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The Wesson Method was as modified by Dr. Matti- 
kow, and the Chromatographic  Method was carried 
out by  the latest  technique available. These results 
are included in Table 1. Fo r  comparison the cup 
losses on the oils analyzed are given. In  all eases the 

T A B L E  I 

Oil 

Cotton Oil, Slow B r e a k  ........ 
Cotton Oil, Slow B r e a k  ......... 
Cotton Oil, Slow B r e a k  ......... 
Cotton 0 i l ,  Slow B r e a k  ......... 
Cotton 0 i l ,  Slow B r e a k  ......... 
Cotton 0il, South American. 
Cotton Oil, Expeller . . . . . . . . . . . . . .  
Cotton 0il, Expeller . . . . . . . . . . . . . .  
Soybean 0i l ,  XT,  Non DeG... 
Soybean 0 i l ,  XT,  Non DeG...  
Soybean Oil, XT,  Non I)eG...  
Soybean Oil, XT,  D e G  .......... 
Linseed 0 i l ,  R a w  .. . . . . . . . . . . . . . . . .  

% F F A .  % Wesson 

- 1.40 
1.10  2 . 5 6  
0 .90 2 .52  I 
1 .20 3 .45  
1 .10  3 .20  

13 .82  16 .71  
2 ,30  6 .58 
1 .70  3 .56  
0 .70  4 .18  
0 .80  2 . 5 4  
0 .52  2 .58  
0 ,28  0 .69  
1 ,30  2 . 2 4  

% Chromato .  % Cup. 

4 .35  6 .20 
2 .73  5.83 
2 .30  6 .62 
3 .61 6 .76  
3 .49 5 .54  

16 .55  
6.69 10 .30  
3 .80  
4 .31  5 .52 
2 .56  5 .00 
2 .73 5 .00 
0 .44  1 .86  
2 .22  ...... 

chromatographic  yields are the average of duplicate 
samples, and the same is t rue of the major i ty  of the 
Wesson results. 

A careful  s tudy of the table shows that  the chro- 
matographic  loss, at  least in one laboratory,  al though 
usually slightly higher than  the Wesson, is not so in 
all cases. Over-all the agreement is r emarkab ly  close. 
The table also il lustrates the complete lack of correla- 
tion between the Wesson or Chromatographic  and 
the cup loss. 

Determinat ions of the percentage of neut ra l  oil on 
commercial refined, washed, and dried oils have ~hown 
pract ical ly  quant i ta t ive recoveries of neut ra l  oil by 
both the Wesson and the Chromatographic  methods. 
So fa r  therefore the reason for  the slightly higher 
chromatographic  losses remains obscure. We firmly 
believe however tha t  either method should prove val- 
uable as a control for refinery operation. 

Bleach and Color Methods 
R. C. STILLMAN, Procter and Gamble Company, Cincinnati, Ohio 

C 
OLOR AND BLEACI~ METHODS are those used to de- 

termine the amount  of color in an oil, how easy 
it is and how much it costs to remove tha t  color, 

and how much color remains in the oil a f te r  bleach- 
ing. W h y  do we wish to know these things? Most 

of the oils with which we 
are concerned go into edi- 
ible sho r t en ings ,  m a r g a -  
rine, winter  oil, etc. Con- 
sumer studies reveal that  
the customer likes l ight fa t  
fo r  edible  p u r p o s e s ,  and  
the wise producer  gives the 
customer what  she wants. 
t tenee most oils must  be 
b l eached  to a ve ry  l i gh t  
color fo r  use in edible  
products.  

In  general, crude oils are 
sold on the basis of refin- 
ing loss, refined or bleached 
oil colors, and flavor. The 
rules for t rad ing  are set up 
by the National  Cottonseed 

R. C. Stillman Producers  Association and 
the Nat ional  Soybean Proc- 

essors Association. These two oil t rad ing  associations 
accept the methods of the Amer ican  Oil Chemists '  
Society as the basis for  t rading.  Hence the methods 
of the Society must  be r ight  and must  be up to date. 

