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I C R O S C O P I C  studies of 

fats and Oils have not occu- 
pied the thought and time 

of very many investigators. In 
view of our constant effort to im- 
prove and enlarge the scope of our 
methods for fat and oil analysis, 
coupled with the fact that in many 
instances our present procedures 
are insufficient to provide all of 
the information desired, it would 
seem that we can well afford to 
give some consideration to other 
means of adding to the applicabil- 
ity of these methods. 

The advantages which should 
accrue from the development of 
reliable procedures for the micro- 
scopic analysis and identification of 
fat ty  substances are practically 
identical with those which in gen- 
eral apply to all microscopic meth- 
ods, and these are not a few. To 
enumerate some of the more out- 
standing, it may be suggested that 
the time required for microscopic 
procedures is to the time required 
m the usual macro methods as 
minutes is to hours. Fur ther  than 
this, microscopic methods often 
permit a degree of accuracy, es- 
pecially in the detection of slight 
changes in charac te r ,  impurities, 
and adulterants present, which are 
well nigh impossible with the usual 
chemical methods. Very  often the 
amount of sample available is so 
small as to prevent a complete 
and confirmatory analysis. This 
would worry  the microscopist in 
but very few instances. Where  a 
few ounces might be needed for 
a complete chemical analysis, a few 
drops and at the most a few milli- 
liters would suffice for a microsco- 
pic examination. Last  but not 
least, let us remember that the mi- 
croscope, in any of its applications, 
offers the possibility of direct vis- 
ual examination of whatever the 
substance. This is not p e r m i t t e d  
by but very few other known meth- 
ods of analysis. 

The li terature reveals that the 
soap needles and crystallized soaps 
have been studied with the micro- 
scope by various workers includ- 
ing Green, 1 Rosenthaler, 2 Maclen- 
non, 8 Har twich and Uhlmann, 4 and 
McClung)  
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the detection of beef fat in lard 
consists of the crystallization of 
the sample from the proper ethereal 
solvent followed by an examina- 
tion of the crystals under the mi- 
croscope. 6 

Hink 's  method for the qualitative 
detection of cocoanut oil has been 
described by Elsdon. 7 The pro- 
cedure is rather an elaborate proc- 
ess of crystallization to obtain the 
proper and identifying crystals. 
Trimen has reported on a further 
application of this same method)  

The American Association of 
Agricultural  Chemists describe a 
microscopic procedure for the ex- 
amination of butter fat?  

Lewkowitsch has described the 
microscopic appearance of some 
fats and oils and also discussed the 
procedure for examination of the 
unsaponifiable matter for the detec- 
tion of cholesterol affd phytos- 
terol. ~0 

Leach has also discussed means 
of examination of fats under the 
microscope.1 

Green has discussed fat and oil 
microscopy in general and has es- 
pecially recommended phenylhy: 
drazine as a reagent for producing 
characteristic crystals. 12 This lat- 
ter phase of Green's work was 
based on previous studies made by 
Van Alphen which had to do with 
the reactions of phenlyhydrazine 
with aldehydes and ketones occur- 
ring in fats2 a The writer 's  results 
with this reagent were not as sat- 
isfactory as it had been hoped, but 
this statement must not be taken 
as conclusive as there may be pos- 
sibilities of further development 
along this line. 

Staining methods have been used 
by those interested in biochemistry 
and physiology for  the identifica- 
tion of the glycerides as such for 
some time. 1. Although these 
methods do have use in the quali- 
tative detection of fats in the pres- 
ence of non-fat ty substances, their 
application to the selective differen- 
tiation of oils and fats is as yet 
unproved. Green has reported lit- 
tle success in this direction2 5 
Among the dyes which have been 
used in fat and oil work are the 
azo-ortho-phenols and azo-beta- 
naphthols such as Sudan I I I  and 
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Sudan IV. 1~ These substances are 
not acidic or basic and as such are 
not salt forming. However,  the 
quinoid form does prove to be fat  
soluble and it is to this that the 
fat staining ability is due. Nile blue 
sulphate commonly called the Lor-  
rain Smith Fat  Stain is also used 
and the technique serves to distin- 
guish between neutral fats and fat-  
ty acidsY Osmic acid may be used 
to differentiate between the saturat-  
ed and unsaturated fats, but this 
acid is very difficult, even hazard- 
ous, to handle. ~s Stains may be 
very often used as a mounting me- 
dium when no other substance of  
the proper refractive index is avail- 
able so as to increase the visibility 
of the specimen. 

