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HE CRYSTALLINE NATURE of glyeeride mixtures,
T such as oceur in natural fats, is an important

though eomplex problem for study. The physical
properties of a fat are closely related to the size and
shape of the erystals and the tendency of those erys-
tals to vary with methods of production, tempering,
and conditions of storage of the fat.

A review of the literature shows that considerable
but not extensive use has been made of microscopy in
connection with various phases of fat chemistry and
technology. Work prior to 1936 is adequately pre-
sented by Mehlenbacher (24) and Greene (8).
general, these early investigations were conduected on
fats and oils erystallized from solvénts or on deriva-
tives of fatty acids in efforts to identify a particular
fatty component. For example, Reinders, Doppler,
and Oberg (28) concluded, from microscopic exami-
nation, that cocoa butter was either a single pure
glyceride or a mixture of two or more glycerides
which do not crystallize separately but in a solid
state form homogeneous mixed erystals. Dilatometric
studies and fractional crystallization of the fat con-
firmed the latter conclusion. The literature since 1936
shows further useful applications of microscopy in
the chemistry of fats. Green (9—16) has published
photomicrographs of the reaction products of fats
with alkalies and phenylhydrazine. Weitkamp (31)
has recorded dark-field photomicrographs of n-fatty
acids, optically active 2-hydroxy acids, iso acids, and
dextrorotary -anteiso acids obtained from degras.
Rosevear (30) has presented an excellent paper on
the microseopy (polarized light) of liquid erystalline
neat and middle phases of soaps and synthetic deter-
gents. Ravich and coworkers (1,7, 26,27) employed
polarized light microscopy in studying polymorphism,
solid solutions, and thermal behavior of various tri-
glycerides and fatty acids. Malkin ef al. (4,5, 6, 21,
22,23) and Quimby (25) have employed polarized
light illumination to observe various known glycer-
ides and their polymorphic forms.

‘While microscopic examination has been employed
rather widely in the field of fats and oils, as previous-
1y noted, very little has been published on the crystal
habit of shortenings. Bailey (2) presented several
photomicrographs of various shortenings. Hellman,
Zobel, and Senti (17) reported certain changes in
global spread caused by tempering. Hoerr and Waugh
(20) found that certain differences between lard and
rearranged lard are revealed by means of microscopic
mnted at the meeting of the American Oil Chemists’ Society,
Philadelphia Pa., Oct. 10-12, 1955,

2 A laboratory of the Eastern Utilization Reszarch Braneh,

Agricul-
tural Research Service, U. 8. Department of Agriculture.

189

examination that are not shown by the usual analyti-
cal methods.

Recent developments and improvements in miero-
scopes and methods of illumination have extended the
adaptability and usefulness of the instrument to the
study of many problems. Phase contrast illumination
is one of these recent developments which is finding
wide usage in the microscopical study of transparent
or relatively transparent specimens in which detail is
not rendered satisfactorily by conventional methods
(3). Reynolds and Verma (29), using phase con-
trast and polarized light illumination, made obser-
vations on the growth and optical properties of stearic
acid erystals grown from a dilute solution of benzene.
Hessler (18,19) has compared phase contrast with
polarized light illumination in an investigation of the
structure of waxes and their identification and con-
cluded that phase contrast microscopy would be use-
ful in further work. In the present investigation,
phase contrast and polarized light miecroscopy were
employed to observe the crystal formations of lard
and rearranged lard under different conditions of
sample preparation and treatment.

Experimental

Equipment.> In this investigation an American
Optical Company petrographic microscope was em-
ployed for obtaining the photomicrographs with
polarized light. Illumination was furnished by a
‘¢Zireonare’’ photomicrograhic lamp made by the
Fish-Shurman Corporation.

A Bausch and Lomb microscope equipped with
B. & L. turret-type Abbe condenser phase contrast
aceessories and illumination by means of a B. & L.
Research INuminator equipped with a ribbon filament
bulb and a green filter (Wratten ‘‘B’’ type, No. 58)
were employed for photomicrographs in phase
contrast.

All photomicrographs were taken with a B. & I.
camera, Type H, using 4 x 5 inch Ortho-X cut film.

Techniques. The preparation of slides for micro-
seopic examination is of utmost importance, and
numerous techniques were tried in order to obtain
satisfactory reproducibility of slides and crystal
appearance.

Three general techniques or procedures proved best
for their particular purpose and were used in this
work:

a) A definite amount of a plasticized sample was weighed
on a slide, an 18-mm. diameter circular cover glass was placed

3 Mention of specific firms and products throughout this paper does
not imply endorsement of such by the Department of Agriculture to
the possible detriment of similar firms and products not mentioned.



190

Plasticized lard, 400 x magnification
(a) 'Thick preparation, polarized light
(b) Thick preparation, phase contrast
(¢) Thin preparation, polarized light
(d) Thin preparation, phase contrast
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Fi16. 1. Comparison of lard and rearranged lard, technique (A).