Most oils are yellowish-red or amber liquids. The 
color is due to the presence of carotenoid pigments  
and /o r  chlorophyll  pigments,  the lat ter  impar t ing  a 
greenish cast to the oil. The better  the type  of seed 
processed in the making of the oil, the bet ter  the color 
of the resul tant  o i l  Soybeans or cottonseeds which 
have been left  in the field a f te r  ma tu r i t y  or which 
have been heat-damaged in storage will give very 
dark  red oils while frost  damaged or immature  seed 
will give greenish oils. The best oils are l ight in 
color, low in free f a t t y  acid, and of excellent flavor. 
Such oils demand and get p remium prices. 

Color is hard  to define and hard  to measure. Few 
people will agree on how the color should be meas- 
ured or how it should affect the price placed on a 
par t icular  oil. The fact  that  the price of crude oils 
IS so closely tied to its color has tended to restrict  
changes in the color reading methods. Hence today 
t rad ing  is based chiefly on Lovibond red values which, 
as we shall see later, are inadequate for  the purpose. 
The Wesson method using Lovibond glasses is an ab- 
breviated version of a nlethod originally developed 
in England for measur ing the color of beer. This 
shortened procedure has been used with questionable 
success for many  years. I t  is still the official proce- 
dure of both the N.S.P.A. and N.C.P.A. 

Bleaching and color reading are impor tan t  labora- 
tory  methods for the control of oil processing. These 
laboratory  methods are utilized in the t rad ing  of oils, 
the evaluation of bleaching earths, and the selection 
of earths to be used for speeilc purposes. The Ameri-  
can Oil Chemists '  Society has had committees work- 
ing on these methods for many  years. At  the present  
t ime the joint effort of the Bleaching and Color Com- 
mittees is aimed at an adequate solution of the color 
situation, which is still in an uneasy state. A whole 
new series of problems have arisen in the past  year  
with the advent  of color shortenings, colored syn- 
thetic granules, and other color products.  These prob- 
lems will open up new fields for committee s tudy and 
for  industr ial  labora tory  investigations. As a direct 
consequence the present  Color Committee is extending 
its work to include methods of measur ing surface col- 
ors. I t  is with the problems of bleaching and color 
reading of oils only that  we shall concern ourselves 
today. 

Bleaching Methods 

There are two methods of bleaching oils in general 
use: chemical methods and adsorption methods. Both 
of these methods are designed to reduce the total  
amount  of coloring mater ial  in an oil or to remove 
undesirable pigments,  depending upon the end-prod- 
uct of the process. The first method while used in 
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the plants had no counterpar t  in the laboratory. In 
this process coloring material  is removed by oxida- 
tion, which  may be accomplished by air blowing, 
t reat ing with an oxidizing solution, such as sodium 
dichromate, or by the direct addition of an organic 
peroxide. Since this is pr imari ly  an analytical sym- 
posium, no fur ther  time will be devoted to chemical 
bleaching. 

Adsorption bleaching is widely used both in the 
plant and in the laboratory. The method involves 
the addition of a bleaching earth or carbon or both 
to the refined oil, which is then heated to approxi- 
mately 115~ and held at that temperature  for about 
5 min. The earth is removed by filtration. The bleach- 
ing operation is normally carried out on refined oils 
that  have been filtered to remove refining loots which 
will interfere with the color removal. A.O.C.S. Meth- 
ods list two tests for bleaching edible oils, one for 
cottonseed oil, cc 8a-52, and one for soybean oil, cc 
8b-52. In  the A.O.C.S. procedures A.O.C.S. natural  
bleaching earth is used with a 4.67% dosage for cot- 
tonseed oil and a 3.0% dosage for soybean oil. The 
soybean method provides for the use of 4% A.O.C.S. 
activated earth on green oils. 

Color removal is dependent  upon a number of fac- 
tors including kind of bleaching material ;  amount of 
bleaching material ;  temperature  and time, and mois- 
ture, soap, amount of coloring material, etc. In  this 
paper  only the first two factors will be considered 
since both bear direct ly upon the color measurement 
problems to be discussed later. 