Perhaps the chief reason that 
the microscope has been so little 
used is because of the general crys- 
talline habits and nature of the fats 
and oils. As a rule we do not  
consider that these crystallize in 
definite outline, and it is true that  
in a major i ty  of cases perfect  crys- 
tals do not result. However,  Brag~ 
by X-ray  analysis has shown that 
when a long chain hydrocarbon is 
allowed to harden from a n~olten 
state the resulting mass is not one 
but many jumbled crystal flakes. 

a n d  that, even in this jumble, there 
is a tendency of order2 9 It  is not 
necessary for us at this time to 
consider the order of growth or 
atomic arrangement,  but the fun- 
damental principle pertaining to the 
regulari ty of the outline produced 
by the growth is of vital signifi- 
cance to us in our study. I f  there 
is a tendency to regulari ty in t h e  
building up of fat and oil crystals, 
and if we can control the formation 
of nuclei in such a way that these 
will be comparatively few in num- 
ber so as to permit  unhampered 
development of the crystal on all 
sides, a definite geometrical pat- 
tern should result. There is also 
good reason to believe that this 
geometric form will be influenced 
by the constitution and composi- 
tion of the mother substance in 
such a way that definite crystals 
will result varying with the iden- 
tity of the fatty substances. To 
prove whether or not this was true 
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has been part of the object of this 
work. 

In order to answer definitely the 
question of the applicability of fat 
and oil microscopy, a systematic 
survey a~d study of as many sam- 
ples as  possible tested by as many 
methods as possible is essential. 
Such a study must be made before 
the reliability of microscopic meth- 
ods can be ascertained. As an in- 
dication of what such a survey 
must include the followin~ is sug- 
gested : 

1. The samples studied should 
include all, or as nearly all as pos- 
sible, of the oils and fats which are 
apt to be encountered in indus- 
trial and commercial practice. 

2. Many samples of each type 
of oil or fat should be selected 
to represent different sources, dif- 
ferent methods of production, dif- 
ferent seasons of production, and 
other possible variables. 

3. The absolute and definite his- 
tory of each sample must be known. 

4. Each t e s t  or series of tests 
as well as each variable in pro- 
cedure and technique must be per- 
formed with each sample. 

5. All of the possible means of 
crystal formation should be stud- 
ied, and all o f  the chemical, opti- 
cal, and physical tests which are 
applicable to microscopy should be 
performed with each sample. 

From an accumulation of such 
data as this it should be possible 
to arrive at a definite conclusion 

a s  to the general reliability and 
usefulness of microscopic methods 
and draw up final directions and 
methods for their  application. 

When almost any substance is 
submitted to microscopic study. 
there are in general two phases of 
the ,examination which may be 
considered. We can examine the 
geometrical form of the character- 
istic oatterns or crystals which 
should result from crystallization 
by one means or another, and we 
may measure and define the optical 
and physical properties and con- 
stants of these crystals. These two 
general procedures may be further 
subdivided, Characteristic crystals, 
forms and patterns may be obtained 
in several ways including reactions 
with proper reagents such as to 
form definite crystals, by crystal- 
lization from proper media, and 
also by direct crystallization on the 
slide at the required temperatures. 
Included in the measurement of ot)- 
tical and physical properties should 
be the observation and measure- 
ment of thermal phenomena by 
use of the cold or hot stage3 ~ 

Thermal phenomena consists chiefly 
of melting and solidfying points, 
transformation points as exhibited 
by substances which have more 
than one crystalline allotropic mod- 
ification, and chemical reactions 
which are dependent upon tem- 
perature conditions. In this con- 
nection, we may well consider too 
the "liquid crystal" (anisotropic 
liquids) phenomena which is sig.- 
nificant with long chain orgamc 
compounds, including soaps and 
waxes. 21 These are best studied 
with the polarizing microscope and 
a hot or cold stage. An examina- 
tion between crossed nicols should 
be made as well as study and meas- 
urement of the optical properties. 22 
The specimen may be examined 
with a polarizer after removing 
the analyzer. 2s The determination 
of refractive index 24 should be in- 
cluded as well as the effect of va- 
rious solvents and the solution 
rates therein, and any other prop- 
erties which are characteristic for 
specific crystals. 

