, water is the primary com-
ponent of a food system that interacts with electromagnetic radia-
tion at 2,450 MHz. Water mobility has been assessed by many
methods for various systems. Electron spin resonance (ESR) using
the noninteractive probe TEMPO has been used to assess water
mobility in gluten and water systems (Pearce et al 1988) and
whey protein concentrate and water systems (Schanen et al 1990).
In both studies, a splitting in the high field line of a typical three-
line TEMPO spectrum indicated a partitioning of the probe into
two water environments with differing mobility. Water self-diffu-
sion coefficients (D) and dielectric properties have been also ob-
tained (Umbach et al 1992) for conventional and microwave-
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heated starch and gluten systems. No difference between the D
values was found between the conventional and microwave-heated
samples. The k' and D were both affected by the moisture content,
but k" was not. Both properties were dependent on the ratio
of starch to gluten for the heated samples. In another study,
the dielectric properties of modified corn starches were examined
(Miller et al 1991). The k' of modified and unmodified corn
starches remained constant during heating, whereas k" and 1/ Ri
of certain modified corn starches increased. Also, the degree of
substitution influenced the dielectric behavior of the corn starches.

The mobility of water molecules in the vicinity of a macro-
molecule can affect the dielectric properties of a system. The k'
is most affected, but the k" and 1/ Ri depend on water mobility
also, as well as on the nature of the macromolecules and the
relaxation of particular side chains. Although water relaxation
and water mobility have been addressed by a number of scientists,
food systems have not been widely characterized by their dielectric
properties. In this study, the dielectric properties of commercial
whey protein isolate (WPI), Ca-caseinate, wheat starch, and their
combinations were studied at ambient temperature and during
heating to 900C. The hydration properties of these systems were
also studied by ESR using the water and oil-soluble noninteractive
probe TEMPO to correlate water mobility results to dielectric
relaxation phenomena.

MATERIALS AND METHODS

Materials
WPI (Bi-Pro, Le Sueur Isolates, Le Sueur, MN) isolated from

cheese whey by ion-exchange chromatography was used. The WPI
suspension was ultrafiltered and freeze-dried. The isolate con-
tained 95% undenatured protein (manufacturer's analysis: protein
>95%, ash <3%, moisture 5%, fat 1%, lactose <1%). Ca-caseinate
(Alanate 309) was provided by New Zealand Milk Products (Santa
Rosa, CA) (manufacturer's analysis: protein 90.5%, ash 4.1%,
moisture 4.2%, fat 1.1%, lactose 0.1%). Wheat starch (Aytex-P)
was obtained from Ogilvie Mills (Minneapolis, MN). The probe
TEMPO (2,2,6,6-Tetramethyl piperidine-l-oxyl) (Fig. 1) used in
the ESR experiments was obtained from Aldrich Chemical Co
(Milwaukee, WI).

Dielectric Properties
The k' and k" were measured at 2,450 MHz using the cavity

perturbation method (ASTM 1970) with a network analyzer
(model HP 8357A, Hewlett Packard, Santa Rosa, CA). The 1/ Ri
was calculated as:

l/Ri=27r k'(,/l+tan26-1)

X 2

where X is equal to 12.245 cm and tan8 is equal to the ratio

of k" to k' (Von Hippel 1954). The dielectric properties were
measured at ambient temperature and during heating to 900C
using a conventional oven with a waveguide placed inside. Samples

Fig. 1. Chemical structure for nitroxide probe TEMPO (2,2,6,6-Tetra-
methyl piperidine-l-oxyl).

were placed in capillary tubes without air introduction and
centered in the cavity for measurement. Two grams of protein
or starch were mixed with water to obtain a final moisture content
of 30, 40, 50, 60, or 80% on a wet basis. The dry ingredients
were mixed first and the appropriate amount of water was added.
The protein-starch ratios in these mixtures were always 1:1 (w/ w).

ESR Measurements
A 1:0.001 (w/w) aqueous solvent solution of water and TEMPO

was prepared by slurrying the probe and water for 24 hr at ambient
temperature. An aliquot of the probe solution was added to the
protein or wheat starch until the system was 60% water; the
mixtures were magnetically stirred for 24 hr. The results could
be compared to the dielectric properties experiments or to results
of previously reported data. An aliquot of the prepared sample
was placed in a 2-mm capillary tube for heating studies; the
capillary tubes were heat-sealed and heated in a water bath for
6 min at either 50, 75, or 90'C and then quenched for 5 min
in an ice-water bath before ESR measurements.

The 2-mm capillary sample tubes were placed in a 5-mm nuclear
magnetic resonance tube and spectra were recorded on an IBM
Bruker ER-200D (Billerica, MA) spectrophotometer at about 9.78
GHz at ambient temperature. The center field was 3,450 G and
the scan range was 100; the attenuation power was low enough
to avoid saturation. Correlation times were calculated (Kivelson
1960) assuming isotropic motion of the nitroxide radical.

Statistical Analysis
The unbalanced data sets of k', k", and 1/ R, were each analyzed

using the MacAnova program for the main effects of system type
and moisture content and their interaction (Oehlert 1989). The
correlation times data set was also analyzed. Duncan's multiple

TABLE I
Dielectric Properties as a Function of Moisture Content

at Ambient Temperature

Moisture Dielectric Propertiesa
Content
(%) System V k" 11R1

30 Starch 10.48 b 2.99 a 0.23 a
Whey protein isolate (WPI) NAb NA NA
Ca-caseinate (Ca-cas) 5.91 a 2.04 a 0.21 a
WPI and starch 24.36 c 8.23 c 0.42 b
Ca-cas and WPI 6.42 a 1.68 a 0.17 a
WPI and Ca-cas and starch 7.25 a 2.20 a 0.21 a
Ca-cas and starch 13.12 b 4.25 b 0.30 a

50 Starch 40.04 c 8.63 b 0.35 a
WPI 25.35 a 7.06 a 0.36 a
Ca-caseinate 31.92 b 7.01 a 0.32 a
WPI and starch 33.37 b 8.77 b 0.39 a
Ca-cas and WPI NA NA NA
WPI and Ca-cas and starch NA NA NA
CA-cas and starch 32.9 b 8.69 b 0.39 a

60 Starch 51.87 b 8.88 a 0.32 a
WPI 49.99 b 10.61 b 0.38 b
Ca-caseinate 36.71 a 10.7 b 0.45 b
WPI and starch 45.53 b 10.37 b 0.39 b
Ca-cas and WPI 35.87 a 9.24 a 0.39 b
WPI and Ca-cas and starch 37.32 a 9.29 a 0.39 b
Ca-cas and starch 37.42 a 8.57 a 0.36 b

80 Starch 58.52 b 8.26 a 0.28 a
WPI 59.02 b 9.64 a 0.32 b
Ca-caseinate 57.92 b 11.06 b 0.37 b
WPI and starch 61.56 b 9.20 a 0.30 a
Ca-cas and WPI 63.27 b 11.38 b 0.37 b
WPI and Ca-cas and starch 63.04 b 11.47 b 0.37 b
Ca-cas and starch 50.66 a 10.27 ab 0.37 b

a Standard deviation (n = 2) k':l.53; k":0.33; l/Ri:0.03. Means with the
same letters were not significantly different (P < 0.05).

bNot available.
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