The most important  bleaching material is fullers 
earth or clay, which is chiefly hydra ted  aluminum 
silicate. Some clays possess natural  bleaching prop- 
erties and are ground and used d i rec t ly . .Other  clays 
are activated by t reatment  with acid. These clays are 
chiefly bentonites which have little or no bleaching 
power before acid treating. All of these clays, natu- 

ral  and activated, have their  own peculiar bleaching 
properties, making selection of the par t icular  earth 
to use of considerable importance. Cost of course 
plays an important  role, as does the oil retention of 
the earth and the effect of the earth on other factors 
such as free fa t ty  acid rise in the oil being bleached. 

To s tudy the efficacy of a bleaching earth some 
method of evaluation of the color removal is neces- 
sary. Although the problem of color measurement 
will be discussed in detail later in this report, we 
shall look at bleaching first, using spectrophotometrie 
curves and Lovibond colors as our tools since both of 
these procedures arc familiar  to all of you. Figures 
] and 2 show the spectrophotometric curves obtained 
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FIG. 2. Transmit tance curves of soybean oil bleached with 
EngIish earth. Measured in 50-ram. cell  
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FIG. 1. Transmit tance curves of cottonseed oil bleached with 
English earth. Measured in 50-mm. cell on Beckman B Spec- 
trophotometer. 

when cottonseed and soybean oils are bleached with 
successively increasing amounts of English earth. 

The absorption of light at 670 millimicrons is due 
to the presence of chlorophyll in the refined oils. I t  
should be noted that, even with 6% English earth, 
chlorophyll is not completely removed from the soy- 
bean oil while the specific chlorophyll absorption is 
absent in the cottonseed oils with 4% and more earth. 
The chlorophyll contents of the oils have been calcu- 
lated, using a procedure outlined in the October 1954 
Report  of the Color Committee. The procedure has 
since been recommended to the Uniform Methods 
Committee for  adoption as an A.O.C.S. tentative 
method. The calculated chlorophyll values are as 
follows: 

P.P.M. CHLOROPKYLL 

% Earth Cottonseed Soybean 
Oil Oil 

0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 

3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 

4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

.]31 1.54 

.057 ].15 
.026 .69 
.004 .35 
.000 .16 
.000 .078 

.044 
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I t  should be noted that  the pr incipal  absorption of 
light occurs in the blue end of the spectrum. This 
absorption is due to the yellow-red carotenoid pig- 
ments. Reduction in the pigments  due to bleaching 
is indicated by the shift ing of the vertical  t ransmit-  
tanee lines toward the lower wavelengths. I f  how- 
ever the t ransmit tance  curves are determined, using 
a 10-ram. cell, the bleaching effects become more pro- 
uounced. The curves are shown in F igure  3. The 
irregulari t ies in the curves indicate the presence of 
more than one yellow-red pigment.  In  the oil bleached 
with 4% earth may  be noted the suggestion of spe- 
cific absorptions at approximate ly  420, 450, and 480 
millimicrons. With  procedures similar to that  em- 
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Oil Lovibond Red Drop 

Original Oil ................................ 
3% A.O.C.S. Activated.. 
3% A.O.C.S. Natural . . . . . . . . . . . . . . . . .  

3% Carlton ................................. 
3% English ................................ 
3% Mix 

1 A.O.C.S. Active 
2 English ~ .............. 

8.1 
1.3 6.8 
2.3 5.8 
2.7 5.4 
5.3 2.8 

2.6 5.5 

Obviously the most color was removed by  the acti- 
vated ear th and the least by the English earth. 

I t  is not the purpose of this paper  to discuss the 
relative meri ts  of the bleaching earths listed. Le t ' s  
ra ther  point out again that  various earths have dif- 
ferent  bleaching power, different costs, different oil 
retentions, and different properties.  The laboratory  
is f requent ly  faced with the problems of evaluating 
these earths, and it is the tools of evaluation with 
which we are today concerned. 

C o l o r  M e t h o d s  

The A.0.C.S. method book lists four  general pro- 
cedures for  reading oil colors: the Wesson Methods 
using Lovibond Glass, cc 13b-45; the Photometr ic  
Method, ec 13c-50; the F A C  Method, cc 13a-43; and  
Gardner  Standards,  Ka  3-47. Most of these methods 
are famil iar  to you, and their  precise procedure can 
be easily looked up in the methods book so only a 
brief  description will be given here. 