In June, 1936, the writer report- 
ed some of his results obtained 
following a study of several phases 
of fat and oil microscopy. Among 
other things in this work, a study 
was made of most of the previously 
recommended methods, and in the 
final report, tables and photographs 
of the results were included3 ~ 

The samples which were investi- 
gated hacluded those which prob- 
ably are most frequently used in 
present day practice. Those were 
olive, kapok, soya bean, rice bran 
or kome, perilla, corn, palm, pea- 
nut, walnut, hempseed, mustard, 
sesame, cottonseed, teaseed, babas- 
su, cocoanut, linseed, rapeseed, 
lard, beef-fat, sardine, and whale 
oils, and several hydrogenated fats. 
The reactions of all of these have 
been studied microscopically with 
aqueous potassium hydroxide, aque- 
ous sodium hyroxide, potassium 
hydroxide in ethyl alcohol, potas- 
sium hydroxide in butyl alcohol, 
the same with sodium hydroxide, 
mixtures of potassium hydroxide 
and sodium hydroxide in ethyl al- 
cohol, the same in butyl alcohol, 
bromine, iodine, and phenylhy- 
drazin. Crystallization from all 
of the solvents herein discussed has 
been studied. The fatty acids have 
been prepared from these samples, 
and crystallized from solvents as 
well as directly on the slide. The 
reactions of the fatty acids with 
the reagents just discussed have 
been observed. Some observations 
of optical, physical, and thermal 
phenomena have been made, and 

crystallization on the slide of the 
original oils by use of a cold stage 
has also been resorted to. In sev- 
eral cases the unsaponifiable mat- 
ter was separated and examined, 
after crystallization from alcohol, 
for any distinguishing characteris- 
tics. 

It was found near the beginning 
of this problem that the dark field 
was especially applicable to the 
examination of fat and oil crystals 
and that it greatly improved the 
visibility and definition of the speci- 
mens. Dark field illumination dif- 
fers from ordinary illumination in 
that the fbrmer causes the image 
to appear self-luminous. For a 
thorough discussion of the dark 
field the reader should refer to 
some such text as that of Gage 26 
or Chamot and MasonY In all 
of our own work herein discussed, 
as well as the photographs includ- 
ed, dark field illumination was used. 

The method of crystallizing from 
a suitable solvent is particularly 
applicable in the examination of 
fats, hydrogenated oils, and certain 
fatty acids. The general procedure 
is that of dissolving the sample in 
a suitable amount of the solvent, 
usually about five times the vol- 
ume of the sample, closing the test 
tube with a cotton plug and allow- 
ing the sample to set at such a 
temperature as will permit a co- 
pious growth in about one hour. It 
is essential that a fairly rapid crys- 
tal formation take place so as to 
prevent fractional crystallization. 
What is needed, is a formation of 
crystals representative of the true 
nature of the sample in question 
and not any one particular portion 
thereof, and this is best obtained 
by rapid growth due to supersat- 
uration at the crystallizing tem- 
perature. Far  more reliable and 
easily duplicable results have been 
found to be obtainable this way. 
It  is, of course, possible to promote 
such a rapid crystal growth that 
the correct habit will be altered, 
and the characteristic outlines thus 
destroyed. This too must be 
avoided, and in such cases it is ad- 
visable to slow up the time some- 
what, but it has never been neces- 
sary or advisable to extend this 
to more than two hours. If  more 
than this is required at an ice box 
temperature, it has been found ad- 
visable to increase the concentra- 
tion. Sometimes it has been found 
that removal of the precipitate by 
filtration, followed by resolution 
and reprecipitation on the slide 
has yielded more definite crystals, 
especially when dealing with some 
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of the high melting point fatty 
acids. 

Var ious  solvents may be used 
including ethyl ether, alcohol, mix- 
tures of these, absolute alcohol, pe- 
troleum ether, acetic acid, methyl 
or ethyl acetate and also occasional- 
ly amyl and butyl alcohol. When 
potassium hydroxide has been used 
as a reagent, alcohol has been found 
to be superior to water due to the 
more rapid evaporation rate. Butyl 
alcohol was found to be slightly 
superior to ethyl alcohol although 
very definite and practically iden- 
tical crystals were obtained with 
either. 

The crystals obtained by crys- 
tallization from any solvent may 
be removed from the test tube with 
an open end glass tube or a glass 
rod, but the writer prefers a plati- 
num wire loop. In this way it is 
easier to remove the crystals with 
less adhering solvent, and the 
amount of precipitate taken from 
the sample can also be better con- 
trolled. The crystals may be ex- 
amined directly on the slide after 
covering with a cover glass, or they 
may be deposited in a small amount 
of clove oil, olive oil, or cottonseed 
oil on the slide. The wri ter  pre- 
fers the use of clove oil. 