Vor. 53

’ A

Plasticized rearranged lard, 400 x magnification
(e) Thick preparation, polarized light
(f) Thick preparation, phase contrast

(

g

) Thin preparation, polarized light

(h) Thin preparation, phase contrast

on the sample, and pressure was applied until the sample was
spread just to the edge of the cover glass in all directions.
The weight of sample varied from about 2 to 25 mg., depend-
ing on whether a thin or thick preparation was desired. Tle
prepared slides were stored and examined periodieally at a
temperature of 24.5°C.

b) This procedure was similar to that employed by Hoerr
and Waugh (20) except that thinner slide preparations were
used. About 2.5 mg. of plasticized fat were pressed out to the
edge of the cever glass as in a), the slide was warmed (about
45°C.) to melt the sample and then held in a constant tempera-
ture room at 24.5°C. to allow fat erystals to develop. Exami-
nation of the slide prepared in this manner will almost always
show areas toward the edge of the cover glass which contain
fewer crystals, and it is these areas which are best suited for
study. The pressing of the plasticized sample appears pref-
erentially to move the oil phase toward the edge of the cover
glass, thereby effecting somewhat of a dilution of the erystals
in this region. Upon examination of a specific field in this
region over a period of days, changes can be observed and
recorded by photomicrographs. All microscopic examinatiouns
and photomicrographs were made in the constant-temperature
room,

e) Larger erystals and better definition of erystal shape can
be obtained by diluting the fat sample. The choice of diluent
is limited because it must dissolve the oil phase but not affeet
the erystals. A diluent composed of oil from a portion of the
sample to be examined was prepared by filtering some of the
oil phase from the plasticized sample which had been held at
least 48 hrs: at 23°C. The diluent obtained in this way should
not crystallize when held at 24.5°C., the temperature used in

the microscopical examinations. The dilution of the sample
and preparation of the slide was accomplished in the following
manner. One part of sample and 8 parts of diluent oil were
weighed in a small beaker and, after warming to melt sample,
were mixed thoroughly. About 3.5 mg. of this mixture were
weighed on a slide and eovered with a eover glass (18 mm. in
diameter). Slight pressure may be necessary to spread the
melted mixture uniformly to the edge of the cover glass. The
prepared slide was then stored at 24.5°C, for erystals to develop
and for microscopical examination.

Results and Discussion

Observations with Technique (A). Differences in
crystal appearance were observed between thick and
thin preparations of the same sample and also between
lard and rearranged lard as shown in Figure 1. In
making the thin preparations, the ecrystals or erystal
aggregates may be broken up, and this may account
for the differences in appearance between these and
the thick preparations. Long thread-like needles are
apparent in the photomicrographs of lard with phase
contrast (b, d), whereas in polarized light the crystals
appear as clumps (a) or as short needles (¢). When
similar preparations of lard and rearranged lard are
compared, t.e., thick with thick and thin with thin,
the crystals of rearranged lard (e, f,g h) appear
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Fie. 2. Comparison of lard and rearranged lard after different storage periods at 24.5°C., technique (B).

Rearranged lard, 400 x magnification
{e) 2 hours, phase contrast

(f) 4 days, phase contrast

g) 12 days, phase contrast

h) 12 days, polarized light

Lard, 400 x magnification
(a) 2 hours, phase contrast
(b) 1 day, phase contrast
(c) 6 days, phase contrast
(d) 6 days, polarized light

-

smaller and more uniform. This difference is more
apparent with thin slide preparations.

It is obvious that there are far too many erystals in
the field to give good definition as to form. Hence
slides were prepared by the other techniques, which
show greater detail.

Observations with Technigue (B). Photomiero-
graphs of lard and rearranged lard each taken of the
same field for various periods of storage at 24.5°C. are
shown in Figure 2. The progressive development of
the crystals of lard is clearly shown (a,b,e) with
phase contrast. In (e) after six days the long delicate
thread-like needles are clearly shown, but in polarized
light (d) they are hardly noticeable. Some of the
crystal struetures do not appear to have changed much
after the first day. The long filaments probably rep-
resent glycerides whose melting points in the medium
are only slightly above the temperature of storage
and therefore come out of solution much more slowly.

By contrast, the ecrystals from rearranged lard
(e, f, g, h) showed only slight change even after 12
days storage under the same conditions. The crystal
aggregates are more uniform and much smaller than
those of lard after six days.

Observations with Technique (C). A slide prepared
with a diluted sample (Figure 3) shows even more
clearly the development of several different crystal
formations in lard. The clusters of long thread-like
crystals appear last and tend to obscure some of the
star-shaped forms. The pictures were taken of the
same field during storage.

For comparison, a slide was prepared in a similar
manner with rearranged lard, and the same field was
photographed at different time-intervals. Again, as
in the preceding examples, there was little change in
appearance of the crystals during storage. However
the clusters of needles are larger and better developed
than those by the other methods of slide preparation.

Miscellaneous Observations. In Figure 4 (a, b, ¢)
are shown miscellaneous pictures of crystal formations
found in different areas of the slides prepared with
lard. In Figure 4 (d) the particular field of this
slide prepared from rearranged lard appears to have
all erystals of the same type. Also shown in Figure
4 (e,f) are photomicrographs of a low melting di-
saturated glyeceride fraction isolated from lard. The
crystals of this particular fraction exhibit a well-
defined extinetion cross in polarized light (f).
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Lard, phase contrast, 100 x magnification
(a) Thours, (b) 2days, (¢) 5days

Vor. 33

Fi1e. 3. Comparison of lard and rearranged lard after different storage periods at 24.5°C., technique (C).

Rearranged lard, phase contrast, 100 x magnification
(d) T7hours, (e) 2 days, (f) 5 days

TFurther work is under way to examine more exten-
sively a number of purified types of glycerides,
especially with the view of determining whether they
can be related or identified with any particular erystal
habit or physical property of a fat.

Summary

Phase contrast and polarized light microscopy were
employed to observe the crystalline nature of lard
and rearranged lard. Special attention was given to
the technique of specimen preparation, controlled con-
ditions of tempering the sample, and photographic
reproduction of crystal appearance. Photomicrographs
are reproduced to show the difference in appearance
of the erystals from lard and rearranged lard when
both polarized light and phase contrast are employed.
The peculiar long, thread-like crystals characteristie
of lard are more clearly shown with phase contrast.
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