The Wesson method employs Lovibond glasses, and 
the color of an oil is compared usually in a 51/~ in. 
column with Lovibond color glasses, using specified 
yellow-red ratios. T h e  viewing conditions are de- 
scribed. The method has been used for  m a n y  years  
p r imar i ly  because of its simplicity. I t  is still the 
pr incipal  method in use in the oil industry.  

The photometric  method was developed by the Oil 
Color Committee of the American Oi l  Chemists '  So- 
ciety. The method is specified for measur ing the color 

4 0 0  4 5 0  5 0 0  5 5 0  6 0 0  6 5 0  7 0 0  
WAVELENGTH IN MILLIMIGRONS 

Fro. 3. Transmittance curves of soybean oil bleached with 
English earth. Measured in 10-ram. cell. 

ployed for deternfiuing chlorophyll  it is quite possi- 
ble tha t  the carotenoid pigments  could be estimated. 

In  F igure  4, % earth is plotted against  the Lovi- 
bond colors of the bleached oils. I t  should be noted 
tha t  while the unbleached soybean oil is darker  than  
the unbleached cottonseed oil, soybean oil bleached 
with 6% earth is l ighter  than  the cottonseed oil 
bleached with the same amount  of earth. In  simple 
terms the soybean oil is more easily bleached and 
with English ear th at least will bleach to a l ighter  
color. The apparen t  rise in the color of the soybean 
o i l  bleached with 1% earth is due to the chlorophyll 
interference with the method of color reading and 
will b e  discussed in more detail later. 

The same refined soybean oil was bleached with 
3% of A.O.C.S. act ivated earth, 3% A.O.C.S. natu- 
ral  bleaching earth,  and 3% of a mixture  of earth 
containing 1 pa r t  A.O.C.S. active and 2 par ts  Eng-  
lish. The resul tant  Lovibond colors were: 

2 
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~IG. 4. Reduction of Lovibond red values with earth usage. 
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5. Reduction 0s photometric colors with earth usage. 

of cottonseed, soybean, and peanut  oils. The instru- 
ment  used is a wide band spectrophotometer.  The 
absorbance of the oil in a 25-nlm. cuvette is measured 
at 460, 550, 620, and 670 millimicrons. 

Photometr ic  Color 
].29A46o + 69.7A~o + 41.2A~o - -  56.4A~ 0 

The photometric  color calculation was designed to 
give values identical with Lovibond color values ob- 
tained, using the Wesson method. In  general, the 
method does exactly that,  but on individual  oils wide 
discrepancies can and do occur. Such discrepancies 
are inevitable and have led to much unwar ran ted  
criticism of the photometric method. 

The F A C  method employs s tandard  color solutions 
in 10-ram. tubes, against  which oils in a similar tube 
are compared and to which numbers,  equivalent to 
the matching standard,  are assigned. The s tandards  
consist of 26 tubes in an odd numbered  series, with 
three overlapping series, one normal,  one green, and 
one red. Supplementa l  tubes for closer grading are 
available in some series. The spacing of the tubes is 
not uniform, nor was it intended that  they should 
be. This method, which is fa r  f rom precise, is used 
mainly  for  color grading  of inedible oils. The method 
has been widely used because of its ease of applica- 
tion. I t  too has been roundly  criticized, but it still 
remains in daily use despite concerted efforts to br ing 
about its modernization. 

The Gardner  s tandards  are used mainly  in the dry- 
ing oil field. These s tandards  are pa t te rned  along the 
same lines as the F A C  standards,  but  the spacings 
and the numbers  bear no direct relationship to the 
FAC tubes. In  the past  two years some revision in 
these s tandards  has been made on the recommenda- 
tion of the Committee on Problem 14 of the In te r -  
Society Color Council. These s tandards  are widely 
used and acceptably satisfactory. 

So much for the methods themselves. The wri ter  

now proposes to discuss some of the broader  aspects 
of color measurement.  Some reference will be made 
to existing methods, their  comparisons, their  short- 
comings, etc., but  the main emphasis will be placed 
on what  are the problems involved in evaluating the 
color of an oil and what  is being done about the 
problem. F i r s t  let me say that  the A.O.C.S. Color 
Committee is s tudying not only oil colors but surface 
color measurements  as well. The Color Committee 
and the Bleaching Committee are working jointly to 
achieve some measure of progress in the oil color field. 
Problem 14 of the Inter-Society Color Council is in- 
vest igating actively " T h e  ColorJmetry of Transparen t  
Mater ia l s . "  There is more than hope tha t  something 
will be accomplished. 

