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Effects of Crystallinity on the Infra-red Y8
Absorptlon Spectra of Lactose and Drled
Milk

IN an earlier communication?!, it was shown that
the infra-red absorption spectra of lactose—casein
mixtures showed very marked changes after freeze-
drying from aqueous solution. This was interpreted
as indicating the presence of an interaction between
the lactose and the casein. During the course of
attempts to elucidate further the nature of this
interaction, it has now been shown that these changes
are due largely to the Bta.te of crystallinity of the

" lactose.

Fig. la shows the spectrum of crystalline lactose,
obtained from & sample of the crystalline a-mono-
hydrate. Fig. 1b shows the spectrum of amorphous
lactose, obtained by freeze-drying a dilute aqueous
solution, or by heat-drying a thin film of lactose
solution on the surface of a barium fluoride plate.
Examination with a polarizing microscope of the
samples used for these spectra confirmed the presence
of crystalline and amorphous material in the respec-
tive samples.
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Fig. 1. Infra-red spectra of (a) crystalline lactose, (b) amorphous
lactose, (c) ‘soluble’ dried separated milk, (4) dried separated milk
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monohydxabe of a:.la.ctose crystalhzes easily . from
solution | at temperatures boelow 95°C., -and the .
anhydrous sugar can be prévarcd by hea,tmg the
monohydrate at 120-130° C.

The importance of the cuuditions of drymg is
indicated by the-published  spe r:.* of heat-dried
full-cream milk and freeze-dried & sparated milk, -
which show bands. typical ofie-lactoss muhﬁdydv'ate
and the glass form respectively:
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When saturated lactose solutions were used for
freeze-drying, the lactose:appeared in the ciystalline
form, if the initial freeziig stage was carried out too
slowly. . The effecis ofsthig can be seen in the spectrum
14 of ref. 1.
These results aresoficparticular interest in the
interpretation of thwuisnfra-red spectra of dried-milk
samples, since .#l.o "speetea of wsamples of dried
separated 1.1k made *solubie’ -y che ‘Instant’ process?
show that th¢ ctose lius been converted into the
~erystallino :form (Fig. ié).” The spectra. of samples
which have be - s =d im the norma! way show that
23 lactose ex:. 3 in the amorphous form (Fig. 1d).
Furt® sr confirmation of this change in the state of
the 1 ctose is afforded by freeze-drying solutions of
‘soluble” milk powder, when the spectra are similar
to Fig. 1d, showing that the lactose has reverted to
the amorphous form.

The conversion of dry amorphous lactose to the
crystalline a-monohydrate on exposure to atmospheric ~
water vapour can be shown by the infra-red spectra,
and similar changes can also be seen in the spectra
of dried-milk samples under similar conditions.

The spectra were obtained with. a double-beam
Grubb Parsons S34 spectrometer fitted with a rock-
salt prism, and the samples were examined using the
potassinm bromide pressed-disk techmnique. Similar
results wers obtained whon the samples were examined
by the ‘Nujol’ mull technique.

J. D. S. GouLpEN

Physics Department,
National Institute for Research
in Dairying,
University of Reading.

JoNATHAN W. WHITE, JUN.

Eastern Utilization Agricultural
Research Service,
Research and Development Division,
United States Department
of Agriculture,
Philadelphia 18, Pennsylvania.

! Goulden, J. D. 8., Nature, 177, 85 (1956).
* Havighorst, C. R., Food Eng., 26, 74 (1954).

Printed in Great Britain by Fisher, Knight & Co., Ltd., St. Albans.