Several reagents have been rec- 
ommended by previous workers for 
the formation of characteristic crys- 
tals including sodium hydroxide, 
potassium hydroxide, mixtures of 
these, also mixtures of these with 
ammonium hydroxide, urethane, 
phenylhydrazine, and halogen mix- 
tures. The writer h a s  not found 
sodium hydroxide to be very sat- 
isfactory in the production of char- 
acteristic crystals, the trouble be- 
ing that most of the crystals formed 
are very nearly identical. Potas- 
s ium hydroxide has been found 
to be much better and in many 
cases quite capable of producing 
crystals varying with different oils 
and fats and reproductive for each. 

The technique preferred by the 
writer when using a reagent such 
as potassium hydroxide in alcohol 
is first to place a drop of the liquid 
sample on an absolutely clean slide. 
Then about 3 to 5 millimeters from 
this place a drop of the reagent and 
tilt the slide in such a way to cause 
the reagent to flow toward the sam- 
ple. When the outer edges have 
just touched, cover with a cover 
glass. At  the point of junction 
of the two substances, the crystals 
will form. Usually these will de- 
velop within a few minutes if the 

temperature is about 20-25 ~ C. 
Occasionally, especially with cer- 
tain oils, a slight and gentle appli- 
cation of heat will promote crystal 
growth. In this case, however, ex- 
treme care must be observed or all 
of the distinguishing characteristics 
will be destroyed by a too rapid 
growth, thus preventing any pos- 
sibiilty of identification. 

Direct crystallization on the 
slide of various fatty acids has 
proven particularly productive in 
the formation of distinguishing 
crystals. The fatty acids may be 
prepared by the method of the 
American Oil Chemists' Society for 
the titer test exoept that special 
precautions must be observed in 
washing the acids after separa- 
tion? s I f  the experimenter is prac- 
ticed in technique, it is possible 
and convenient to prepare the acids 
directly on the slide, working with 
a very small amount of sample39 
A great number of fatty acids, as 
separated from various oils or fats, 
have solidifying points such that 
they will crystallize on the slide 
without any external means of 
chilling. In such cases it is only 
necessary to apply the cover glass, 
and as soon as crystallization starts, 
which will be only a matter of min- 
utes depending upon the tempera- 
ture, examine under the micro- 
scope. When the fatty acids will 
not crystallize at room tempera- 
ture, a cold strage should be re- 
sorted to, to induce solidification. 

Figures 1 and 2 in the accom- 
panying photographs are the fatty 
acids of lard and beef fat, respec- 
tively, prepared directly on the 
slide. 

Fig. 1--Lard Fatty Acids. 
8 0 X  

Fig. 2--Beef Fatty Acids. 
8 0 X  

At first glance it might be 
thought that these are very much 
alike. Whereas this may be true 
in part, close inspection will reveal 
a difference. It may be observed 
that the beef fat crystals more 
nearly resemble bundles of smaller 
crystals grouped together. This 
characteristic is usual in most beef 
fat fatty acid formations. The 
lard crystals, although there is 
somewhat the same tendency, are 
larger and appear to be individual 
and separate crystals of fat. 

Figures 3~4-5-6 of cottonseed 
and kapok oil are t h e  common 
sphero-crystals of the fatty acids 
separated from these oils. I t  may 

Fig. 3--Domestic Cottonseed Oil 
8 0 X  
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Fig. 4, No. 1--Oriental Cottonseed 
Oil Fatty Acids. 

8 0 X  

be observed that there is no out- 
standing difference between orien- 
tal and domestic cottonseed oil but 
that both have a much heavier cen- 
ter growth than does kapok oil. 
Pure samples of either cottonseed 
or kapok oil cause no difficulty in 
identification. 

Figure 7 is a photograph of the 
fatty acids of rice bran (kome) 
oil. This type of crystal forma- 
tion is almost an oddity and has a 
tendency under proper conditions 
to grow to enormous size. 

Fig. 5, No. 2--Oriental Cottonseed 
Oil Fatty Acids. 

8 0 X  

masses or bunches of fine needles 
growing and pointing in every di- 
rection. 

They are particularly character- 
istic for this irregularity. 

Babassu oil fatty acid crystals, 

Fi 9. 6--Kapok Oil Fatty Acids. 
80 X 

comparative few needles per crys- 
tal. 