To continue our discussion of color methods let ' s  
look briefly at the Wesson and photometric  methods 
for measur ing oil colors. In  Figure  4 we plotted Lovi- 
bond red values vs. % earth for various bleaches of 
soybean and cottonseed oils. In  P igure  5 photometric 
colors are plotted instead of Lovibond colors. There 
are some discrepancies between the measurements,  
but, in general, the same conclusion concerning the 
bleaehabili ty of the oils would be drawn. In  F igure  
4 the two curves cross at about 5.25% earth and in 
Figure  5 at 4.5% earth. In  Figure  6 the differences 
between Lovibond red values and photometric colors 
are shown. I t  is clear that,  on the oil containing 
chlorophyll  the photometr ic  colors lie below the Lovi- 
bond red values. Some points are off the correlating 
line by as much as 0.75 color units. 

The discrepancy between photometric  colors and 
Lovibond red units and the absurdi ty  of both un- 
der certain conditions are shown in F igure  7. Here  
a green oil, a red off, and a mixture  of the two 
are bleached and the oil color determined. I t  can 
clearly be seen that  ridiculous values can be obtained 
by both methods, that  wide variat ions are possible, 
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~IG. 7. Photometric colors and Lovibond red values plotted 
against earth usage on oils of varying greenness. 

and that  on green oils photometric values are below 
Lovibond red values and on red oils photometric 
values are generally higher than Lovibond values. 

Let this not be interpreted as an argument  in  favor 
of one method or another. Construe it instead as an 
attempt to fix the facts, one of which is a just  con- 
demnation of both methods. This conclusion leaves 
us exactly where we were in the 1920's when the 
Color Committee first began its work on a spectro- 
photometric method for evaluating oil colors. Per- 
haps it is not as bad as it seems however because we 
know more about the measurement of color, we have 
better equipment available to us, and we have ex- 
perienced a few hard knocks in the introduction and 
reception or rejection of the photometric method. 

Solution of the problem is bound to be a spectro- 
photometric one and will probably follow one of four 
lines: determination of the amount and type of pig- 
ments present, or determination of the true color of 
the oil using the CIE  system, or determination of the 
length of an oil column necessary to give a well de- 
fined spectrophotometric response, or some abridged 
spectrophotometric procedure related to the bleach- 
ability of the oil. The method for the determination 
of chlorophyll in oil is a definite step toward the tools 
necessary to solution one. Other steps in this direc- 
tion will be taken even though the over-all concept 
may never be used. 

The second concept must be investigated for a full 
understanding of the problem. This is the step im- 
mediately being undertaken by the joint Color and 
Bleaching Committee activity and by the I .S.C.C. 
Committee on Problem 14. The last two solutions 
must wait until  one and two fail or indicate the 
desired direction to go. 

Let 's  conclude by taking a look at what the CIE 
Color System can tell us. The CIE System enables 
us to convert a spectrophotometric curve or curves, 
such as were shown in Figures 1 and 2, into three 

values, dominant wavelength, saturation, and bril- 
liance, the three components completely specifying 
any color. The details of the procedure are abund- 
ant ly available in the literature, for example in 
H a r d y ' s  " H a n d b o o k  of C o l o r i m e t r y "  or J u d d ' s  
"Color in Business, Science, and I n d u s t r y . "  I t  will 
suffice to indicate that a small x, y plot of the data 
will define hue and saturation while Y (Y bar) val- 
ues will define brilliance. The system is probably fa- 
miliar even though the methods of calculation may 
have to be studied extensively. 

A plot of the x, y values of several oils studied 
in 1943-44 is shown in Figure 8. I t  should be noted 
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Color Committee Report. 

that  the oils follow a fair ly regular pat tern from the 
illuminant C point out nearly to the spectrum locus, 
where the plot breaks sharply toward the red end of 
the spectrum. This indicates that  as the saturation 
of color increases, the hue shifts gradual ly toward 
the red up to about 4.0 Lovibond red where no 
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FIG. 9. Chromaticity plot of cottonseed and soybean oils 
bleached with English earth. Drawn curve is identical with 
the one in Figure 8. 
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fur ther  change in sa tura t ion  is possible and only 
a change in hue can occur. From this point on the 
plotted line parallels the spectrum locus. 

