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Roles of Ol-Relaxation and Glass Transition on Stickiness of Milk Powder
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ABSTRACT
Mechanical relaxations of milk powders
were determined by dynamic-mechanical analysis
(DMA) which was used to observe relaxations
around the glass transition temperature (Tj) as

determined by differential scanning calorimetry

(DSC). The «a-relaxation temperature (Ty) was
taken from a drop in storage modulus (E’) which
shifted to higher temperatures with increasing
protein content but it decreased with increasing a,,.
The sticky-point temperatures (SPT) as determined

by a viscometer technique were higher than the T,

but close to the Ty. Change in storage modulus
decreased as protein contents were increased in
milk powders. Therefore, DMA can be used to
observe oO-relaxations governed by glass transition
and may be used to set guidelines for temperature
and water content for the control of stickiness of

dairy powders during processes and storage.
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Table 1 Composition of the spray-dried milk solids (%, w/w) as determined according to Association of

Official Analytical Chemists (AOAC) method [26].

Composition (%) Lactose MPC-25 SMP MPC-55
Protein N/A 27+1.0 40+ 1.2 57+1.5
Fat N/A 1+0.05 1+0.05 1+0.05
Ash N/A 8+1.0 7+11 11+ 1.1
Water 2+0.1 5+0.1 4 +0.1 5+ 0.1
Carbohydrate 98 £ 1.3 59+ 1.3 48 + 1.1 26+£1.0
(%) Relative amounts of lactose 100 97.4 £ 0.02 96.8 + 0.01 95.6 + 0.01
sugars in carbohydrate galactose N/A 1.4 £ 0.01 1.8 £ 0.01 2.3 +0.02
fraction of powder glucose N/A 1.2+ 0.01 1.4+ 0.01 2.1+ 0.01

Table 2 Glass transition (T,), Ol-relaxation and sticky-point (SPT) temperatures for lactose and milk

powders stored at room temperature (24°C) for 120 h as measured by DSC.

Powders a,=0.11 a,=0.44
Tg (°C) Ta (°C) SPT (°C) Tg (°C) Tq (°C) SPT (°C)
Lactose 65+ 0.3 82.0+0.8 57.8 +1.1 13+ 0.1 249+ 1.7 36.2+14
MPC-25 56 + 0.1 756 £+ 4.0 587+ 1.3 7+04 6.3+0.1 402 + 1.1
SMP 52 +0.3 63.0 £+ 0.8 60.9+1.0 6+ 0.1 16.3+0.5 450+ 1.2
MPC-55 63+1.9 61.6 £+ 0.3 69.9+0.9 16 + 0.3 286 +27 614 +1.1
HANISNAREIIINAITIING 2 a399 (Us@uuazuanlag) TununsinuaaafosmLion
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Figure 1 Modulus changes (storage modulus; E') measured by DMA at frequency = 0.5 Hz for lactose and

milk powders stored at a,, = 0.11 (a) and a,, = 0.44 (b). The data were obtained using dynamic heating at

3°C/min. The onset temperature of Ol-relaxation (Ty) was obtained from the temperature at the drop in

storage modulus around the T,
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Figure 2 Storage modulus (E') of high-lactose milk

powder (MPC-25) stored a, at = 0.33. Mechanical

relaxations of the powders were measured by DMA

with various frequencies (0.5, 1, 5, 10 and 20 Hz)

at heating rate of 3°C/min.
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Figure 3 Torque value at different water activities (a,) for lactose and milk powders as a function of

temperature difference to the glass transition temperature (T-T,), measured using a Brookfield viscometer.

Values are mean + SD (n=3).
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Figure 4 Arrhenius plots of mechanical Ol-relaxation temperature (T) for lactose and milk powder at a,, =
0.33. The lines follow the Arrhenius Eq. (1) fitted to the experimental data. Intersection points of the vertical
arrow and Arrhenius plots of DMA give a frequency corresponding to T, determined by DSC. Values are

mean + SD (n=3).
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Figure 5 Comparison of glass transition temperatures, T, and sticky-point temperatures, SPT, of milk
powders with various lactose-protein contents (A). The SPT were measured using a Brookfield viscometer.
(B) shows SPT of the milk powders with various protein contents against water activity. The T, of

amorphous lactose is shown for comparison. Values are mean + SD (n=3).
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