Figure 13 is cocoanut oil fatty 
acids which resemble groups or 
bunches of crystals. These after 
having been freshly crystallized 
have an appearance of curvature 
in outline something like a figure 
eight cut in two from top to bot- 
tom and turned back to back. This 
characteristic is lost on standing 
as is the case in the photograph 
shown. 

Figures 14-15-16 are palm, cocoa- 
nut, and babassu oils, respectively, 

Fig.  7--Rice Bran Oil Fatty Acids. 
8 0 X  

Figure 8 represents crystals of 
palm oil fatty acids which are 

2 8 0  

Fig. 8~PaIm Oil Fatty Acids. 
8 0 X  

Figure 9, are characteristic for the 
dumbbell shape and tufts at the 
extremities. 

Olive oil fatty acid crystals, Fig- 
ure 10, are again spherulitic but 
of an entirely different nature than 
those previously described. 

Figures 11 and 12 are of sardine 
and  whale oils fatty acids, respec- 
tively. The latter have a tendency 
to form concentric needles but with 

Fit]. 9 Babassu Oil Fatty Acids. 
8 0 X  

crystallized directly on the slide 
with a cold stage. The crystals of 
palm oil are small round balls of 
concentric needles which require 



n o v e m b e r ,  1 9 3 6  0 1 1  & s o a p  

Fig. lO--Olive Oil Fatty Acids. 
80 X 

high magnification to resolve and 
define. Cocoanut and babassu crys- 
tals are almost identical when 
formed in this manner. 

Figures 17-18 are teaseed oil 
crystals formed with potassium hy- 
droxide in butyl alcohol prepared 
as previously directed. These are 
some of the most easily formed 
as well as the most typical of all 
crystals obtained in this study. 

Figure 18 is a better picture of 
the individual crystals of teaseed 
- - K O H .  

Figures 19 and 20 represent corn 
and perilla oils, respectively, with 
potassium hydroxide in butyl al- 
cohol. 

We believe that the foregoing 

Fig. l 1--Sardine Oil Fatty Acids. 
g O X  

is good evidence of the fact that the 
microscope can be used to good ad- 
vantage in the analysis and identi- 
fication of fats and oils. It should 
be pointed out at this time that 
anyone attempting this work should 
compare the unknown samples 
with oils and fats of known purity. 
This at least, until such time as 
sufficient data of the optical and 
physical properties as well as pho- 
tographs of known standard sam- 
ples have been accumulated to pro- 
vide for reference and comparison. 

A few precautions might well 
be mentioned for the benefit of 
those who might be interested and 
attempt a furtherance of this work. 
A thorough knowledge of the prin- 

Fig. 12--V/hale Oil Fatty Acids, 
80 X 

ciples of chemieal microscopy, es- 
pecially of the carefulness in tech- 
nique, is a prerequisite. Experi- 
ence with fat microscopy and es- 
pecially in the differentiation of 
the results obtained is necessary 
and comes only with practice. 
When possible, it is advisable to 
examine both crude and refined 
oils of a given sample. A few oils 
change their characteristics during 
processing. 

One of the most important ques- 
tions to be answered will be the ap- 
plicability of these methods to the 
analysis of mixtures. We have 
examined quite a number of known 
mixtures and have concluded that 
the possibility to differentiate va- 

Fig. 13--Coconut Oil Fatty 
Acids. 
8 0 X  

Fig. 14 Palm Oil Crystallized. 
8 0 X  

Fig. 15--Coconut Oil Crystallized. 
8 0 X  

~ 8 1  
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Fig. 16---Babassu Oil Crystallized. 
8 0 X  

rious fatty substances in mixture 
depends upon the composition and 
concentration of the same. Some 

Fig. 19--Corn Oil with Potassium 
Hydroxide. 

80 X 

are easily identified whereas others 
lose all known characteristics when 
mixed. The accumulation and tab- 
ulation of physical data should 
prove a great help in this case. 

Alhough this is not the time at 
which a full report can be made of 
all the work which has been done, 
it is hoped that some of the ad- 
vantages and possibilities may be 
seen by those interested. Much 
data yet remains to be gathered be- 
fore definite conclusions can be 

Fig. 17--Teaseed Oil with Potas- 
sium Hydroxide. 

8 0 X  

drawn. However, there is definite 
evidence that a completion of this 
work should prove a helpful addi- 
tion to our present methods and 
knowledge of fat and oil charac- 
teristics. 
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