In  Figure  9 the chromaticity plot of the bleached 
oils shown in Figures 1 and 2 is shown relative to 
the curve established in Figure  8. I t  should be noted 
that the bleached cottonseed oils fall nearly upon 
the established line but that  the soybean oils lie above 
and to the left or green side of the plotted line. As 
an oil is bleached, the hue changes in the direction 
of lower wavelengths until  a certain color is reached 
where litttle change in hue occurs and saturation 
changes rapidly. 

Let 's  take a look at what happens to the third at- 
tribute of color when an oil is bleached. Figure 10 
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B 
shows the Y values of the cottonseed and soybean 
oils bleached with varying amounts of English earth. 
The brilliance of the oils increases regularly as the 
color is removed, the brilliance increasing much more 
rapidly and to a higher value for the soybean oil. 

How brilliance (Y) is related to Lovibond red val- 
ues is shown in Figure  11. In  the figure the 19 oils 
shown in Figure  8 and the 14 oils from Figures 1 
and 2 are plotted. I t  should be noted that for light 
oils there is a reasonably good correlation between 
Lovibond red values and Y values except for four 
unbleached soybean oils, which are quite green in 
hue. These four  oils are as much as 4 Lovibond units 
below the average line. 

To complete the picture, in Figure 12, the x, y val- 
ues of five bleached soybean oils are shown relative 
to the average oil line shown in Figure 8. All of 
these oils are bleached with 3% of earth, but the 
earths are each different. The earths used are A.O. 
C.S. Natural,  A.O.C.S. Activated, English, Carlton, 
and a mixture of i par t  activated with 2 parts of 
English. I t  should be noted that each of these points 
fall almost exactly along the same line as the oils 
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FIG. ll. Lovihond red values are plotted against Y values 
for a large number of oils. 

bleached with varying amounts of English earths and 
shown in Figure  9. 

What  do all these figures tell us? Briefly they 
show us that there is a fair degree of correlation be- 
tween Lovibond red values and total color as the eye 
sees it (Y values) except on green oils where low 
Lovibond values are obtained; the color of an oil 
follows a fair ly well defined path in the chromatie- 
i ty diagram regardless of whether the color is there 
in the original oil or whether part  of the color has 
been removed by bleaching; there is little, if any, 
evidence for the selective removal of pigments by 
various types of bleaching ear ths--both  the number 
of oils studied and number of ear ths  are limited so 
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Fro. 12. Chromaticity plot of soybean oil wMch has been 
bleached with 3% of various earths. Drawn curve is identical 
with the one in Figure 8. 
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this conclusion may  be erroneous; and the method 
has t remendous possibilities for extending our knowl- 
edge of oil colors. 

We hope we have given you some insight into the 
Color and Bleach Method of the American Oil Chem- 
ists '  Society, the merits,  the shortcomings, and what  
still needs to be done. Perhaps  the most difficult pa r t  

of a r r iv ing  at proper  color methods is the fai lure of 
people to unders tand  jus t  what  color is and how it 
should be measured. This paper  may not have taught  
you much about color, but  it will have been worth- 
while if it has interested you enough to dig up the 
facts  so you can reach your  own conclusions on a 
scientific basis. 

Melting Point, :Solidification, and Consistency 
HAMPTON M. SMITH, The Southern Cotton Oil Company, Chicago, Illinois 

s 
INCE THE INTRODUCTION of the al l -hydrogenated 

shortenings to replace the compound type, and  
the great  increase in margar ine  use, methods for  

controlling the so-called plast ici ty or plastic range  
of the fats  have been devised. The data obtained 

f r o m  m e l t i n g  po in t s ,  so- 
lidification, and consistency 
tests are related in deter- 
m i n i n g  the  p l a s t i c i t y  or 
plastic range of the fats. 
U n f o r t u n a t e l y  v e r y  l i t t l e  
published mater ia l  is avail- 
able however on m a n y  of 
these tests tha t  are being 
used by the processors of 
fats  today. 

