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Microscopic observations of samples of malto-
dextrin which had been freeze-dried from solutions
containing organic volatile revealed that, in many
cases, the dry maltodextrin contained entrapped
droplets of the liquid volatile. The amount of
volatile retained as measured by gas chromato-
graphic analysis compared favorably with that
calculated from microscopic observations. The

structure of the freeze-dried maltodextrin cake was
observed by optical sectioning in the light micro-
scope and with the scanning electron microscope.
The structure consisted of numerous intersecting
plates which had the retained volatile within the
plate. Droplets of similar appearance were ob-
served within the solids of freeze-dried coffee
samples.

systems is very important in insuring the high quality

flavor associated with these products. In the past few
years much effort has been devoted to measuring the extent
of volatile retention in freeze-dried foods, and developing
theories by which this retention may be explained. Three
basic theories have been presented in the literature (King,
1970). Sorption of the organic volatile on particular sites
during its passage through the dry layer has been postulated
by Rey and Bastien (1962). Diffusion-based mechanisms
have been presented by Thijssen and Rulkens (1969) and King
and Chandrasekaran (1971). While these two presentations
differ in depth of mathematical analysis, they both are based
on the finding that the diffusion coefficienis of water and vola-
tile depend on the moisture content in such a way that the
diffusion of volatile is much smaller than that of water when
the moisture content is low. In King and Chandrasekaran’s
(1971) latest analysis it is possible (by accounting for the dif-
ferent fluxes of the dissolved solids and the water) for the
volatile to undergo a reversal diffusion relative to the water.
Flink and Karel (1970) have attributed the retention of the
volatile to an entrapment within localized structures (‘‘micro-
regions”’) in the freeze-dried solute matrix.

Optical microscopic techniques are widely used in chemical
and mineralogical laboratories for the study of solid systems
(Schaeffer, 1966; Chamot, 1958). Luyet (1960) and his as-
sociates have extended the microscopic technique to the eval-
uation of crystallization and freeze-drying of biological sys-
tems. These investigations have generally been related to
the state of ice and water in the system during these processes.

The scanning electron microscope (SEM) is a relatively
new instrument which is only starting to demonstrate its po-
tential for evaluating the surface structure of materials (Oatley
et al., 1965; Johari, 1968). An example of this potential
is the SEM’s new application to studies of biological material,
for instance, to investigations of the changed appearance of
the wheat starch granule’s surface after enzymatic attack
(Evers et al., 1971).

METHODS

Solution Preparation. Agqueous solutions (20%; w/v) of
maltodextrin (Snowflake maltodextrin 01913, Corn Products
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Co., Holte, Denmark) were prepared. To 100 ml of the
solution was added 1 ml of one of the following reagent
grade volatiles: hexanal, isovaleraldehyde, acetone, methyl-
ethyl ketone, ethanol, 1-propanol, 1-butanol, and diacetyl.
The solutions were shaken by hand until the liquid appeared
homogeneous (clear). This was usually accomplished in a
matter of seconds (10-20 sec). The solutions were poured
into sealable plastic sample holders to a depth of about 4 mm
and were frozen at —40°C. The freeze-drying was usually
conducted with a minimum of heat and at a chamber pres-
sure of approximately 200 mTorr. This treatment corre-
sponded to a frozen layer temperature of approximately
—20°C.

Retained Volatile Analysis. The volatile content after
freeze-drying was measured gas chromatographically by
reconstituting the dry material to its initial solids concen-
tration with water and injecting a 2-ul sample. Samples of
the initial solutions which had been stored at —40°C were
used as controls. The ratio of the peak areas for the recon-
stituted freeze-dried and the initial solutions was taken as
the fraction of the volatile retained. A Beckman GC-M
dual flame ionization chromatograph was used with 6-ft X
l/e-in. columns of Porapak Q (Waters Assoc., Framingham,
Mass.) The temperature and gas flow rates were chosen
to give good peaks in a reasonable amount of time.

Optical Microscopic Techniques. Two types of micro-
scopes, a mineralogical polarization microscope (Leitz,
SM-POL) and a light field-phase contrast microscope (Olym-
pus Ec4Tr-E2) were used for visual and photographic
analyses of the dried samples. The refractive indices of the
various materials were measured with a series of 24 solutions
composed of either water and glycerol (1.333 < n < 1.475)
or paraffin oil and n-bromonaphthalene (1.479 < n < 1.656).

The freeze-dried cake was carefully cracked and a fractured
surface was gently rubbed with the tip of a fine needle to flake
off dry material onto a microscope slide. If it appeared neces-
sary the flakes were crushed further. A drop of the desired
refractive index solution was placed on the slide and mixed
with the dry solid; finally, a cover slip was placed on the slide.

The refractive index of the solid was measured by the move-
ment of Becke’s line when the focus of the microscope was
shifted from the optimum focal point. When the distance
between the microscope objective and the sample is increased
beyond the optimum focus, Becke’s line will move to the
material possessing the higher refractive index. Thus, if the
solid has a refractive index higher than that of the refractive
index solution, this difference may be observed when the
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