Melt ing Po in t s  
The melt ing point is the 

t e m p e r a t u r e  a t  wh ich  a 
solid a s sumes  the  l i qu id  
condition. Wi th  pure  com- 
pounds the melt ing point  
is sharp and a well defined 
po in t .  I n a s m u c h  as f a t s  

H. M. Smith and oils are a complex mix- 
ture of compounds, they do 

not have definite melt ing points but  pass through a 
gradual  softening before becoming completely l iquid;  
therefore the melt ing point must  be defined by  the 
specific conditions of the method. 

The Capi l lary Method (1) is essentially the method 
used by the organic chemist for determining the melt- 
ing points of the pure  organic compounds. In  this 
method capi l lary tubes, 1 mm. inside diameter,  are 
filled to a height of 10 ram. with the melted fat,  the 
end is sealed, and the fa t  is allowed to stand at 40 ~ 
to 50~ for  16 hrs. They are then at tached to the 
thermometer  and placed in a bath  which has been 
adjusted to 8 ~ to 10~ below the melt ing point. The 
bath is heated at the rate  of 0.5~ per  minute. The 
melt ing point is taken as the t empera tu re  at which 
the fa t  becomes completely clear. This method is very  
unreliable, and even the same operator  will have t rou-  
ble checking his own results. 

The Wiley melt ing point (2) is the most widely 
used and gives the most useful  and reproducible data  
of any  of the methods. The determinat ion o f  melts 
by dilatometric methods gives more accurate results, 
but  this method is not used extensively for  melt ing 
points. In  the Wiley  melt ing point a disk of the fa t  
:~ in. in diameter  and 1/s in. thick is solidified and 

chilled in a metal  form for  2 hrs. or more. The disk 
is then suspended in an alcohol water  bath  of its own 
density and slowly heated while being st irred with a 
rota t ing thermometer .  The melt ing point is taken as 
the t empera tu re  at which the fa t  disk becomes com- 
pletely spherical. 

Most laboratories and different companies have de- 
veloped their  own special appara tus  and operat ional  
conditions in running  the Wiley melt ing point. Vari-  
ous methods of determining the end-point are in use, 
such as the flap-over, t app ing  the sphere, which if it 
is at the end-point, will r e tu rn  to its spherical  shape 
immediately,  etc. Under  careful ly controlled condi- 
tions an analyst  should be able to check results within 
plus or minus 0.2~ In  order to check with other 
laboratories each analyst  must  adhere closely to the 
s tandard  method. 

As an example of the accuracy of the Wiley method, 
a series of samples were run  by seven different ana- 
lysts in our laboratory.  Of the seven analysts  only 
one ran  Wiley melts as a routine test, and with the 
other six it was only an occasional operation. The re- 
sults are given in Table I. 

As can be seen f rom the above table, the average 
difference between duplicate samples by the same 
analyst  is 0.2~ The difference between the high- 
est value and lowest value is sample number  o n e - -  
0.6~ sample number  two--0.6~ and sample num- 
ber three---0.4~ While these values may  not be 
ideal, they are within a sat isfactory and useful  range 
for  control labora tory  purposes. 

A series of samples sent out to subcommittee mem- 
bers by J .  P. Hughes,  chairman, were run  in five 
different laboratories. Duplicates of each sample were 
run  by two analysts  on two different days, giving a 
total  of eight determinat ions f rom each laboratory  o n  
each sample. F r o m  the data in Mr. Hughes '  repor t  
the highest and lowest values repor ted for  sample 
number  one are 96.8~ and 94.3~ sample number  
two--106.0~ and 103.1~ sample number  t h r e e - -  
125.0~ and 118.4~ The range of 2.5~ and 2.9~ 
on samples number  one and two are within a range  
that  would be expected. The range of 6.6~ on sam- 
ple number  three is explained b y  the fact  that  it is a 
formulat ion which exhibits the phenomenon of dou- 
ble melt ing points. One laboratory obtained good 
checks on sample number  three at a round 119~ 
while another  labora tory  got equally as good checks 
at a round 124~ and the other three laboratories 
were between these two points. The checks obtained 
on all samples within a laboratory were very  good 


